ﬁRate This Document

ARM® Cortex™-M1 Embedded
Processor Hardware Development
Tutorial

for Fusion Mixed-Signal FPGAs

JActel

POWER MATTERS


http://www.actel.com/survey/rating/?f=CortexM1_Proc_HW_Tutorial_UG.pdf

© 2009 Actel Corporation. All rights reserved.
Printed in the United States of America

Part Number: 50200154-2

Release: November 2009

No part of this document may be copied or reproduced in any form or by any means without prior written
consent of Actel.

Actel makes no warranties with respect to this documentation and disclaims any implied warranties of
merchantability or fitness for a particular purpose. Information in this document is subject to change without
notice. Actel assumes no responsibility for any errors that may appear in this document.

This document contains confidential proprietary information that is not to be disclosed to any unauthorized
person without prior written consent of Actel Corporation.

Trademarks

Actel, IGLOO, Actel Fusion, ProASIC, Libero, Pigeon Point and the associated logos are trademarks or registered
trademarks of Actel Corporation. All other trademarks and service marks are the property of their respective
owners.



VActel

POWER MATTERS

ARM Cortex-M1 Embedded Processor Hardware Development Tutorial

Table of Contents

INtrOdUCHION . .o e e 5
Requirements for this Tutorial . . ... .. . e 5
T DeSIgN OVEIVIEW . . . e ettt e e e e e e e e e e e e e e e e e e e e e 7
Cortex-M1 System Description . . ... . e e e 7
Cortex-M1 Hardware Design Description .. ... ... . e ettt 7
2 Before You Get Started . ... e e e 9
Download Tutorial Files . ... ... e e 9
INStall USB-t0-UART DIiVer . . oottt et ittt e e e e e e e e e e e e ettt ae s 10
3 Tutorial — Create DesigN . . .. oot e e 13
Step 1 - Create an Actel Libero IDE Project .. ....... ...ttt e 13
Step 2 — Create a SmartDesign Component within Actel Libero IDE . ........ ... ... ... . i, 15
Step 3 — Create Flash Memory System . .. ..o ot e e ettt 36
4 Tutorial — Simulation, Synthesis, and Place-and-Route ......... .. ... .. ... .. ... ... ... .... 39
Step 4 - Perform Pre-Synthesis Functional Simulation ........... ... . . i i 39
Step 5 — Perform SYyNTNesis . .. ..o e 11
Step 6 — Perform Place-and-Route .. .. ... . it e e e 42
5 Tutorial = Programming . . . ... ..ot 45
Step 7 — Generate Programming File with Software Code in NVM . ... ... ... .. ... . ... 45
Step8—Connecttothe Target . ... ... o e 47
Step 9 — Program the MTAFST500 FPGA . .. . it e e e e e et 48
6 List of Document Changes . ... ..ottt i et e e e e 53
A ProduCt SUPPOIT . .o 55
LG o T3 0 T=T Y= 55
Actel Customer Technical Support Center .. ... .. i e e e 55
Actel Technical SUPPOIt . ... i e e e e 55
VDSt ..o e e e 55
Contacting the Customer Technical Support Center .. ... ... i e 55
MO EX . ettt e e e e e 57







VActel

POWER MATTERS

Introduction

This document shows you how to create a Cortex™-M1 processor system that runs on one of the
Actel Fusion embedded development kit boards. This design can be used as a starting point for
developing your Cortex-M1 embedded system targeting Actel’s Fusion FPGA devices.

Because this tutorial targets one of Actel’s Fusion devices, you need to become familiar with Fusion
features and architecture. The Fusion datasheet and user’s guide are on the Actel website:

http://www.actel.com/documents/Fusion_DS.pdf
http://www.actel.com/documents/Fusion_UG.pdf

After completing this tutorial, you will know the hardware design flow for creating a Cortex-M1
embedded system using Libero® Integrated Design Environment (IDE) and SmartDesign tools. This
includes the following design steps:

¢ Instantiating and configuring the Cortex-M1 processor, memory, and peripherals in
SmartDesign

e Connecting peripherals and defining the address map in SmartDesign

e Automated generation of the DirectCore RTL

¢ Functional simulation using a bus functional model (BFM)

e Synthesis, place-and-route of hardware design, and generating FPGA programming image
* Programming an Actel FPGA with Cortex-M1 system ready for software design

For this tutorial, we will use the binary file from previously developed software. The binaries will
be written into the memory on the target development kit, along with the programming bit files
for the hardware designed in this tutorial. If you want to learn about the software development
flow for the Cortex-M1 processor, you can study the ARM Cortex-M1 Embedded Processor Software
Development Tutorial:

http://www.actel.com/documents/CortexM1_Proc_SW_Tutorial_UG.pdf.

Requirements for this Tutorial

Hardware

To complete this tutorial, you need one of the following boards with the corresponding hardware:
¢ Fusion Embedded Development Kit Board (M1AFS-EMBEDDED-KIT board)
— Low-cost programming stick
— 2 USB cables (USB to mini-USB)
— PCwith 2 USB ports
e Fusion Advanced Development Kit Board (M1AFS-ADV-DEV-KIT board)
Low-cost programming stick
2 USB cables (USB to mini-USB)
9 V power supply (provided with kit)
PC with 2 USB ports

Everything you need (except the PC) is provided with the development kit. For more information
about the development boards, refer to Design Hardware page:

www.actel.com/products/hardware/default.aspx



http://www.actel.com/documents/Fusion_DS.pdf
http://www.actel.com/documents/CortexM1_Proc_SW_Tutorial_UG.pdf
http://www.actel.com/documents/CortexM1_Proc_SW_Tutorial_UG.pdf
http://www.actel.com/documents/CortexM1_Proc_SW_Tutorial_UG.pdf
http://www.actel.com/products/hardware/default.aspx
http://www.actel.com/documents/Fusion_UG.pdf
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Software

The instructions are based on the Actel Libero IDE v8.6 SPA software along with the corresponding
Synplify® and ModelSim® OEM software installed on your PC. If you are using a different version,
some steps and screen shots may be different.

Intellectual Property (IP)

This tutorial is based on the DirectCore IP listed below. If you do not have these DirectCore IP
versions in your SmartDesign Catalog, you may observe different behavior from what is described
in this tutorial.

e Cortex-M1 version 2.7.103

e CoreAHBLite version 2.0.140

e CoreAPB version 1.1.101

e CoreAHB2APB version 1.1.101
e CoreAhbNvm version 1.3.135
e CoreAhbSram version 1.3.103
e CoreMemCtrl version 2.0.105
e CoreUARTapb version 4.0.120
e CoreGPIO version 1.2.103

e CoreAl version 3.0.119

Licensing

You will need a license for these IP cores. If you do not have a license, go to the Customer Portal at
https://www.actel.com/portal/, sign in and choose Licenses & Registration on the left navigation.
Click the Request Free License button and choose the Libero Gold license. Follow the instructions in
the email sent to you to set up the license on your machine.
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1- Design Overview

Cortex-M1 System Description

The design contains a Cortex-M1 processor system running on an Actel Fusion FPGA, which contains
an analog block for monitoring analog signals. The system measures various voltages, currents, and
temperatures on the target board, processes the sampled data, and sends the result over UART.
There is a potentiometer on the board to change the analog voltage being sampled. In this tutorial
you will communicate with the target using Hyper Terminal.

Cortex-M1 Hardware Design Description

The Cortex-M1 processor system uses CoreAl, which allows the processor to configure, control, and
interact with the Analog Block inside the Actel Fusion FPGA. The UART in the system connects to an
off-chip USB-to-UART chip, which allows you to communicate with the target system via a COM
port on your machine (using HyperTerminal). Also included are 4 output bits to LEDs, and 2 input
bits from push-buttons or DIP switches (depending on the target board).

The Fusion Advanced Development Kit and the Fusion Embedded Development Kit boards contain
an Actel Fusion AFS1500 device that has 1 MByte of embedded flash memory (also referred to as
nonvolatile memory, or NVM) and 30 KBytes of internal SRAM. The Fusion Embedded Development
Kit board has 1 Mbyte of SRAM, comprised of two 4 Mbit x 16 bit chips. The Fusion Advanced
Development Kit board has 2 Mbytes of SRAM, comprised of two 1 Mbit x 16 bit chips. This
hardware design connects to all of these memories, not necessarily using the entire memory space
of each device.

Actel’s Fusion devices have an on-chip 100 MHz RC oscillator. You will feed this clock source to a PLL
inside the Fusion device that modifies the clock frequency. The output of the PLL is the system
clock.

This design enables the JTAG debug interface of the Cortex-M1 processor for software debugging.
The debug interface will not be used in this hardware design tutorial. However, it is required for
the ARM Cortex-M1 Embedded Processor Software Development Tutorial for Fusion Mixed-Signal
FPGAs (www.actel.com/documents/CortexM1_Proc_SW_Tutorial_UG.pdf), which uses hardware
created in this design tutorial.
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A block diagram of the design is shown in Figure 1-1.

Debug
Interface

Analog
Sources on

Target Board

USB-to-UART
Chip

Cortex-M1
| AHB-Lite Bus
‘ Y
On-Chip On-Chi Off-Chip — SRAM Chi
Flash (NVM) SRAMp v SRAM P
AHB-APB
Bridge
Analo LEDs and
Blockg GPIO | Switches
* 4 ‘
[ APB Bus [
UART
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Oscillator PLL — dSystem Clock
Actel Fusion FPGA

D Hard IP Peripherals
|:| Soft IP Peripherals

Figure 1-1

Block Diagram
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2 — Before You Get Started

Download Tutorial Files

Before starting the tutorial, you need to download the tutorial files from the website for the board
you are targeting. Go to Actel's Design Hardware web page and click the link for the board you are
targeting (http://www.actel.com/products/hardware/default.aspx). On the web page of the target
board, click on the zip file under the ARM Cortex-M1 Embedded Processor Hardware Development
Tutorial document.

The files are placed in a folder called CortexM1_Fusion_HW_Tutorial.

If you browse the contents of the zip file, you will see a subdirectory for every board this tutorial
supports. The directory structure is similar for each board. As an example, Figure 2-1 shows a
picture of the directory structure for the Fusion Embedded Development Kit board (M1AFS-
EMBEDDED-KIT).

=10 x|

| Fle Edit View Favorites Tools Help | 3 |

Folders

I USE_Drivers
I verilog
=3 vHDL

4 objects (Cisk free space; 2,96 GB) 0 bytes |5§ My Computer A

Figure 2-1 » Tutorial Files

The Verilog and VHDL subdirectories contain the complete VHDL and Verilog projects for this
tutorial design, for your reference. The Tutorial_Files subdirectory contains the source files you
need to complete this tutorial. Table 2-1 gives a description of these files. The names of the files
will be slightly different depending on the board you are targeting.

Table 2-1 « Description of Tutorial Files

File Name Description
M1AFS_EMB_TUT Pin constraints for the Fusion Embedded Development Kit board
TUTORIAL.HEX Intel-Hex file which contains Cortex-M1 software code

M1AFS_EMB_TUT_<VERILOG/VHDL>.PDC | Constraint to put JTAG reset and clock net on global

The USB_Drivers subdirectory contains the driver for the USB-to-UART chip on the target board.
This driver allows you to communicate with the target board over USB by treating the USB port as
a COM port. Therefore, you can use HyperTerminal to connect to a UART in the design running on
the board.
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Install USB-to-UART Driver

At the

end of the tutorial, you program the Fusion FPGA and communicate with the target board.

To complete the tutorial, you need to make sure that the USB-to-UART drivers are installed on your
machine and identify which COM port the USB port is associated with. Follow the steps below
before starting the tutorial to make sure your machine is properly configured and connected to the

target

board.

Setting Up the USB-to-UART Driver

1.

3.

Make sure that a terminal emulation program such as HyperTerminal, which is included with
Windows,® is installed on your PC.

Install the drivers for the USB to RS-232 Bridge by double-clicking on the Prelnstaller.exe
executable located in the USB_Drivers subfolder. Accept the default installation folder and
press the Install button. Press the Continue Anyway button if prompted.

Connect USB and power cables according to Table 2-2.

Table 2-2 « Power and USB Connections

Board

Power and USB Connections

M1AFS-EMBEDDED-KIT Make sure you have J40 set to use USB power (not V5IN). Connect a

USB cable to J2, which provides power and the USB-to-UART
communication. Make sure JP10 is set to use the 1.5V external
regulator (connect pins 2 and 3).

M1AFS-ADV-DEV-KIT Connect the 9 V power supply provided with the kit to J3 on the

board. Connect a USB cable to J2, this provides the USB-to-UART
communication and make sure SW7 is in the ON position to supply
power to the board.

If Windows prompts you to connect to Windows Update, select No, not at this time and press Next.

4,

Select Install the software automatically (recommended) and press Next. Once installation
has completed, press Finish. Repeat the driver installation steps a second time (if prompted).
Press the Continue Anyway button if prompted.

Open the Windows Device Manager by selecting Start > Control Panel > System > Hardware
> Device Manager. Expand the Ports (COM and LPT) section and take note of the COM port
assignment for the SFE USB to RS232 Controller (in Figure 2-2 it is assigned to COMS8).

10
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Install USB-to-UART Driver

If you do not see SFE USB to RS232 Controller in the Device Manager (Figure 2-2), you may need to
reboot your machine.

£, Device Manager

File  Action ‘Wiew Help

W& £ A

: / T M
T"-..‘-_'.“ Batteries
:J Compuker

age Disk drives
§ Display adapters

=) IDE ATASATAPT controllers

e Kevboards
'_'_} Mice and other pointing devices
L Modems
§ Manitors

B8 Metwark adapkers
H PCMCIA adapters

o Ports (COM & LPT)

ny‘ Zommunications Paork (COM1)

] ] o O O O O e Oy B e B B

5 SFE USE to R5232 Controller (COMS)
S Toshiba BT Fort (COML0)
5 Toshiba BT Part (COM11)
9 Toshiba BT Port (COM12)
ﬁ Tashiba BT Part (COM13)

# Tashiba BT Part (COM14)

|

Figure 2-2 » Windows Device Manager
1. Connect the FlashPro3 programming interface according to Table 2-3.

Table 2-3 ¢ Programming Interface Connections

Board FlashPro3 Programming Interface Connection

M1AFS-EMBEDDED-KIT Connect the FlashPro3 Low-Cost Programming Stick (LCPS) to J1.
M1AFS-ADV-DEV-KIT Connect a USB cable between the LCPS and the host machine.

2. If you are prompted to install drivers for the FlashPro3 hardware, refer to the FlashPro User's
Guide at http://www.actel.com/documents/flashpro_ug.pdf.

1
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http://www.actel.com/documents/flashpro_ug.pdf
http://www.actel.com/documents/flashpro_ug.pdf
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3 — Tutorial — Create Design

Step 1 - Create an Actel Libero IDE Project

Open the Libero IDE tool and complete the following steps to create a Libero IDE project.
1. Go to Project > New Project. The New Project Wizard window opens.

2. Type M1AFS_EMB_TUT (for M1AFS-EMBEDDED-KIT) or M1AFS_EMB_TUT (for
M1AFS-ADV-DEV-KIT) in the Project name field.

3. Click the Browse button and choose a location on your machine for the project.
4. Select your preferred HDL language. Your window should look similar to Figure 3-1.

Hew Project Wizard E|

Welcome to the New Project Wizard

Thiz wizard creates a new Libero project.

B start

. Project name: |I'-1'I.-’-‘-.FS_EI'-1EE_I'-11_TLIT
Select Device

Select Tools
Add Files Praoject lacation: |D:"«.-'-‘-.c:telpr|"~h*|1.-’-'-.FS_EME=_M1_ Browsze...
Finizh

Prefered HOL type:
+ ‘erlog

%t" " WHDL
'_,.a-/é“ Help

| et = | Cancel

Figure 3-1 « New Project Wizard

5. Click Next. The Family, Die and Package options appear (Figure 3-2 on page 3-14).
6. Select Fusion for the Family.
7. Select M1AFS1500 for the Die.

13
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8. Select 484 FBGA for the Package

VActel

Hew Project Wizard

%)

Family, Die and Package

Select the family, die and package of your new project.

S F armly:
B select Device Fusion ﬂ QHE":'
Select Tools Die: Fackage:
M1AFSEOD e 206 FBGA,

Add Files U1AFSE00

- F1aFSE00 G76 FEGA
Biiel AFS1500

ﬁ F1AFS1500 "
. /
'--""J

< Back | MHext > | Finizh Cancel

Figure 3-2 » Select Family, Die, and Package

9.

10.
11.
12.

13.

Note:

14.
15.

Click Next two times. The Add files to your project options appear.
Click the Add Files button.

Select Physical Design Constraint Files (*.pdc) for the Files of type box.
Browse to the following directory:
CortexM1_Fusion_Tutorial\<board>\Tutorial_Files

Select M1AFS_EMB_TUT.PDC and M1AFS_EMB_TUT_<VERILOG/VHDL>.PDC or
M1AFS_ADV_TUT.PDC and M1AFS_ADV_TUT_<VERILOG/VHDL>.PDC, depending on the
board you are targeting and the project language used (Verilog or VHDL).

These PDC files contain pin assignments for the FPGA design and are specific to this board.
This design does not need a timing constraints file (SDC) because the internal clock source
from the RC oscillator is constrained automatically by SmartTime.

Click Add. You should see the file you selected under the Constraint Files section.
Click Finish to create the Libero IDE project.

14



VActel

Step 2 - Create a SmartDesign Component within Actel Libero IDE

Step 2 - Create a SmartDesign Component within Actel Libero
IDE

Follow the steps below to create a SmartDesign component for your hardware design.

1. Click the SmartDesign icon in the Design Entry Tools area (in the Project Flow tab, as shown
in Figure 3-3.

e Project Manager - D:\Actelprj\M1AES_EMB_M1_TUTAM1AFS_EMB_M1_TUT. prj - [Project Flow]
9 Project File Edit Wew Tools MWindow Help

FRrE@ D= 3

Current Designer view: | Irmiph j i &
Cresign Explorer il x

Components

=| - Uszer Filez =
Block Symbol Files =

Schematic Files 14D Attribute HDL Editar

HOL Source Files E ditar

Stimulus Files

[ m SN S =

WiewDraw

Figure 3-3 « SmartDesign Icon

2. Type M1AFS_TUT_TOP in the Name field, as shown in Figure 3-3.

Mew [g|
Select a Type: SmartDesig
Schematic
SmarkDesign Component Mame:
CoreConsole Component |M1.-’-‘-.FS TUT TOP

IP Component

WHOL Source File

‘erilog Source File

WaveFormer Stimulus File

HOL Stimulus File

S0 File {sdc)

Phesical Design Constraint File (pdc)
D2 File

WHOL Template

‘Werilog Template

Help ] | Cancel

Figure 3-4 « Select SmartDesign Component

15
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3. Click OK. A blank canvas opens in SmartDesign, which looks like Figure 3-5. Notice the new
M1AFS_TUT_TOP tab (next to the Project Flow tab) which contains a Canvas tab. This is your
new SmartDesign canvas window.

M1_Fusion_FPGA_Design_Tutorial_Files v1.0WTAFS_FMBEDDED_KITAC ed_Dhes: g AMIAFS _EMB_M1_TUTWM

@ Dz = « | 3
Cumert Dissignes view [t ikt ABEEN @ QABA|O) | EMM T (N SNNO0AR| Gt =| T€ | =
s Cocorar Foo Catslog

g ax
Show: | Cormprrmis =l = Fater: [+ 2] aad Core| ptions
o il ek A Fuction, Hame: Vevsion:

+ Actel Macros

+ Hane Blocks

+ Bus Imerdaces

+ Clock & Management
4 Fusion Pesiphe sk
+ Memory & Contiolless
+ Peripheials

+ Processors

Trrmee, Wrdkin L -
Project Manager New Features 5]
-
< »
R Camvan
Frogeel Flows  MIAFE_TU... Properies
* e et |[* ,.)r-ulu-o#-nl
'T The MLAFS_EMD N1 _TUT project was created.
.
[l tiwrarchy [B] 1 | E[AT T fCrces }, Warnings } info | sesch Resie 1 [
Romachy VERILOG FAM: Futon DE: MLAFSISO0 POG: 484 FBGA

Figure 3-5 ¢ SmartDesign Canvas Window

In the following steps you use SmartDesign to create a Cortex-M1 system, as shown Figure 3-7 on
page 3-18. When the instructions tell you to instantiate a component, instantiate it in the
SmartDesign Canvas.

As you are instantiating the components, Actel recommends you use the same version of
DirectCore IP. Otherwise, you may receive different results.

16
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Obtaining a Different Version of DirectCore IP

1. Click the Options button in the Catalog. You will see the Catalog Display Options window
(Figure 3-6).

Catalog Display Options

Display Filkers
Cirganize the caores displayed in vour Catalog. Select which cores to display in the Catalog,
Mame: | *
{* Group cores by Funckion '
Function: | *
(" List cores alphabetically
Market Segment: |.ﬁ.|| ﬂ
Sork order: | Ascendin hd
| d J Interface Type: |.ﬁ.|| ﬂ

[w Show Filkers fields in catalog

[ Display only the lakest version of a cored
[+ Show care version

* Show all local and remoke cores

[ Show local cores anly

~ :
Default T el e, Show remote cores that are not in my vaulk
Help (0.4 | Zancel

Figure 3-6 » Catalog Display Options

2. Clear the check box for Display only the latest version of a core. Make sure you have
selected both Show core version and Show all local and remote cores.

3. Click OK. If you still do not see the version you need in the Catalog, then proceed to the next
step.

4. Click the Add Core button and choose From Web Repository. The Add Cores to Vault
window appears.

5. Select the core(s) that you need and click Add.
Click Done once the new cores have been downloaded.

Instantiate Cortex-M1 Processor
The Cortex-M1 processor is a 32-bit soft ARM® processor designed to be implemented in an FPGA.
Follow the steps below to instantiate the Cortex-M1 processor.

1. Go to the Catalog and expand the Processors category.

2. Instantiate by clicking and dragging Cortex-M1 version 2.7.103 onto the SmartDesign
canvas.

3. Select FlashPro3 as the Debug Interface. This allows software debugging over JTAG using
Actel’s SoftConsole® development tool.

Note: If you are planning to use third-party tools (Keil MDK-ARM, IAR Embedded Workbench, ARM
RealView, etc.), select RealView JTAG as the Debug Interface. However, keep in mind that this

17
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document assumes you are using Actel’s SoftConsole development tool. Also, the succeeding
Cortex-M1 Software Design Tutorial requires the FlashPro3 debug interface.

IE configuring Cortexi1Top_0 (Cortexm1Top - 2.7.103)  [= |[B)X]

Configuration

Debugging

Debug Interface: |[FEEMEEE

Targek FPGA

Die: M1AF31500 A

Speed grade:; -2

Tightly Coupled Memory

Instruckion TCM: |0 Kbytes

Daka TCM: 0 Kbytes

Other

Mumber of Interrupks; |1

tuliplier: amall

Enable OS5 Extensions:

License: Obfuscated

OF ] ’ Cancel

Figure 3-7 = Configuring Cortex-M1 Processor

4. Click OK. You should see an instance of the Cortex-M1 processor on the SmartDesign canvas.

Instantiate CoreAHBLite Bus

The AHB-Lite bus is a multimaster 32-bit bus (data and address) which allows you to connect up to
2 masters and 16 slave peripherals, where each peripheral consumes one slot (numbered 0 through
15). Each slot is 256 MBytes in the processor's memory space (for a total of 4 GBytes).

1. Go to the Catalog and expand the Bus Interfaces category.
2. Instantiate CoreAHBLite version 2.0.140 with the default settings (all slots enabled).

Note that the configuration window allows you to disable slots that you are not using. For this
tutorial design, leave all slots enabled (the default).

Instantiate CoreAhbNvm

CoreAhbNvm provides the processor with an AHB interface to access the internal NVM (nonvolatile
memory, also known as embedded flash memory) of the Fusion device. The M1AFS1500 device has
1 MByte of internal NVM composed of 4 embedded flash memory blocks, each 256 Kbytes in size.
However, for this design you will use only 1 embedded flash memory block, 256 Kbytes. Follow the
steps below to instantiate the CoreAhbNvm.

18
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1. Go to the Catalog and expand the Memory & Controllers category.

2. Instantiate and configure CoreAhbNvm version 1.3.135 with a size of 256 Kbytes. The
CoreAhbNvm settings are shown in Figure 3-8.

i Configuring CoreAhbNvm_0 (CoreAhbNvm - 1.3.135) M=1E3

Configur ation

Amount of internal FLASH reguired:

(%) 256KBytes () 512KBytes () 1MBytes

License: Ohfuscated

04 l [ Cancel

Figure 3-8 « Configuring CoreAhbNvm

Instantiate CoreMemCtrl

CoreMemCitrl creates an interface to off-chip SRAM and/or flash with shared data and address
busses. The AHB slot is divided in half with the flash at the bottom half and SRAM at the upper half
of the slot. By setting the Remap input to '1', you can swap the flash and SRAM locations. For this
design, you will use the SRAM interface only. The system clock in this design is 20 MHz, which has a
period of 50 ns. The asynchronous SRAM has a 10 ns access time. Therefore, you can set the wait
states to their minimum values: 0 for read wait states and 1 for write wait states.

1. Go to the Catalog and expand the Memory & Controllers category.

2. Instantiate CoreMemCtrl version 2.0.105 to interface to the off-chip asynchronous SRAM on
the development board.

3. Take the following selections in the CoreMemCtrl configuration window:

SRAM mode: Asynchronous

Number of wait states for SRAM read: 0

Number of wait states for SRAM write: 1

Read and write enables shared for Flash and SRAM: No

The flash and SRAM addressing options determine which bit of the AHB-Lite bus is connected to bit
0 of the off-chip memory. The default value of "0, 0, HADDR[27:2]" means the off-chip memory
address is word addressed (32-bit word). The other settings refer to half-word and byte addressing.
You can leave the other options at their default setting since this design does not use this flash

interface.
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The corresponding CoreMemCtrl settings are shown in Figure 3-9.

VActel

1P| Configuring CoreMemCtrl_0 (CoreMemCtrl - 2.0.105)

Zonfiguration

SRAM mode
() Synchronous (¥) asynchronous
Configuration of SRAM device - synchronous SRAM only

Flova-through Fipeline

Flash data bus width
) 16 bit (#) 32 bit
Flash wait states

Mumber of wait stakes For Flash read:

]

Mumber of wait stakes For Flash write:

SRAM wait states - asynchronous SRAM only

Mumber of wait states for SRAM read:

—- ==
e [

Mumber of wait states Ffor SRAM write:

Read and write enables shared For Flash and SRAM?

& Mo ) Yes

Flash addressing

SRAM addressing

For Flash access, MEMADDR[27:0] driven by: |0, 0, HADDR[27:2]

For SRAM access, MEMADDR[Z7:0] driven bey: |0, 0, HADDR[Z7:2] =

Testbench: |User

8|

License:

(#) oObfuscated O RTL

| ok

] ’ Cancel

Figure 3-9 ¢

Configuring CoreMemCtrl
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Instantiate CoreAhbSram

CoreAhbSram provides the processor with an AHB interface to access the internal SRAM of the
Fusion device. The Fusion M1AFS1500 device has 30 Kbytes of internal SRAM consisting of 60 RAM
blocks each 0.5 Kbyte in size. The Cortex-M1 uses 2 Kbytes and the CoreUARTApb (which you
instantiate later) uses 1 Kbyte in FIFO mode. Therefore, CoreAHBSram must use no more than 27
Kbytes. You will configure it for 14 Kbytes. Follow the steps below to instantiate the CoreAhbSram.

1. Go to the Catalog and expand the Memory & Controllers category.

2. Instantiate and configure CoreAhbSram version 1.3.103 with a size of 14 Kbytes. The
CoreAhbSram settings window is shown in Figure 3-10.

[ Configuring CoreAhbSram_0 (CoreAhbSram - 1.3.103)  [= |[B]X]

Configuration

Amount of inkernal SRAM required:

License:

(#) oObfuscated O RTL

Figure 3-10 ¢ Configuring CoreAhbSram

Instantiate CoreAHB2APB

The CoreAHB2APB is a bridge from the AHB bus to APB bus. It has an AHB slave which consumes
one AHB slot and an APB master which can master an APB bus. Read and write transfers on the
AHB bus are converted to APB transfers to the APB bus. Follow the steps below to instantiate the
CoreAHB2APB.

1. Go to the Catalog and expand the Bus Interfaces category.

2. Instantiate the CoreAHB2APB version 1.1.101 to bridge to the APB bus.

Instantiate CoreAPB

The CoreAPB bus is a 32-bit bus (data and address) which allows you to connect up to 16 slave
peripherals where each peripheral consumes one slot (numbered 0 through 15). Each slot is 16
MBytes in the processor’'s memory space for a total of 256 MBytes. Due to the performance,
typically slower, low priority peripherals are placed in the APB bus. Follow the steps below to
instantiate the CoreAPB.

1. Go to the Catalog and expand the Bus Interfaces category.

2. Instantiate the CoreAPB version 1.1.101 bus with the default settings (all slots enabled).

Note that you can disable slots that you are not using. For this tutorial, leave them all enabled.
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Instantiate CoreAl

CoreAl allows the Cortex-M1 processor to access and control the Analog Block in the Fusion device.
You will configure this instance of CoreAl to interface with the analog features on the target
development board. The frequency of the ACM clock in the Analog Block must be 10 MHz or less.
The PCLK (clock of the APB bus) is divided down to create the ACM clock. The appropriate divider
value is calculated based on the PCLK frequency parameter. For this design, the PCLK frequency is
20 MHz.

1. Go to the Catalog and expand the Peripherals category.

2. Instantiate CoreAl version 3.0.119 to give the Cortex-M1 processor access to the Analog
Block in the Fusion device.

3. Configure CoreAl according to the list of settings below and leave the other settings at their
default values.

e APB data bus width (in bits): 32

¢ PCLK frequency (up to nearest MHz): 20

¢ Interrupt output: Disabled (tied low)

e Analog Quad 0
— AVO0 input: Voltage Monitor: 0 Vto 4V
— ACO input: Current Monitor

e Analog Quad 1
— AVI1 input: Voltage Monitor: 0 Vto 2 V
— AC1 input: Current Monitor

e Analog Quad 2
— AT2 input: Temperature Monitor

e Analog Quad 4
- AC4 input: Voltage Monitor: 0V to 4 V

Figure 3-11 through Figure 3-14 on page 3-25 show the instance of CoreAl with the corresponding
parameters set.

B, Configuring COREAI_O (COREAI - 3.0.119)

Configuration ~

Fusion Specific

Fusion Device:

Shift RESULT[11:0] right in ADC_STAT reg by: |EI bits (mo shift) v|

AE macro enable/disable logic: |F\dd AE enablefdisable logic, ADCRESET starts inactive v|

Processor Interface

APE data bus width (in bits): |32 v|

PCLE Frequency (up to nearest MHz): |20 |

Interrupk oukpuk: |Disabled (tied low) v|

Interrupk status register logic: |F\II interrupt status register bits used v|

Figure 3-11 ¢ Configuring CoreAl (part 1)
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B Configuring COREAI_O (COREAI - 3.0.119)

Analog Guad 0 ~
AMO input: |‘v\:||tage Monitor: O ko 44 v| AC0 inpuk: |Current Monitor v|
ATO input: |Disabled v| AGO oukput: |Disabled v|

Analog Quad 1

A1 input: |VOItage Monitor: 0% b 2V v| &C1 inpuk: |Current Monitor v|

AT1 inpuk: |Disabled v| AGL oukput: |Disabled v|

Analog Quad 2

AVZ input; |Disabled v| ACZ input; |Disabled v|

ATZ input: |Temperature Maonitor v| AGZ oukput: |Disabled v|

Analag Quad 3

AYS input: |Disabled “ | ACS input: |Disabled L |

AT3 input: |Disabled v| AG3 oukput: |Disabled v|

Analog Quad 4

A4 input: |Disabled | ACHinput: [Volkage Monitor: 0Y o 4v ~|

AT4 input: |Disabled v| AG4 oukput: |Disabled v|

Analog Quad 5

AVS input; |Disabled v| ACS input; |Disabled v|

ATS inpuk: |Disabled v| AGS oukput: |Disabled v|

Analog Quad &

AYE input: |Disabled v | ACE input: |Disabled L |

ATE input: |Disabled v| AGE oukput: |Disabled v|

Analog Quad 7

AYT input: |Disabled v| AC7 input: |Disabled v|

AT7 input: |Disabled v| AGT output: |Disabled v|

Analog Guad &

AYE input: |Disabled v| ACS input: |Disabled v|

AT input: |Disabled v| AGE oukpuk: |Disabled v|

Analog Quad 9

AYD input: |Disabled v | ACT input: |Disabled w |

AT input: |Disabled v| AGI oukput: |Disabled v|

[ QK l ’ Cancel

Figure 3-12 ¢ Configuring CoreAl (part 2)
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B Configuring COREAI O/ (COREAI - 3.0.119)

SoftwareHardware-Driven Contral of YWarious AE (Analog Block) Inputs

WAREFSEL: | Statically fixed Internal VAREF | ADCRESET: |Software-Driven via inkernal register ~|
Py RO |SoFtware-Driven via internal register V| ADCSTART: |SoFtware-Driven via internal register V|
CHNUMBER.: |SoFtware—Driven via internal register v| MODE: |SoFtware—Driven via internal register v|
TWC: |SoFtware-Driven via inkernal register v| STC: |SoFtware-Driven wia inkernal register v|

SofbwarefHardware-Driven Conkrol of CMSTE* AR (Analog Block) Inputs

CMSTEBD: |Software-Driven via internal register Vl

CMSTEZ: |50ftware—Driven wia internal register |

CMSTE: |Software—Driven wia internal registar |

CM3TBG: |Software-Driven via internal register |

CMSTES: |50ftware—Driven wia internal register |

SaoftwarefHardware-Driven Contral of TMSTE* 4B (Analog Block) Inputs

TMSTEO: |SoFtware—Driven wia inkernal register |

TMSTEZ: |SoFtware-Driven via internal register V|

TMSTE4: |SoFtware—Driven wia inkernal register |

TMSTEG: |SoFtware—Driven wia inkernal register |

TMSTES: |SoFtware-Driven wia inkernal register |

TMSTEIMT: |SoFtware—Driven via internal register v|

CM3TE1L: |Software-Driven via internal register Vl

CMSTES:

CMSTES:

CMSTEY:

CMSTES:

TMSTEL

THMSTES

THMSTES

TMSTEY

THMSTES

|50ftware—Driven wia internal register

|Software—Driven wia internal register

|Software-Driven via internal register

|50ftware—Driven wia internal register

g |Software—Driven wia internal register

; |Software-Driven via internal register

B |50ftware—Driven wia internal register

g |Software—Driven wia internal register

: |Software-Driven wia inkernal register

CK

l ’ Cancel

Figure 3-13 ¢ Configuring CoreAl (part 3)

Note that many of the parameters are software driven, which means that the Cortex-M1 processor
can change these parameters by writing to registers.
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& Configuring COREAI_O (COREAI - 3.0.119)

Real Time Clock ~

Use Real Time Clack: |No v|

RTC_COUNTER# {byte 4) initial value (Dt 255): |0 |

RTC_COUNTERS {byte 3) initial value (Dt 255): |0 |

RTC_COUNTERZ {byte 2) initial value (Dt 255): |0 |

RTC_COUNTERI {byte 1) initial value (Dt 255): |0 |

RTC_COUNTERD ibyte O initial value (0 to 255): |0 |

RTC_MATCHREG4 (byte ) initial value (0 to 2553 |0 |

RTC_MATCHREGS (byte 3) initial value (0 to 2553 |0 |

RTC_MATCHREGZ (byte 2) initial value (0 to 2553 |0 |

RTC_MATCHREGL (byte 1) initial value (0 to 2553 |0 |

RTC_MATCHREGD (byte 0) initial value (0 to 2553 |0 |

RTC_CTRL_STAT iritial valus {0 to 255): o |

Testbench: |None w

License:

) obfuscated (%) RTL

W

a4 l [ Cancel

Figure 3-14 ¢ Configuring CoreAl (part 4)
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Instantiate CoreUARTapb
CoreUARTapb is a configurable UART peripheral with an APB slave interface. Follow the steps
below to instantiate the CoreUARTapb.
1. Go to the Catalog and expand the Peripherals category.
2. Instantiate and configure CoreUARTapb version 4.0.120 with the following selections:
— TXFIFO: Enable TX FIFO
— RXFIFO: Enable RX FIFO
— Configuration: Programmable
The CoreUARTapb configuration is shown in Figure 3-15.

B, Configuring CoreUARTapb_0 (CoreUARTapb - 4.0.120) M=1E3

Configurakion

Core Configuration
T FIFO:
R¥ FIFO: |Enable R FIFO ~|
Configuration: |F'ru:-gramma|:ule W |
Baud Yalue: | 1 |
Character Size: |? bits |
Parity: |F‘arit';.f Disabled |
R Legacy Mode: |Disa|:||eu:| W |
FIFO Implementation: |In RAM v|

Testbench: |Llser v |
License:
) obfuscated {(*) RTL
[ 04 l ’ Cancel

Figure 3-15 ¢ Configuring CoreUARTApb

The Baud value, Character Size and Parity parameters are greyed out since Configuration is set to
Programmable. They can be modified by the processor when the UART is initialized. EQ 3-1 is used
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to calculate the Baud Value parameter based on the desired baud rate (57600) and system clock
frequency (20 MHz) in Hz:

clock 4 - _20x 10°
(16 x baud rate) (16 x 57600)

Baud Value = —1 = 21 (rounded to the nearest integer)

EQ 3-1

Instantiate CoreGPIO
CoreGPIO allows you to access up to 32 general purpose inputs and 32 general purpose outputs.
Follow the steps below to instantiate CoreGPIO.

1. Go to the Catalog and expand the Peripherals category.

2. Instantiate CoreGPIO version 1.2.103 with the default settings (32 inputs and 32 outputs).

Instantiate RC Oscillator

Actel Fusion devices have a 100 MHz on-chip RC oscillator which does not require any extra
components. You will use this as an input to the PLL inside the FPGA. Follow the steps below to
instantiate the RC Oscillator.

1. Go to the Catalog and expand the Fusion Peripherals category.
2. Instantiate Oscillator - RC with Clock conditioning circuit selected.
3. Name it myRCOSC.

Instantiate PLL

The PLL inside of the FPGA can be used to generate new clock signals from a source clock. For this
design, you will configure the PLL to use the RC Oscillator (from the previous step) as the input
clock and generate a 20 MHz output clock (as the system clock). Follow the steps below to
instantiate the PLL.

1. Go to the Catalog and expand the Clock & Management category.
2. Instantiate PLL - Static with the following settings:
— Clock input: RC Oscillator (on the left below the MHz text box)
— GLA Output: 20 MHz (no delay)
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Figure 3-16 shows the PLL configuration window with the correct settings.

Static PLL : Modify Core - PLL_sys E|
Actual data is shown in blue.
s | ™ Lock Control LOCK.
Pant
Primary
voo=100000MHz (. 5 e
= | 0.000 ris v]-bmsss ns
i 1695 ne

20,000 MHz 20.000 MHz

Odeg ~| 0.000deg(0.000ns]

1.108 ns

1105 ns

]D.DEID ns '1

EXTFB Secondany 1

MHz

™ GLC

Secondary 2 LU r _b
| -

i_(h |_ e
[F5000 MHa 053ns v

Help Cloge

Figure 3-16 ¢ Configuring the PLL
3. Name the PLL PLL_sys.

Instantiate AND2 Gate

Actel recommends that you hold the system in reset until the PLL has locked. You will use this AND2
gate to accomplish this. Later you will make the connections to other components. Follow the steps
below to instantiate the AND2 gate.

1. Go to the Catalog and expand the Actel Macros category.
2. Instantiate AND2.
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Connect Signals Automatically in SmartDesign

SmartDesign has the ability to automatically connect together standard interfaces for components
with the Auto Connect feature. Many of the interfaces to standard components are well-defined
and permit automatic connection. These include clock and reset signals, and Advanced
Microcontroller Bus Architecture (AMBA) master/slave connections. Follow the steps to have

SmartDesign automatically connect signals and to configure the memory maps.

1. Perform AutoConnect (right-click on canvas and choose Auto Connect). The Modify Memory
Map window will open (Figure 3-17).

2. Click on CoreAHBLite_0. Configure the memory map for the CoreAHBLite bus as shown in
Figure 3-17 by following the steps below for each peripheral that you need to move.

— Click on the name of the peripheral in the Peripheral column.

— Select the blank to remove this peripheral from this address.

— Click on the Peripheral column next to the desired address of this peripheral.

— Select the name of the peripheral from the list.

If you swap two peripherals, you must blank both address locations and then select each
peripheral at the corresponding addresses. Note that you will have to remove the
CoreMemCtrl_0:AHBslave_flash peripheral from the memory map, since it is not being used.
Both SRAM and flash peripherals are added in automatically when using CoreMemCtrl.

Modify Memory Map

Select Bus bo View or
Assign Peripheral{s):

Assign peripherals bo addresses on bus;

%]

SR CoreAHELie_0
CorefPE_O

Help

Address

| Peripheral

0=00000000
0=10000000
0=20000000
0=30000000
0x40000000
0x50000000
0x50000000
070000000
0=20000000
0=30000000
0=40000000
0=E0000000
0=xCO000000
0=D0000000
0=xEQ000000
0xFO000a00

CoredhbMym_0.AHB zlave
CorebemClil_0:AHE zlave_sram
CoredhbSram_:AHB slave

CoredHB24PB_DAHB zlave

Ik

Zancel

Figure 3-17 » Modify Memory Map for CoreAHBLite_0

3. Click on CoreAPB_0. Configure the memory map for the CoreAPB bus as shown in
Figure 3-18 on page 3-30 using the same steps as above.
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4. Click OK.

Modify Memory Map

Assign Perip

Seleck Bus bo View ar

hieral{s:

Assign peripherals bo addresses on bus:

X]

=~ CaredH|

BLite_O

Help

Address

Peripheral

(xc0000000
(1 000000
(xc2000000
(xc3000000
(xc4000000
(OxcH000000
(xcG000000
(w7 000000
(xcB000000
(Oxc3000000
(ca000000
(OxchOoooon
(cc000000
(Oxcd0o00o0
(ce000000
(Oxcf000000

CoreGPIO_0:APBzlave
CorelART apb_0:APBslave

COREAI_D:APBslave

o]

Cancel

Figure 3-18 ¢ Configure Memory Map for CoreAPB_0

Take careful note to configure Memory Map dialog box as shown in Figure 3-17 on page 3-29 and
Figure 3-18 as this directly defines the subsystem memory map and has a direct impact on the

Cortex-M1 software code.

You may want to use the Auto Arrange Instances features in SmartDesign by right-clicking and
choosing Auto Arrange Instances. This will place the peripherals in an orderly manner on the
canvas.

Connect Signals Manually in SmartDesign

Some signals must be manually connected. There are two ways to manually connect signals in
Smart Design. You can use the Canvas in a graphical manner or use the Grid in a spreadsheet
manner. For this tutorial, use the Grid to connect the signals in Table 3-1 following the steps below.

Click the Lock signal cell from the PLL_sys_0 instance on the left column.

1. Open the Grid by going to SmartDesign > Show Grid View.
2
3. Scroll to the right to find the AND2_0 instance (on the top).
4. Click the cell which is the intersection of these two.
5. Select the B signal from the list box.
6. Follow steps 2-5 for the rest of the signals in Table 3-1.
Table 3-1 « Manual Connections
FROM

Instance Signal

PLL_sys_O LOCK
(top level port) NSYSRESET

AND2_0 Y

Ll

TO
Instance Signal
AND2_0 B
AND2_0 A
CortexM1Top_0 NSYSRESET
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When making the last connection in the table, you will receive the message window shown in
Figure 3-19.

Warning

Figure 3-19 * Replace Driver Warning

7. Click Yes. You receive this message because you are changing the driver for NSYSRESET of
the Cortex-M1 processor.

8. Some signals need to be connected to GND or V. Follow the steps below to connect signals
according to Table 3-2 on page 3-32 using the Smart Design Grid.

9. Right- click the dataln[31:0] signal from the CoreGPIO_0 instance and choose Add Slice.
10. Type 31 and 2 (for [31:2]), as shown in Figure 3-20.

Add Slice

dataln [ 31 |2 ]
Help | K | Cann:el|

Figure 3-20 » Add Slice

11. Click OK.

12. Right-click on the [31:2] slice you just created and choose Tie Low because these bits are not
being used in the design.

13. Left-click the cell in the Attribute column next to the EDBGRQ signal in the CortexM1Top_0
instance.

14. Choose Tie Low.

15. Follow steps 12-13 for the rest of the signals in Table 3-3, except remember to choose Tie
High for the POWERDOWN signal of the PLL_sys_0 instance (as indicated in Table 3-2 on
page 3-32).
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Table 3-2 « VCC and GND Connections

VActel

Instance Signal Connection
CoreGPIO_0 dataln[31:2] GND
CortexM1Top_0 EDBGRQ GND
NMI GND
Irq[0..31] GND
RV_TCK GND
RV_TDI GND
RV_TMS GND
WDOGRES GND
PLL_sys_O POWERDOWN VCC
OADIVRST GND
CoreAHBLite_0 REMAP_MO GND

Switch to the Smart Design Canvas, follow the steps below to change the clock source from the

auto-generated SYSCLK top-level port to the output of the PLL.
1. Right-click the SYSCLK top level port and choose Disconnect.

2. Highlight the HCLK input of the Cortex-M1.

3. CTRL + Click to highlight the GLA output of the PLL.

4. Right-click on GLA and choose Connect.
5. Delete the SYSCLK port, since you do not need it in this design.

Now, the GLA output of the PLL should be the clock driver for the clock port of all peripherals. Your
Canvas should look like Figure 3-21.

NSYSRESET [
myPLL_0

& POWWER...
<+ OADMNRST

myrE'ﬁCfc—D

By

UITAGH @ TYRCOST

AMDZ_0
A hd
B
H
Lok Cortext1Top_0
oL ANDZ
%B EDBGRQ HALTED
HCLK HRESETh
M| JTAGTOF
MNSYSRE... LOCKUF
WDOGR. .. WDOGR...
+IRG
+ /P _ICE_If
i+ IJTAG
Coresd{Top

Figure 3-21 » SmartDesign Canvas

The naming of the groups, such as UJTAG, is not important, as the group names are not carried
through during design generation.
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Promote Signals to Top Level

This SmartDesign component is the top level of this design. Therefore, all of the signals connected
to a pin of the FPGA must be at the top level of the SmartDesign canvas. Follow the steps below to
promote the signals in Table 3-3 to the top level.

1. Go to the Canvas.

2. Right-click the UJITAG group of the CortexM1Top_0 instance and choose Promote to Top
Level.

3. Right-click the dataln[31:0] bus of CoreGPIO_0 instance and choose Add Slice.
4. Type 1 and 0 (for [1:0]), as shown in Figure 3-22.

Add Slice

dataln [ i . |o ]
Help | K | Cann:el|

Figure 3-22 » Add Slice Dialog Box

Click OK.

Right-click on dataln[1:0] and select Promote to Top Level.

Follow steps 3-6 to promote dataOut[3:0] of Core_GPIO_0 to the top.

8. Right-click and choose Promote to Top Level to promote the rest of the signals in Table 3-3

N o wu

Table 3-3 « Signals to Promote to Top Level

Instance Signal Group
CortexM1Top_0 All signals UJTAG
CoreGPIO_0 dataln[1:0] dataln[31:0]
dataOut[3:0] dataOut[31:0]
CoreMemCtrl_0 MEMADDRI[17:0] (requires slice), ExternalMemorylinterface

MEMDATA[31:0], SRAMBYTEN[3:0],
SRAMCSN, SRAMOEN, SRAMWEN

CoreUARTapb_0 RX
X

Now, your Smart Design Canvas should resemble the one shown in Figure 3-23 on page 3-34.

If you are targeting the M1AFS-ADV-DEV-KIT board perform the following steps to add a
second chip select signal for the off-chip SRAM device:

¢ Right-click to the right of the canvas and choose Add Port.

¢ Type SRAMCS in the Name field.

¢ Select Output for the direction.

e C(Click OK. The new SRAMCS port will be added to your canvas.

e Press CTRL and click to select SRAMCS and SRAMCSN.

e Right-click SRAMCS or SRAMCSN and choose Connect.

¢ Right-click SRAMCS only (not SRAMCSN) and choose Invert.
Note: Make sure SRAMCSN is not highlighted when doing this step.
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You should see an inverter placed near the SRAMCS port.
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Figure 3-23 « SmartDesign Canvas
9. Go to SmartDesign > Show Memory Map / Data Sheet.
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An HTML file opens which has the system memory map and register maps for the
peripherals. Make sure this matches the memory map shown in Figure 3-24.

CortexM1Top_0 Subsystem

Master(s) on this bus:
o Cortext1Top_ 0

Base Address

NoRemap | MO_SwapSlotsOandi

CoreAhbNvm_0 : NVM Cr00000000 Ox 10000000
CoreMemCtrl_0 : FLASH Cr10000000 Ox00000000
CoreAhbSram_0 : IRAM 020000000

CoreGPIO 0 : RegisterMap e 2000000

CoreUARTaph _0 : RegistertMap | (xc3000000

COREAI_0 : RegisterMap CxcB000000

subsystem list, top of page

Figure 3-24 « Memory Map

Note: The memory map for CoreMemCtrl_0 is not complete. The SRAM interface for CoreMemCtrl_0
is at address 0x18000000.

Save and Generate the SmartDesign System

The final step within SmartDesign is saving and generating the HDL. Follow the steps below to
generate the HDL for your design.

1. Right-click on the Canvas and choose Generate Design to generate the HDL design.
2. Click OK in the Information window after generation is complete (you receive warnings).

Prior to generating HDL code, SmartDesign checks the connectivity of the signals in the
design and produces errors or warnings as appropriate. You should not receive any errors.
However, you will receive warnings concerning some unconnected outputs. You can safely
ignore these. If you want to see which signals the warnings are concerned with, you can go
to the SmartDesign menu and choose Check Design Rules. This will launch a read-only Grid-
like window which will show you the signals related to the warnings.

If you want to get rid of the warnings, you can mark the floating drivers and unconnected
bus interfaces as unused. You will need to create slices for busses which have some bits
connected and some floating. Then, you can go to the Design Rules Check grid, highlight all
of the unconnected and floating drivers, right-click under the Port Name column, and
choose Mark as Unused.
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3. Close the SmartDesign by clicking on the small x in the upper right corner as in

Figure 3-25.

Figure 3-25 ¢ Close SmartDesign

Besides generating the HDL design, a testbench file is created along with all the necessary
files to run a simulation, using the bus functional model (BFM) and AMBA transfers.

Step 3 — Create Flash Memory System

You are creating this Flash Memory System and Data Storage client to allow you to include
software code, as an Intel-Hex file, in the FPGA programming file. This allows the Cortex-M1
processor to boot and run from the NVM.

1. Go to the Catalog and expand the Fusion Peripherals category.

2. Double-click Flash Memory System Builder. You will see the Flash Memory System window

shown in Figure 3-26.

Flash Memory System: Create core E|
Ayailable client tppes Clients used in the Flash bMemon System
B — Start Page Initialization
.ﬁr_?I?g ?ystem Client Type Client Name Address "g?z'g L;‘:};i‘:;l
nialzaton [hex) Start End Order Cost
Diata Storage
Rk Iritialization
CFl Data

Erer

™ Pipelined Read

Help

Ready

4!

Cloze

Figure 3-26 ¢ Flash Memory System Window

36



VActel

Step 3 — Create Flash Memory System

3. Double-click on Data Storage Client in the Available client types list. You will see the Add
Data Storage Client window shown in Figure 3-27.

Modify Data Storage Client il

Client INVM

—Memaory Content

emaony content file: ID:"-,F"n:njeu:ts'\ZDDE"-,FADK_CDrtexw _TutorialhAF_HW Cortexhd1 _

Browse...

Format of memory content file: IInteI—Hex LI

—Position And Size

€ [ Use absolute addressing

otart address: 0 — thexadecimal anky)
Size of word: |32 LI hits
Mumber of words: |55535 (decimal)

— JTAG Protection

[~ Preventread [T Preventwrite

Help | 2, Cancel

Figure 3-27 « Add Data Storage Client

4. Enter NVM in the Client name text box.
Leave the Start address at 0.

Change the Size of word to 32 bits.

Enter the 65536 for the Number of words.

Click the Browse button and select the CortexM1_Tutorial.hex file from the
CortexM1_Fusion_HW_Tutorial\<board>\Tutorial_Files directory.

® N oW

9. Make sure the Format of memory content file is Intel-Hex.
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10. Click OK. Now the Data Storage client you just created appears in the Flash Memory System
window (Figure 3-28).

Flash Memory System: Modify core - NVM_contents® Pz|
9l A%l
Awailable client twpes Clients used in the Flash Mermory Spstem
Start Page Initialization
Analog Spstem - - Word Lock Start
Add 5

|ritializgtion Client Type Client Hame [h:‘:]:s Size Address
Data Storage

Rab Initialization o Data Storage R e
CFl Data

[z

™ Pipelined Read

Help Close

Ready

Figure 3-28 ¢ Data Storage Client in Flash Memory System Window

11. Click Generate to generate the component. You will see the Generate Core window.
12. Enter NVM_contents in the Core name box.
13. Click OK.
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4 — Tutorial — Simulation, Synthesis, and Place-and-

Step 4 - Perform Pre-Synthesis Functional Simulation

In this section you will run a pre-synthesis functional simulation to exercise the Bus Functional
Model (BFM) to verify AMBA transactions with the peripherals in your system. This step is not
necessary, since the Actel cores have already been verified. However, running the BFM is useful
when you want to verify the AMBA interface of peripherals you have created.

1. Go to Project > Settings.

2. Click on the Simulation tab.

3. Change the Value for Simulation runtime to -all. Make sure your simulation settings look
like those in Figure 4-1.

Project Settings

Device I Flow  Simulation l

DO File
Waveforms
Wsim command

- @ Libraries
Fugion
COREUARTAFPE_—
CoredHBLite L.

CARFAL 1] &
o B

= ﬁ ModelSim options + |

Hame

Yalue

Uze autarmatic DO File

Simulation runtime
Testbench module
harne

Top level ingtance
hame in the teztbench

do command
parareters

Generate WCD file

-l
testhench

<hopr_0

-

Default

3

=]

Cancel | Help

Figure 4-1 ¢

4. Click OK

Simulation Settings

5. Click on the ModelSim icon.
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ModelSim is launched and the necessary source files are compiled, including the testbench
and peripheral components. At the conclusion of the compilation, the Bus Functional Model
(BFM) scripts will be executed to exercise and test the AMBA-based peripherals.

A sequence of reads and writes will occur to the peripherals and the results displayed in the
ModelSim log window, as shown in Figure 4-2.

rmfcorewarkapb 0

E R Execution of BFM Script Starked ---------
# M-cvcle: Wrike AABBCCDD to address 10000010
# M-cvcle: Read 22222277 from address 10000010
# M-cvcle: Write AABBCCOD to address 10000010
# M-cycle: Read 22222277 from address 10000010
# M-cycle: Write 12345675 to address 20000000

# M-cvcle: Read 12345675 from address 20000000
# M-cvcle: Write 94 to address 20000000

# M-cvcle: Read 12345694 from address 20000000
# M-cvcle: Read 94 From address 20000000

# M-cycle: Read 56 Ffrom address 20000001

# M-cvcle: Read 34 from address 20000002

# M-cvcle: Read 12 from address 20000003

# M-cvcle: Read 5694 from address 20000000

# M-cvcle: Read 1234 from address 20000002

# M-cycle: Write BC to address 20000001

# M-cycle: Write DE to address 20000002

# M-cvcle: Wrike FO to address 20000003

# M-cvcle: Read FODEBZ24 from address 20000000
# M-cvcle: Write AABBCCOD to address 20000004
# M-cycle: Read AABE From address 20000006

# M-cycle: Write 9576 to address CO000000

# M-cvcle: Read 9876 from address CO000004

# M-cvcle: Read 9876 from address CO000000

# M-cvcle: Write AB to address 1000000

# M-cycle: Write FF o address C1000004

# M-cvcle: Write 57654321 to address 1000015

# M-cycle: Wrike FFFFFFFF to address C100001C
# M-cvcle: Read 00 from address 1000000

# M-cvcle: Read 00 From address 1000004

# M-cvcle: Read 00000000 From address 1000015
# M-cycle: Read 00000000 from address C100001C
# M-cycle: Write 99 bo address C3000074

# M-cvcle: Read 00 from address C3000080

# M-cvcle: Wrike 9576 to address C4000000

# M-cvcle: Read 9876 from address C4000004

# M-cycle: Read 9876 from address C4000000

# M-cycle: Write ABCD to address CCO00000

# M-cvcle: Read ABCD From address CCO00004

# M-cvcle: Read ABCD From address CCO00000

# M-cvcle: Write 01 to address CFOO0000

# M-cycle: Read 01 from address CFO00000

# M-cycle: Read 01 From address CFO00000

# M-cycle: Write 00 bo address CFO00000

# M-cvcle: Read 00 from address CFO00000

R Successful Execution of BFM Script Complete --—--—-
# ** Failure: Breakpoint encountered - normal completion of BFM-driven simulation
#  Time: 4926495 ns Theratinn: 1 Praress: (festhenchimt a3nsncdk nlatfoem oitan 0in

Figure 4-2 « ModelSim Log Window

If you receive some warnings, you can ignore them.

For more information about the BFM, refer to the Cortex-M1 Handbook on the Actel
website:

http://www.actel.com/documents/CortexM1_HB.pdf.
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Step 5 — Perform Synthesis

After the functional simulation has completed, synthesis can be performed. Perform the steps

below to synthesize the design.

1. Launch the Synplicity® Synplify® tool by clicking on the Synthesis button in the Libero IDE
Project Flow window. Synplify will launch and load your project. If you see the Organize
constraints for Synthesis window, click OK.

2. Click on the Run button in Synplify to synthesize the design.

Once synthesis is complete you will see many warnings, which are safe to ignore. However, if
any errors are present, those need to be corrected prior to continuing. A screenshot of the

Synplify tool is shown in Figure 4-3.

P09, 0382

B Ede e Eroject

og/MIAFS_EMB_M1_TUT/

M1AFS_TUT_TOR

B Impot 1P Ean Apabes HOLAnehet Opfors Widow  TecheSippert Wil Hslp
D@0 D @ 4 BAamndd®oéliwm@e 10 08 eo®aaadigadsn
BERAm PPRRAM - ]
if®
Ty Synplify © Pro
| Done: 0 emors, 258 wamings, 207 notes
T syntivesis - Actel Forion + MLAFS1S(0 | FBGATSS - -1 i
) [ 0 (1F5_TUT_T0P ) - DAAchekrfCrtna]_Pukon FPGA_Derign_boxilFles_vl_IMIAFS_EMEEDDED KIT|Comeleled D
T3 Close Project erkog i £
wrrkhei 3 ; bk
o Add Pl 4 ; core:
T 9 ) iy
By Changs Fie... 5 MIAFS_TUT_TOP.areasr 6748
PaTTE—— B suars_ui_tonen e
@ o odermriaten. | B wars T orte 138
B suars_tut_tombes 356 byter
A brohermrtaion Dolicrs. .. B miars T ToPmep  Ebytes
B suars_ui_tonpd  1rebytes
Wm—l B maars_TuT_ToR.san “in
= B s wi_onsd e
L B maars_TuT_ToR.so 306 bytes
FnguencyMHz): @ MAF_TUT_ToRed ek
» (1m0 = W MIAFS_TUT_TOP.sm zMn
= MIAFS_TUT_ToR s ks
Jlta Chnstraby @ WIAFS_TUT_ToRss SLLKD
MIAFS_TUT_ToR v nis
FEM Compier -t
= & B muars_mut_tor.g ke
FEM Explarer [ M1aPs_TuT_To sk s 52 bytes.
Resource Sharrg | [ B M1ars_TUT_ToP symor 040
Ratiing B n_opticrs et s
B stocutlog 435 bytes
B traprg iy ke iy Pl I ———
‘ i
T Muaes_Tut_Toe_symgel
[— x| s #%
258 warmings, 207 notas Bt byl S T (W P R v — syrthess 12
| Tree | Hessagn | source Locaen [1ogrocation  [rime =]
B- § Q150 Copimzing regster b overflom to a constant 0 [ MLAFS TUT TOE, tecstedl T [&)
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TOLSerge | Meteages Log Walch
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Figure 4-3 » Synplify Pro

Note that if you are using Synplify (instead of Synplify Pro) your screen will look different.

Close Synplify before continuing.
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Step 6 — Perform Place-and-Route

Now that you have synthesized your design, you can place-and-route the design. Follow the steps

below to place-and-route the design.
1. Open Designer by clicking on the Place & Route icon on the Libero IDE Design Flow

manager.
2. The Organize Constraint dialog box comes up, as shown in Figure 4-4.

Organize Constraints for Designer

Click to zelect a constraint file in the project, and use the Add buttaon to pags the file o

‘dezignertimpll W 1AFS_TUT_TOP.adb',
Ilze the Remowe button to remove constraint fles from Dezsigner.
Idze the Up/Down arraw buttons to specify the order of the constraint files in Designer.

kAR
|

Constraint files for Dezigner:
M1AFS_TUT_TOP.pdc
M1AFS_TUT_TOP_sde zde
M1AFS_ADY_TUT_VERILOG.FDC
M1AFS_aADY_TUT.FDC

Constraint files in the project: | rigiry |

#+= Bemove

=
&
tl

Designer only supports 2dc and pde az zource files.
[v Shaow thiz dialog before creating a new ADB

Help ] | Cancel

Figure 4-4 « Organize Constraints for Designer Window
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3. We do not need the first two files created automatically by SmartDesign and Synplify.
Highlight the files not needed and click Remove. We will need only the two PDF files we
have imported. The constraints organizer should look like Figure 4-5. Click OK.

Organize Constraints for Designer,

Click to zelect a constraint file in the project, and use the Add buttan to pags the file o
‘dezignertimplyM1AFS_TUT_TOP. adb'.

|1ze the Remove button to remowve conztraint files from Designer.
Ilze the Up/Down arrow buttons to specify the order of the constraint files in Dezsigner.
EAR2
Consztraint files in the project: | Origin Caonstraint files far Dezigner: |
MI1AFS_TUT_TOP.pdc k1AFS_ MI1AFS_ADY_TUT_VERILOG.FDC
MI1AFS_aADYW_TUT.PODLC

F1AFS_TUT_TOP_sdc.sdc Synplify

18
=
t-‘

= Hemove

£ » 4

Designer only supportz zdc and pdc az source files.

[v Show thiz dialog befare creating a new ADE
Help k. | Cancel

Constraints Organizer Window

Figure 4-5
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4. When the device selection wizard comes up (Figure 4-6), select Next twice and then Finish to
set the default selection.

Device Selection Wizard x|

Family: Fusion

Die Fackage

AFE090 - 2hb FEGA
AFEEh0 —
b1AFZZE0 b76 FBEGA
N AF3250

AFZE00

b 7AFZEDD

p1AFZEDD

U AFzEO0

F1AFSEND

AFZE1500 T

I.—u P = R atars] _I

Speed: Die voltage:

-2 - |1.5 vl

Cancel < Back I MNext > | Helg |

Figure 4-6 « Device Selection Wizard

5. Click Compile and OK with default setting to compile the design.

6. Click the Layout icon in Designer and accept all default settings by clicking OK in the
windows that appear. First Compile and then Layout will be performed. Once the Layout has
finished, you can proceed to the next step. This will take longer than the compilation of the
previous step.

7. Click the Timing Analyzer icon to analyze the timing of the design. Note that the timing
requirement for the system clock (myPLL_0/Core:GLA) is automatically created because you
are using a PLL. If any of the clocks in the design are not meeting the constraints set in the
constraint files, you will see a red X next to the clock in the window in the left upper corner.
Make sure that none of the clocks have a red X next to them. Close the Timing Analyzer
window.
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Step 7 - Generate Programming File with Software Code in
NVM

In this section, you will associate the Data Storage client you created earlier with the embedded
flash memory inside the Fusion device. This will place the software code, an Intel-Hex file, into the
embedded flash memory in the Fusion device and include it in the FPGA programming file.
Complete the steps below.

Click the Programming File icon in the Designer window. You will see a window similar to the one
in Figure 5-1.

FlashPoint - Programming File Generator - Step 1 of 1

Silicon features) to be programmed:
[ Security settings
[v FPG& Array

[ FlashRoMm

Embedded Flash Memory Blocks (EFMB):

Program ﬁl;ﬁt LE[I;?::'m Onginal Configuration File
1 fi\‘ ~ CorefhbMywrm_ 04, 3 b adify. .

[~ Programming previously secured device(s)

0 Specify I States During Programming. ..

Silicon signature {max length is 8 HEX chars):

Help

Figure 5-1 » FlashPoint Programming File Generator

Cancel

6. Click the Modify button. The Modify Embedded Flash Memory Block window appears.
7. Click the Import Configuration File button. The Import window appears.

8. Browse to <project directory>/smartgen/NVM_contents/NVM_contents.efc.

9. Click Import.

10. Click OK.

11. Click Finish. The Generate Programming Files window appears.
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12. Make sure that Programming Data File (*.pdb) is checked.
13. Click Generate.

Once the Programming File icon in Designer turns green, the programming file for the
Fusion device is generated and you are ready to program the device with your Cortex-M1
design. A completed Actel Designer desktop is shown in Figure 5-2.

14. Close Designer. Click Yes if prompted to save changes to M1AFS_TUT_TOP.adb.

Figure 5-2 » Actel Designer Desktop
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Step 8 — Connect to the Target

Before programming the FPGA, you will connect to the target board and setup HyperTerminal to
communicate over the UART in your design. Perform the following steps to setup the
communication.

1. Open the HyperTerminal application (Start > Programs > Accessories > Communications >
HyperTerminal). Enter M1AFS_Tutorial on the Name field in the Connection Description
dialog box and click OK.

2. Select the COM port you identified in the Getting Started Section of this tutorial and click
OK.

3. Enter the following for the properties (Figure 5-3):
— Bits per second:57600
- Data bits: 8
— Parity: None
— Stop bits: 1
- Flow control: None

COM3 Properties

Port Settings |
Bitz per zecond: |5?EDD V|
Drata bits: |E v|
Parity: |N|:une v|
Stop bitz: |1 v|

Elow control: | [T ~ |

[ Restare Defaults ]

(] H Cancel ” Apply ]

Figure 5-3 « COMS3 Properties

4. Click OK. HyperTerminal is now connected with the appropriate settings to communicate
with the UART on the target design.
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Step 9 — Program the M1AFS1500 FPGA

Now that you have created the Cortex-M1 processor system and generated the corresponding
FPGA programming file, you are ready to program the FPGA with your design. Follow the steps
below to download the programming file to the FPGA.

1. Confirm that the FlashPro3 programmer is connected as described in Table 2-3 on page 2-11.

2. Important: Do not interrupt power during programming since damage to the device might

occur.

3. Click on the Programming (FlashPro) icon in the Project Flow tab in Libero IDE Project

Manager.

A FlashPro - [M1AFS_TUT_TOP] NEE

Fie Edit View Tools Programmers Configuration Customze Help

0= 7 ®m® CEHE W s DR

ol Dovice ‘

Open Project (™

| > PROGRAM i
Wiew Programmers ﬂ&‘

140342

Programmer Programmer Part Programmer Programmer
e Status Enabled
FlashPio% ushd0342 USE 2.0) ~

Refresh/Rescan for Programmers

|- 1% | | Programmer List tindow

Software Version: 8.5.1.13

DESIGN : N1AFS_TUT_TOP; CHECKSUN : E695; PDB_VERSION :
Driver : 2.0.4 build §
programmer '40342' : FlashPro3

Checking for software updates...

PDE file 'D:\CortexM1_Fusion FPGA Design_Tutorial Files_w1_0)M1AFS_ENBEDDED_KIT)Completed DesigniVerilog)M1AFS_ENE_N1_TUT\designer) impl1}M1AFS_TUT_TOP.pdh'

Opened 'D:%CortexMi_Fusion FPGA Design Tutorial Files_v1_0YN1AFS_ENEEDDED_KIT)Completed Design)Verilog)M1AFS_ENE_N1_TUT)designer' inmpll}N1AFS_TUT_TOP_fph M1k

@@ |Info: This software version is up to date. There are no available updates.

-

v
>

Al {CErors J, Warrings } Info

Ready

D:\CortexM1_Fusion_FPGA_Design_Tutorial_Files_v1_0YM1AFS_EMBEDDED_KIT\Completed_DesigniverlogiM1AFS_EME_M1_TUTidesignerimplL} SINGLE

Figure 5-4 » FlashPro Project Flow

Note: If you receive messages about new hardware detected on your machine, complete the USB
driver installation as described in the “Getting Started” section of the FlashPro User’s Guide
(www.actel.com/products/hardware/program_debug/flashpro/default.aspx#docs).

4. Click the PROGRAM button to program the Fusion device (Figure 5-4). Once programming is
complete, the Programmer Status will show RUN PASSED in green.
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5. Press SW1 on the board to reset the system (Figure 5-5 and Figure 5-6 on page 5-50).

Figure 5-5 ¢ Fusion Embedded Development Kit Reset System with SW1
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= e TTTTIT °

E 2
— . W :

Push-Button
Reset (SW1)

[ fyoswet = |
it Were
.I : - " |

Figure 5-6 « Fusion Advanced Development Kit Board Reset System with SW1

6. After pressing the reset button (SW1), you should see some of the LEDs counting.
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7. Go to the HyperTerminal window. You should see the message shown in Figure 5-7 in the
HyperTerminal window.

“& MT1AFS_Tutorial - HyperTerminal |Z||E|fg|
File Edit “iew Call Transfer Help

Press any kev to display current analog inputs values.

Connected 0:00:28 Auto detect 57600 8-N-1

Figure 5-7 « HyperTerminal Window
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8. Press any key. You should see something like the window shown in Figure 5-8.

“& M1AFS_Tutorial - HyperTerminal

File Edit Wiew Call Transfer Help
Press any key to display current analog inputs values.
ave oWy ace  : 286wA
AVl : 1430 mY i AC1 : 937 mA
AT?2 : 32 C i AC4 : 2 mA
Connected 0:01:32 Auko detect 57600 §-M-1

Figure 5-8 « HyperTerminal Display
9. Change the potentiometer on the development board (upper left corner on M1AFS-
EMBEDDED-KIT and near power supply for M1AFS-ADV-DEV-KIT)).
10. Press any key. The AC4 value should change.

11.The design is measuring the voltage across the potentiometer. You should be able to
measure a range of about 0 V to 3.3 V across the potentiometer.

Congratulations!!

You have successfully created a Cortex-M1 system. Now you are ready to develop software for your
Cortex-M1 design. If you want to learn how to get started developing software for the Cortex-M1,
refer to the ARM Cortex-M1 Embedded Processor Software Development Tutorial for Fusion Mixed-
Signal FPGAs (www.actel.com/documents/CortexM1_Proc_SW_Tutorial_UG.pdf).
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6 — List of Document Changes

The following table lists critical changes that were made in the current version of the document.

Previous
Version Changes in Current Version (50200162-1) Page
50200162-1 The "Requirements for this Tutorial" section was revised. FlashPro v8.6 or newer is 5
(March 2009) |required. Several of the versions were updated in the "Intellectual Property (IP)"
section.
The "Before You Get Started" section was revised to change the names of the filesand| 9
file hierarchy.
The "Tutorial — Create Design" section was revised to match the new file names and| 13
screen shots were updated as appropriate.
The "Instantiate CoreAl" section was significantly changed. 22
The "Instantiate CoreUARTapb" section was updated, including EQ 3-1. 26
Table 3-2 ¢ VCC and GND Connections was revised. 32
Figure 4-3 ¢ Synplify Pro was replaced. a1
"Step 6 — Perform Place-and-Route" was significantly revised. 42
The "Save and Generate the SmartDesign System" section was updated with additional | 35
information.
50200162-0 |The "Download Tutorial Files" section was revised to guard against problems created by | 9
(March 2009) |a directory name that is too long.
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A - Product Support

Actel backs its products with various support services including Customer Service, a Customer
Technical Support Center, a web site, an FTP site, electronic mail, and worldwide sales offices. This
appendix contains information about contacting Actel and using these support services.

Customer Service

Contact Customer Service for non-technical product support, such as product pricing, product
upgrades, update information, order status, and authorization.

From Northeast and North Central U.S.A., call 650.318.4480
From Southeast and Southwest U.S.A., call 650. 318.4480
From South Central U.S.A., call 650.318.4434

From Northwest U.S.A., call 650.318.4434

From Canada, call 650.318.4480

From Europe, call 650.318.4252 or +44 (0) 1276 401 500
From Japan, call 650.318.4743

From the rest of the world, call 650.318.4743

Fax, from anywhere in the world 650.318.8044

Actel Customer Technical Support Center

Actel staffs its Customer Technical Support Center with highly skilled engineers who can help
answer your hardware, software, and design questions. The Customer Technical Support Center
spends a great deal of time creating application notes and answers to FAQs. So, before you contact
us, please visit our online resources. It is very likely we have already answered your questions.

Actel Technical Support

Visit the Actel Customer Support website (www.actel.com/support/search/default.aspx) for more
information and support. Many answers available on the searchable web resource include
diagrams, illustrations, and links to other resources on the Actel web site.

Website

You can browse a variety of technical and non-technical information on Actel’'s home page, at
www.actel.com.

Contacting the Customer Technical Support Center

Highly skilled engineers staff the Technical Support Center from 7:00 a.m. to 6:00 p.m., Pacific Time,
Monday through Friday. Several ways of contacting the Center follow:

Email

You can communicate your technical questions to our email address and receive answers back by
email, fax, or phone. Also, if you have design problems, you can email your design files to receive
assistance. We constantly monitor the email account throughout the day. When sending your
request to us, please be sure to include your full name, company name, and your contact
information for efficient processing of your request.
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The technical support email address is tech@actel.com.

Phone

Our Technical Support Center answers all calls. The center retrieves information, such as your name,
company name, phone number and your question, and then issues a case number. The Center then
forwards the information to a queue where the first available application engineer receives the
data and returns your call. The phone hours are from 7:00 a.m. to 6:00 p.m., Pacific Time, Monday
through Friday. The Technical Support numbers are:

650.318.4460
800.262.1060
Customers needing assistance outside the US time zones can either contact technical support via

email (tech@actel.com) or contact a local sales office. Sales office listings can be found at
www.actel.com/company/contact/default.aspx.
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