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USB3D-IP (USB3.0-Device function IP) demo manual

Rev 1.3E / 15 May, 2015

This document describes USB3D-IP (USB3.0 device function IP-Core) evaluation procedure using Altera
evaluation board (CyclonelV GX board, CycloneVE board, and ArriaV GX starter board) or Xilinx
evaluation board (SP605, ML605, KC705, and ZC706 board) and USB3.0 adapter board with evaluation
sof-file or bit-file

1. Evaluation Environment
This demo design operates under following environment shown at Figure 1.

1-1 Altera Environment
For Altera USB3.0 Device-IP evaluation, user must arrange following environment.

e  Altera evaluation board (Cyclone IV GX board in this example)
USB3.0 adapter board from DesignGateway [Part# AB08-USB3HSMC]
USB3.0 A to A cable attached with adapter board.
Altera sof-file download tool (programmer) and NiosII console.
Host PC with USB3.0 port. (PCle extension USB3.0 host card is also available, however, such PCle
extension host card is sensitive to analog characteristics such as error occurrence at some PCle slot
position. And PCle extension host card cannot provide enough transfer performance when PCle
interface is 1-lane and not GEN2 but GEN1 speed because GEN1 1-lane PCle I/F limits its
performance to 2.5Gbps=200Mbyte/s at maximum.)

USB3.0 Host Adapter USE3.0 AtoA Cable

UsSB3.0:
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JTAG:
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sof-file

il USB3.0-IP Demo board

CyclonelV GX
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NIOS2 console

Figure 1: Altera demo environment for USB3D-IP evaluation =~

(Notes) Evaluation sof-file has 1-hour time limit operation after FPGA configuration.
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1-2 Xilinx Environment
For Xilinx USB3.0 Device-IP evaluation, user must arrange following environment.

e Xilinx evaluation board (SP-605 in this example)
USB3.0 adapter board from DesignGateway [Part# AB07-USB3FMC]
USB3.0 A to A cable attached with adapter board.
Xilinx bit-file download tool GMPACT) and serial console such as Teraterm.
Host PC with USB3.0 port. (PCle extension USB3.0 host card is also available, however, such PCle
extension host card is sensitive to analog characteristics such as error occurrence at some PCle slot
position. And PCle extension host card cannot provide enough transfer performance when PCle
interface is 1-lane and not GEN2 but GEN1 speed because GEN1 1-lane PCle I/F limits its
performance to 2.5Gbps=200Mbyte/s at maximum.)

TUSE3.0 Host Adapter USB3.0 AtoA Cable

XNilinx Taool

CISE

DESIGH SUITE

Download bit-file

Figure 2: Xilinx demo environment for USB3D-IP evaluation

(Notes) Evaluation bit-file has 1-hour time limit operation after FPGA configuration.
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2. Evaluation procedure

2-1 Altera Evaluation Procedure
For Altera USB3.0 Device-IP evaluation, follow evaluation procedure below.

e Check that both Altera board (CyclonelV GX/CycloneVE/ArriaV GX starter board) and adapter
board are powered off.

e Connect USB Cable to USB connector on Altera board (J4 for CyclonelV GX board/J10 for
CycloneVE board/J14 for ArriaV GX starter board) for JTAG programming and JTAG UART
operation.

e Set HSMC interface voltage of CycloneIV GX board to 2.5V. (Short J3 header. Refer to CyclonelV GX

board manual for more detail.)

Connect adapter board (AB08-USB3HSMC) to HSMC connector.

Confirm that JP1 on the adapter board is not jumped (OFF).

Connect USB3.0 AtoA cable with USB connector on the adapter board.

Connect opposite side of USB3.0 AtoA cable to the USB3.0 connector of the Host PC.

Figure 3: Adapter board connection to CyclonelV GX board
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Figure 4: Adapter board connection to CycloneVE board

Figure 5: Adapter board connection to ArriaV GX starter board
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e  Power up all boards, run ALTERA Programmer on the PC, and download evaluation sof-file to the
FPGA. After download finish, close Programmer software. (At this timing, (FPGA operation is
already running and FPGA is waiting JTAG UART output.)

e  Run nios2-terminal from “ALTERA NIOS2 Command Shell” as below Figure 6.

. Altera Mios I EDS 10.1ep1 [ecc4]

terminal --cable

Figure 6: start nios2-terminal

e  When JTAG UART starts its operation, it shows message as Figure 7. If nios2-terminal cannot start
or this message is not appeared, check USB cable or download settings of Programmer.

& Altera Nios I EDS 10.1spl [eccd] _EE:-:;

BT on cable

Figure 7: Device operation start message
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e After sof-file download finish and JTAG UART operation start, check USER_LEDO0-3 status near by
HSMC connector on the Altera board. See Table 1 for LED definition. Note that LEDO blinks and
other LEDs are OFF when USB cable is unplugged. When USB cable is connected again, LED will
change its state as shown in Figure 8.

LED | Statu Description
s

LEDO | OFF | Altera FPGA configuration is not completed.
Blink | VBUS is not detected. USB cable is not plugged correctly for example.
ON | USB cable is plugged correctly and FPGA detects VBUS presence.

LED1 | OFF | USB3.0 Mass Storage Class operation is not started yet.
Altera board might have problem such as memory initialization fail.
ON | USB3.0 Mass Storage Class operation is started successfully.

LED2 | OFF | Cannot initialize USB3.0 LINK process.

Check HSMC connection of the demo board.

Check that USB3.0 cable is the demo board attached cable.

ON | USB3.0 LINK initialization completed successfully.

LED3 | OFF | USB3.0 Mass Storage Class detection by HostPC is not completed.

It is possible that signal quality problem exists in the host USB3.0 adapter or
device driver has some problem.

ON | USB3.0 Mass Storage Class detection by HostPC is completed successfully.

Table 1: LED definition of Altera board

USB3.0 Cable Plug-in

USB3.0 Mass Storage start

USB3.0 LINK Initialize

USB3.0 Mass Storage

Evaluation Time Expired.

Figure 8: USB3.0 device operation LEDO-LED3 status on Altera board

2 All LED will be OFF when 1-hour time limitation is expired.
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Figure 9: Mass Storage Class operation start message
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2-2 Xilinx Evaluation Procedure
For Xilinx USB3.0 Device-IP evaluation, follow evaluation procedure below.

Check that both Xilinx board (SP605/ML605/KC705/ZC706 board) and adapter board are powered
off.

a) SP605/ML605: Connect USB mini-cable#1 to USB mini-connector on Xilinx board (J4 for
SP605/J22 for ML605) for JTAG programming.

b) KC705/ZC706: Connect USB micro cable to USB micro connector on Xilinx board (U29 for
KC705/U30 for ZC706) for JTAG programming.

Connect USB mini-cable#2 to USB mini-connector on Xilinx board (J23 for SP605/J21 for ML605/J6
for KC705/J21 for ZC706) for serial console I/F on HostPC.

Confirm that FMC interface voltage is 2.5V, and then connect adapter board (AB07-USB3FMC) to
the FMC-LPC connector on Xilinx board.

Confirm that JP1 on the adapter board is not jumped (OFF).

Connect USB3.0 AtoA cable with USB connector on the adapter board.

Connect opposite side of USB3.0 AtoA cable to the USB3.0 connector of the Host PC.

Figure 10: Adapter board connection to SP605
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LED Status

Figure 11: Adapter board connection to ML605

LED Status

Figure 12: Adapter board connection to KC705
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Figure 13: Adapter board connection to ZC706

Power up all demo device, run serial terminal (TeraTerm for example) and set following

communication parameter
Baud Rate = 115,200 Data = 8bit Stop Bit =1 Parity = None

e a) Start iMPACT and download evaluation bit-file to FPGA.
b) For ZC706 board only, set SW11="00000" to configure PS from JTAG, and set SW4="01" to connect

JTAG to USB-to-JTAG interface, as shown in Figure 14 and Figure 15. After that, open ISE
command prompt and run bat file to download bit-file and elf-file to FPGA, as shown in Figure 16.

SW11

o
=0

jusg|

1d-02 EILF‘II
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B8 Sdrrinistrator: ISE De &lg 1 Suite 64 Bit Command Prorm pt oo B[]

4
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sTempxdownload_dev_zc786 )Fsh_msc:_ep_zc'?ﬂﬁ i hat_l =

| 1] | 3

Figure 16: Run bat file to program bit and elf file on ZC706 board

e After bit-file download finish, check GPIO_LEDO0-3 status on Xilinx board. See table-2 for LED
definition. Note that LEDO blinks and other LEDs are OFF when USB cable is unplugged. When
USB cable is connected again, LED will change its state as shown in Figure 17.

LED Light Description
DS3/LEDO OFF | SP-605 FPGA configuration is not completed.
Blink | VBUS is not detected. USB cable is not plugged correctly for example.
ON | USB cable is plugged correctly and detects VBUS presence.
DS4/LED1/R | OFF | USB3.0 Mass Storage Class operation is not started yet.
SP-605 board might have problem such as memory initialization fail.
ON | USB3.0 Mass Storage Class operation is started successfully.
DS5/LED2/C | OFF | Cannot initialize USB3.0 LINK process.
Check FMC connection of the demo board.
Check that USB3.0 cable is the demo board attached cable.
ON | USB3.0 LINK initialization completed successfully.
DS6/LED3/L | OFF | USB3.0 Mass Storage Class detection by HostPC is not completed.
It is possible that signal quality problem exists in the host USB3.0 adapter or
device driver has some problem.
ON | USB3.0 Mass Storage Class detection by HostPC is completed successfully.
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Table-2: LED definition of SP605 board

USB3.0 Cable Plug-in

USB3.0 Mass Storage start
USB3.0 LINK Initialize completed

USB3.0 Mass Storage completed

Evaluation Time Expired.

Figure 17: USB3.0 device operation LED status on SP605 board

2 All LED will be OFF when 1-hour time limitation is expired.
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o After FPGA operation starts, at least following Figure 18 message will appear on the serial console.
(same meaning of DS4). If Figure 18 message does not appear, check serial (USB mini) cable as well as

serial communication parameters.
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S=1E3

B COM3:115200baud — Tera Term VT

JrE REE RES Jub0-0 eeEd sl
==== Welcome to Dezien Gateway U3B3.0 DEMO SYSTEM || ==============
3344 UART Memsaze Started. $obe

Figure 18: Device operation start message

¢  When communication with HostPC is successfully started, following Figure 19 message will appear
on the serial console (same meaning of DS6).

==1Ey

B cOM3:115200baud - Tera Term YT
IrALE REE SEES IO B AJLHH)

==== Welcome to Dezign Gateway USB3.0 DEMO SYRTEM !! ==============

344 UART Wessaze Started. e

368 USBS.0 Plug-in and Bug Started. 458

$5¢ USBS.0 Mase Storage Class started. $5$

8¢ Executed SCSI COMMANDz., @ CMD COUNT =0x0000AE : EEAD LENGTH =0x00081E00 : WRITE LENGTH =0x00000000

348 Evecuted 3CSI COMMAND=. : Test Unit Ready COMMAND Only.............. |

Figure 19: Mass Storage Class operation start message
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3. Demo operation example

e The demo design emulates general USB removable drive so that user can check same functions and
operations. However, the demo design has following limitation.
(1) The demo design uses on-board 128Mbytes DDR memory and assigns 127Mbytes as a storage
memory space.
(2) Because storage memory is volatile, stored data on the DDR memory will be disappeared when
power is off and user must execute format after every power cycle.

1. Windows on the HostPC will firstly request format after power cycle of demo design.
So user must execute normal format operation.
If Windows does not show message, then execute format manually, however in this case, enough
care must be taken not to format incorrect drive.
DesignGateway is not responsible for any trouble or problem caused by such incorrect operation.

Format Removable Disk (E) x|
Capmtv
{127 M8 2|

File system

|FaT32 &

Allocation unit size
| it el o 2]

‘You need to format the disk in drive E: before you can use it. Restore device defaults

Do want to format it?
= ' Volume label

{Fmtopﬁons |

™ Quick Format

[T Crestesn MED0S starbindlsk

Start Close |

Figure 20: Execute format to the demo drive
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2. Device Manager
User can confirm by the device manager of Windows that demo drive is recognized as an USB
mass storage device.

E Computer Management = IEIlil
=) File Action  Wiew Window  Help |-|E’|5|

¢ AW FES 2 A =Ra

g Computer Management (Local) = ARA-TFTE -
EI@ System Tools

+ @ Event Yiswer

‘gl Shared Folders

g Local Users and Groups
Performance Logs and Alert:
2 Device Manager

EI--@ Storage

: Remavahle Storage

: Disk Defragmenter

Disk Managemeant

[]—-& Setvices and Applications

P

- i@ Human Interface Devices
H-{=2) IDE ATAJATAPT controllers

- & [EEE 1394 Bus host controllers
+-E8 Jungo

H-iz Keyvboards

H- ) Mice and other painting devices

[

[

[

[

[

[

[

[#- Manitors

[+ EE& Metwork adapters
B Ports (COM & LPT)

-5 Processors

[+-E8 Programming cables

[]--@% SC5I and RAID controllers

=, Sound, video and game controllers
[+-=e# Storage volumes

[
[

]g System devices

4] | _’I H- 8= Universal Serial Bus controllzrs LI
I I |

Figure 21: Mass Storage USB Device detected from Device Manager

3. Copy & Paste
User can execute file or folder Copy&Paste to the demo drive for example.
Note that drive capacity is limited to 127Mbytes only.
— Removable Disk (E:) ;Iglil

S,

G\ )v b_ ~ Computer ~ Removable Disk (E:) - @I Search Removable Dis. .. E‘

Organize *  Sharewith =  Burn  New folder = = @

- Favorites
P Desktop
4 Downloads
= Recent Places

- Libraries USB3-PRES-]
3 Documents

J‘- Music

=] Pictures
EX Copying 8 items (8.25 MB]

™ Copying 8 items (8.25 MB)

from Desktop (£ #0e s oas @0 00) to Removable Disk (E:)
i Discovered 8 items (8.25 ME)...

G |

j More details Cancel |

Figure 22: Copy & Paster
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4. Benchmark test
User can execute benchmark test to check performance.
Note that if HostPC performance is poor (for example of 1-lane PCle adapter usage or PCle is
GEN1 case), demo drive cannot provide USB3.0 performance. Real transfer performance depends
on OS type on the HostPC, CPU performance, and/or PCle bus speed of the USB3.0 adapter card.

-

= CrystalDiskMark 3.0.3 %64 =l e

lwg wily skin dessda  Language

a[v] 100MB [V] D: 0% (0/127MB)
Read [MB/s] Write [MB/s]

ss 304.6 321!

524/304.1 |318.1
1#164/96 162/39

W 55/29 160/46
|

Figure 23: Benchmark test result example

5. Plug-out and Plug-in
The demo drive can execute plug-out and plug-in operation as a removable disk.
Take enough intervals between plug-out and plug-in for correct operation.
If user execute plug-in immediately after plug-out, HostPC may not detect USB3.0 device

correctly.
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4. Revision History

Revision Date Description
1.0 18-Jul-2012 Release English version.
1.1E 04-Mar-2015 Merged both Altera and Xilinx into one document
1.2E 09-Mar-2015 Updated Figure-15 by the latest test result
1.3E 15-May-2015 Add board support
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