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Preface

About this document

This demo is for SmartFusion®2 system-on-chip (SoC) field programmable gate array (FPGA) devices. It
explains the universal serial bus (USB) 2.0 on-the-go (OTG) feature with the help of USB mass storage
class.

Intended Audience

SmartFusion2 devices are used by:
* FPGA designers
+ Embedded designers
» System-level designers

References

Microsemi® Publications

* SmartFusion2 Microcontroller Subsystem User Guide
* Configuring Serial Terminal Emulation Programs Tutorial

Refer to the following web page for a complete and up-to-date listing of SmartFusion2 device
documentation: www.microsemi.com/soc/products/smartfusion2/docs.aspx.
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Introduction

Microsemi offers a reference design for SmartFusion2 SoC FPGA devices that demonstrates the USB
controller OTG feature of the SmartFusion2 FPGA and implements the USB mass storage class. The
reference design runs on the SmartFusion2 Evaluation Kit. The SmartFusion2 <SoeC FPGA device
contains a USB OTG controller as part of the microcontroller subsystem (MSS). This demo guide
describes the mechanism for the USB communication between the SmartFusion2 device and external
USB host/USB device/lUSB OTG protocol compliant devices provided by the SmartFusion2 USB OTG
controller.

OTG is the USB 2.0 mode of operation where USB 2.0 OTG controller works as either the USB host or
the USB device based on the target device and type of the plug connectéed to the USB OTG controller.
Refer to the SmartFusion2 Microcontroller Subsystem User Guide for more.information on USB OTG
controller and its operations

Design Requirements

Table 1-1 » Design Requirements

Design Requirements Description

Hardware Requirements

¢ SmartFusion2 Evaluation Kit: Rev C or Later

FlashPro4 programmer
12 V adapter
USB A to Mini-B cable (for serial communication)

Micro-A to B receptacle USB cable (to'connect to the
USB drive)

Micro-B to A USB cable (to connect the SmartFusion2
Evaluation Kit board with the host PC)

Host PC (or Laptop) Any 64-bit windows operating system
Software Requirements

Libero® SoC vil.4

FlashPro programming software vi1.4

USB to UART drivers -
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Demo Design

Introduction
The demo design files are available for download from the following path in the Microsemi website:
http://soc.microsemi.com/download/rsc/?f=sf2_usb_otg_liberov11p4_dg_df
The demo design files include:
* Libero SoC project
» STAPL programming file
* readme.txt file
Figure 1 shows the top level structure of the design files. For further details, refer to the. readme.txt file.

<download folder>

L sf2 usb_otg_liberovllp4d dg df

libero

usb drivers

stapl_programming file

readme’. txt

Figure 1 » Demo Design Files Top Level Structure

Figure 2 describes the demo architecture.
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USB Flash Drive e —— -5 ————___._ > ULPLPRY Wit » MUSB Port
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——————————— medium at host PC in USB
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Figure 2 » Top Level Block Diagram of the Demo
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Note: MSS USB drivers are provided along with the design files. These drivers are customized and used
in the demo.

Demo Design Features

The main objective of the demo is to show OTG capability with basic USB mass storage class. The demo
design performs the following operations:
» Switching the USB OTG controller operation between Host mode and Device mode based on the
target device and type of the plug connected to the USB OTG controller.

* Device mode operation
— Displaying the on-board SPI flash (8 MB) as storage medium in host PC.
* Host mode operation

— Detecting the USB 2.0 complaint USB mass storage device connected to the USB OTG
controller and listing the file names.

The current firmware implementation is tested with following USB 2.0 complaint USB mass storage
devices (USB flash drives) that fall under the Memory stick category:

+  Sandisc Cruzer Blade™ - 16 GB/8 GB/4 GB/1 GB
* Kingston DataTraveler® - 4 GB/2 GB

. Kingston® DataTraveler®109 - 8 GB

«  Transcend JetFlash®- 4 GB

Demo Design Description

The USB OTG controller in the SmartFusion2 device can be configured to operate in the

USB device mode/USB host mode/USB OTG mode. In USB OTG mode, the USB OTG controller acts as
either USB device or USB host based on. the target device and type of the plug connected to the USB
OTG controller.

If the Micro-A end of the cable is plugged into the SmartFusion2 device through the external PHY, the
USB controller takes the role of the host and goes into Host mode. Host mode flag is set to 1.

If the Micro-B end of the cable is plugged in, the USB controller goes into Peripheral mode and Host
mode flag is set to 0.

The demo design application initializes the USB Host mode stack and USB Device mode stack to
operate in USB OTG mode. When the USB OTG controller enters into Device mode, the application
initializes the USB mass storage class and registers with the MSS USB Device mode driver. On-board
SPI flash memory (8 MB) is used as a storage medium in the USB Device mode operation and read/write
operations can be performed.

When the USB OTG controller enters into Host mode, the application registers the USB mass storage
class with the MSS USB Host mode driver. The application detects the connected mass storage device
and lists the files names. The application uses the FatFs file system library to access the files from the
target USB mass storage device.

Refer to the following website for more information on FatFs file system:
http://elm-chan.org/fsw/ff/00index_e.html.
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USB OTG Mode Execution Flow

Figure 3 describes the USB OTG mode execution flow.

No

Start
SmartFusion2 Device Application

v

Initialization and configuration
1. Disable the Watchdog Timer
2. Configure the GPIO for keeping the PHY out
of reset, MMUART_0 for serial communication
and SPI_0 to access SPI-Flash

3. Register th liback functi d ISR
egister the callback functions an s

4. Initialize Device and Host mode drivers.
5. Clear and enable the interrupts

# ISR to handle the USB interrupts in OTG
Wait for connection mode
> interrupt 1. Connect/Disconnect Interrupt

‘ 2. End Point 0 interrupt

3. TX End point interrupt

% 4. RX End point interrupt
5..Host specific interrupts if in Host mode

Yes No 6. Device specific interrupts if in Device mode
Is Connected
Host Mode Device Type A? Device Mode \J
v

Stop
Set the USB controller. in
Is Mass Storage ) .| Mass Storage class Device

evice supported? "] mode and wait for the Host
PC to detect
Yes L i

Set the USB controller in Mass No /
Storage class Host mode. s device detecte:
Enumerate the Mass storage Wst PC?

device and list the file names.

b

Yes
N A Devi ds t
g B evice responds to
(\ Stop > commands from the Host PC
\ A
( Stop )

Figure 3 - USB OTG Execution Flow

The demo application configures MMUART _1 for serial communication, SP1_0 to access SPI-Flash, and
GPIO to keep the USB controller out of reset. The application registers the USB callback functions and
USB interrupt service routine to handle the USB events like connect/disconnect, Host mode specific
events and Device mode specific events.

When a SmartFusion2 device is connected to the host PC with Micro-B to A USB cable, the USB connect
interrupt is generated and Host mode flag is set to 0. Now the USB controller enters into mass storage
class device mode and starts responding to commands from host PC. The SmartFusion2 on-board
SPI-Flash is accessed by the host PC as a disk drive/volume in USB Device mode.

When the Micro-A to B receptacle USB cable with USB mass storage device is connected to the
SmartFusion2 device, the connect interrupt is generated and Host mode flag is set to 1. Now, the USB
controller switches to Host mode from Device mode and accesses the USB mass storage device. When
the USB mass storage device is unplugged from the SmartFusion2 device, Host mode flag is set to 0 and
disconnect interrupt is generated. Now the application releases Host mode driver and waits to enter into
either Device mode or Host mode based on the target device and type of the plug connected to the USB
controller.
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Setting up the Demo Design

Use the following steps to setup the demo:

1. Connect the FlashPro4 programmer to the J5 connector of the SmartFusion2 Evaluation Kit
board.

2. Connect the host PC to the J18 connector provided on the SmartFusion2 Evaluation Kit board
using the USB A to Mini-B cable.

3. Make sure that the USB to UART bridge drivers are automatically detected (download and
install the drivers from www.microsemi.com/soc/documents/CDM_2.08.24_WHQL_ Certified.zip).

4. Of the four COM ports, select the one with Location as on USD Serial Converter D. Figure 4
shows an example of Device Manager window that has the USB Serial Port and its properties

showing the port number and location. The COM port number is required to run.the demo design,
make a note of it.

File Action ‘iew Help

om0 HM & FRS USE Serial Port (COM20) Propemses i (0 o
a g3 wi-Donthus = . |
M Carmputer ot Sefings | Drngée | Detads "
Disk drives
= USE Sedsl P |
K Display adapiers - @ |
ois DVD/CD-ROM drives
éﬁ'. Human Interface Devices Dt type Ports (ICOM & LPT)
g IDE ATASATAP] contrallers Wanuf sctursr FTDI
=5 Imaging devices ™ I r I
= Keyboards
| Mice and other pointing devices i | Deion status
K Monitors

s dervics 8 working propedy
& Network sdapters
T Ports (COM & LPT)

T USE Serial Part (COMLT)

Y USE Serial Port (COMLE)

T USE Senal Port (COMLO)

T USE Serial Port (COMZ0)
n Processors Update Driver Softwane
&y Sound, vide Disable
B System devin
¥ Unreersal Se

L

——a

Uninstsll
Scan for hardware changes

Froperties.

Opens property sheet for the eurrent Selectio

Figure 4 * USB to UART Bridge Drivers

5. Connect the jumpers on the SmartFusion2 Evaluation Kit board, as shown in Table 2 on page 10.
For more information on jumper locations, refer to "Appendix 3: Jumper Locations" on page 18.

— Caution: Before making the jumper connections, switch off the power supply switch, SW7.
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Table 2 + SmartFusion2 Evaluation Kit Jumper Settings

Jumper Number Pin (from) Pin (to) Comments

J22, J23, J8, J3 1 2 These are the default jumper settings of
the SmartFusion2 Evaluation Kit board.
Make sure these jumpers are set
properly.

J24 1 2 (closed) USB Host mode jumper settings.

J24 1 2 (open) USB Device mode jumper settings.

6. Connect the power supply to the J6 DC jack.

Board Setup

Snapshots of the SmartFusion2 Evaluation Kit board with the complete set up for'both types of
connections are given in the following appendices:

+  "Appendix 1: Board Set up for USB OTG Controller in USB Device Mode" on page 16
*  "Appendix 2: Board Setup for USB OTG Controller in USB Host Mode" on page 17
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Running the Demo Design
1. Download the demo design from:
http.//soc.microsemi.com/download/rsc/?f=sf2_usb_otg_liberov11p4_dg_df
2. Switch ON the SW7 power supply switch.
3. Start any serial terminal emulation program such as:
— HyperTerminal
- PuTTY
— Tera Term
The configuration for the program is:
— Baud Rate: 115200
— 8 Data bits
— 1 Stop bit
— No Parity
— No Flow Control

For information on configuring the serial terminal emulation programs, refer to the Configuring Serial
Terminal Emulation Programs Tutorial.

4. Launch the FlashPro software.
5. Click New Project.
6. Inthe New Project window, type the project name.

3 FlashPro = B P
File Edit View Tools Programmers Cnm'lguratmn Customize Help
0= ? 1"!, % |
ﬂ
Spen Frore
.
New Project Iﬁ
ProJectName
USB_OTG_DEMO .
l Project Location: I;em'
C:\USBE_OTG_DEMO
. Browse.. il ®
Programming mode
(@ Single device
() Chain
x| FlashPro
2 |Vezsigh: 11.4.0.112 Hlp | [ ok ][ cancel
Release: wll.4
—l\AII /{ Errors )\ Warnings )\Infu f
Ready Mo project loaded

Figure 5 * FlashPro New Project
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7. Click Browse and navigate to the location where you want to save the project.
8. Select Single device as the Programming mode.

9. Click OK to save the project.

10. Click Configure Device on the FlashPro GUI.

11. Click Browse and navigate to the location where the usb_otg _demo.stp file is located and select
the file. The default location is: <download_folder>sf2_usb_otg_demo_stapl_programming_file.
The required programming file is selected and is ready to be programmed in the device.

[ FiashPro - [USB_OTG_DE! R — . — T ————— oD )
File Edit View Tools Prog:
DEE 2 B
| [ ] | P ]
> > | erocen T
| omrom @) | Vorrrogmos 8|
x| Programming file
usb_otg_demo.stp
e Mode: ® Basic © Advanced
51251,_r1iE_Nmm
3
Action
© PROGRAM
0F8041CF VIR
e ERASE
aem_vap
v
H IngpectDevie
x|
o
: 11,4000
\Us3_0TG_DEMO
a1
Flasnbros
\USB_OTG_DEMO\USS_OTG_DEMO.pzo’
usb_otg_demo_dfl1.4\stapl programming file\usb_otg demo.stp' has been loaded sficcessfully.
©” CHECKSUM : De6e; ALG_VERSION : 2
1\al {Erors }, Warnings }, Info
Ready C:\sf2_ush_otg_demo_dfl1 4\stapl_programming_file\usb_otg_demo.stp SINGLE

Figure 6 * FlashPro Project Configured

12. Click PROGRAM to start programming the device. Wait until you get a message indicating that
the program passed. This demo requires the SmartFusion2 device to be preprogrammed with the
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application code to activate USB OTG functionality. So, the SmartFusion2 device is
preprogrammed with the usb_otg _demo.stp using FlashPro software.

3 FlashPro - [USB_OTG_DEMO] * - o= - —— ——— e S
File Edit View Tools Programmers Configuration Customize Help

DM ? | % EHE (#:8% 2opn

. B
[ heree D] [ cormen 5‘9‘%%;{%%
| oeroe @ parm—N Q
Programmer Programmer Port Programmer Programmer

Type
QEE:] [FashProd [usbsTa8 (US8 20] SSED. | £l ]

Lol | [Progra

inished: Tue Sep 23 12:04:44 2014 (Elapsed time 00:00:57
r 191988' : Executing action PROGRAM PASSED.

[T\ 0 {Erers  viams i

Ready. (CA\sf2_usb_otg_demo_df11.4\stapl_programming_file\usb_otg_demostp SINGLE

Figure 7 * FlashPro Program Passed

13. On successfully programming.the SmartFusion2 device using FlashPro, the serial terminal
emulation program shows the initialization messages as shown in Figure 8. The SmartFusion2
USB OTG controller is now set to perform the USB OTG functionality.

[ coma1 - purT .Y )

|
L ——

Figure 8 » UART Message

SmartFusion2 USB OTG Controller Acting as USB Device

1. Connect the host PC to micro AB receptacle (P1 connector) provided on the SmartFusion2
Evaluation Kit board using the Micro-B to A USB cable.

2. Observe a new disk drive/volume in the host PC and properties of this disk drive (right-click the
drive and select properties) as shown in Figure 9 to verify the USB device functionality of the
SmartFusion2 USB OTG controller.

Note: Format the disk drive when prompted by the host PC and ensure that there is no important
data on SmartFusion2 Evaluation Kit on-board SPI-Flash.
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{ iOvh-;l v Computer » [—— |

— | General | Tools | Hardware [[sharing | ReadyBoost | c
O i AutoPl Eject D
i ol e -0 e Al disk drives:
0 Favorites — 4 Hard Disk Drives (2) Name Type
Bl Desktop Local Disk (C1) | MSCC SmartFusion2_msd USE Device Disk drives |
& Downloads & - = 7SS Toon DVD AV ST2TEE AT DVD/CD-
4,81 GB free of 100 GB a WDC WD5000AAKK-75UBAAD ATAD...  Disk drives

"5l Recent Places
Local Disk (D:)

(1 T e—
il Libraries S 136 Gb free of 365 GB

@ Documents : .

& Music _| 4 Devices with Removable Storage (2)

Pictures

R DVD RW Drive (E:) i .

Subversion Device Properties

B Videos Removable Disk (F:) Manufacturer:  (Standard disk drives)

=— | | Location: Location 0
-

) Computer w 7.96 MB free of 7.96 MB Device status: “Thig\device is working propery.

&, Local Disk (C:)
w Local Disk (D)

| Properties

e Removable Disk

[ I . S
Removable Disk (F;) Space used: |
i? Removable Disk Space free: 7.96 MB
L L I — —5-

Figure 9 « SmartFusion2 USB Device Detection on Host PC/Laptop
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SmartFusion2 USB OTG Controller Acting as USB Host

1. Unplug the Micro-B to A USB cable from the P1 connector of SmartFusion2 Evaluation Kit board.

2. Insert the Micro-A to B USB cable with USB mass storage device at the B type end of the cable as
shown in Figure 10. Ensure the mass storage device is preformatted.
3. Connect the Micro-A end of the Micro-A to B USB cable to the P1 connector of the SmartFusion2
Evaluation Kit board.
The SmartFusion2 USB OTG controller switches to USB Host mode and detects the connected USB
mass storage device to perform transactions as USB host. The application enumerates the USB mass
storage device and reads all file names on the USB drive to display the list on serial terminal emulation
program as shown in Figure 11.

Figure 10 * Micro-A to B USB Cable with Mass Storage at the End B

EP COM21 - Py (=

Figure 11 « USB Host Mode Results

4. To verify the USB OTG functionality again repeat the process of SmartFusion2 USB OTG
controller acting as USB Device and USB Host.
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Appendix 1: Board Set up for USB OTG Controller in USB
Device Mode

w“;;w““HIl;nHl?i‘l Lid
= LML il

Lol i

Micro-Bto A g
USB Cable

Figure 12 » Setup for USB OTG Controller in USB Device Mode
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Appendix 2: Board Setup for USB OTG Controller in USB Host
Mode

r

,,,,, Power supply switch SW7

vvvvvvvv

3 Mini-B Connector

USB cable with
Micro A end

Figure 13 » Setup for USB OTG Controller in USB Host Mode
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Appendix 3: Jumper Locations

13 |
D : ta ST T €
[

(T H‘ B - . ‘?TEI P10
g TR N R TR RS AE 9

Figure 14 » SmartFusion2 Evaluation Kit Silkscreen Top View

Figure 14 shows the jumper locations in the SmartFusion2 Evaluation Kit board.
Notes:

« Jumpers highlighted in red (J22, J23, J8, J3) are set as default.

+ Jumpers highlighted in.green (J24) need to be set manually.

* The locations of the jumpers in Figure 14 are searchable.
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A — List of Changes

The following table lists critical changes that were made in each revision of the chapter in the demo

guide.
Date Changes Page
Revision 3 Updated the document for Libero v11.4 software release (SAR 61626). NA
(October 2014)
Revision 2 Updated the document for Libero v11.3 software release (SAR 58734). NA
(June 2014)
Revision 1 Updated the document for Libero v11.2 software release (SAR 52961). NA
(November 2013)
Revision 0 Initial Release NA
(October 2013)
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Microsemi SoC Products Group backs its products with various support services, including Customer
Service, Customer Technical Support Center, a website, electronic mail, and worldwide sales offices.
This appendix contains information about contacting Microsemi SoC Products Group 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 North America, call 800.262.1060
From the rest of the world, call 650.318.4460
Fax, from anywhere in the world, 408.643.6913

Customer Technical Support Center

Microsemi SoC Products Group staffs its Customer Technical Support Center with highly skilled
engineers who can help answer your hardware, software, and design questions about Microsemi SoC
Products. The Customer Technical Support Center spends a great deal of time creating application
notes, answers to common design cycle questions, documentation of known issues, and various FAQs.
So, before you contact us, please visit our online resources. lt'is very likely we have already answered
your questions.

Technical Support

Visit the Customer Support website (www.microsemi.com/soc/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 website.

Website

You can browse a variety of technical and non-technical information on the SoC home page, at
Www.microsemi.com/soc.

Contacting the Customer Technical Support Center

Highly skilled engineers staff the Technical Support Center. The Technical Support Center can be
contacted by email or through the Microsemi SoC Products Group website.

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.

The technical support email address is soc_tech@microsemi.com.
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Product Support

My Cases

Microsemi SoC Products Group customers may submit and track technical cases online by going to My
Cases.

Outside the U.S.

Customers needing assistance outside the US time zones can either contact technical support via email
(soc_tech@microsemi.com) or contact a local sales office. Sales office listings can be found at
www.microsemi.com/soc/company/contact/default.aspx.

ITAR Technical Support

For technical support on RH and RT FPGAs that are regulated by International Traffic in Arms
Regulations (ITAR), contact us via soc_tech_itar@microsemi.com. Alternatively, within My Cases, select
Yes in the ITAR drop-down list. For a complete list of ITAR-regulated Microsemi FPGAs, visitthe ITAR

web page.

21
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Microsemi.

Microsemi Corporate Headquarters

One Enterprise, Aliso Viejo CA 92656 USA
Within the USA: +1 (800) 713-4113
Outside the USA: +1 (949) 380-6100
Sales: +1 (949) 380-6136

Fax: +1 (949) 215-4996

E-mail: sales.support@microsemi.com

Microsemi Corporation (Nasdaq: MSCC) offers a comprehensive portfolio of semiconductor
and system solutions for communications, defense and security, aerospace, and industrial
markets. Products include high-performance and radiation-hardened analog mixed-signal
integrated circuits, FPGAs, SoCs, and ASICs; power management products; timing and
synchronization devices and precise time solutions, setting the world's standard for time; voice
processing devices; RF solutions; discrete components; security technologies and scalable
anti-tamper products; Power-over-Ethernet ICs and midspans; as well as custom design
capabilities and services. Microsemi is headquartered in Aliso Viejo, Calif. and has
approximately 3,400 employees globally. Learn more at www.microsemi.com.

© 2014 Microsemi Corporation. All rights reserved. Microsemi and the Microsemi logo are trademarks of
Microsemi Corporation. All other trademarks and service marks are the property of their respective owners.
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