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to correct any errors contained herein or to advise any user of this document
of any correction if such be made. LSC recommends its customers obtain the
latest version of the relevant information to establish, before ordering, that the
information being relied upon is current.

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.

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

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

Courier 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.

{3} Repeatable items in syntax descriptions.

| A choice between items in syntax descriptions.
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Introduction

This document describes the LatticeMico32 DDR SDRAM IP demonstration
for the LatticeMico32 Development Board for LatticeECP FPGA devices. This
demonstration is designed to be simple and easy to use, requiring no lengthy
setup or complex explanation. It demonstrates the following features of the
LatticeMico32 platform design on the LatticeMico32 Development Board for
the LatticeECP FPGA:

¢ Co-locating the FPGA configuration bitstream, as well as a LatticeMico32
software application binary, in a single SPI configuration flash

¢ Deploying a simple software application in the configuration SPI flash,
booting the LatticeMico32 processor from the SPI flash, and copying the
application to an external DDR SDRAM memory

The demonstration focuses on the LatticeMico32 Development Board’s VGA
interface, with a DDR SDRAM module used for executing code and serving
as video memory. The LatticeMico32 processor, a WISHBONE master, writes
to this video memory, and an incorporated VGA controller, also a WISHBONE
master, reads from this video memaory. The VGA controller is implemented in
VHDL language, and this demonstration shows how to incorporate VHDL
custom components into the Verilog-language LatticeMico32 platform
framework.

The demonstration provides the necessary ispLEVER design projects and
step-by-step instructions on the following:
¢ Preparing the LatticeMico32 software application for SPI flash deployment

¢ Generating an SPI flash image containing the FPGA bitstream and the
LatticeMico32 software application that can be programmed into the SPI
flash using ispVM System

LatticeMico32 DDR SDRAM Demonstration 1



LatticeMico32 DDR SDRAM Demonstration Introduction

Since the VGA controller is a VHDL design, the demonstration also provides
an example of integrating a VHDL WISHBONE-compliant component into the
LatticeMico32 platform framework.

For additional details on the steps used in this demonstration for achieving
SPI flash deployment, refer to the LatticeMico32 Software Developer User’s
Guide.

Prerequisites

The demonstration assumes that you are familiar with the LatticeMico32
System flow and usage. It also assumes that you are well-versed in
debugging, downloading and deploying LatticeMico32 software applications.
If you are not familiar with LatticeMico32 System, it is recommended that you
complete the LatticeMico32 Tutorial.

You should be able to download designs and software applications to the
LatticeMico32 Development Board for LatticeECP.

You must have a basic understanding of VGA parameters, such as H-Sync, V-
Sync, and the various porches that determine VGA timing.

This demonstration requires a complete installation of Lattice Semiconductor
ispLEVER Version 7.0 SP1 software and a complete installation of the
LatticeMico32 System Version 7.0 SP1 software.

LatticeMico32 DDR SDRAM Demonstration 2



LatticeMico32 DDR SDRAM Demonstration Introduction

DDR SDRAM Memory Module Requirements

The DDR SDRAM memory module used for this demonstration is a Corsair
VS512SDS266 200-pin SODIMM 512-megabyte PC2100 speed memory
module. If you are using a different memory module, you must configure the
DDR SDRAM IP accordingly.

Design Overview

The demonstration runs on a LatticeMico32 Development Board for
LatticeECP. You must have a computer monitor (LCD preferred) connected to
the VGA connector of the LatticeMico32 Development Board. Figure 1 shows
the components used in the demonstration.

Figure 1: LatticeMico32 DDR SDRAM Demonstration Overview
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The platform design objectives are as follows:

¢ Co-locate the FPGA bitstream and the software application in the SPI
configuration flash.

¢ Prepare the processor so that it executes the boot code stored in the SPI
flash.

¢ Have the boot code copy the main executable into an external DDR
SDRAM module.
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¢ Have the processor execute the code from the external DDR SDRAM,
once the copy process is done.

The demonstration partitions the DDR SDRAM so that part of it is used for
video while another part executes the code.

To provide a meaningful software application, the software design goal is to
write a software application executed by the LatticeMico32 processor that
updates the contents of the video memory while the VGA master interface
reads the video memory contents, as dictated by the VGA timing parameters.

Platform Design
Figure 2 shows the LatticeMico32 platform design.

Figure 2: LatticeMico32 Platform

Mame | Connection Base End | Size(Bytes) | Lock, | IRQ | Disable |

= LM3z
Instruction Port 1
Data pork 2
Debug Port + 000000000 A G192

= sram O
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= ddr_sdram O
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= LED O
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The UART in the platform allows you to use printf statements in the software
design, and the LED allows you to visually inspect the software execution.

The vga_ component is an instance of a master passthrough custom
component, which is explained in “Hardware” on page 39. The main purpose
of this component is to provide a passthrough for a WISHBONE master
interface to connect to a WISHBONE master component that is not part of the
platform generated in the MSB perspective. It also has a slave interface that
allows passing arbitrated access to a WISHBONE slave interface of a
WISHBONE slave component that is not part of the platform generated in the
MSB perspective.

Reset Vector Address (EBA Value) Selection

The SPI flash ROM component, SPIFlash, in the platform is connected to the
external configuration SPI flash. It is essential to select a proper reset vector
address (also known as the EBA value) for the LatticeMico32 processor for
SPI flash deployment.

The LatticeMico32 Development Board for the LatticeECP device has an 8-
megabit SPI flash. In the Universal File Writer tool, which is part of the ispVM
System tool suite, you can visualize this SPI flash as a PROM with 16 64-
kilobyte sectors. For the LFECP33E device, which is the LatticeECP FPGA on
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the LatticeMico32 Development Board, the uncompressed FPGA bitstream
consumes 15 64-kilobyte sectors, although it does not fully consume the 15th
sector. Therefore, one 64-kilobyte sector is available for storing the bootable
software application. It translates to an offset address of 0xFO00O in the SPI
flash device.

Since the MSB has assigned the SPI flash ROM component a base address
value of 0x06000000, the processor reset vector address (also known as the
EBA value) should be set to 0x0O60F0000, that is, offset 0xXFOO00O in the SPI
flash ROM component. In addition, the first instruction of the bootable
software must be located at offset 0xFO0O0O in the SPI flash when the
demonstration constructs a flash image that consists of the FPGA bitstream
and the bootable software.

Figure 3 shows the processor configuration for this platform, with the EBA
value set to 0x060F0000.

Figure 3: Modify LatticeMico32 Dialog Box
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As shown for this demonstration platform, it is always a good idea to lock all
assigned addresses to prevent MSB from reassigning different addresses
when regenerating the platform.
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Limitations

The VGA output is limited to 6-bit color (2 bits per color component) and does
not use a video DAC.

Installing the Demonstration

This demonstration requires a complete installation of the LatticeMico32
System software Version 7.0 SP1, Lattice Semiconductor iSpLEVER Version
7.0 SP1 design tools, and ispVM System programming tools.

Lattice Semiconductor releases the demonstration package in a zipped file.
This demonstration package contains all the necessary files, including the
final bitstream, the application executable, and an Intel Hex file that contains
the merged bitstream and the bootable application executable. The projects
used for creating these outputs are also provided as part of the zipped
package.

This document provides step-by-step instructions for generating the pre-
packaged outputs, since that is one of the goals of this demonstration.

LatticeMico32 DDR SDRAM Demonstration 6
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Installation

The LatticeMico32 DDR SDRAM demonstration is distributed in a zipped file.
Unzip this file with c:\ as the root directory.

Figure 4 displays the directory hierarchy.

Figure 4: Directory Structure
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? /.. ) Search {7 Folders

) .settings
+ | ) DDRDemoMSE
+ | ) Debug

|20 graphics
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=l |Z) DDRDemoMSE
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# |2 gpio
* |2 Im32_top
# | ) mstr_passthru
+ | ) spi_flash
+ | ) vart_core
+ | 2) wh_ddr_ctl
1) soc
1) docs

=l |2) mstr_passthru

|20 document
=l |2 drivers
1) device
= | rtl
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= 12 vga

= ([ hdl
I2) ecp_fifos
=l | ) synthesis
|20 ispLever
+ | 2) synplify

b EGD

3 objects (Disk free space: 1 184 KB

_é My Computer

The contents of the directory structure are as follows:

¢ Demo/DDRDemo_ispl — Contains the pre-built bitstream, as well as the
ispLEVER project used for building the bitstream.

¢ Demo/DDRDemo_VGA_App — Contains the LatticeMico32 application
that writes to the video memory (external SRAM).

¢ Demo/DDRDemoMSB — Contains the demonstration LatticeMico32
platform.

¢ Demo/docs — Contains this document.

¢ Demo/mstr_passthru — Contains the master passthrough custom
component that provides connectivity to the VGA controller. Since the
VGA controller is a VHDL implementation, it cannot be directly
instantiated in the platform.

LatticeMico32 DDR SDRAM Demonstration
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¢ Demo/VGA — Contains the VHDL language source files for the VGA
controller.

¢ Demo/VGA/hdl/ecp_fifos — Contains FIFOs used for the VGA controller.

¢ Demo/VGA/hdl/synthesis/synplify — Contains the Synplify project for
generating VGA EDIF file.

¢ Demo/VGA/hdl/synthesis/ispLever — Contains the ispLEVER project that
generates the VGA controller .ngo file (video_chain_top.ngo) from the
EDIF file generated by the Synplify project.

Environment Setup

To run the demonstration on the LatticeMico32 Development Board for
functionality verification, you must have the following two pieces:

¢ A pre-built FPGA bitstream containing the LatticeMico32 platform, which
requires no modifications

¢ A C demonstration software project that you must import into C/C++ SPE

You must import the included C application project into the LatticeMico32
C/C++ SPE environment. Follow the steps outlined in this section to import
the demonstration software project, if you are not familiar with importing
projects. It is assumed that you have unzipped the demonstration package
with c:\ as the root directory.

Note

Importing an existing C/C++ SPE project does not copy the contents into the
workspace. Any modification that you make to the application project occurs in your
demonstration installation.

1. Start the LatticeMico32 system and switch to the C/C++ SPE perspective.

2. Choose File > Import to activate the Select dialog box, shown in Figure 5.
Figure 5: Select Dialog Box

& Import g|

Select

Y
Create new projects from an archive file or directory, This does not copy the E - 5
project into the workspace,

Select an import source:

chive file

ng Projects into Workspace

|| File system
E—LPreferences

| Mexk = | Cancel

LatticeMico32 DDR SDRAM Demonstration



LatticeMico32 DDR SDRAM Demonstration

Installing the Demonstration

3. Select Existing Projects into Workspace.

4. Click Next to activate the Import Projects dialog box, shown in Figure 6.

Figure 6: Import Projects Dialog Box

Import Projects —
Select a directory ko search for existing Eclipse projects, { .-_"
-
* Select root directory: | Browse, ..
(" Select archive file: |
Projects:
Select Al
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< Back | | | Cancel |

5. Select Select root directory, if it is not already selected.

6. Click the Browse button next to Select root directory to activate the
Browse For Folder dialog box, shown in Figure 7.

Figure 7: Browse For Folder Dialog Box

Browse For Folder,

Select root directory of the projects to import

@' Desktop -~
E} My Documents
=2 -_J My Computer
B ocal 1)
I3 _xmsgs
[23) BIPrinker
I3) Canontp
I5) DELL
IC5) Documents and Settings “

Falder: | Local Disk (2} |

Make Mew Folder

Ok H Cancel ]

7. Inthe Browse For Folder dialog box, browse to the
c:\LM32_DDR_Demo\Demo\DDRDemo_VGA_App directory, as shown in

Figure 8.
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The figure assumes that the demonstration was installed with c:\ as the

root directory.

Figure 8: Selecting DDRDemo_VGA_App Software Project Root

Directory

Browse For Folder.

Select root directory of the projects to import
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8. Click OK.

The Import Project dialog box now shows DDRDemo_VGA_App as an
available project in the Projects pane, as shown in Figure 9. If you do not
see any listing in the Projects pane, you have not selected the directory

correctly in the previous step.

Figure 9: DDR VGA Project Available for Import

Import Projects

Select a directory ko search for existing Eclipse projects,

(% Select rook directary: | C:\LM32_DDR_Demo'\Dema|DDRDemn_YGA_a Browse. ..

(" Select archive file: |

Projects:

DDRDemo_YGA_App Select Al
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ik [F @

Refresh

< Back Cancel

| Finish |

9. Click Finish.

LatticeMico32 DDR SDRAM Demonstration
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The C/C++ Projects view in the C/C++ SPE perspective now lists the
DDRDemo_VGA_App project, as shown in Figure 10.

Figure 10: DDRDemo_VGA_App Listed in C/C++ Projects View

& CIC++ - Eclipse Platform
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10. Expand the project listed in C/C++ SPE to show its contents.

Figure 11 shows an overview of the project contents.

Figure 11: Project Contents Overview
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The main files in this project are the following:

L 4

L 4

DDRDemo_VGA_App.bit, which is the binary executable of the
project, with an attached boot copier. You will re-generate this file,
using step-by-step instructions as part of the main demonstration.

DDRDemo_VGA_App_FPGA_Bitstream.mcs, which is an Intel-Hex-
format file containing the SPI flash image. This image contains the
FPGA bitstream merged with the bootable binary executable. This file
can be programmed to the SPI flash for a stand-alone demonstration,
using ispVM System.

linker.ld, which is the custom linker file used by the project. It uses the
managed-build linker file as its basis and is modified to use only the
first 25 percent of the available DDR SDRAM memory.

vga_config.h, which is the C header file containing the VGA controller
parameters.

11. Rebuild the imported project, DDRDemo_VGA_App, to verify a successful
build.

The project is configured to use a custom linker script, and the standard
input and output is configured to use the UART. “Design Details” on
page 37 describes the project contents.

You have now successfully imported the software application provided.

The Demonstration

The demonstration comprises four separate procedures:

L 4

Configuring VGA timing parameters and verifying the design functionality
on the LatticeMico32 ECP Demonstration Board

Generating a bootable binary image of the executable application

Generating an Intel Hex file that contains the FPGA bitstream and the
bootable application binary image

Programming the SPI flash device

Configuring VGA Timing Parameters and
Verifying the Design Functionality

Before continuing with this step, make sure that you have the LatticeMico32
ECP Demonstration Board powered up and that you have a computer
monitor, preferably an LCD monitor, connected to the VGA connector of the
LatticeMico32 ECP Demonstration Board.

Configuring the VGA Timing Parameters

The FPGA design is designed with a pixel clock of 50 megahertz and a
resolution of 800 pixels x 600 lines.

LatticeMico32 DDR SDRAM Demonstration 12
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However, the following frame and line-timing parameters are configurable.
The following are the defaults:

¢ Vertical (frame) timing:
¢ Vertical sync width: 7 lines
¢ Front porch width: 1 line
¢ Back porch width: 23 lines
¢ Horizontal (line) timing:
¢ Horizontal sync width: 128 pixels
¢ Front porch width: 40 pixels
¢ Back porch width: 88 pixels

LatticeMico32 DDR SDRAM Demonstration 13
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These timing parameters are defined in the vga_config.h header file, whose
contents are shown in Figure 12.

Figure 12: Contents of the vga_config.h File

#ifndef VGL CONFIG H_
#define VGAL CONFIG H_
#include "system conf.h"

i
* DEBUG CONFIGURATICN
*

f% printf vga controller configuration after configuring it */

#define _DEBUG_PRINT VGA CONFIG_ 1)
ll."ﬂ‘

* WGA VIDED MEMORY EBASE ADDRESS CCONFIGURALTITON

w
#if 1

/% UIE SRAM A3 VIDEO MEMORY +/
#define VGAL VIDMEM EADDR (SRAM EASE ADDRESS)
#else
/% UZE DDE IDEAM A3 VIDEO MEMORY +/

#define VGAL VIDMEM EADDR (DDR_SDRAM BEASE ADDRESS + (DDR_SDRAH_SIZEKZ]]
#endif
ll."ﬂ‘

o o o o o o o ol o ol o o ol o ol o o o o o

* *

* VGA CONTROLLER CONFIGURATION *

* *

o o o o o o o ol o ol o o ol o ol o o o o o

w
#define C_NUM_PIXELS PER_LINE  (500)
#define C_NUM DISPLAY LINES (600)

/% WGAL FRAME PARAMETERZ */

#define VGAL V_SYNC_WIDTH 7
#define VGAL V_FPORCH WIDTH (1)
#define VGAL V_BPORCH WIDTH (23]

/% WGAL LINE PARAMETERZ */

#define VGAL H SYNC_ WIDTH [125)
#define VGAL H FPORCH WIDTH (40)
#define VGAL H EPORCH WIDTH §=1=3]

#endif /*VGL CONFIG H +/

The header file contains the following configuration parameters:

¢ _DEBUG_PRINT_VGA_ CONFIG_ — The possible values of this
parameter are 0 or 1. Setting it to 1 enables the printf statements in the
code so that the application debugs the VGA configuration parameters
over the RS-232 UART to the standard out. Setting this parameter to 0
disables the debug printf statements in the code.

¢ VGA_VIDMEM_BADDR - This parameter determines the start of the
video memory used by the LatticeMico32 processor application, as well
as the VGA controller core. This demonstration uses the DDR SDRAM as
video memory, as well as program memory. If you want to use the SRAM

LatticeMico32 DDR SDRAM Demonstration 14



LatticeMico32 DDR SDRAM Demonstration The Demonstration

for video memory, set the value of this parameter to a valid SRAM
address.

¢ C_NUM_PIXELS_PER_LINE — This parameter is used by the software
and must not be modified.

¢ C_NUM_DISPLAY_LINES — This parameter is used by the software and
must not be modified.

¢ VGA_V_SYNC_WIDTH — This parameter sets the vertical sync width
(number of horizontal lines that form a vertical sync). You can modify this
parameter.

¢ VGA_V_FPORCH_WIDTH — This parameter sets the front porch width for
the vertical sync, in units of horizontal lines. You can modify this
parameter.

¢ VGA_V_BPORCH_WIDTH - This parameter sets the back porch width for
the vertical sync, in units of horizontal lines. You can modify this
parameter.

¢ VGA_H_SYNC_WIDTH — This parameter sets the horizontal sync width in
units of pixels. You can modify this parameter.

¢ VGA_H_FPORCH_WIDTH - This parameter sets the front porch width for
the horizontal sync, in units of pixels. You can modify this parameter.

¢ VGA_H_BPORCH_WIDTH - This parameter sets the back porch width
for the horizontal sync, in units of pixels. You can modify this parameter.

Once you modify this file, be sure to rebuild the project rather than build it.
C/C++ SPE does not correctly identify dependent files when modifying header
files. Once the rebuilding is complete, the generated executable contains
code to configure the VGA controller with the appropriate timing information.

Verifying the Design Functionality

This section guides you through the process of running the demonstration to
verify its functionality. It shows you how to debug the application, the RTL
design, or both before deploying it to the SPI flash for stand-alone operation.

The pre-built FPGA bitstream, ddrdemo_ispl.bit, is located in the
\LM32_DDR_Demo\Demo\DDRDemo _ispl directory. Download this bitstream
to the FPGA by using ispVM System. When the FPGA bitstream has been
successfully downloaded, the eight discrete LEDs appear solid red. The
computer monitor is not active at this time.

Once the FPGA is configured, download the rebuilt software application,
DDRDemo_VGA_App, and run it. When the software application is running,
the states of the eight discrete LEDs change so that four LEDs remain solid
and the other four LEDs turn off. The computer monitor at this time starts
displaying the contents of the video memory that is actively being written to by
the LatticeMico32 processor and is actively being read by the VGA controller
core.
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Figure 13 shows the display generated by the LatticeMico32 processor.

Figure 13: VGA Display Generated by LatticeMico32

The processor blacks out the display, writing black values to the video
memory, and then regenerates the display shown in Figure 13 by writing to
the video memory.

Measuring Performance

The VGA controller performs burst reads from the video memory. These word
burst reads are not interruptible and give an idea of the throughput for burst-
read operations. The VGA controller maintains a counter that counts the
maximum cycles taken for burst line reads and is printed to the standard
output by the application software.

Generating a Bootable Binary Image of the
Executable Application

This section of the demonstration shows you how to generate a bootable
binary image of the executable application that can be used for booting and
loading from the SPI flash.

Before performing the steps in this section, rename the
DDRDemo_VGA_App.bit file, located in the DDRDemo_VGA_App project
folder, to DDRDemo_VGA_App_orig.bit for backup.

1. From the C/C++ SPE perspective, select the DDRDemo_VGA_App
project by selecting it.

LatticeMico32 DDR SDRAM Demonstration 16
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2. Choose Tools > Software Deployment to activate the Software
Deployment Tools dialog box, shown in Figure 14.

Figure 14: Software Deployment Tools Dialog Box

& Software Deployment Tools

Software Deployment Tools

Configurations:
& CFI Flash Deployment

B Perspectives

These settings associate a perspective with SPI Deployment launch configurations. A different perspective may be associated
with each supported launch mode, and can optionally be opened when a configuration is launched or when an application
suspends via the Debug preferences, To indicate that a perspective should not be opened, select "Mone”,

Restore Defaults

3. Select SPI Deployment from the list of available configurations, as shown
in Figure 14.
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4. Click the New button at the bottom of the list of available configurations to
activate a new SPI deployment configuration, as shown in Figure 15.

Figure 15: New SPI Deployment Configuration

& Software Deployment Tools

Software Deployment Tools ¥
@ Program not specified
Configurations: Mame: | DDRDemo_tGA_app (1)
& CFI Flash Deployme
& On Chip Memory De| )
—|- 4@ SPI Deployment ) main l
1 WG,
Project:
| DORDemo_WGA_App Browse. .,
CiC++ Application:
| Search Project. .. | Browse. ., |
Reset Vector Address (EBA Yalue):{0x0 -- DxFFFFFFFF) |
I¥ Prepend Code Relocator
Save Binary Output File As...
| Browse. ..
Click "Start" to generate File
< ¥
ew Delete | |
| Close |

5. Configure the dialog box as follows:

a. Inthe Project box, select Browse to select the DDRDemo_VGA_App
project, if it is not already selected.

b. Inthe C/C++ Application box, select Search Project to select
DDRDemo_VGA_App.elf, which is the executable that you want to
convert to a binary bootable image.

c. Inthe Reset Vector Address box, enter 0x060F0000, as explained in
“Reset Vector Address (EBA Value) Selection” on page 4.

The deployment tool scripts compile the boot-copier (also known as
the boot-loader) for execution from this address, since this is the
processor’s reset address.

d. Select the Prepend Code Relocator option, if it is not already
selected.

This selection tells the SPI deployment scripts to prefix the boot-copier
so that the first code executed by the processor on a reset exception
(that is, power-up) is the boot-copier. The boot-copier then copies the
executable into the destination DDR SDRAM memory, since the
application is compiled for execution from the DDR SDRAM memory.
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e. Inthe Save Binary Output File As box, click Browse to activate the
File Save As dialog box, and after selecting the DDRDemo_VGA_App
directory, enter DDRDemo_VGA_App.bit as the file name.

6. After configuring the SPI Deployment Tools dialog box, shown in
Figure 16, click Apply.

Figure 16: SPI Deployment Configuration

& Software Deployment Tools

Software Deployment Tools ¥

Canfigurations: Mame: | DDRDemo_tGA_app (1)
& CFI Flash Deployment
& On Chip Memary Deploy )
—|- 4@ SPI Deployment B main l
& DDRDemo_VGA_Ap|

Project:

| DORDemo_WGA_App Browse. .,

CiC++ Application:

|Debug,l’DDRDemo_\n'GA_App.eIF SearchProject...| Browse, .. |

Reset Vector Address (EBA Yalue):{0x0 -- DxFFFFFFFF) | 0x060F0000
I¥ Prepend Code Relocator

Save Binary Output File As...
| C:LM32_DDR_DemoiDemotDDRDemo_YWGA_AppiDDRDemo_YEA_app.bit Browse, ..

Click "Start" to generate File

ew Delete | |

Start | Close |

7. Click Start at the bottom of the Software Deployment Tools dialog box to
generate the DDRDemo_VGA_App.bit binary file, which is a bootable
binary file that has the application appended to the code relocator.

For more information on how the deployment tools work, refer to the
LatticeMico32 Software Developer User’s Guide.

Generating an Intel Hex File

This section of the demonstration provides you with step-by-step instructions
for generating an Intel-Hex-format file containing the FPGA bitstream and the
binary bootable image generated in the previous step. IspVM System can
then use the Intel-Hex-format file for programming the SPI flash on the
LatticeMico32 Development Board for the LatticeECP FPGA.

1. Before performing the steps in this section, rename the
DDRDemo_VGA_App_FPGA_Bitstream.mcs file in the
DDRDemo_VGA_App project folder to a different name for backup.
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2. StartispVM System.

3. Choose ispTools > Universal File Writer to start the Universal File
Writer, as shown in Figure 17.

Figure 17: Universal File Writer

4 Universal File Writer V2.31

File Edit View Project Tool Window Help

Qutput File Format._ = ‘ JJICourier New
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4. Inthe Please Select Output File Format box, select PROM File from the

dropdown menu, as shown in Figure 18.

Figure 18: Selecting the PROM file

2 Universal File Writer V2.31

File Edit View Project Tool Window Help
| = (w4 ¢ |[E[[==]

Input/Output/Setings |
i 5¥% Input Data File

= % JJICourier New

% |

5. Double-click Input Data File in the Input/Output Settings pane to activate
the Open Input Data File dialog box, shown in Figure 19.

Figure 19:

Open Input Data File Dialog Box

Open Input Data File

Look in: | £ DDRDemo_ispl x| « @k E-
@ (C)backup
=) ddrdemo_ispl. dir
My Recent (=) pmi_addsub_32s_32s_off_ECP2_pmi__0
Documents == i ~ddsub_32s_32s_off ECP_pmi_a 0
@ () pmi_addsubEo3232
(C)pmi_fifo_dc_74
Desktop [C)pmi_fifo_dc_z5
. () pmi_fifo_dclEan1102223232
@ [C5)pmi_fifo_dclEan1102226969
(pmi_pl
My Documerts | @ I0OC5050E1100 100 1005
; [)syntmp
? ddrdemo_ispl.bit
My Computer
My Network  File name: |aardemo_ispl bt =] open |
Flaces
Files of type: IData File {*bit; *rbt; *rblk; rbka; *msk; ‘.mskaLI Cancel |
|

6. Select the ddrdemo_ispl.bit FPGA bitstream and select Open.

LatticeMico32 DDR SDRAM Demonstration
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The dialog box closes, and this file appears as an Input Data File item, as
shown in Figure 20.

Figure 20: FPGA Bitstream File Selected

[ Universal File Writer V2.31
File Edit View Project Tool Window Help
| | h“] + & | BB = | ||[PROM Fie Cexo: mes: xiek =1 18 | fcourer New =l -l

kpdf&lpd!Sethgs
Q--@Inpu{ Data File
e

oDDRDemo_ispl\ddrdemo_ispl bit

-4 Package: LFECP33E
- 553 Output Data File
- &3 PROM File Seftings
i@ Output Format: Intel Hex
i~ Byte Wide Bit Mimoring: OFF
[=-$PROM Size: 1 Mb

Closing file C:\LM32_DDR_Demo“\Demo " DDRDemo_VGA_App DDRDemo_VGA_Appbit......
File C:\LM32_DDR_Demo“Demo DDRDemo_VGA_App DDRDemo_VGA_App bit closed successfully.

Closing file C:\LM32_DDR_Demo“Demo“DDRDemo_VGA_App DDRDemo_VGA_App_FPGA_Bitstream mcs......
File C:\LM32_DDR_Demo“\Demo DDRDemo_VGA_App DDRDemo_VGA_App_FPGA_Bitstream mes closed successfully.

% |

7. Double-click Input Data File in the Input/Output Settings pane to open the
Input File Selection dialog box.

8. Select the DDRDemo_VGA_App.bit file and click Open.
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The dialog box closes, and this file appears as an item under Input Data
Files, as shown in Figure 21.

Figure 21: DDRDemo_VGA_App.bit Selected

[ Universal File Writer V2.31
File Edit View Project Tool Window Help
| = - [ h“] + 4 [ H'Ij E||JJ| PROM File (" 2xo: ~mes; “xiek) =1 18 | l[Couer New

ipuf&lpufSetmgs
= ﬁlnput Data File
[-C:\LM32_DDR_Demo"\Dema‘\DDRDemo_ispl\ddrdemo_ispl bit
| [B-Device: LFECP33E

L4 Package: LFECP33E
H =-C:ALM32_DDR_Demo'\Demo‘\DDRDemo_VGA_App \DDRDemo_VGA_App bit

% |

9. Double-click Output Data File in the Input/Output Settings pane to open
the Save Output Data File dialog box, shown in Figure 22.

Figure 22: Save Output Data File Dialog Box

Save Output Data File

Savein: | ) DDRDemo_VGA_App = =@k E-
= () .settings
|C5)DDRDemoMSE
My Recent [CS)Debug
Documents )graphics
@ Dvga
Desktop
e
My Documents
My Computer
My Network: File name: IDDRDemo_VGﬁ_ﬁpp_FPGﬁ_Bi‘tstream.mcs j Save
Places
Save as type: IData File (*mcs) LI Cancel |
= |
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10. Browse to the DDRDemo_VGA_App folder, and in the File Name box,
enter DDRDemo_VGA_App_Bistream.mcs, as shown in Figure 22.

11. Click Save.

The dialog box closes, and the entered file name appears as an Output
Data File item, as shown in Figure 23.

Figure 23: Output Data File Selected

4 Universal File Writer V2.31
File Edit View Project Tool Window Help
| = - [ h“] + 4 [[ . E||JJ| PROM Fie (" 2xo; ~mes; “xiek) =1 8 | l[Couer New =[wn =]

Input/Output/Settings
E--@Inpu{ Data File
E-C:ALM32_DDR_Demo*Demo\DDRDemo_ispl\ddrdema_ispl bit

(- Device: LFECP33E

: .-k Package: LFECP33E

| E-C:ALM32_DDR_Demo"Demo\DDRDemo_VGA_App\DDRDemo_VGA_App bit

- &3 PROM File Seftings
i@ Output Fomat: Intel Hex
-~k Byte Wide Bit Mimoring: OFF
E-#PROM Size: 1 Mb
iy B 000D00:

12. Under PROM File Settings, select PROM Size: 1Mb.
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13. Right-click on Prom Size: 1Mb to display the size selection menu, as
shown in Figure 24.

Figure 24: Size Selection Menu

[ Universal File Writer V2.31
File Edit View Project Tool Window Help
| = - [ h“] + 4 [[ *.| =1 | PROM Fie " exo: “mes: “tek) =1 18 | l[Couer New
Input/Output/Settings
- 53 Input Data File
. E-CALM32_DDR_Demo'\Demo‘\DDRD

14. Select 8Mb, since the SPI flash size is 8 megabits.
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The PROM Size display changes to reflect this new selection, as shown in
Figure 25.

Figure 25: PROM Size Selected

[ Universal File Writer V2.31
File Edit View Project Tool Window Help
| = - [ h“] + 4 [ H'Ij E||JJ| PROM Fie (" 2xo: ~mes; “iek) =1 18 | l[Courer New =l[w =]

Input/Output/Settings B
' (- Device: LFECP33E
: iy Package: LFECP33E
E-C:\LM32_DDR_Demo'\Demo'DDRDemo_VGA_App‘\DDRDemo_VGA_App bit

: L..C:\LM32_DDR_Demo"Demo*\DDRDemo_VGA_App'DDRDemo_VGA_App_FPGA_Bitstream mcs
(- &3 PROM File Settings

.4 0c010000:

- 0B 0000:

4 (x0D0000:
4 (x0E0000:
. <OF0000:
4 |

gt
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15. Under Prom Size: 8Mb, select 0x000000, and right-click to display the
input file selection menu, as shown in Figure 26.

Figure 26: Selecting Input File at Offset 0x0000

4 Universal File Writer V2.31
File Edit View Project Tool Window Help

| = - [ h“] + 4 [ H'Ij E||JJ| PROM Fie (" exo; *mos; *xiek) =1 8 | l[Couer New = o

Input/Output/Settings |
5 (- Device: LFECP33E
: iy Package: LFECP33E
E-C:ALM32_DDR_Demo*\Demo\DDRDemo_VGA_App'DDRDemo_VGA_App bit

i L-C:ALM32_DDR_Demo'\Demo‘\DDRDemo_VGA_App\DDRDemo_VGA_App_FPGA_Bitstream mcs
(- &F3PROM File Settings

-4 Output Format: Intel Hesx

i~ Byte Wide Bit Mimoring: OFF

-%PROM Size: 8 Mb

Insert JUMP Command  »

- Bx010000:

- Bx020000: 0_ip
- Bx030000:
- BxD40000:
- Bx050000:
- BxD60000:
- Bx070000:
- Bx020000:
- Bx090000:
.. (x0AD000:
- BxDBO0DD:
.- (x0C0000:
.. (x0D0000:
- B DEODDD:
-4 BOFO000:

_ispl\ddrdemo_ispl.bit
C:\LM32_DDR_Demo'Demo'\DDRDemo_VGA_App\DDRDemo_VGA_App.bi

16. Select ddrdemo_ispl.bit.

Offset 0x000000 is the first location in the SPI flash, so the FPGA
configuration bitstream must reside here. The FPGA configuration
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bitstream occupies all but one of the available sectors in the PROM file, as
shown in Figure 27.

Figure 27: FPGA Bitstream Placed

[ Universal File Writer V2.31
File Edit View Project Tool Window Help
| = - [ h“] + 4 [ H'Ij E||JJ| PROM Fie (" 2xo: ~mes; “iek) =1 18 | l[Couer New

Input/Output/Settings
(- Device: LFECP33E

-4 Package: LFECP33E
E-C:ALM32_DDR_Demo*Demo\DDRDemo_VGA_App'DDRDemo_VGA_App bit

: -C:ALM32_DDR_Demo'\DemotDDRDemo_VGA_ApptDDRDemo_VGA_App_FPGA_Bitstream mcs
(- &3 PROM File Settings

Byte Wide Bit Mimoring: OFF
[=-4PROM Size: 8 Mb

- ddrde: i

- (be010000: C:ALM32_DDR_Demo"\DemoDDRDemo_ispl'ddrdemo_ispl bit (cont'd)
- e020000: C:ALM32_DDR_Demo"\DemoDDRDemo_ispl'ddrdema_ispl bit (cont'd)
- (e030000: C:ALM32_DDR_Demo"\DemoDDRDemo_ispl'ddrdema_ispl bit (cont'd)
- (e 040000: C:ALM32_DDR_Demo"\DemoDDRDemo_ispl'ddrdemo_ispl bit (cont'd)
- (e 050000: C:ALM32_DDR_Demo"\DemoDDRDemo_ispl'ddrdemo_ispl bit (cont'd)
.- e D60000: C:ALM32_DDR_Demo"\DemoDDRDemo_ispl'ddrdema_ispl bit (cont'd)
- 0 70000: C:ALM32_DDR_Demo"DemoDDRDemo_ispl'ddrdemo_ispl bit (cont'd)
- e 0B0000: C:ALM32_DDR_Demo"\DemoDDRDemo_ispl'ddrdemo_ispl bit (cont'd)
- (e 050000: C:ALM32_DDR_Demo"\DemoDDRDemo_ispl'ddrdemo_ispl bit (cont'd)
- e0ADDDD: C:ALM32_DDR_Demo"Demo‘DDRDemo_ispl'ddrdema_ispl bit (cont'd)
- e0BO000: C:A\LM32_DDR_Demo"DemoDDRDemo_ispl'ddrdema_ispl bit (cont'd)
- e 0C0000: C:ALM32_DDR_Demo"Demo’\DDRDemo_ispl'ddrdema_ispl bit (cont'd)
- e 0D0000: C:\LM32_DDR_Demo*Demo \DDRDemo_ispl*ddrdemo_ispl bit (cont'd)
- e DEDDOD: C:ALM32_DDR_Demo"Demo‘\DDRDemo_ispl'ddrdema_ispl bit (cont'd)
- (e OFD000:

< |

gt
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17. Under Prom Size: 8Mb, select 0xOF0000, and right-click to display the
input file selection menu, as shown in Figure 28.

Figure 28: Selecting Input Data File at Offset 0xOF0000

[ Universal File Writer V2.31
File Edit View Project Tool Window Help
| = - [ h“] + 4 [ H'Ij E||JJ| PROM Fie (" 2xo: ~mes; “iek) =1 8 | l[Couer New o | |

Input/Output/Settings B

: (- Device: LFECP33E

P iy Package: LFECP33E
E-C:\LM32_DDR_Demo'\Demo'DDRDemo_VGA_App\DDRDemo_VGA_App bit

: L..C:A\LM32_DDR_Demo"\Demo*\DDRDemo_VGA_App'DDRDemo_VGA_App_FPGA_Bitstream mcs
(- &F3PROM File Settings

i@ Output Format: Intel Hex

i~ Byte Wide Bit Mimoring: OFF

E-#PROM Size: 8 Mb

- e 000000: C:ALM32_DDR_Demo'\Demo“DDRDemo_ispl\ddrdemo_ispl bit

- (e010000: C:ALM32_DDR_Demo"\DemoDDRDemo_ispl'ddrdema_ispl bit (cont'd)
- e020000: C:ALM32_DDR_Demo"\DemoDDRDemo_ispl'ddrdema_ispl bit (cont'd)
- (be030000: C:ALM32_DDR_Demo"DemoDDRDemo_ispl'ddrdemo_ispl bit (cont'd)
- (e 040000: C:ALM32_DDR_Demo"\DemoDDRDemo_ispl'ddrdemo_ispl bit (cont'd)
- (e 050000: C:ALM32_DDR_Demo"\DemoDDRDemo_ispl'ddrdemo_ispl bit (cont'd)
- e D60000: C:ALM32_DDR_Demo"\DemoDDRDemo_ispl'ddrdema_ispl bit (cont'd)
- 0 70000: C:ALM32_DDR_Demo"DemoDDRDemo_ispl'ddrdemo_ispl bit (cont'd)
- e 0B0000: C:ALM32_DDR_Demo"\DemoDDRDemo_ispl'ddrdemo_ispl bit (cont'd)
- (e 050000: C:ALM32_DDR_Demo"\DemoDDRDemo_ispl'ddrdemo_ispl bit (cont'd)
- e0ADD0D: C:ALM32_DDR_Demo"DemoDDRDemo_ispl'ddrdema_ispl bit (cont'd)
- e0BO000: C:A\LM32_DDR_Demo"Demo DDRDemo_ispl'ddrdema_ispl bit (cont'd)
- e 0C0000: C:ALM32_DDR_Demo"DemoDDRDemo_ispl'ddrdema_ispl bit (cont'd)
- e0D0000: C:\LM32_DDR_Demo*Demo’\DDRDemo_ispl*ddrdemo_ispl bit (cont'd)
- e DEDDOD: C:A\LM32_DDR_Demo"DemoDDRDemo_ispl'ddrdema_ispl bit (cont'd)

4 | == Insert JUMP Command  »

Insert Bitstream

18. Select DDRDemo_VGA_App.bit.

Offset 0xOF000O is the offset of the first sector available after the FPGA

bitstream data in the PROM file. It is also the offset in the SPI flash ROM
component that is used as the LatticeMico32 EBA value. The processor

starts executing instructions from 0xOF0000, so the executable binary
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must be located at this offset in the PROM file. Figure 29 shows the
complete PROM file image layout.

Figure 29: PROM File Image Layout

2 Universal File Writer V2.31

File Edit View Project Tool Window Help

| = - [ h“] + 4 [ H'Ij EI“_"PROMHIe{‘.em:‘.mcs:')dek}

LI !@ J_llC.ourier MNew

Input/Output/Settings B
(- Device: LFECP33E

: iy Package: LFECP33E
E-C:\LM32_DDR_Demo'\Demo'DDRDemo_VGA_App\DDRDemo_VGA_App bit

. &3 Output Data File
: L..C:A\LM32_DDR_Demo"Demo*\DDRDemo_VGA_App'DDRDemo_VGA_App_FPGA_Bitstream mcs
(- &F3PROM File Settings

i @Output Format: Intel Hex

-4 Byte Wide Bit Mimoring: OFF

[=-4PROM Size: 8 Mb

- e 000000: C:ALM32_DDR_Demo'\Demo“DDRDemo_ispl\ddrdemo_ispl bit

- (be010000: C:ALM32_DDR_Demo"DemoDDRDemo_ispl'ddrdemo_ispl bit (cont'd)

- (e020000: C:ALM32_DDR_Demo"DemoDDRDemo_ispl'ddrdema_ispl bit (cont'd)

- (be030000: C:ALM32_DDR_Demo"Demo*DDRDemo_ispl'ddrdema_ispl bit (cont'd)

- (e 040000: C:ALM32_DDR_Demo"\DemoDDRDemo_ispl'ddrdemo_ispl bit (cont'd)

- (e 050000: C:ALM32_DDR_Demo"\DemoDDRDemo_ispl'ddrdemo_ispl bit (cont'd)

- e D60000: C:ALM32_DDR_Demo"\DemoDDRDemo_ispl'ddrdema_ispl bit (cont'd)

- 0 70000: C:ALM32_DDR_Demo"DemoDDRDemo_ispl'ddrdema_ispl bit (cont'd)

- (e 0B0000: C:ALM32_DDR_Demo"DemoDDRDemo_ispl'ddrdema_ispl bit (cont'd)

- (e 050000: C:ALM32_DDR_Demo"DemoDDRDemo_ispl'ddrdema_ispl bit (cont'd)

- eDADD0D: C:ALM32_DDR_Demo"DemoDDRDemo_ispl'ddrdemo_ispl bit (cont'd)

- e0BO000: C:A\LM32_DDR_Demo"DemoDDRDemo_ispl'ddrdema_ispl bit (cont'd)

- e 0C0000: C:ALM32_DDR_Demo"DemoDDRDemo_ispl'ddrdemo_ispl bit (cont'd)

- e0D0000: C:\LM32_DDR_Demo*Demo \DDRDemo_ispl*ddrdemo_ispl bit (cont'd)

- e DEDDOD: C:A\LM32_DDR_Demo"DemoDDRDemo_ispl'ddrdema_ispl bit (cont'd)

R_De \ \

4

19. Select Project > Generate to generate the

DDRDemo_VGA_App_FPGA_Bitstream.mcs output file.

Programming the SPI Flash Device

This section demonstrates how to program the SPI flash device with the Intel

Hex file generated in the previous section.
1. StartispVM System.
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2. Select Scan to identify the LatticeECP LFECP33E FPGA device, as
shown in Figure 30.

Figure 30: LFECP33E Scanned

I8 LSC ispVM(R) System - [New Scan Configuration Setup*] X
B8 File Edit View Project ispTools Options Window Help - 8 x

PEH & EE M E| HEE B E O
s Bt 4RO B YD

Index Device List FileMame/IR-Length Operation Status

o fieecPe | |FasiFogem [NA ]

Status

For Help, press F1

3. Select the LFECP33E device, the only device listed.

4. Double-click the FileName/IR-Length cell for the LFECP33E device to
display the Device Information dialog box, as shown in Figure 31.

Figure 31: Device Information Dialog Box

Device Information

Part Description: QK

E3
|
Device: G
CP33

Select...

Advanced..
Device Full Mame: Package:
|LFECP33E Al
D ata File:

Browse |

Instruction Register Length:

-
4 — ™ Enable Debug Mode

Operation:

|Fast Frogram j Expand

" Device Access Option:

|JTAG 1532 Mode j

»  Click on the &rmow to the Left for Additional D ata Files Setup
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5. Select Select under Device, as shown in Figure 32.

Figure 32: Selecting Select

Device Information

Part Description:
1 Package:

|LFECP33E Al

D ata File:

Browse |

Instruction Register Length:

-
4 — ™ Enable Debug Mode
Operation:
j Expand
" Device Access Option:

|Fast Frogram

|JTAG 1532 Mode j

»  Click on the &rmow to the Left for Additional D ata Files Setup

6. From the Select Device dialog box, shown in Figure 33, scroll to the
bottom to select the FPGA Loader device.

Figure 33: Select Device Dialog Box

Select Device

Device Family Device
|LFEEP33E

LFECPEE

LFECP10E
ispPLD 5000M: LFECP15E
isphdACH4000 LFECPZ0E
ispMACHS000B LFECF33
ispACHE000VG
ispGAL 22104
isplGOw2
ORCA FPSC
ORCAEx-E Package Type
ORCA3LxB
ORCA3C/T |A" j
ORCAZC/T Device Description
ispLSI 1000 hd | LFECP33E

ail.

Cancel

Advanced >
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7. Click OK after selecting the FPGA Loader device, as shown in Figure 34.

Figure 34: FPGA Loader Selected

Select Device

Device Family Device

[FPGa Loader Gl Loade I
ﬁiﬁlﬁuw A EEM Cancel
MACHS
MACHS/1
MACHELY
ispCLOCK,

ispPAC Power Manager I
ispPAC Power Manager

ispPAC30
izpPAC Package Type
isplGAL
Al -
ispGO | J
Device Description

ispG LY,

FPGA Loader

vy

Advanced >

8. From the FPGA Loader dialog box, select CPLD or FPGA Device, as

shown in Figure 35.

Figure 35: Settings in FPGA Loader Dialog Box

FPGA Loader X
[The FPGA Loader Device:
F‘LD or FPGA Device Select.. |LFECF33E
Corfiguration Data Setup Q
Flash Device Device Full Name: Package:
Hardware Setup |LFEEP33E All
FPGA Loader Application Specific: D ata File:
Browse |C:\ISPTDDLS?_D\ISPVMSYSTEM\DataBa Defﬂt |
FPGA Loader Application Specific BSDL File:
Operation: |Fast Program j
< Back oK | Camcel | Wb |

9. Inthe FPGA Loader dialog box, enter the following:
a. Inthe Device box, select LFECP33E, if it is not already selected.
b. Inthe FPGA Loader Application-Specific Data File box, click Default
to select the default.
c. Inthe Operation box, select Fast Program, if it is not already

selected.
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10. Select Configuration Data Setup, as shown in Figure 36.

Figure 36: Configuration Data Setup Selected

FPGA Loader

[The FPGA Loader
CPLD or FPGA Device
orfiguration Data Setup

Configuration Data File [*.bit, * hex, *.exo, *mos,” stek] :
Browse |E:\LM32_DDH_Demo\Demo\DDHDemo_VGA_App\

Merging kultiple Configuration Data Files

Flash Device Tl
Hardware Setup e
® Intelligent Merge Merge
O Combine Merge
Click button to Add a Configuration File.
Mote: First Device will be a Master Device = + +
< Back oK | Camcel | Hep

X

11. In this tab, select Browse under Configuration Data File to open a file
selection dialog box, and select the
DDRDemo_VGA_App_FPGA_Bitstream.mcs file.

12. Select Flash Device, as shown in Figure 37.

Figure 37: Flash Device Tab

FPGA Loader
[The FPGA Loader Flash Device: Wendor:
CPLD or FPGA Device
Select...

Corfiguration Data Setup Q| |

Device Description: Package: Device Size:

Hardware Setup | | |D I4Bits
Starting Address: Ending Address: [rata File Size:
|0:000000 v |Hes [0:FFFFO00 »|Hex |335464 Bytes
o . Load From File

peration;
|Erase,Program,Verify j
I Erase Part on Pragramming Error
Olutput File:
< Back oK | Camcel | Hebp

X

13. Select Select for Flash Device to display the Flash Device selection
shown in Figure 38.

14. In the Flash Device tab, enter the following, as shown in Figure 38.

a. Inthe Device Family section, select SPI Serial Flash.

b. Inthe Vendor section, select STMicro.

c. Inthe Device column, select SPI-M25P80.
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d. In the Package section, select 8-pin SOIC.

Figure 38: Flash Device Selection

Select Device

Device Family Device
oK
|SF'I Serial Flash
Parallel Flash Beta Control SPILMZ5PO5 A Canel
SPI Serial Flash SPI-t25P10-4
5P| Serial Flash Beta SPI-t25P40
Parallel Flash SPI-M25P80
Parallel Flash Beta SPI-M25P16
SPI-t25P32
Wendor Package
STMicro |8-pin soIc Advanced >
ATMEL ~ | [T~
Macronix S-pin YDFFME v
MexFlash
SPANSION Device Description
S5TI

| M25PE0- i

il

15. Select OK to confirm the flash device selection.

16. Select OK in the FPGA Loader dialog box after confirming the flash device
settings, as shown in Figure 39.

Figure 39: Flash Device Tab After Flash Device Selection

FPGA Loader

[The FPGA Loader
CPLD or FPGA Device

Hardware Setup

Corfiguration Data Setup

|0:000000 v |Hes |0:0F0000  ~ |Hex

Operation:

Flash Device: Wendor:
Select .. ||SPI-M25P8D [5THicro
Device Description: Package: Device Size:
|M25PE0 Y |-pin SOIC |2 MBits
Ending Address: [rata File Size:

395464 Bytes

Load From File

|Erase,Program,Verify

Olutput File:

=~

I Erase Part on Pragramming Error

|

< Back

OK

Cancel Help

X
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IspVM System now displays Flash Programmer as the device in the
Device List column, as shown in Figure 40.

Figure 40: Flash Programmer Selected in ispVM System

I8 LSC ispVM(R) System - [New Scan Configuration Setup*] | g
68 File Edit View Project ispTools Options Window Help - a8 x

el & 28 M E O E B | EE | )
B Ble & B LS

Index Device List FileMame/IR-Length Operation Status

C\LM32_DDR_Dema'\Demo\DDRDema_VGA_App\DDRDema_VGA App_..

Status

17. Select GO from ispVM System to program the SPI flash.

After successfully programming the SPI flash, recycle the power to the
LatticeMico32 Development Board. Then press the Reset button on the
board. The FPGA is configured from the SPI flash, and the processor
executes the code copier from the SPI flash, which, in turn, copies the
application binary to the external DDR SDRAM memory. Once the boot-copier
has copied the application binary, it executes the copied code from the
external DDR SDRAM memory.

Rebuilding the FPGA Bitstream

Completely rebuilding the FPGA bitstream is a four-step process:

1. Open the Synplify project located in
LM32_DDR_Demo\Demo\vga\hdi\synthesis\synplify directory and
generate the EDIF file.

2. Open and rebuild the video_chain_top ispLEVER project, located in the
LM32_DDR_Demo\Demo\vga\hd\synthesis\ispLever directory, to
generate the video_chain_top.ngo netlist. This is the VGA controller.

3. Copy the .ngo file into the LM32_DDR_Demo\Demo\DDRDemo_ispl\
directory.

4. Rebuild the DDRDemo _ispl project in the
LM32_DDR_Demo\Demo\DDRDemo_ispl directory to generate the FPGA
bitstream.

If the changes are localized to the platform in MSB, you do not need to
regenerate the video_chain_top .ngo netlist.
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Design Details

This section provides technical information on the system design of the
demonstration. The application software is described first, because it is a very
simple application and easy to understand. It is followed by a detailed
description of the platform components.

Application Software

Figure 41 shows the outline of the project contents as viewed in C/C++ SPE.
This application is a managed-make project but overrides the default
LatticeDDInit implementation and uses a custom linker script.

Figure 41: Project Contents Overview

F- [

|+++++ﬁ:._,

RDema_¥aA_App
& Binaries

& Archives

(2 Includes

(== DDRDemoMSE

= Debug

(== araphics

+- | graphics.h

+- || circle.c

+- | line.c

(= wga

+-[h| wga_ctrl.h

+-|g| woa_ckrl.c

[ graphics_part.h

[ wga_config.h

|c| DDInit.c

|| main.c
DORDemo_WGEA_App.bit
DORDemo_WGA_App_FPGA_Bitstream,mes
linker.1d

user,pref

The contents of this application are as follows:

*

DDRDemo_VGA_App/graphics — This folder contains basic plotting
functions for drawing lines and circles. These functions are based on the
Bresenham algorithm, which avoids floating-point operations, making
them efficient for processors that lack a floating-point unit.

DDRDemo_VGA_App/vga — This folder contains functions for configuring
the VGA controller and for reading back the configuration information.

DDRDemo_VGA_App/DDInit.c — This C source file contains the
LatticeDDInit implementation that overrides the default LatticeDDlInit
initialization routine to reduce code size.

DDRDemo_VGA_App/main.c — This C source file implements “int
main(void),” the main application entry point for the software application.

DDRDemo_VGA_App/graphics_port.h — This C header file contains
porting information specific to this demonstration. You do not have to
modify this file as part of the demonstration.
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¢ DDRDemo_VGA_App/vga_config.h — This C header file contains VGA
configuration information, as described in “Configuring VGA Timing
Parameters and Verifying the Design Functionality” on page 12.

¢ DDRDemo_VGA_Appl/linker.ld — This file is the custom linker file that is
used by the application. It is derived from the linker.ld file generated by the
managed build. The default linker.Id file makes the entire DDR SDRAM
available for application. This linker.ld file redefines the size of the DDR
SDRAM for building the application, so that it uses only 25 percent of the
DDR SDRAM size for this application and makes the rest of the DDR
SDRAM available for other purposes.

Figure 42 shows the platform properties for this managed-build software

application.

Figure 42: Platform Properties of the Application

& Properties for DDRDemo, ¥GA_App |:|@@

bype filker bext -

Info

Builders

CIC++ build
FlatForm

Project References

Platform (=1
Target Hardware Platform
M3E System: | C:\(M32_DDR_Demo'\Demo|DORDemoMSE| sociDDRDemoMSE, msh Browse. ..

Linker Script Stdio Redirection
" Use auto generated linker script

Prograrn memary skdin: RS5-232(uart) =
Read-only data memary: stdout; RS-232{uart) -
Readfwrite data memory: skderr: RS-232{uart) -

+ Use custom linker script

| CiLM32_DDR_DemoiDemoiDDl  Browse...
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Hardware
The directory structure of the demonstration is shown in Figure 43.

Figure 43: Demonstration Directory Structure

© Ele Edt ‘Wiew Favorites Tools Help
. »
€] < ? p. | Search ll?‘ Falders
: Address ({2} My Documents v . Go
Folders
= [C3) LM32_DDR_Dermo
= [2) Dema
# [2) DDRDemao_ispl
# [2) DDRDemo_WaA_App
= [2) DDRDemoMSE
= [2) components
# [ asram_top
# |2) gpin
# [ Im32_top
# ) mstr_passthru
# 2 spi_flash
+ |3 wart_care
# 2 wh_ddr_ctl
1) soc
1) docs
# ) mstr_passthru
H ) vaa
15 abjects 2,44 KB d My G

Top-Level Module
Figure 44 shows the contents of the SOC directory generated by MSB.

Figure 44: SOC Directory Contents

Mame
ddr_sdram.ngo
| =] boRDEmaMSE. Ipf
DDRDemaMSE. msh
[v)oORDEMAMSE, v
[v)DORDEMAMSE _inst.v
Iplib.srp
[vL)ipii.
Iplib_tmpl.v
pmi_def.v
pmi_distributed_dpram_g4s_gs_13s_0.ngo
pi_distributed_dpramEbnnl3664.ngo
system_conf.v
top_level.v

In Figure 44, DDRDemoMSB.v is the platform Verilog file generated by MSB.
This demonstration does not use DDRDemoMSB.v as the top-level design.
Instead, it uses a hand-written top_level.v Verilog file as the top-level design.
This top-level design implements a module named top_level, which is the top-
level design. The sole purpose of this module is to wire the Verilog language
platform module (DDRDemoMSB) with the VHDL language entity
video_chain_top. Video_chain_top is the VGA controller component and is
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declared as a black box in the top_level module. The contents of the top_level
module are diagrammatically represented in Figure 45.

Figure 45: Top-Level Module

top_level (top_level.v)

DDRDemoMSE VideoChainTop
(MSB generated madule) (Black Box)

Wishbone | VGA Controller

vaa_
Slave Port Interface Slave Interface

DDR pinout

LED pinout

VGEA plnout>

UART pinout
{ wga_ Wishbane VGAMCaznt;oller
Master Port Interface Intarface

SPI pinout

DDRDemoMSB Platform Components

Figure 46 shows the connectivity between the various platform components.

Figure 46: LatticeMico32 Platform

Mame | Connection Base End | Size(Bytes) | Lock, | IRQ | Disable |

= LM3z
Instruction Port 1
Data pork 2
Debug Port + 000000000 A G192

= sram O
ASRAM Pork + 002000000 2 1048576

= ddr_sdram O
DR, Part + 004000000 xeeEEEEE 335532

= vga_ O
target — 050100000 BT 1048576
m_pork 0

= SPIFlash O
Draka Port 006000000 xeaEEEEE T6FFFENE

= uart O
UART Part 080200000 BT 128 1]

= LED O
GP IfO Port 030300000 xBOFTE 128

This platform includes two masters: the LatticeMico32 processor (LM32
instance name) and the VGA controller (vga__instance name). All components
other than the vga_ component are part of LatticeMico32 System Version 7.0
SP1. You can obtain information on component-specific configurations by
opening their configuration dialog boxes. Only the relevant components are
described in this section.
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LatticeMico32 Processor (Instance Name: LM32) This LatticeMico32
processor instance is the only processor in the platform. Figure 47 shows the
configuration settings for this processor.

Figure 47: Modify LatticeMico312 Dialog Box

X

& Modify LatticeMico32

Instance Mame | LM3z

Settings
[ Use EBRs for Register File Multiplier Settings
Iv Enable Multiplier
¥ Enable Divide
* Enable Pipelined Multiplier (DSP Black if available)
Iv Enable Sign Extend

Location of Exception Handlers | 0x060F0000

" Enable Multicylce (LUT Based, 32 cycles) Multiplier

Debug Setting
I¥ Enable Debug Interface

shifter Setti >
ifter 2ettings # of Hf'w Watchpoint Registers |0 j

¥ Enable Shifter
[ Enable Debugging Code in Flash or ROM

# of Hf'W Breakpoint Registers j

[ Enable PC Trace Trace Depth

| I

+ Enable Pipelined Barrel Shifter

" Enable Multicycle Barrel Shifter {upto 32 cycles)

Instruction Cache Data Cache
¥ Instruction Cache Enabled [¥ Data Cache Enabled
MNumber of Sets |125 hd MNumber of Sets |125 hd

Set Associativity |1 - Set Associativity |1 -
BytesjCache Line |4 - BytesjCache Line |4 -

OF | Cancel | Help |

Asynchronous SRAM (Instance name: sram) This asynchronous SRAM
serves as the video memory that is written to by the processor and read from
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by the VGA controller. Figure 48 shows the configuration dialog box for the
component instance.

Figure 48: Modify Async SRAM Dialog Box

L T X

Instance Mame | srarm

Base Address | 0x02000000

Size | 1048576
Iv share External Ports(For HPE_mini Board)

Settings

Read Latency |2 j
Write Latency |2 j
SRAM Address Width | 23 j

SRAM Data width |32 =

OF | Cancel | Help |

SPI Flash ROM (Instance Name: SPIFlash) This SPI flash ROM instance
is connected to the external configuration SPI flash on the LatticeMico32
Development Board. It allows the processor to view the SPI flash as a flat
read-only memory. It translates all read requests into the appropriate serial
communication with the external SPI flash and presents 32-bit data to the
processor. Figure 49 shows the configuration dialog box for this component.

Figure 49: Modify SPI Flash ROM Dialog Box

& Modify SPI Flash ROM X

Instance Mame ’W

Base Address ’m

SPI Flash address width ’24—j
SclkRate [1 =

Fast Read m

OF | Cancel | Help |

Master Passthru (Instance Name: vga_) This is a custom component that
has a WISHBONE slave interface, as well as a WISHBONE master interface.
This component passes the slave interface and master interface signals as
component input and output signals. It allows exposing arbitrated slave
interface signals beyond the top-level module generated by MSB. It also
allows the master signals to enter the top-level module generated by MSB.
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Figure 50 lists the external signals exposed by this passthrough component.

Figure 50: External Signals Exposed by Master Passthrough
Component

// external signals {master passthru)
input [31:8] adr,

input [31:8] master_data,
input we,

input [3:8] sel,

input stb,

input cyc,

input 1lock,

input [2:8] cti,

input [1:8] bte,

output [31:8] slave_data,
output ack,

output err,

output rty,

output clk,

output rst,

// external signals {slave passthru)
output [31:8] slv_adr,

output [31:8] slv_master_data,
input [31:8] slv_slave_data,
output slv_strb,

output slv_cyc,

input slv_ack,

input slv_err,

input slv_rty,

output [3:8] slv_sel,

output slv_we,

output [1:8]slv_bte,

output [2:8]slv_cti,

output slv_lock,

Figure 51 shows the instance-specific configuration dialog box for the master
passthrough.

Figure 51: Modify master_passthru Dialog Box

& Modify master_passthru @

Instance Mame | wga_

Base Address | 050100000

Address Width | 1043576

OF | Cancel | Help |

In Figure 51, the Address Width corresponds to the addressable memory
window size of the arbitrated slave interface.
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LatticeMico32 DDR SDRAM Controller The LatticeMico32 DDR SDRAM
controller used in this design is based on the pipelined DDR SDRAM
controller IP version 6.3.

Note

Perform the following two steps if you choose to regenerate the DDR SDRAM IP to
use this demonstration with a different DDR memory module than the one mentioned
in this document:

& After generating the platform, edit the wb_ddr_ctl.v file and make sure that
SYS_FREQ is set to 50, not 25, for the wb_ddr_ctl module. You must perform this
check if you regenerate the platform or regenerate the DDR SDRAM IP.

¢ Select Command-Burst Enable as part of the DDR IP parameter
selection.

Figure 52 shows the Modify DDR Controller dialog box in MSB that enables
you to configure the DDR SDRAM.

Figure 52: Modify DDR Controller Dialog Box

£ Modify DDR Controller X
Instance Name |
Base Address | 0x04000000
Size | 33554432
Command Burst Count | 31 j
IPexpress Interface
ispLEVER. Project | :m32_ddr_demo'demo'ddrdemo_ispl\ddrdemo_ispl.syi Browse...
Generated NGO File |C:.."LM3Z_DDR_DemofDemofDDRDemoMSE Browse... | Launch IPexpress |
OK | Cancel | Help |
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Figure 53 through Figure 57 show the DDR IP configuration selections for the
DDR IP used in this demonstration.

Figure 53: DDR IP: Mode Selection
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Configuration | Generate Log ]

DOR SDR&M Controller

1st_n

clk_in

cmd[3:0]
write_data[31:0]
addi[25:0]
data_mazk[3:0]
cmd_valid
init_start
burst_count[4:0]
burst_term
read_data[31:0]
read_data_valid
init_done
crd_rdy
data_rdy

Prettididdibig

em_ddr_clk[1:0]
em_ddi_clk_n[1:0]

em_ddi_cke[1:0]
em_ddi_cs_n[1:0]
em_ddi_we_n
em_ddi_cas_n
em_ddi_raz_n
em_ddr_addi12:0]
em_ddr_ba[1:0]
em_ddr_data[15:0]
em_ddr_dm[1:0]
em_ddr_dge[1:0]

)

s8N

Made \ Type \ Setting \ Tirming \ Infg \

Memory Type Selection
-

~

[v Connect reset port ta GSR

Generate

Close

Help

LatticeMico32 DDR SDRAM Demonstration

45



LatticeMico32 DDR SDRAM Demonstration

Design Details

Figure 54: DDR IP: Type Selection
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Figure 55: DDR IP: Setting Selection

Lattice IP Core -- DDR SDRAM

Configuration | Generate Log ]

roller v6.2

DOR SDR&M Controller

1st_n

clk_in

cmd[3:0]
write_data[31:0]
addi[25:0]
data_mazk[3:0]
cmd_valid
init_start
burst_count[4:0]
burst_term
read_data[31:0]
read_data_valid
init_done
crd_rdy
data_rdy

Prettididdibig

em_ddr_clk[1:0]
em_ddi_clk_n[1:0]

em_ddi_cke[1:0]
em_ddi_cs_n[1:0]
em_ddi_we_n
em_ddi_cas_n
em_ddi_raz_n
em_ddr_addi12:0]
em_ddr_ba[1:0]
em_ddr_data[15:0]
em_ddr_dm[1:0]
em_ddr_dge[1:0]

)

s8N

Mode \ Type ! Setting \ Tirning \ Info \
Address
Fow Size: "IB—j
Column Size: "Iﬂ—j
Bank Size: ’4—j
Chip Select width: [2 w|
[«

EMR Prog During Init: @ Pragram

Auto Refresh Burst Count: |2 j

Generate

" Mot Program

Close

Help

LatticeMico32 DDR SDRAM Demonstration

46



LatticeMico32 DDR SDRAM Demonstration

Design Details

Figure 56: DDR IP: Timing Selection
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VGA Controller

The VGA controller, implemented as the video_chain_top VHDL entity in the

video_pipeline_top.vhd file, consists of several submodules. This section

describes the RTL interface and the software interface for the VGA controller.

RTL Interface Table 1 lists the interface signals.

Table 1: VGA Controller (video_chain_top) Interface Signal

Signal Category Type Description

Clock and Reset Signals

memory_clk Clock In Wishbone clock signal (same as processor platform)
vga_clk Clock In Video clock signal (50MHz)

Reset Reset In Asynchronous reset

wb_vga_ctrl_clk Clock In Wishbone clock signal (same as processor platform)
whb_vga_ctrl_reset Reset In Asynchronous reset

VGA Controller WISHBONE Slave Interface (does not support burst)

wb_vga_ctrl_adr WISHBONE In VGA Controller Slave: Address Input [31:0]
wb_vga_ctrl_master_data WISHBONE In VGA Controller Slave: Data from master [31:0]
wb_vga_ctrl_stb WISHBONE In VGA Controller Slave: Strobe
wb_vga_ctrl_cyc WISHBONE In VGA Controller Slave: Cycle Valid
wb_vga_ctrl_we WISHBONE In VGA Controller Slave: Write Enable
wb_vga_ctrl_sel WISHBONE In VGA Controller Slave: Byte-Lane Select [3:0]
wb_vga_ctrl_slave_data WISHBONE Out VGA Controller Slave: Data from slave [31:0]
wb_vga_ctrl_ack WISHBONE Out VGA Controller Slave: Ack

wb_vga_ctrl_rty WISHBONE Out VGA Controller Slave: Retry (never asserted)
whb_vga_ctrl_err WISHBONE Out VGA Controller Slave: Error (never asserted)

VGA Controller WISHBONE Master Interface (performs burst reads)

wb_cyc_o WISHBONE Out VGA Controller Master: Cycle Valid

wb_stb o WISHBONE Out VGA Controller Master: Strobe

wb_adr_o WISHBONE Out VGA Controller Master: Address Output [31:0]
wb_dat_o WISHBONE Out VGA Controller Master: Data from master [31:0]
wb_sel_o WISHBONE Out VGA Controller Master: Byte-Lane Select [3:0]
wb_we_o WISHBONE Out VGA Controller Master: Write Enable

wb_cti_o WISHBONE Out VGA Controller Master: Cycle Type Identifier [2:0]
wb_bte_o WISHBONE Out VGA Controller Master: Burst Type [1:0]
wb_lock_o WISHBONE Out VGA Controller Master: Lock
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Table 1: VGA Controller (video_chain_top) Interface Signal

wb_ack_i WISHBONE In VGA Controller Master: Ack from Slave
wb_err_i WISHBONE In VGA Controller Master: Error from Slave (ignored)
wb_rty i WISHBONE In VGA Controller Master: Retry from Slave (ignored)
wb_dat i WISHBONE In VGA Controller Master: Data from slave

VGA Signals (Typically FPGA output)

red VGA Out VGA Red color [1:0]

blue VGA Out VGA Blue color [1:0]

green VGA Out VGA Green color [1:0]

h_sync_n VGA Out VGA H-Sync (inverted logic) signal
v_sync_n VGA Out VGA V-Sync (inverted logic) signal

Debug Signals (pulled to headers on board for logic analyzer connection)

snoop_bus Debug Out 32-bit debug bus (pulled to headers on board)

snoop_clk_one Debug Out Clock signal (pulled to header on board)

Additionally, the video_chain_top entity has a set of generics that are not
described, since you will not need to modify the defaults.

Software Interface The VGA controller slave interface is accessible by the
LatticeMico32 processor. It provides access to the VGA controller
configuration register interface.

Table 2 lists the available software configurable registers. The offsets in
Table 2 are expressed in bytes. These registers support only word writes.
Writes that are not words result in unpredictable write values. Reads can be in
bytes, half-words, or words.

Table 2: VGA Controller Configuration Registers

Offset Name Description

0x00 Control Register Controls VGA controller operation state

0x04 Status Register Provides VGA controller operation status

0x08 Video Memory Base Address Programmable video memory base address

0x0C Frame Timing Register Programmable frame timing configuration register

0x10 Line Timing Register Programmable line timing configuration register

0x14 Max Cycles For Line Burst Performance counter for measuring maximum cycles taken

for line burst
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Table 3: Control Register

Bits Name R/W Description

0 Resume W Resume bit: Write a 1 to start the VGA controller’s video
memory reads. Write a 0 to pause the VGA controller’s
video memory reads. Power-up default is 0. There may be a
line-time delay before the VGA controller stops reading
from video memory. The Status register bit reflects the
status.

311 Not Used N/A N/A

Table 4: Status Register

Bits Name R/W Description

0 Resume R Set to 1 when the VGA controller is enabled to read from
the video memory. Set to 0 when the VGA controller is
disabled from reading the video memory. Power-up default
is 0, reflecting the power-up default of the Resume bit in
control register.

311 Not Used N/A N/A

Table 5: Programmable Video Memory Base Address Register

Bits

Name

R/W

Description

31:0

Video Memory
Base Address

R/W

Must be written with 32-bit valid video memory base
address. Must be written with a valid memory address
before resuming the VGA controller video memory reads.
The lower two bits are ignored to generate the word-aligned
base address. The power-up default is 0x00000000.

Table 6: Programmable Frame Timing Configuration Register

Bits Name R/W Description
7:0 V-Sync width R/W Must be written with a valid value before resuming memory
reads. Value represents the number of lines that constitute
V-Sync. Power-up default is 0x00.
15:8 V-Sync Front R/W Must be written with a valid value before resuming memory
porch width reads. Value represents the number of lines that constitute
the V-Sync front porch. Power-up default is 0x00.
23:16 V-Sync Back R/W Must be written with a valid value before resuming memory
Porch Width reads. Value represents the number of lines that constitute
the V-Sync back porch. Power-up default is 0x00.
31:24 V-Sync Porch R/W This value must be the sum of the V-Sync front porch and

Width

the V-Sync back porch widths. Power-up default is 0x00.
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Table 7: Programmable Line Timing Configuration Register

Bits R/W Description

7:0 H-Sync width R/W Must be written with a valid value before resuming memory
reads. Value represents the number of pixels that constitute
the H-Sync. Power-up default is 0x00.

15:8 H-Sync Front R/W Must be written with a valid value before resuming memory
reads. Value represents the number of pixels that constitute
the H-Sync front porch. Power-up default is 0x00.

23:16 H-Sync Back R/W Must be written with a valid value before resuming memory
reads. Value represents number of pixels that constitute the
H-Sync back porch. Power-up default is 0x00.

31:24 H-Sync Porch R/W Must be the sum of the H-Sync front porch and the H-Sync

back porch widths. Power-up default is 0x00.

Table 8: Performance Counter Register: Max Cycles for Line Burst

Bits R/W Description

9:0 R/W Count representing maximum cycles taken for a line-read
burst. To reset this count, write 0. Power-up default is 0.

30:10 R/W Not used.

31 R/W Set to 1 if the maximum cycles value is 0x3FF or exceeds

that value. To reset, write a 0.

Design Overview Figure 58 illustrates the VGA controller.

Figure 58: VGA Controller
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Table 9 lists the VHDL entities that implement the various blocks shown in

Figure 53.
Table 9: Design Contents
Design VHDL Entity VHDL File
VGA Controller Slave wishbone_vga_control wishbone_vga_control.vhd
Video Memory Reader vid_mem_reader vid_mem_reader.vhd
VGA Line Event Generator vga_evt_gen vga_evt_gen.vhd
VGA Timing Generator vga vga_generics.vhd
VGA Output vga_output vga_output.vhd
Pixel To Color Converter pixel_to_color pixel_to_color.vhd
Line FIFO pixel_fifo pixel_fifo.vhd
Color FIFO color_fifo color_fifo.vhd
Line Event FIFO vga_evt_fifo vga_evt_fifo.vhd

The VGA Line Event Generator, the VGA Timing Generator, and the VGA
Output designs have been grouped into a vga_unit structural entity, which is
implemented in vga_unit.vhd.

If you have established a set of H/V timing parameters that serve your
design’s purpose, you can reduce the RTL design size by applying the
desired parameters in the video_chain_top generics and then disabling the
software-controlled interface by setting the VGA_USE_GENERICS
video_chain_top generic value to 1. This step uses an architecture of the VGA
timing generation unit that is not controlled by run time to reduce the overall
RTL size by 200-300 LUTs.

Reference Information

The following documents provide more information on topics discussed in this
guide:

¢ LatticeMico32 Software Developer User Guide, accessible through the
LatticeMico32 System Help

¢ LatticeMico32 Tutorial, accessible through the LatticeMico32 System Help

¢ Lattice ispLever Core Double Data Rate (DDR1/DDR2) SDRAM
Controller — Pipelined, accessible through IPexpress
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Technical Support

If you need technical assistance, you can contact Lattice Semiconductor by
any of the following means:

Hotline: 1-800-LATTICE (North America)
+1-503-268-8001 (Outside North America)

Email: techsupport@latticesemi.com

Internet: www.latticesemi.com
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