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About This Document

This specification introduces the NetFusion baseboard’s Libero IDE starter project. Whilst this is provided
as a downloadable target to the PCB, using the open-source IP project as a start point will aid and help
the user’s intended functional product.

Intended Audience

This document is fully intended to be viewed and reference by Nine Ways customers using the
technology for larger designs and projects.
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1 Introduction

Microsemi is part of Actel Corporation. It designed and manufactured the SmartFusion2 FPGA. Libero is
the IDE software for programming and synthesizing IP cores. Along with the bundle of uClinux firmware
compilation tools, this is the heart of the NetFusion design process for Users.

Microsemi.

1.1 Libero SoC/IDE 11.3

Microsemi's Libero ® IDE software release for designing with Microsemi Rad-Tolerant FPGAs, Antifuse
FPGAs and Legacy & Discontinued Flash FPGAs and managing the entire design flow from design entry,
synthesis and simulation, through place-and-route, timing and power analysis. PCN 1108: Silicon Family
Support in Libero IDE.

Libero IDE Software Features:
° Powerful project and design flow management

° Full suite of integrated design entry tools and methodologies:
e SmartDesign graphical SoC design creation with automatic abstraction to HDL
e |P Core Catalog and configuration
e User-defined block creation flow for design re-use

° Synplify Pro ME synthesis fully optimizes Microsemi FPGA device performance and area
utilization

° Synphony Model Compiler ME performs high-level synthesis optimizations within a Simulink®
environment
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http://www.microsemi.com/products/fpga-soc/rad-tolerant-fpgas
http://www.microsemi.com/products/fpga-soc/antifuse-fpgas
http://www.microsemi.com/products/fpga-soc/antifuse-fpgas
http://www.microsemi.com/products/fpga-soc/fpga/discontinued-fpgas
http://www.microsemi.com/document-portal/doc_download/131210-pcn-1108-silicon-family-support-in-libero-ide
http://www.microsemi.com/document-portal/doc_download/131210-pcn-1108-silicon-family-support-in-libero-ide
http://www.microsemi.com/products/fpga-soc/design-resources/design-software/synplify-pro-me
http://www.microsemi.com/products/fpga-soc/design-resources/design-software/synphony
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Modelsim ME VHDL or Verilog behavioral, post-synthesis and post-layout simulation capability

° Physical design implementation, floor planning, physical constraints, and layout
° Timing-driven and power-driven place-and-route
° SmartTime environment for timing constraint management and analysis

SmartPower provides comprehensive power analysis for actual and "what if" power scenarios
Interface to FlashPro programmers

° Post-route On Chip Debug Tools and Identify ME debugging software for Microsemi flash designs

Silicon Explorer Il debugging software for Microsemi antifuse designs

1.2 Installation

Libero software is downloadable for free from http://www.microsemi.com/products/fpga-
soc/designresources/design-software/libero-soc#downloads. Some Libero features are optional during
installation.

You can minimize the disk space required by only installing tools you use.

You must have a license to run Libero; the license type that you obtain determines what devices you can
use and what IP is included. The following license types exist for Libero:

* Libero Platinum (All devices and RTL IP Bundle)
* Libero Gold (Limited devices and Obfuscated IP Bundle)

View the complete descriptions of the above Libero installations at
http://www.microsemi.com/products/fpga-soc/design-resources/design-software/libero soc#licensing.

View the IP Bundle contents at http://www.microsemi.com/products/fpga-soc/design-resources/ip-cores.

Libero installation is covered in "Installing Libero Software" on page 16.

Note: You must have Admin rights on the installation machine to install Libero SoC.
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http://www.microsemi.com/products/fpga-soc/design-resources/design-software/modelsim
http://www.microsemi.com/products/fpga-soc/design-resources/programming/flashpro
http://www.microsemi.com/products/fpga-soc/design-resources/programming/fpga-design-debug-tools-2
http://www.microsemi.com/products/fpga-soc/design-resources/programming/identify-me-downloads
http://www.microsemi.com/products/fpga-soc/design-resources/programming/silicon-explorer-ii
http://www.microsemi.com/products/fpga-soc/design-resources/design-software/libero
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1.3 Starting a Project and Basic Understanding

Before attempting to modify or implement any project in Libero, it is advised that you download and read
the following PDF references:

System on Chip installation:
Libero SoC v11.3 User's Guide
Libero SoC Quick Start Guide for Software v10.0

Integrated Development Environment installation:
Libero IDE and Software Installation and Licensing Guide

Libero IDE License Troubleshooting Guide

(Note: Press CNTL and click to download the links)

1.3.1 Libero IDE First Launch
(> Libero ==

Project File Edit View Design Tools Help
LDEH22 &0 2
StartPage L4

3

New...

Open... - y 4 I
s Libefo)

System-on-Chip

Welcome To Microsemi's Libero SoC v11.3 Software

Libero SoC is a comprehensive software suite for designing with Microsemi's SmartFusion? and SmartFusion SoC FPGAs, and IGLOO?2, |IGLOO, PreASIC3 and Fusion
FPGA families.

I

Visit the Documents tab on your device page at www.microsemi.com to obtain silicon Datasheets, Silicon User's Guides, Tutorials and Application Notes.

_ Development Kits and Starter Kits are available from the Microsemi website.

Welcome to Libero SoC

Lbero SoC Ouickstart What's New in Libero SoC

Libero SoC Interface Description

.

IGLOO?2 - Build designs targeting the newest Microsemi FPGA device using the IGLOQ2 System Builder.
SmartFusion2 - This new SoC FPGA combines a powerful Cortex-M3 microcontroller with programmable FPGA logic.
System Builder - A powerful new tool that allows you to describe your design using high-level specifications; see the System Builder documentation (PDF link) for
Libero Tutorals details
Libero SoC delivers an updated Design Flow for IGLOO2 and SmartFusion2 (link opens Help) - This includes:
o Improved constraints file management in the Libero SoC Project Manager; /O constraints and Floorplan constraints are managed in separate PDC files for
Trsining Webcasts SmartFusion? (links open Help)
© Improvements in constraint implementation with an updated SmartTime, /O Editor and Floorplanner (links open Help)
o Advanced programming features available in the new Security Policy Manager (link opens Help to Security Policy Manager topic)
o Anintegrated programming flow (link opens Help to SmartFusion2 Programming Tutorial)
SmartFusion? nerinherals documentation is available fram within the tonl and on the weh

.

Libero SaC Release Notes on the Web

.

.

Product Tutorials

Microsemi SoC Website

.

Log 8 x

@Erors j, Wamings i Info

Checking for software updates...
rnco: software Update: Your software is up to date.

Figure 1 - Libero IDE Boot-Up Screen
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http://www.microsemi.com/document-portal/doc_download/130850-libero-soc-v11-0-user
http://www.microsemi.com/document-portal/doc_download/131542-libero-soc-quick-start-guide-for-software-v10-0
http://www.microsemi.com/document-portal/doc_download/131602-libero-ide-and-software-installation-and-licensing-guide
http://www.microsemi.com/document-portal/doc_download/130757-libero-ide-license-troubleshooting-guide

o0
@ research

®®  and
@ development
o

NINE WAYS

NetFusion Libero Starter Project Helper

V1.0 - July 2014
1.4 NetFusion

When purchasing NetFusion, an important component of the overall product is the Libero starter project
that is provided by Nine Ways Research & Development Ltd. This is downloadable from Nine Ways R&D
Ltd and when expanded into a target directory on your development PC, provides an immediate project
for your needs. Instead of having to start and debug creating an ARM sub-system with all of the
supporting IP cores required to have a functioning NetFusion PCB — just use the provided project.

From installation, you can program the IDE project once synthesized into your NetFusion product using
the FlashPro4 USB device. This will provide the standard functionality in the Smartfusion2 FPGA fabric on
the M2S-SOM-F484 (System-On-Module) to see normalized operation. In the software bundle to this
product, the uClinux device drivers will drive and control the hardware on the NetFusion PCB through the
IP cores in this project for the FPGA fabric.

Users can contact Nine Ways R&D for special functionality to be developed and deployed, but this serves
as an addition to this starter Libero IDE project. Moreover, in conjunction with MorethanlP GmbH,
customized and locked down projects can be tailored for customer requests but that also is separate to
this project.

1.5 Product Development

At the point where the Libero IDE/SoC has been installed, the NetFusion starter project has been
downloaded and exploded into a target directory on your PC, the project has been loaded, synthesized,
programmed and shown to be running on the NetFusion PCB product — you are ready to begin your
development.

As standard, the main fast Ethernet pathways into the SmartFusion2 FPGA fabric are wired in through the
FPGA balls, assigned in the 1/O editor, brought down through the Top-Level and then into the SOM level
of the design in the project. They then terminate at a dummy IP core for all un-assigned wires — this
makes life a lot easier for the developer knowing that all the NetFusion traces coming into the M2S-SOM-
F484 are wired into the SOM level of the fabric design. Changes are therefore quick and easy to then re-
assign in that lower level sheet to new instantiated IP cores of the user’s choice.

The category of wires left terminated and not used are the GMII Ethernet pathways. Users can download
and use Vendor specific MAC/SWITCH cores or chose to privately purchase cores from reputable design-
houses such as MorethanIP. All other used hardware on the NetFusion PC is wired and connected in the
SOM layer to GPIO, SPI, UART, USB, I12C etc as standard in the starter project.

If you decide to write and author your own IP cores in Verilog or VHDL, you can drop and place the code
into the \[Project Dir]\hdI\ directory.

Note: Once you have started to customize and tailor the project to your own needs and functionality,
obviously renaming the project is easy — just rename the project directory and inside that directory, just
rename the [.prj] file. Close and re-open the Libero IDE.
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1.6 Documentation Checklist

Libero SoC User’s Guide

Explains how to use the Libero SoC Project Manager, including Designer and SmartDesign.

SmartFusion2 and IGLOO2 SmartTime, I/O Editor and ChipPlanner User’s Guide
Provides details about using SmartTime for timing analysis, placing macros, floor planning and viewing
chip resources for

SmartFusion2

MultiView Navigator User’s Guide (includes documentation for ChipPlanner,
PinEditor, /O Attribute Editor, and NetlistViewer in MVN)

Provides details about placing macros, floor planning, and viewing chip resources; contains information
about using NetlistViewer in the MultiView Navigator to view your netlist; describes how to use the
PinEditor in MVN; describes how to use the I/O Attribute Editor tool.

Design Constraints User’s Guide

Provides a complete reference for creating and modifying timing, physical, and netlist optimization
constraints in Libero SoC, including families and file formats supported for each constraint. It also
describes how to create and modify I/O constraints with the 1/O Attribute Editor, before compiling your
design.

SmartPower User’s Guide
Describes how to use SmartPower for power analysis.

SmartTime User’s Guide
Describes how to use SmartTime for timing analysis and how to set clock constraints.

Tcl Command Reference
Lists all the Tcl commands and parameters for the Microsemi software tools.

Analog System Builder, FlashROM and Flash Memory System Builder User’s

Guide
Describes how to use the FlashROM generator, the Analog System Builder, and the Flash Memory
System Builder.

SmartGen Cores Reference Guide
Provides descriptions of cores that can be generated from the Catalog using the SmartGen Core Builder.
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FlashPro User’s Guide

Contains information about how to program your devices using the FlashPro software and device
programmer. FlashPro is not available on UNIX.

SmartFusion2 and IGLOO2 Macro Library Guide
Provides descriptions of Microsemi library elements for the Microsemi SmartFusion2 and IGLOO2 device
families. Symbols, truth tables, and module counts (if appropriate) are included for all macros.

IGLOO, ProASIC3, SmartFusion and Fusion Macro Library Guide

Provides descriptions of Microsemi library elements for Microsemi SmartFusion, Fusion, ProASIC3 and
ProASIC3E device families. Symboils, truth tables, and module counts (if appropriate) are included for all
macros.

SmartFusion2 and IGLOO2 Block Flow User’s Guide
Describes how to create and integrate Blocks in Libero SoC for SmartFusion2 and IGLOO2.

VHDL Vital Simulation Guide

Contains information about using the ModelSim to simulate designs for Microsemi SoC devices.

Verilog Simulation Guide
Contains information about interfacing the FPGA development software with Verilog simulation tools.

ViewDraw User’s Guide
Describes how to create designs in ViewDraw using menu commands, toolbar buttons, and by selecting
and entering information on dialog boxes. ViewDraw for Microsemi is not available on UNIX.

ModelSim ME Book Case

Contains a User’s Manual, Command Reference, and Tutorial. These guides contain details about using
ModelSim ME, Libero’s integrated simulation tool. Refer to the documentation included with ModelSim
ME for more information. ModelSim ME documentation is also available at:

http://www.microsemi.com/products/fpga-soc/design-resources/design-software/liberosoc#
Documents

Synopsys Synplify Pro ME

Documents include release notes, user’s guide, tutorial, reference manual, and license configuration and
set-up. Refer to the documentation included with Synopsys Synplify Pro for more information. Synopsys
Synplify Pro ME documentation is also available at:

http://www.microsemi.com/products/fpga-soc/design-resources/design-software/libero-soc#documents
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2 Downloading New IP Core(s) into the Libero IDE Installation

-7 Libero - C:\Morethanip\SmartFusion_SOM _Pro

Project File Edit View Design Tools SmartDesign Help
~ P = p
[ E_...._"-Vo (m)
Catalog g X Reports & X ‘ & mzs som= @ x | Ei M2s050_SOM_FG484_TOP & X | 5
.
- . 2 BAQH
B SEpA o M 2850 o0 AR E A
= F
Name Version  Size (MB)  Status © + s0 o o - B NGO
r— SamsETe ; ; A
> Arithmetic O W S s e L
> Bus Interfaces Fia i H oy =
> Clock & Managem... A I H
> DSP —— L H -
$: e —— ‘
> Macro Library H B A
> Memory & Contro... recco 3 5% 3
> Peripherals i s
> Processors & g2 :
£ ] ]
> Tamper £ ]
H 28 som mss 0 ]
uece cux sase Sy
e
v i TR
HOORAFS 5 ALK X
x e
mwjx:
P AR
v phrer o
BN s el R
s oiie ey |
frefussend frevetans
e AT R
ey ot
MEENEEEE Sk
Zhey [
RSS_NT FIGS] nac i X
e
e mtp_smos_ams_contansr e
RS R
e i
SRS R
[ty [rar e
e et Wi
e selects f=—tuasad) P
o
2
Ve s AT S
.
i
= e
e
7 i
i L
e
= T
=1 H MR ATRISO B
o 67: 6% | FNB—H oo pas AT O § %
| DesignF. | DesgnHerar. | StmuusHierar. | Catalog | Fies | | L° u D
Log a8 x
@Emos i, Warnings i Info
oK -
Downloading Actel:DirectCore:COREDES:3.0.106. .
oK
Downloading Actel:DirectCore:CORESDR:4.0.115...
oK
Downloading Actel:DirectCore:corepwm:d.1.106. ..
Downloading Actel:DirectCore:COREQEI:2.0.111... =
Fam: SmartFusion2 [Die: M25050T [Pka: 484FBGA |Verllog

Figure 2 - Libero Updating IP Core in the Vault

When you first load the NetFusion starter project into the IDE, the most likely occurrence to happen is that
the system will warn you to update “New IP Cores”. This is because the design includes cores that you
possibly do not have on your vault on your local hard drive.

Click “YES” to proceed and let the download process complete. Note: this may take several minutes and
you MUST have a network connection and gateway to the internet.
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3 NetFusion Libero I/O Assignments

The NetFusion Libero starter project is delivered already with the I/O balls of the FPGA assigned ready
for the user. These all correspond with the pin-out tracking assignments on the NetFusion PCB product.
This means that you will not have to consider any of these assignments unless you are planning any
major changes to the inherent default design.

This is very unlikely as you would need then to request changes to the PCB design. However, this section
highlights the assignments in case you also want to make minor changes to the direction of the port,
default output values and/or change internal SmartFusion2 FPGA pull-up values.

+F /O Editor - M25_SOI a0
File Edit View Tools Help
HHOQ &% S
1/0 Editar
Port Name A Direction | IfoStandard | PinNumber | Locked | BankMame | I/O statein Flash*Freszemode | Resistor Pull | 1/O available in Flash*Freeze mode | SchmittTrigger | Odt_Static | OdtImp (Ohm) | Low PowerExit | InputDelay | Slew

DEVRST_N Input Ri5 = - - - - - - - - - |~
EXT_RESET_OUT_N Output LVTTL D5 Banks TRISTATE MNone Mo - - - - - - ‘E |
GMIT1GTCK QOutput LVCMOS25 T3 BankS TRISTATE None No - - - - - sLow |
GMIT1IRQ Input LT Ki8 Bank3 TRISTATE None No off - - off off -
GMITIRCK Input T Ks Banka TRISTATE Nene No off - - off off -
GMIIIRDO Input LT B1 Banks TRISTATE Mone Mo off - - off off -
GMIIIRD1 Input LT B2 Banks TRISTATE Mone No off - - off off -
GMITIRD2 Input LT c3 Bank3 TRISTATE None No off - - off off -
GMITIRD3 Input T a2 Banka TRISTATE Nane No off - - off off -
GMIIIRD4 Input T 4 Banka TRISTATE Nane No off - - off off -
GMIIIRDS Input LT B3 Banks TRISTATE Mone No off - - off off -
GMII1RD6 Input LT E4 Bank3 TRISTATE None No off - - off off -
GMITIRD7 Input LT D4 Bank3 TRISTATE None No off - - off off -
GMITIREN Input T H7 Banka TRISTATE Nene No off - - off off -
GMIIIRER Input LVCMOSs25 wil Banks TRISTATE Mone Mo off - - off off -
GMITITCK Input LT K7 Banks TRISTATE Mone No off - - off off -
GMIIITDO Output LT FS Bank3 TRISTATE None No - - - - - -
GMILITD1 Ouput | LVCMOS25 ve Banks TRISTATE Nene No - - - - - SLowW
GMIIITD2 Output LT G Banks TRISTATE Mone Mo - - - - - -
GMIITTD3 QOutput LVCMOS25 w9 Bank5 TRISTATE Mone No - - - - - sLow
GMIITTD4 QOutput LT F& Bank3 TRISTATE None No - - - - - -
GMITITDS Output LVCMOS525 Y10 Bank5 TRISTATE None No - - - - - sLow
GMILITDG Output T 67 Banka TRISTATE Nene No - - - - - -
GMIIITD7 Cutput LVCMOS25 wio Banks TRISTATE None No - - - - - sLow
GMIIITEN QOutput LT B Banks TRISTATE None No - - - - - -
GMITITER Output LVCMOS525 Vit Bank5 TRISTATE None No - - - - - sLow |
< [ L3

\_parts S\ Package Pins JAN Package Viewer J

Ready Fam: SmartFusion2 |Die: M2S050T |Pkg: 484 FBGA

Figure 3 - Example of Top List I/O Ball Assignments
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File Edit View Tools Help
HEH 2> &% 5
1/0 Editor
Port Name & Direction | 1/05tandard | Pin Number | Locked | Bamk Name | 1/O state in Flash®Freeze mode | Resistor Pul | /O avaiable in Flash®Freeze mode | SchmittTrigger | Odt_Static | OdtImp (Ohm) | Low Power Exit | InputDelay | Sew
OTG_CLKOUT Input I R17 Bank3 TRISTATE None No off - - off Off - o
OTG_DATAD Inout VT V22 Bark3 TRISTATE None No off — - off Off -
OTG_DATA1 Inout VT v21 Bark3 TRISTATE None No off — - off off -
OTG_DATAZ Inout T u2z Bank3 TRISTATE None No off - - off Off -
oTG_DATAZ Inout W u2t Bank3 TRISTATE Nane No off = = off off =
OTG_DATA4 Inout VT T20 Bark3 TRISTATE None No off — - off Off -
OTG_DATAS Inout VT pat Bank3 TRISTATE None No off - - off Off -
OTG_DATAS Inout I P17 Bank3 TRISTATE None No off - - off Off -
OTG_DATA7 Inout VT vie Bark3 TRISTATE None No off — - off Off -
OTG_DIR Input VT R18 Bark3 TRISTATE None No off — - off off -
OTG_NXT Input I T8 Bank3 TRISTATE None No off - - off Off -
OTG_STP Output VT Ti8 Bark3 TRISTATE None No - — - - - -
REGSPR Output VT Unassigned — TRISTATE None No - — - - - -
RS485RX Input LYCMOS25 AB13 Bank3 TRISTATE None No off - - off Off -
RS4B3TX Output W uts Bank3 TRISTATE Nane No = = = = = =
SPI_0_CIK Inout VL N19 Bark3 TRISTATE None No off — - off off -
SPI_0_DI Input VT N20 Bank3 TRISTATE None No off - - off Off -
SPI_0_DO Qutput LT N21 Bank3 TRISTATE None No - - - - - -
SPI_0_SS0 Inout VT N22 Bark3 TRISTATE None No off — - off Off -
SPI_1_CIK Inout VT Mz21 Bark3 TRISTATE None No off - - off off -
SPI_1 DI Input T M2z Bank3 TRISTATE None No off - - off Off -
SPI_1 DO Output VT L21 Bark3 TRISTATE None No - — - - - -
SPI_1_SS0 Inout VT L20 Bark3 TRISTATE None No off — - off off -
\TEMP_SENSOR. Input I ES Banks TRISTATE None No off - - off Off -
USER_FAB_RESET_N Output . Unzssigned |~ |- TRISTATE Nane No = = = = = = ‘;|
XTL Input AB21 - - - - - - - - - - ‘j
4| [ »
Ports [ Package Pins Package Viewer
Ready Fam: SmartFusion2 | Die: M2S050T | Pkg: 484 FBGA

Figure 4 - Example of Bottom List /O Ball Assignments

constraint\M25_SOM_FG484_TOP_designer.. < aynaese
& constraint\M25_SOM_FGAB4_TOP_synthesis... b synplifylog
:R Floorplan Constraints - MES_SOM'SH
. — run_options.bd
L 4 P» Implement Design 4 Compile
[ 'S Synthesize M25_SOM_rwnetlistlog
4} \Verify Post-Synthesis Implementation i, M25_50M_compil...
B simulate M25_50M_compilexm|
e B compile M25_SOM_combinatio..
*J Configure Flash*Freeze = 4 A, Place and Route
i ﬁ: Place and Route M25_S0M_gp_report]
4 )} Edit Constraints . 4 i, Generate Programmin..
= 1/0 Constraints M25_S0M_generatePr...
{3 Timing Constraints 4 i, Run PROGRAM Action
9 Floorplan Constraints & M25_S0M_PROGR..
L 4 b Verify Post Layout Implementation "
*[| Generate Back Annotated Files
. Simulate
i & Verify Timing
o} Verify Power
4 ) Edit Design Hardware Configuration
[ Programming Connectivity and Interface
. Pronrarmer Settinng

Figure 5 - Selecting the I1/0 Constraints
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4 NetFusion Libero IDE/SoC Top-Level

Within the NetFusion starter Libero project, the M2S_SOM Top-Level sheet illustrates the lower modules
to the design just before the I/O ports go out to the real-world PCB. The ports labeled in this sheet
correspond to the 1/O assignments (shown in the previous section). This sheet is effectively the linkage
from the inner SOM design (see next section) up to the 1/0O balls of the SmartFusion2 FPGA.

[ Libero - C:\Morethanip\SmartFusion_SOM_ProjectiVerilog\Net
Project FEile Edit View Design Tools SmartDesign Help
~ = o
NEfdaN<@o0R
Design Flow & X | M5 s0M 8 X \ &3 M2s050_s0M_FG4s4 TOP™ & X | K3 M25_SOM_MSS & X | 5
= R D# —p —D 3D A (0
M25_S0M B O@' ==hlp'ﬂ—DD o & QQQ@ A\D
Tool o -
@ constraint\ic\M25_SOM _FG484 TOP synth... | | pUestommsssssmsssssssssesssssssees =
4 ) Timing Constraints .
& synthesis\M25_SOM_sdc.sdc
constraint\M25_SOM_FG484_TOP_designer... M2SNSOMiD
& constraint\M25_SOM_FG484_TOP_synthesis... § CEVRST_N EXT_RESET_OUT_N EXT RESET OUT N
By Floorplan Corstrints P XTL - F;'%ESGESrPﬁ_’X i N
i 4 b Implement Design “SP 7 PADSE@- -1
v S Synthesize RS4B5HP- 84 - MUART 1_PADSEH@---r-r---
4 b Verify Post-Synthesis Implementation WACE®- IMUART_O_PADSE@--- - -
B8 simulate MDOR_PADSE@--- -4 -r- E
¥ Bg Comple I L anm I — .
Ll Conhgueslasiiese = : GMDEQ - - H GMI2E L@EGICK H
: £i5 Place and Route H - PHYMOIOTE ~QENIO H
4 b Edit Constraints HE PHYMDIO2E4 i H
*+= /0 Constraints [ GPIOE ¢ EGRO H
{ Timing Constraints [ LINEOUTEIS HILINEOUT !
B Floorplan Constraints HE SPL0_FADSEIG ISP 0 FADS H
: H I PHYMOO3E4 H
i 4} Verify Post Layout Implementation i Poro OTGEl - @EGE :
+] Generate Back Annotated Files H oo 5D H
B Simulate E E ?g E
i & Verify Timing - H
B verify Power LA J— J— H
4 b Edit Design Hardware Configuration - S :
T Programming Connectivity and Interface e e e e e e
& Programmer Settings
& Device /0 States During Programming n
DesignF.. | DesonMerar. | Stmuushierar. | Catalog | Fies | |L° Z 5
Log & X
@Eras i Wamings @ Info
modules loc: i o
Ajgarning: 2: 1 I/0 Ban na
modules loc ferenced I/0 macro.
The 'set_device' command succeeded.
The 'set_input_cfg' command succeeded.
The 'set_output_cfg’ command succeeded.
The 'gen_envm' command succeeded.
The Execute Script command succeeded. -
Fam: SmartFusion2 | Die: M2S050T | Pkg: 484 FBGA | Verilog

Figure 6 - NetFusion Top-Level Sheet

When lower level SOM sheets are built and prepared, they propagate information up automatically to this
higher sheet. New ports suddenly appear and you must then compile this sheet before the main
synthesis.

Note: you can instantiate normal IP cores into this top sheet if you wish and it makes sense according to
your design requirements. This is just the starter project so everything by default is kept in the lower SOM
module. But this can change rapidly as your customization starts to take effect.
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5 NetFusion Libero IDE/SoC SOM Level

The inner SOM sheet of the NetFusion starter Libero project contains all of the default designs and
linkage. The below overview screenshot shows a rats-nest but the following sub-sections illustrates the
different parts in more detail. Note: Incidentally, the highlighted module in the darker blue (below) is the
MSS ARM cortex processor.

mm%md\\\\“

_||||||||||||||||ﬂ\m”:t:_i::"":ii:"

Sl

Figure 7 - Screenshot of Lower-Level SOM sheet
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5.1 Emcraft Systems

The (above) figure overview encapsulates the whole of the NetFusion SOM sheet. However, it was built
on the basic project supplied currently by Emcraft. They designed and developed the M2S-SOM-F484
that is housed on the NetFusion baseboard PCB.

Various IP cores were added to accommodate the need to support and facilitate the vast multitude of
NetFusion’s PCB hardware available to the ARM MSS sub-system in the SmartFusion2 FPGA on the
Emcraft M2S-SOM-F484 housed on NetFusion as one product. As the MSS can only drive and support
some of the pins on the SOM unit, there was a requirement therefore, to add more IP cores in the fabric
to interface through the I/O assignments to the PCB hardware not connected directly to the MSS.

These additional cores and the default statutory parts of the SOM design in the Fabric are described in
the sub-sections (below).

5.2 AMBA DMA Controller

The [mtip_amba_dma_controller_0] core is instantiated to provide 3™ party MAC and SWITCH IP cores
(that the user may instantiate themselves) with FIFO interface. The DMA core will act as a DMA Master in
the fabric on behalf of a connected FIFO MAC.

Refer to AMBA DMA Controller documentation. For the Technical PDFs, refer to Nine Ways support.

mtip_amba_dma_controller 0

0

e e

reg_dat_ouf31:0]
ecint_inputs[15:0]
hadd21

ff_pe mod[2:
T xstst] 1270
Ff:::medJedsm{lE'ﬂ]

I prerere

Figure 8 - AMBA DMA Controller
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5.3

On the SmartFusion2 F484 package that is used with Emcraft's M2S-SOM-F484 System-On-Module, the
ULPI MSS interface is not supported. However, the UTMI OTG USB signals are supported. As the track
routing and the IC USB device on the NetFusion PCB support ULPI, an IP core in the fabric is require to
convert between the two different USB On-The-Go protocols and signals. This has been instantiated as

[ulpi_port_0].

NetFusion Libero Starter Project Helper

V1.0 - July 2014
ULPI/UTMI OTG USB

This OTG core was used from OpenCores at http://www.opencores.com and resides in the NetFusion
starter project's hdl/ sub-directory.

ulpi_port_0 :
ulpi_dir ulpi_stp
ulpi_nxt ulpi_reset
ulpi_c k&0 utmi_c lkout
utmi_databus16_8 utmi_txready
utmi_reset utmi_rx valid
utmi_xcvrselect utmi_rxactive
utmi_termselect utmi_rxerror
utmi_txvalid ulpi_data_out{7:0]E
Bulpi_data_in[7:0] ulpi_data_out[7]
I ulpi_data_in[7] ulpi_data_out[s]
I ulpi_data_in[6] ulpi_data_out[5]
i ulpi_data_in[5] ulpi_data_out[4]
I uipi_data_in[4] ulpi_data_out[3]
I ulpi_data_in[3] ulpi_data out[2]
I ulpi_data_in[2] ulpi_data_out[1]
I uipi_data_in[1] ulpi_data_out[0]
ulpi_data_in[0] utmi_linestate[1:0]
utmi_opmode(1:0] utmi_datain[7:0]
{ utmi_dataout[7:0] %
FRu

= |

Figure 9 - ULPI/UTMI USB Converter IP Core
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5.4 CoreSF2Reset

NetFusion Libero Starter Project Helper

V1.0 - July 2014

This core is used to co-ordinate the reset across all of the FPGA in strict timed sequence. It is important
for the peripheral logic to be released after the MSS ARM processor and then the fabric logic following

the MSS. This is a standard Libero ACTEL core from the vault.

The EXT_RESET_OUT signal is routed out of the FPGA device to the NetFusion PCB. The input to this
core is the POWER_ON_RESET_N. This core was instantiated as [CoreSF2Reset_0].

MSS_RESET N_M2F

POWER_ON_RESET N

EXT RESET IN_N
USER FAB RESET IN_N

RCOSC_25_50MHZ
CONFIG_DONE
CLR INIT_DONE

Core SF2Reset_0
MSS_RESET_N_F2M

EXT_RESET OUT
USER FAB RESET N

M3 _FESET N

NIT_DONE

& GFw

Figure 10 - SmartFusion2 Reset Controller IP Core
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5.5 FCCC

The entire FPGA sub-system comprising of the MSS ARM processor and the main fabric run on clocks all
generated from this core. It is the main coordination of the clock lines that are distributed. The input is
12MHz from an off-chip crystal/IC. The CCC PLL divides down the 12MHz source by 12 to 1MHz. Then
this is multiplied up by differing amounts for GLO, GL1 and GL2. You can add more clock PLL lines as
you wish when you are modifying the design.

lamba_dma_controller_0_cpu_int

5CC_0
XTLOSC_CCC IN GLO
GL1
GL2

LOCK
A gFw

Figure 11 - Clock PLL Macro Core

The core as been instantiated as [CCC_0]. There is also a LOCK output signal that is used by the MSS to
determine when the PLL has settled and locked onto the desired output frequencies. All clock outputs are
digital square waves.
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Basic | Advanced | PLL Options I

—Basic-Options

Reference Clock (

CcC
|12 MHz P Actual
Crystal Oscillator 'l v ao
[83000  |w

| 83 |MHZ
v 6.1

83 e [s3000 |
v 6.2

[ 166 [z [1ss.000 [z
[~ a3

[ 100 oz | fuiz
Lotk

. J

/% Advanced options have been modified. The information displayed in this tab might be inaccurate, please use the advanced tab for the
achual confiquration

Figure 12 - PLL Clock Macro Settings

Output signals GL0 and GL1 are distributed to the memory bus and the DMA Controller. GL2 is the main
base clock frequency for the 166MHz ARM processor which that divides down internally.
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5.6 Counter/ GPIO

NetFusion PCB has an on-board temperature sensor. The output of which is a square wave signal who's
frequency is equivalent to degrees Kelvin (down to absolute zero). This signal is routed into the
SmartFusion2 FPGA fabric and clocks the 16-bit counter [counter16_0]. The counter's 16-bit output value
is wired into GPIO input [coreGPIO_1] which is memory addressable from the ARM uClinux applications.
This serves as a simple 32-bit memory location to read and makes the software algorithm for determining
the temperature incredibly simple.

Note: the memory interface from the ARM MSS is an APB interface.

&
:EI
counter16_0 E
TEMP_SENSOR clk clkout
RS485[H] reset counter{15:0] CoreGPIO 1
=
Fe PRESETN INTT15:0] B3¢
PCLK GPID_OUT[15:0] B3¢

GPIO_IN[15:0]

gFw

Figure 13 - Temperature Sensor Logic
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5.7 CoreGPIO

The vast majority of the hardware on the NetFusion PCB is connected through this core. The obvious
exceptions are the Ethernet pathways, RS485 UART and the SPI audio input/output. However, all of the
I12C, Relays, /O expanders, Real-Time clock IC, voltage monitor, expansion 1/0 and all other slow speed
communications are handled through this [coreGPIO_0] instantiated block.

Itis visible to the ARM MSS processor via an APB interface memory bus. Lines can be configured as
inputs or outputs and are all individually controlled and observed by the uClinux UIO device driver C code.

1 11
I*I [
| =
b |
<L | [
CoreGPID_0 -
FRESETN IMT[21:0] 6
FCLK GFI0_oUT[31.018
EGFD_MNE1:0] GFID OUTR1] P
L GPD_m'j GROTOUTRD]
Ly GPD_NE0 GRI0_OUTRS W
LB GPRO_MEE| GPIO_OUTRE %
Ly GFRO_MEE GRI0_OLTRT]
GFIO_ GPI0 QLTS
GFIO_ GPIo_OUT[S w| H
Ly GFID_NEE GRIO OUTR4 »
L GPD_NZ4 GRIO_DUTR3 %
Ly GFO_MEZ3 GRIO OUTEZ] IFX
Ly GFD GPIO_OUT x
L GROTNE! GRCOUTED] B
Ly GRO_MNZO GPIO_OUT[1S
GFO_M[3 GRIO_OUT[1S
GFD_M12 GRIoToUT7] x| H
Ly GFRC_MIT] GPIO_OUT[1S *
Ly GRO_MiE GRID_OUTIE] x| H
Ly GROTMIS GROCOUT[14
- GFIO_M[14 GPIO_OUT[13 Y
Ly GPD_ N3 GPIO_OUT[2] x
LB GFO_MIZ GRIO_ 0L 11
GFO_N[T GPI0_OUT[1O LAy
L GPIOT 3& GAT_OUTS »
Lip GPO_MNE GRIO_OUT[E
GFO_ME GRIO_OUTT] X
L GFONT] GRIO_OUTE!
GFID_ GPI0_OUTS
GPO_ GRIO oL
GFO_M4 GRIO_OUT[3,
GFO_MZ GRIO_ O]
GFD_ GRIO_OU
GFO_M1 GPIO_OUT[D)
GFOD) GFID_TE210
- R0 OF =l '

Figure 14 - Main PCB GPIO Interface with the ARM Processor
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5.8 CoreUARTapb

As there is no way in the SmartFusion2 ARM MSS block for standard UART connections (/dev/ttyS0 and
/dev/ttyS1 already used) the RS484 PCB hardware has to be controlled and handled from a fabric UART
core. This was instantiated as [CoreUARTabp_0] and has an APB connection to the MSS block.

The uClinux device driver for this hardware access the core as a block of memory and the FIFO RX and
TX data is stored in the fabric core. The RX ad TX signals to the NetFusion PCB hardware are TTL levels
and then get converted to RS485 voltage signals in the electronics.

CoreUARTapb_0

PCLK TXrROY P X —
PRESETN RXRDY B X
-t~ P RX PARTY ERRIPX
— OVERFLOW P X
I 'rx [ee——
— FRAMING ERR[D X

e

| I
Figure 15 - RS485 UART
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5.9 CoreSPIO, 1

Running as separated IP cores instantiated in the fabric to achieve higher speed sampling by SPI
software are SPI blocks. These are [CORESPI_0 and CORESPI_1] and use an APB interface to the ARM
MSS sub-system. Each core has a 4-wire SPI bus routed out of the FPGA to the wider NetFusion PCB
hardware.

These SPI interfaces connect to DAC and ADC stereo IC devices. This allows for audio to be sent and
received from the PCB and the digital samples can be processed by the ARM processor from network
traffic if necessary. SPI is used as it is full duplex and runs at over 1MHz during operation. However,
bottlenecks in the processor application code and also human audible hearing limitations keep realistic
sampling operations around < 10KHz.

aPBsie JH

CORESPI_D

POLK erEoie_masier
——1 PRESETM erabke_sBve
m_mEo ez pt
5_masl m_masl
&_5ok m_sck
5_5§ r_data_ready

KX

HHHHEMMMA KKK

APEs e B

—— CORESPI_1

POLK enz0E_masier
PRESETM enakE_sBve
m_rmikso hiermspt
m &_mas | m_masl
5_sck m_sck
= 5_55 r_data_ready
= £_mmis
i _reg_emply

m_sE[7-0] 6

m s5[7]

OO MO | [ MO

1 | [T =T adld
]

Figure 16- Stereo Audio Line IN & Line OUT
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5.10 BIBUF

Throughout the NetFusion starter project's fabric logic design is scattered around Bi-Directional macros.
These convert conveniently any IN/OUT data flow when the RX and TX are kept separate in the IP cores.
The output side always routes up out of the SmartFusion2 FPGA to the NetFusion PCB hardware where
the signals are capable of input/output operation using pull-up resistors combining tri-state operation.

The instantiated BIBUFs are illustrated in the Figure (below).

They are controlled by an output enable signal that drives the state of the output pin. An example of the
need for bi-directional signal operation is MDIO for the Marvell PHY and the SDA data line for ALL 12C
buses on the NetFusion PCB.

I [
BIBUF_30 BIBUF_31
RAD N4 FAD v
] 30
E E —H
A N (&
L] BIBUF_1L | | | |BIBUF_14
1#\0 Y imD W B
D D
E E
BIBUF _2 ] | BIBUF_17 BIBUF _26
imn W [ FaD v [ FAD [
o o o
E #E E
T & | M &
BIBUF _3 BIBUF _11 W BIBUF_18
iFAD ‘r’* iFAD  p— PAD  [—
) o o
E E E
u o llan @ | S
! BIBUF _4 | | | BIBUF_25
imn ¥ FAD v [p—
] D
E :*E
e &
| BIBUF _7 | | | BIBUF_&
- FAD Y FAD W [
] D
| T E E
| P Y Bl (&
e 1]

Figure 17 - Bi-Directional Fabric Macros
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5.11 CoreSF2Config

The SmartFusion2 MSS processor sub-system always as standard has a default CoreSF2Config block
that loops back an APB bus out and then back into the MSS block. This seems at first strange and can be
very confusing. However, it is the inherent architecture of the FPGA ASIC area that most of the peripheral
devices inside the MSS ARM processor core are not actually controlled by the selections made in the
Libero IDE. It is the software in U-boot during boot-up that configures. If say for instance, an AHB-Lite
interface is selected in Libero, then this does not configure the SmartFusion2 FPGA itself. It saves a
configuration file that can be included by software in either bare-metal programming or the u-boot from
Emcraft uClinux environment.

Only when the boot-up code access the APB feedback bus via [CoreSF2Config_0] and manipulates
hardware peripheral memory address does the peripherals in the MSS get the correct mode of operation
intended for them.

Z|
w | Fy
o B
el ol [}
ol BBl
r.l'ulr.l'uI E':-':'
E|El Elg |
<< |00 =
Core SF2Config_0 ’-vvwm OV t
agFw Elf s |
A
ﬁ'ﬁl |—I
el I =
=%
I'f'lI |I
T
<o
o
[l ] [ [ 2

Figure 18 - APB feedback Bus for Peripheral Configuration by Software
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5.12 Core AXI/AHBLite

The DMA Controller for the ability to connect to a MAC/SWITCH uses AXI and AHB-Lite for
communication with the MSS sub-system and the LPDDR memory. Also, an APB master core allows for
all of the (above) APB cores to connect to the MSS. This is all handled by the [COREAXI_0,
CoreAHBLite 0 and CoreAPB_0] that are instantiated in the SmartFusion2 fabric for the NetFusion starter

project.

M
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Figure 19 - AMBA Memory Interfaces from ARM
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JR=TEY

Configuration -

—Memory space

Mermory space

AXI data width: 54 x|

—Enable master access

M0 can access slave sotd W MO can access slave slot 1 [~

MO can access slave sliot 2 [ MO can access slave slot 3 [

MO can access slave slot 4 [ M0 can access slave slot 5 [

MO can access slave slote [ MO can access slave slot 7 [

MO can access slave slot8 [ MO can access slave slot9 [

MO can access slave slot 10 [ MO can access slave slot 11 [

M0 can access slave slot 12 [ M0 can access slave slot 13 [

MO can access slave slot 14 [ MO can access slave slot 15 [
Select AXI channel ID width: |4 LI
Testbench: IUser ;I L
License: RTL LI

Help "| oK I Cancel |

Figure 20 - Default AXI Configuration
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B, Configuring CoreAHBLite_0 (CoreAHBLite - 5.0.100) =101 x|

Configuration -

—Memory space

Memory space:

-Address range seen by slave connected to huge (2GEB) slot interface:

¢ 0x00000000 - Ox7RRFAREE | 0x30000000 - OxFFFFFRRE
i Allocate memory space to combined region slave
sloto: ™ slet1: [~ Stz [~ slot3: ™
slot4: [~ Slot5: [~ Sts: I slot7: ™
slota: [~ slots: [ Slot 10: ™ slot 11: ™ =
Slot 12: [~ Slot 13: [~ Slot 14: [~ slot 15: ™

—Enable Master access

MD can access slot 0: i M1 can access slot 0: r M2 can access slot 0: I M3 can access slot 0: r
MO can access slot 1t I M1 can access slot 1t r M2 can access slot 1t I M3 can access slot 1t r
MD can access slot 2: r M1 can access slot 2: r M2 can access slot 2: I M3 can access slot 2: r
MO can access slot 3: r M1 can access slot 3: r M2 can access slot 3: r M3 can access slot 3: r
MD can access slot 4: I M1 can access slot 4: I M2 can access slot 4: I~ M3 can access slot 4: r

Help |

Figure 21 - Default AHB-Lite Configuration
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B, Configuring CoreAPB3_0 (CoreAPB3 - 4.0.100) I ]

Configuration .

—Data Width Configuration
APE Master Data Bus Width

+ 32-hit  16-hbit £ 8hit

—Address Configuration

Mumber of address bits driven by master: |2B LI
Paosition in slave address of upper 4 bits of master address: I[Z?’: 24] (Ignored if master address width = 32 bits) LI
Indirect Addressing: INot in use LI

—Allocate memory space to combined region slave

sioto: ™ sot1: [~ stz [~ slot3: [~
Slot4: [~ Slot5: [ Slote: [ slot7: [~
Slots: [ slota: [ slot 10: [~ slotii: [~
slot 12: [~ slot 13: [~ Slot 14: [~ slot 15: [~
—Enabled APE Slave Slots
Sloto: W Slot1: W slot2: v Slot3: v
Slot4: W Slot5: W Slots: [ Slot7: [ L
slotg: [~ slotg: [~ slot 10: [~ slot11: [~
Slot 12: [~ slot 13: [~ Slot 14: [~ slot 15: [~
=l
Help 'l QK I Cancel |
YA |

Figure 22 - Default APB Configuration

As a Libero designer and developer, the user may change these defaults and added or remove memory
accessible IP cores to/from the fabric.
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5.13 Unused Logic Block

Specifically to the NetFusion starter project, is the instantiated dummy block that allows all of the wires
and signals coming into the SmartFusion2 FPGA fabric from the outside PCB that are not connected to IP
cores to terminate here. Most of these are the Ethernet signals and pathways of the GMII.

In order to make it easier for a user to instantiate their own IP cores and then connect the unused signals,
this starter project has had to include the unused signals at the 1/0 level of the FPGA, bring them down
through the Top-Level then into the SOM sheet. They then terminate at the [unsused_block_0].

unu=ed_block 0
LpoTe CATAS GMETDH :
LOTE DATAL CMEZGTOC - S Tr: [eivll|
CMITIRG CMEGTOX . :
MR GMETDE
GMIRDO GMETDY
CMIRD GMETDS
CMIRDR GMETDS
CMITRDE GMETDT
GMITRDY GMETEN
CMITRDE G ToO -
CMITRDE G T -
GMHRDT CMH TO2 - -
CMITREN G TS -+
CMHRER G TOL -+
GMIZROK G TOS -+
CMIZRDO AN TOG -+
GMIZRD G TO7 -+
GMIZRDE Chn TEN---+
GMIZRDE G TERR---+
GMIZRTY CMITETOX
GMIZRDE GMETDO :
GMIZROE GMETD2 :
CMEZRIF CMETDS g TR
CMIZREN GMETD4
HIE: CMIZRER GMETDS
I --io-- i GHWEITOR GMETDE
I GMIEIRD GMETDT :
HE: CMIERDK GMETEN L R
..... i : CMERDD CMETER - =
GhERD GMETDO e
: GMIBRDE GMETDH
: GMIRDE GMETD2
..... P CMETERR -
GMIBRDS WDCH
GMIGRDE WOC2
GMGRIT WDCS
GMIEREN otz STPfe W
CMERER =RarR
CMIETOK
GMHTOK
R omzm -4 A VOO A |
WDICH
- Loz
L nvDos
LpoTe akour le
L OTE DATAD
L OTE CATA
LI OTE DATAZ
L 0TS DATAS
1 L OTE DATAE
L 0TS CATAT
LBpOTE DR
L OTE NKT

Figure 23 - Unused Block in NetFusion SOM

Libero and SynplifyPro do not like un-terminated signals and it will remove them from the I/O assignments
if they were not routed by default to this block.

iol
32



research

L
@
@®®  oand
[ ]
o

development

NINE WAYS

NetFusion Libero Starter Project Helper
V1.0 - July 2014

As you require a signal terminated at this block, simply un-route it from the unused block and then re-

assign to your new IP core using the "quick connect" option. However, make sure that if it was an output
of the unused block, to assign the pin left vacant as "unused", or if an input then set the attribute to "tie

Low..

The output signal "REGSPR" is just a necessary signal that is not assigned any 1/O ball of the FPGA and

is used internally with-in the core to stop Libero optimization occurring and removing the inputs of this
block from the I/O assignments. Do not remove this output.

5.14 SmartFusion2 MSS

In the SOM layer sheet of the NetFusion starter project, the MSS ARM processor main core is situated in
the middle and is shown (below). If you double-click on the MSS block it will expanded and create another

window in Libero on screen.

Note: Refer to the next section for the MSS documentation.

i,

MOCC OLK_BASE
MOCC_OLK_BASE ALL_LOK
FRESET N

MLCR_APE_S | al WM
MLDR_AFE_S FOLK OOMM_BLI INT
WIDR_COR_(0RE RESET N MSS_FESET N TkE
MIDR_CDR_AX| S_ WD TIMEDLT
MSS_RESET_M_Fzi MSS_INT_M2F[15:]
M3 FESET N SR_1_FADSE
EIMSS_INT FEMHE::I] MMUART 1 FADS
MESTINT_FZM[15] MMUART 1_TXD
MSS_INT_FZ[14] MUMLBRT 1_RXD
MES_INT_F2M[13] MUMUART 0 FADSE
MES_INT_F2M[12] WAC M RAERICE
WESTINT FEMHB]‘ MAG MI TngSI:Eﬂ
MESTINTFZM]1! WAT Wl TX
MES_INT_FZM[3] WA C_MILTX_ER
MES_INT_FZME] WA G M| R3]
WSS _INT_FZM[T] MAT MII_F_ER
MESINT_FZh! MAG MIRY DV
WESTINT F'EME:] WEC M TRS
MES_INT_FZM[4] WA C_MICOL
WSS _INT_FZM] MAC MI_RX_CLK
MES_INT_FZMZ] MAC_ MILTX_CLK
WSS _INT_FZh! MAC_MIMDC
MSSZINT:FEME)] MAG MITMOD_EN
MAC MI_MDO
MAG. MIl_MDI
L DS
MODR. DOS_TMATCH 0_QUT
MDOR CES_N
MOCR. CLK
MDDR. CLK_N

MDOOR_CKE

MODR. CS M

MDOR ODT

MDOR,_FAS M

MIDR_FESET N i

MODR_WE_N

MDDR_ADCR 1530
MDEEEﬁ[Zﬂ

MDOR DOS THATCH O IN

Figure 24 - SOM Module of the ARM MSS
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6 NetFusion ARM Cortex MSS Default Configuration

SRS RIEEEER o
RESIT Corerclar
e =
Iramrige Blarogr are
i nam s 2

[

Vrdvears Cargurarion
)

3

n

T

-

+ oo

[Mss:1.1.100 [Fam: smartFusion2 |Die]

Figure 25 - Exploded View of the Modules in the NetFusion ARM MSS

The MSS in the heart of the SmartFusion2 NetFusion design is defaulted and set to the exact current
needs of the PCB product. Modules 12C1, 12C2, CAN, GPIO, RTC and PDMA are disabled currently but
there is nothing stopping the user from enabling and wiring out the modules to the SOM sheet.

The blue modules are currently enabled for the NetFusion design as they have functional requirements
and the signals are wired out to the SOM sheet then if necessary up to the I/O assignments then out of

the FPGA device itself.
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6.1 MDDR

N MSS External Memory Configurator 1ol x|

Import Configuration | Export Configuration | Restore Defaults |

General I Memory Initialization | Memory Timing |

—Memary Settings

Memory Type ILPDDR

L 1<

Data Width |16
SECDED Enabled ECC [~
Arbitration Scheme |Type-3

L]

Highest Priority D [2

Ll

Address Mapping |{RO‘.’-.:‘,BAI‘IK,COLUI~‘IN}

¥ Fabric Interface Settings
& Use an AXT interface
" Use an AHBLite Interface

™ Use two AHBLite Interfaces

Register Description

Help | OK | Apply I Cancel

Figure 26 - MDDR MSS Controlling LPDDR Memory with AXI from Fabric

The MDDR has been configured to use a single data rate LPDDR SDRAM device on the M2S-SOM-F484
using 16-bit data width. Priority has been given to the AXI master interface from the fabric where the
default connection is to the AMBA DMA Controller for 3rd party MACs and Ethernet SWITCH.

If you do not wish to keep the DMA Controller or any AXI interface for that matter, then you can de-select
the Fabric Interface and the SOM sheet will adjust accordingly. You will have to remove and delete the
instantiated DMA Controller however.

Note: NetFusion has to follow the architecture of the SOM-F484 so this is primarily based upon the
Emcraft starter project for this block.
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[N 1SS USE Configurator 21X
Configuration —Connectivity Preview
Interface Selection IUTMI vI
ULPI options
10 Group Selection I vl
Assignment
N . Main Package
MSIO Direction Connect... Pin
UTMI
UTMI_LINE_STATE N IFabric v[ =
LITMI_RX_DATA IN IFabriC ¥ I
MSS

LTMI_TX_READY IN IFabriC et I

LITMI_RX_VALID IN IFabriC x I

LITMI_RX_ACTIVE IN IFabric et I

- FPGA Fabric

LTMI_RX_ERROR IN IFabrIC x I

LITMI_VBUS_VALID ™ m Click on a signal row to see the preview

LITMI_AVALID IN IFabriC x I

LITMI_SESSION_EMND IN IFabric et I

LITMI_HOST_DISCOMNMECT IN IFabriC x I

LTMI_ID_DIG IN IFabric et I ;I

Help -l QK I Cancel

to UTMI and then connected to this MSS internal block.

Figure 27 - USB OTG UTMI Host Controller
NetFusion does utilize on the PCB hardware an OTG USB interface. In the fabric, the ULPI is converted

The ARM uClinux application code will be able to access this USB block as a block of memory registers
and device drivers will be able to control the USB OTG as a USB stack.

Note: the UTMI signals do not get routed to the I/O pins directly but the fabric for the use of the
ULPI/UTMI converter IP core.
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[N M55 Ethernet MAC Configurator 2 x|
—Configuration —Connectivity Preview
Options
Interface IMII (Fabric) -
REF
Line Speed 100 -
Management Interface =
Assignment
MSIO Direction . Main  Package
Connect... Pin
MII_TXD[3:0] ouT IFabric ¥ I =
MII_TX_EN ouT IFahric ¥ I
MSS
MII_Tx_ER ouT IFahri[ et I
MIT_RXD[3:0] ™ |Fabric ¥ I
MII_RX_ER ™ IFabric hd I
- FPGA Fabric
MII_R¥_DV N IFabrlc e I
MII_CRS ™ m Click on a signal row to see the preview
MII_COL N IFabrlc hd I
MII_RX_CLK N IFabrlc > I
MII_TX_CLK N IFabric ¥ I =
Hlp - concel_ |

Figure 28 - MSS MAC for 10/100 Ethernet Using SOM PHY

This is a very strategic and important module in the MSS of the SmartFusion2 of NetFusion. The 4th
RJ45 Ethernet connector on the NetFusion PCB is routed directly to the PHY on the M2S-SOM-F484
which in turn, connects into the SmartFusion2 FPGA and directly into the ARM MSS.

Special Note: on the SFP SERDES variant of NetFusion PCB, the dedicated SOM RJ45 is the 2" port
on the dual HALO.

Once in the MSS, the Ethernet MAC receives the connections which then provide a memory interface
internally for the ARM uClinux device drivers for the network interfaces.

Note: The connections route to the fabric before going up through to the I/O assignments.

It is important to emphasize that with NetFusion, three of the RJ45 10/100/1000 ports use a separate
Marvell PHY that routes into the SOM sheet of the starter project and terminates at [unused_block_0].

Special Note: on the SFP SERDES variant, two of the 1Gb/s ports are 1.25Gb/s SERDES.
However, the dedicated 4th port always allows MSS and ARM gateway access to the network. Benefits of

this architecture can provide IP routing functionality for the user. This is due to the link between the MSS
MAC and the fabric MACs only being visible to each other in the uClinux IP stack of the kernel.
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6.4 MSS_CCC

[¥ Mornitor FPGA Fabric PLL Lock (CLK_BASE_PLL_LOCK)

DDR-CTRL )
—Cortex-M3 and MSS Main Clock DDR- DDR Bridge Cache Controller
RAM
M3 ClK 166 MHz 166000 MHz
MSS_CCC SWITCH

ooR e X [HPOMA |

¥ MR GCK -MIcK®[t ~| 166,000 MHz

¥ DDR sMc FIc k. =mDDR_aik/ [2 | 83.000 MHz

[~MSS APB_0/1 Sub-busses Clocks.
v meoak -msak/[2 ] s3.000mHz
v weiak =m3ak/[z =] 83.000MHz

~FPGA Fabric Interface Clocks
v Fcock =miak/]z x| ss.o00mH:
v Bciak =mick/[2 <] sao0omkz

FIC_0_CLK

FIC_1_CLK

CLK_BASE |

" Taies RIS

Figure 29 - MSS CCC Divider from the CLK_BASE with-in ARM Sub-System

The main 166MHz clock into the MSS from the fabric is configured to be split up and if necessary divided
down to the different areas of the sub-system.

In the case of NetFusion and the starter Libero IDE project , all peripherals, memory controllers and fabric
interfaces run at half the base clock frequency at 83MHz.

6.5 RESET Controller
B, Configuring RESET (MS5_RESET - 1.0.100) =10 x|

Configuration

Enable FPGA Fabric to MSS Reset (MSS_RESET_N_F2M) W
Enable FPGA Fabric to M3 Reset (M3_RESET_N) ¥

Enable MSS to FPGA Fabric Reset (MSS_RESET_N_M2F) W

Help < K Cancel

A

Figure 30 - Reset MSS Module
NetFusion by default enables the MSS_RESET_N_F2M, M3_RESET_N and the MSS_RESET_N_M2F
negative reset signals to come in from the SmartFusion2 FPGA fabric.

This gives more functionality to the user. However, if it is not a required functionality when the design is
customized, then they can be de-selected.
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6.6 FIC_O

[N 155 Fabric Interface Controller (FIC_0) Configurator

—MSS To FPGA Fabric Interface

Interface Type AHBLite -
Use Master Interface I
Use Slave Interface r

—Advanced AHBLite Options:

Use Bypass Mode (AHBLite only) [~
Expose Master Identity Port [

—FPGA Fabric Address Regions (M35 Master View)

FIC32_0 FIC32_1
Fabric Reegion 0 (0x30000000 - 0x3FFFFFFF) (%
Fabric Reegion 1 (0x50000000 - 0xSFFFFFFF) (+
Fabric Reegion 2 (0x70000000 - 0x7FFFFFFF)
Fabric Reegion 3 (0xB0000000 - 0x8FFFFFFF)

Fabric Region 4 (0xS0000000 - DxSFFFFFFF) +
Fabric Region 5 (0xF0000000 - DxFFFFFFFF) (%

i e e o i e |

Figure 31 - AHB/APB Fabric Interface [1]

The NetFusion FIC_0 has been chosen to be assigned for the AHB-Lite fabric interface. It is a MASTER
which connects to the SLAVES in the fabric as the ARM processor has complete control.

By default, the AHB-Lite only interfaces to the AMBA DMA Controller used for 3rd party Ethernet IP cores.
Although the DMA Controller uses AXI for the main data throughput, the AHB-Lite is used to access the
configuration registers.

Note: you will observe that Fabric Region 2: 0x7000000 - Ox7FFFFFF has been allocated to the next
FIC_1 block (next sub-section). The configuration on the left panel (above) selects mapping for both
FIC_0 and FIC_1.

NetFusion assigns Fabric Region 2 to the APB memory interface so that the UART, SPI and GPIO can be
accessed in the fabric otherwise only this AHB-Lite interface would be mapped which would severely limit
the NetFusion functionality and capability.
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6.7 FIC_1

M MSS Fabric Interface Controller (FIC_1) Configurator 2lx|

—MS5 To FPGA Fabric Interface ————
Interface Type APB3 hd

Use Master Interface [#
Use Slave Interface |

—Advanced AHBLite Options
Use Bypass Mode (AHBLite only) [~
Expose Master Identity Port [

_nee -

Figure 32 - APB3/AHB-Lite Fabric Interface [2]

Using the configuration from the previous FIC_0 block (previous), this MSS module enables the APB
interface to access the GP1O, SPI and UART in the NetFusion SmartFusion2 fabric.

Note: this is also an APB Master as the ARM processor has complete control.
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6.8 FIC_2 (Peripheral Initialization)

—Configuration

1
1
Initialize Peripherals Using ICorDex-Ms - :
1

MSS DDR v
Fabric DDR andjor SERDES Blocks [+ DOR-
RAM

DDR-CTRL
F DDR Bridge Cache Confroller

N 135Tud W ady 21014

Figure 33 - APB Peripheral Hardware Configuration

As described earlier in this document, the SmartFusion2 FPGA is setup and primarily configured by
boot-up software executed by the ARM processor. This can be bare-metal code or early boot code
from uClinux called u-boot.

This MSS module block enables the signals to connect a feedback APB interface from the ARM
processor to the other peripherals in the MSS itself. It seems an overkill but that is the architecture we
are ruled by it seems.

In the case of NetFusion, we configure the FIC_0 and FIC_1 fabric interface controllers and also select
the AXI Slave interface for the MDDR block.

Important Note: do not ever remove this feature from the design of NetFusion. The system will not
operate if deleted.
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7 Adding IP Cores from Verilog/VHDL

7.1 Importing Source Files

@ Libero - C:\NetFusion-M25-S0M-F484-CATS \NetFusion-FAB4.prix*
Project File Edit View Design Tools SmartDesign Help

N [E-TE Y e .

Fesign Flow & X | B mzs_som= § X | £ M25050_SOM_FG484 TOP & X |

M25_SOM a Q© @' |==hlp|'ﬂ|%EDDD g° Q
ITonI I: ...

E- » Create Design
- % System Buider

v - L% Configure M35

- B Create SmartDesign .

Create -
.. digp View/Cor Import Files. .. |
= b VEI‘“‘!{F sign

Help

El- » Create Constraints =
= ¥ 1/0 Constraints
a constraintljoM25050_SOM_FG484 ..
constraintljio\M25_SOM.io.pdc

a constraintljoM25_S0OM_FG484 TO...
=- ("_) Timing Constraints

a synthesis\M25_S0OM_sdc.sdc —
constraintyM25_SOM_FG4384 TOP_..
a constraintyM25_SOM_FG434 TOP_...
E Floorplan Constraints
L - » Implement Design s H
v "5 Synthesize _#_

El ¥ Verify Post-Synthesis Implement... [

Figure 34 - Importing a single Verilog/VHDL file into the NetFusion Libero Project

From time to time, you may want to deviate from the default NetFusion Libero starter project. If you need
to add catalogue cores especially for the fabric macros, then download using the vault.

Also, as illustrated (above), you also may wish to import 3rd party source IP cores. To do this, on the
panel on the left of the Libero IDE, right click on "Create HDL" and then select "Import Files...". This will
bring the Verilog/VHDL into the main system.

You can check if the source code has syntax errors and is valid for the synthesizer (Libero Synplify Pro)
that Libero uses. This mechanism enables the NetFusion project to be customized and built on for a users
system requirements.
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7.2 Instantiating into the Fabric

@ Libero - C:\NetFusion-M25-50M-F484-CATS \NetFusion-FAB4.prix*
Project File Edit View Design Tools SmartDesign HeI|:|

IS HZ2X 9 0 3 ||

Design Hierarchy

3 X

[
£

Show: ICDmpDnents vl

=

- o@ work

----- B XTLOSC_FAB (osc_comps.v)
F“[ RCOSC_IMHZ_FAE (osc_comps.v)

.....

E

- fifil COREAHBLITE_
- il COREAPB3_LIE
- il corEAxT_OBF
- il coRESPI_LIE

RCOSC_1MHZ (osc_comps.wv)
M25050_SOM_FG484_TOP

2 M25_50M

B B M25_S0M_COREAXI_0_COREAXT {cor

E=f[ CoreGPIO {coregpio.v)

E'=ﬁ_ CoreSF2Config (coresfZconfig.v)
Eﬂ_ CoreSF2Reset (coresfareset,v)

[#}- CORESPI (corespi.v)

- E M25_S0M_CoreUARTapb_0_CoreUAR

M3 Set As Root

MR  nstantiate in M25_50M
g Efl mt Open HDL File
) Check HDL File

E5 M2s_som* & x | &7 M25050_S0M_FG484.TOP & X |

(® 22 01 12 | |88 o° o°

D‘QQ

L%u ul;

E=ﬁ un Create I/O Constraint from Module

B 5] Ce
BB cc Bl Edit Core Definition...

Remove Core Definition

Delete from Project
Delete from Disk and Project

Properties

Figure 35 - Instantiating an Imported IP Core in your Fabric Design

Whether you wish to instantiate into the SmartFusion2 fabric an imported 3rd party source code core from
VHDL/Verilog or it is from the vault downloaded from ACTEL, the process to get the core into the design
sheets is the same and relatively simple. In fact, even if the core is a macro as part of the ASIC area of
the FPGA, the process is the same no matter what area of the design it involves. Simply move the left
panel to select "Design Hierarchy" and then right click on the listed core of your choice. Select "Instantiate
in M2S_SOM" or whichever sheet is displayed on the right pane of Libero IDE.

The core will appear in the design for you to move and anchor ready for connection routing.
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Note: If the core has errors, the error report page will appear and the instantiation will not occur.

7.2.1 Building and Synthesizing the NetFusion Design

Open the Top-Level, SOM and the MSS sheets

Start with the MSS, and right click "Generate Component"

If errors, eliminate then perform previous instruction over again
Once successful, move to the SOM sheet

Right click "Generate Component"

If errors, eliminate then perform previous instruction over again
Once successful, move to the Top-Level sheet

Right click "Generate Component”

If errors, eliminate then perform previous instruction over again
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@ Libero - C:\NetFusion-M25-50M-F484-CAT5 \NetFusion-F484.prix
Project File Edit WView Des.ign Tools Smartl]es.ign Help

|

Design Flow X | Eimzs_som g x |
M25_SOM B O 4 |==|"lh"|'ﬂ|ﬂ%_-D )

Tool

If0 Constraints
Timing Constraints

;" Floorplan Constraints
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Figure 36 - Selecting Full NetFusion Synthesis and FPGA Programming

Once you are ready to synthesize and program the SmartFusion2 FPGA on the M2S-SOM-F484 housed
on NetFusion, select the option (shown above).

Note: This should take around 90 minutes on a standard Windows 7/8 PC.
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8 References
Please refer to online documented support at the Microsemi reference center.

For M2S-SOM-F484 hardware documents please visit the Emcraft hardware for the SOM-F484.

If you need Libero references from Emcraft, this will illustrate the default designs that NetFusion was built
from in order to achieve the baseboard functionality.
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http://search.microsemi.com/Reports/AdvancedWebSearch.aspx
http://www.emcraft.com/products/255#hardware
http://www.emcraft.com/products/255#software
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9 Contact
Nine Ways Research & E-Mail . pbates@nineways.co.uk
Development Ltd Internet . www.nineways.co.uk
UK

Unit G.15, iDCentre, Lathkill House, rtc Business Park
London Road, Derby. DE24 8UP

United Kingdom

Tel : +44 (0) 1332 258847

FAX : +44 (0) 1332 258823
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10 Document History

Document Change Notices (DCO)

Version Description Created/Changed By Date
Version 1.0 Initial Release according to Paul Bates: Nine Ways 17th July 2014
Version 1.0

Copyright © Nine Ways R&D Ltd 2014. All Rights Reserved.
Table 1: Document History Entry Log
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