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Type Conventions Used in This Document

Convention Meaning or Use

Bold

<ltalic>
Ctrl+L

Courier

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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Lattice Diamo

Chapterl

Introduction

Lattice Diamond® software is the leading-edge software design environment
for cost- sensitive, low-power Lattice FPGA architectures. It is the next-
generation replacement for ispLEVER. Lattice Diamond’s integrated tool
environment provides a modern, comprehensive user interface for controlling
the Lattice Semiconductor FPGA implementation process. Its combination of
new and enhanced features allows users to complete designs faster, more
easily, and with better results than ever before.

This user guide describes the main features, usage, and key concepts of the
Lattice Diamond design environment. It should be used in conjunction with the
Release Notes and reference documentation included with the product
software. The Release Notes document is also available on the Lattice Web
site and provides a list of supported devices.

nd Overview

Lattice Diamond uses an expanded project-based design flow and integrated
tool views so that design alternatives and what-if scenarios can easily be
created and analyzed. The new Implementations and Strategies concepts
provide a convenient way for users to try alternate design structures and
manage multiple tool settings.

System-level information—including process flow, hierarchy, and file lists—is
available, along with integrated HDL code checking and consolidated
reporting features.

A fast Timing Analysis loop, ECO Editor, and Programmer provide new
capabilities in the integrated framework. The cross-probing feature and the
new shared memory architecture ensure fast performance and better memory
utilization.

Lattice Diamond User Guide



INTRODUCTION : User Guide Organization

Lattice Diamond is highly customizable and provides Tcl scripting capabilities
from its built-in console or from an external shell.

User Guide Organization

This user guide contains all the basic information for using the Lattice
Diamond software. It is organized in a logical sequence from introductory
material, through operational descriptions, to advanced topics.

Key concepts and work flows are explained in “Design Environment
Fundamentals” on page 15 and “Lattice Diamond Design Flow” on page 59.

Basic operation of the design environment is described in “User Interface
Operation” on page 23.

Other parts of the book provide greater detail and practical usage information.
The chapter “Working with Projects” on page 43 shows how to set up project
implementations and strategies. “Working with Tools and Views” on page 75

describes the many tool views available.

2 Lattice Diamond User Guide



= LATTICE Chapter 2

Getting Started

This chapter explains how to run Lattice Diamond and open or create a
project. It includes instructions for importing a project from ispLEVER and
explains key differences between Lattice Diamond and ispLEVER.

For more information about project fundamentals, see the chapters “Design
Environment Fundamentals” on page 15 and “Working with Projects” on
page 43.

Prerequisites

It is assumed you have already installed the Lattice Diamond software and
product license. See the Lattice Diamond Installation Notice for complete
information on product installation.

Running Lattice Diamond

To run Lattice Diamond, select Lattice Diamond from the installation location.
This opens the default Start Page.

Lattice Diamond User Guide 3



GETTING STARTED

Running Lattice Diamond

Figure 1: Default Start Page
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Note

If you are using Windows 7, you can use the “pin” command from the Start menu to
place a Lattice Diamond shortcut on the Start menu or the Taskbar.

Do not use the “pin” command that is available from the Taskbar while Diamond is
running. If you do so, the shortcut will fail when you try to use it to launch Diamond.
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GETTING STARTED : Creating a New Project

Creating a New Project

The New Project wizard steps you through the process of creating a new
project, allowing you to name the project and its implementation, add source
files, and select a target device.

You can open the New Project Wizard using one of the following
methods:

On the Start Page, select New in the Project pane.
From the File menu, choose New > Project
Several example project design files are included in Lattice Diamond. The

following example procedure shows how to create a new project using the
“mixedcounter” example.

On the Start Page, select Project > New.

Figure 2: Create a New Project

* Mew Project 7=
Create a Lattice Diamond Project

This wizard will guide you through the creation of a new project.

To create a Lattice Diamond project you will need to provide a
name and location for your project. Mext you will import source
files. You may adjust implementation options. Finally you will
process the source files to produce a programming file for a
specific FPGA device.

To continue, dick Next.

< Back MNext = ] | Cancel

Click Next to open the Project Name dialog box.

Click Browse to open the Browse for Folder dialog box. Navigate to the
Lattice Diamond examples directory and select the mixed_mode folder, as
shown:
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GETTING STARTED : Creating a New Project

Figure 3: Project Name
[# New Project l B &1

Project Name Y
Enter a name for your project and specify a directory where the project 0 y
data files will be stored.

Project:
Name:

M Location: C:,-’Iscc,-’diamond,-’B.D,-’]

Implementation:
Mame:

Location: C:/lscc/diamond,/3.0/

Figure 4: Project Browser

* Project Location @
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I Isc_env - Name Date modified Type
D Iscc
. 1. mixed 6/13/2013 10:28 AM File folder
> k. Mico_hold . . -
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. . source 6/11/2013 9:02 AM File folder
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> L. new_cygwin |f| "
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> # opt
Outlook
> . PerfLogs
b Perl
> k. Program Files a2l < 11]] >
Folder: mixed_mode
Select Folder ] l Cancel
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GETTING STARTED : Creating a New Project

Enter a Project Name. Notice that the implementation is given the same name
by default, but this is not required. For this example, we will leave them the
same, naming both the project and the initial implementation “Test.”

Figure 5: Enter Project and Implementation Name

» New Project M

Project Name Y
Enter a name for your project and specify a directory where the project '_0 y
data files will be stored.

Project:

Name: Test

Location:  C:/lscc/diamond/3.0/examples/mixed_mode hd

Implementation:
MName: Test

Location:  C:/lscc/diamond/3.0/examples/mixed_mode,/Test

[ <gack |[ nmet> |[ cancel

Click Next to open the Add Source dialog box.

Figure 6: Add Source

* Mew Project 7 ==
Add Source
Add HDL, EDIF netlist, LPF constraints, or other files. &
Source files: Add Source...| |Remove Source

[ Copy source to implementation directory

< Back ][ MNext = ][ Cancel

From this dialog box, you can add Verilog or VHDL source files, EDIF netlist
files, LPF constraint files, schematic, debug and analysis files or any other
project files. Diamond takes the source files and places them into the correct
folders for the new project.
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GETTING STARTED : Creating a New Project

Click Add Source to open a file browser in the project example location.

Open the “source” folder, select all Verilog and VHD files and click Open to
add the files to the project.

Figure 7: Source
[ * MNew Project l ng &1

Add Source
Add HDL, EDIF netlist, LPF constraints, or other files. 84

Source files: Add Source... | |Remove Source

C:/lsce/diamond/3.0/examples/mixed_mode/source/count.v
C:/lsce/diamond/3.0/examples/mixed_maode/source/count_down.v
C:/lsce/diamond/3.0/examples/mixed_mode/source/count_down_2.v
C:/lsce/diamond/3.0/examples/mixed_maode/source/count_down_3.vhd
C:/lsce/diamond/3.0/examples/mixed_maode/source/count_up.v
C:/lsce/diamond/3.0/examples/mixed_mode/source/count_up_2.v

Copy source to implementation directory

| <Back || med> |[ cancel |

This process of browsing and adding source files can be done as many times
as needed before going to the next step.

Notice the option to “Copy source to implementation directory.” Select this
option if you want to copy the external source files to the project’s initial
implementation. If you prefer to reference these files, clear this option. See
“Implementations” on page 45 for further details.
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GETTING STARTED : Creating a New Project

Click Next to select the device.

Figure 8: Select Device

* Mew Project e @ &
Select Device D
Specify a target device for the project. v 0 -
Select Device: Device Information:
Family: Device: Voltage: 1.8/2.5/3.3v
LatticeSC ~ | | LFXP6C - Mo 2T
LatticeSCM LFXP6E Hegrices: 2B
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LatticeXP2 LFXP10E L EBR Blocks: 24
MachXO = | | LFXP15C I Dist RAM: 39K
MachX02 LFXP15E DSP: =
Platform Manager LFXP20C PLL: 4
Dlatfnrm Mansnar | | |1 EYDINE T DLL: -
< 1 » < ) '
PCS: -
Performance grade:(_) Package type: PIO Cells: 244
s - | [FreGa3ss b PIO Fins: 244
Operating conditions:
Fart Names:
[LPxP1OC-5F388C -
Online Data Sheet for Device
I < Back ] [ Next = l I Cancel ]

(-

In this step you can select the target device, performance grade, package
type, operating conditions and part name. For our example, we will use the
default settings.

Click Next to open the Select Synthesis Tool dialog box.
Select the synthesis tool that you want to use.

If you are designing for MachXO, MachXQOz2, or Platform Manager, 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.
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GETTING STARTED : Creating a New Project

Figure 9: Select Synthesis Tool
(% New Praject —— [ER)

Select Synthesis Tool Jo
Specify a synthesis tool for the project. 0 "

Synthesis Tools:
@ Synplify Pro
() Predsion

Lattice LSE

< Back ][ Mext = ][ Cancel

Click Next to open the Project Information summary.

Figure 10: Project Summary
[ + MNew Project _& ‘ m1

Project Information
The new project will be generated with the following specifications. -

Project:

Project Name: Test

Project Location: C/flscc/diamond/3.0/examples/mixed_mode

Implementation Name: Test

Device: LFXP10C-5F256C

Synthesis Tool: Synplify Pro

Import Source Files:

i C:/lscc/diamond/3.0/examples/mixed_mode/source/count.v
C:/lscc/diamond/3.0/examples/mixed_mode/source/count_down.v
C:/lscc/diamond/3.0/examples/mixed_mode/source/count_down_2.v
C:/lscc/diamond/3.0/examples/mixed_mode/source/count_down_3.vhd
C:/lscc/diamond/3.0/examples/mixed_mode/source/count_up.v
C:/lscc/diamond/3.0/examples/mixed_mode/source/count_up_2.v

Copy Source Files: Yes f

< Back l I Finish ] I Cancel
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GETTING STARTED : Opening an Existing Project

At this step or any other step in the process, you can click the Back button to
review or change your selections.

Click Finish. The newly created project, shown in Figure 11, is now created
and open.

Figure 11: Opened Project
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- . mplementation Location: C:/1scc/diamond/3.0/exanples/mixed mode/Tes
¥ Test/source/count_up_2.v # Hierarchy Parsing Report =
3 o Project File: C:/1scc/diamond/3.0/exanples/mixed_mode/Test.1df
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Output & x
C:/lscc/diamond/3.0/examples/mixed_mode/Test/source/count_down_2.v(1,1-14,10) INFO: (VERI-5000) elaborating module 'count_down_2_unig_1" -
C:/lscc/diamond/3.0/cae library/synthesis/verilog/xp.v(666,1-668,10) INFO: (VERI-S000) elaborating module "GSR_unig 1'
©:/lscc/diamend/3.0/examples/mixed mode/Test/scurce/count.v(14,1-14,74) INFO: (VERI-1231) going to vhdl side to elaborate module count down 3
C:/lscc/diamond/3.0/examples/mixed mode/Test/source/count_down_3.vhd(6,8-6,20) INFO: (VHDL-1067) elaborating count_down_3_uniq_0(translated)
C:/lscc/diamond/3.0/examples/mixed mode/Test/source/count.w(14,1-14,74) INFO: (VERI-1232) back to verilog to continue elaboration hd
Tel Console Output ‘ Errar | Warning | Find Results | Info |

Ready Mem Usage: 226,932 K

Select the File List tab under the left pane, to view the Test project file list.
Select the Process tab, to view the design flow processes and status.

To close a project, choose File > Close Project.

Opening an Existing Project
Use one of the following methods to open an existing Lattice Diamond project:
On the Start Page, select Open from the Project pane.
From the File menu, choose Open > Project.

On the Start Page, select the desired project from the Recent Projects list.
Alternatively, choose a recent project from the File > Recent Projects
menu.

You can use the Options dialog box to increase the number of projects that
are shown in the Recent Projects list and to automatically load the previous
project at startup. Choose Tools > Options to open the dialog box. To
increase the number of recent projects listed, select General from the

Lattice Diamond User Guide 11




GETTING STARTED : Importing an ispLEVER Project

Environment section, and then enter a number for “Maximum items shown in
Recent items list.” To automatically open the previous project during startup,
select Startup from the Environment section, and then choose Open
Previous Project from the “At Lattice Diamond startup” menu.

Figure 12: Open Recent Project

-

Project:

@Open...
EENEW...

[ Import ispLEVER Project...

m

Recent Projects:

@ Test

@ mixedcounter
@ mixed_mode -

4 1 b

Importing an ispLEVER Project

Use one of the following methods to import an ispLEVER project into Lattice
Diamond:

On the Start Page select Import ispLEVER Project from the Project
pane.

From the File menu, choose Open > Import ispLEVER Project

Figure 13: Import an ispLEVER Project

-

Project:

@Open...
EENEW...

15 Import ispLEVER Project...

m

Recent Projects:

@ Test

@ mixedcounter
@ mixed_mode -

4 1 b

The file browser applies a *.syn file filter to help you find ispLEVER
project files. The ispLEVER project is converted to a Lattice Diamond

project.

The import/conversion process has the following limitations:

Any .ngo files will need to be manually copied into the Lattice Diamond
project if these files were originally copied into the ispLEVER project; for
example, .ngo files that were copied from Lattice IP generation.

All .Ipc files are replaced with .ipx files in Lattice Diamond. You will need to
re-generate your IP by double-clicking the .Ipc file name. The wizard will
then open and help you generate the new .ipx file, replacing the .Ipc file.

12 Lattice Diamond User Guide



GETTING STARTED : Next Steps

Next Steps

If you select the “Copy source to Implementation directory” option, the
following additional limitations will apply:

Verilog include files specified within the Verilog source files will not be
copied.

Files associated with IPexpress Module .Ipc files (such as .v, .txt, .ngo)
will not be copied.

User-specified schematic symbols (.sym) will not be copied.

After you have a project opened in Lattice Diamond, you can go sequentially
through the rest of this user guide to learn how to work with the entire design
environment, or you can go directly to any topics of interest.

The chapters “Design Environment Fundamentals” on page 15 and
“Lattice Diamond Design Flow” on page 59 provide explanations of key
concepts.

“User Interface Operation” on page 23 provides descriptions of the
functions and controls that are available in the Diamond environment.

The chapters “Working with Projects” on page 43 and “Working with Tools
and Views” on page 75 explain how to run processes and use the design
tools.

“Tcl Scripting” on page 127 provides an introduction to the scripting
capabilities available, plus command-line shell examples.

“Advanced Topics” on page 137 provides further details about
environment options, shared memory, and Tcl scripting.

Differences from ispLEVER

There are a number of differences between Lattice Diamond and ispLEVER.
Key differences, especially regarding how projects are managed, include the
following:

ispLEVER has multiple project types, but there is only one Diamond
project type. In ispLEVER, you need different projects types for each type
of source; for example, one project for Verilog and a different project for
VHDL. In Lattice Diamond, the project can include sources of different
types. For example, one Lattice Diamond project can contain both Verilog
and VHDL source files.

Lattice Diamond includes implementations and strategies. These do not
exist in ispLEVER.

ispLEVER parses source file hierarchy when a project is opened, and it
will question the existence of multiple top-level modules. Lattice Diamond
does not display hierarchy by default (though it can be configured to do
s0), and you need to set the top-level design unit if multiple top-level
modules exist.

Lattice Diamond User Guide
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GETTING STARTED : Differences from ispLEVER

ispLEVER consists of a number of separate tools. Lattice Diamond is an
integrated tool environment.

All of the Lattice Diamond tool views share a common memory image of
design data. This means that changes to the design data are seen by all
tools.

Lattice Diamond projects do not allow simulation test benches as source;
only modules are contained within a Lattice Diamond project.

Lattice Diamond 1.3 and later supports the ability to mark individual
source files for simulation, synthesis, or both. This supports multiple file
test benches and modules with different representations for simulation
and synthesis. ispLEVER only supported a single test bench file for
simulation and did not support different representations for the same
module.
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= LATTICE

Overview

Chapter 3

Design Environment
Fundamentals

This chapter provides background and discussion on the technology and
methodology underlying the Lattice Diamond software design environment.
Important key concepts and terminology are defined.

Understanding some of the fundamental concepts behind the Lattice
Diamond framework technology will increase your proficiency with the tool
and allow you to quickly come up to speed on its use.

Lattice Diamond is a next-generation software design environment that uses
a new project-based methodology. A single project can contain multiple
implementations and strategies to provide easily managed alternate design
structures and tool settings.

The process flow is managed at a system level with run management controls
and reporting. Context-sensitive views ensure that you only see the data that
is available for the current state in the process flow.

The shared memory technology enables many of the advanced functions in
Lattice Diamond. Easy cross-probing between tool views and faster process
loops are among the benefits.

Note

You can run multiple instances of Lattice Diamond, by loading Lattice Diamond
multiple times. This enables you to run different Diamond projects at the same time.
However, you must not load the same project in more than one Lattice Diamond
software instance, because this can cause conflicts in the software.

You can also run Diamond remotely. Refer to the Lattice Diamond Installation Notice
for more information.

Lattice Diamond User Guide
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DESIGN ENVIRONMENT FUNDAMENTALS : Project-Based Environment

Project-Based Environment

A project in Lattice Diamond consists of HDL source files, EDIF netlist files,
synthesis constraint files, LPF constraint files, Reveal debug files, script files
for simulation, analysis files for power calculation and timing analysis, and
programming files.

It also includes settings for the targeted device and the different tools. The
project data is organized into implementations, which define the project
structural elements, and strategies, which are collections of tool settings.

The following File List shows the items in a sample project.

Figure 14: File List

File List g X

ri
Il LFE2-35E-5F672C
4 Strategies
E¥ Area
E#® 1/O Assistant
E¥ Quick
¥ Timing
Strategyl
Strategy?
[ER verilog_vhdl
4 [EH verilog_vhdl_edif
4 Input Files
B3 edif/rev_1/count8.edn
¥ source/topcounty
i source/typepackage.vhd [work]
¥ source/countl6.vhd [work]
Synthesis Constraint Files
4 LPF Constraint Files
[ mixedcounter_vipf
[ mixedcounter_vv.Ipf
[ mixedcounter vve.lpf
4 Debug Files
R reveallrvl
Script Files
4 Analysis Files
P9 mixedcounter.pcf
T mixedcounter.tpf
Programming Files

[ER vhdi

File List | Process Hierarchy

Each item that is displayed in bold means that it has been selected as the
active item for an implementation. An implementation displayed in bold means
that it has been selected as the currently active implementation for the
project. Your project must have one active implementation, and the
implementation must have one active strategy. Optional items, such as
Reveal hardware debugger files, can be set as active or inactive. This differs
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DESIGN ENVIRONMENT FUNDAMENTALS Process Flow

Process Flow

from ispLEVER, where the existence of Reveal debugger files means that
debug is active.

The project is the top-level organizational element in Lattice Diamond, and it
can contain multiple implementations and multiple strategies. This enables
you to try different design approaches within the same project. If you want to
have a Verilog version of your design, you will make an implementation that
consists of only the Verilog source files. If you want another version of the
design with primarily Verilog files but an EDIF netlist for one module, you will
create a new implementation using the Verilog and EDIF source files. It will be
the same project and design, but with a different set of modular blocks.

Similarly, if you want to try different implementation tool options, you can
create a new strategy with the new option values.

You manage these multiple implementations and strategies for your project by
setting them as active. There can only be one active implementation with its
one active strategy at a time.

The Process View provides a system-level overview of the FPGA design flow.
Each major step in the design process is shown, along with an icon that
indicates its status. In the Map and Place & Route sections, you can select
optional subtasks to be run every time. These selections are saved on a
project basis. In the Export Files section, you can select the models or files
that you want to be exported with the Export Files process. For example, if
Bitstream File is checked, it will be generated and exported; if it is not
checked, it will not be generated and exported.

Figure 15: Process Flow

= : Synthesize Design
: Synplify Pra
: Translate Design
=] : Map Design
|:| : Map Trace
O : ‘erilog Simulation File
[ 2 wHOL Simulation File
=l %= Place & Route Design
[ & Place & Route Trace
[0 & 1o Timing Analysis
= : Export Files
[0 & 18IS Model
[ & ‘erilog Simulation File

O YHOL Simulation File
O
O

i
wty

wty

Bitstream File
PROM File

ity

The process status icons are defined as follows:
+ Process in initial state
%L Process completed successfully

7 Process completed with warnings, see Warning output

Lattice Diamond User Guide
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