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SATA Host Demo on Intel V-series/10-series Instruction
Rev2.2 11-Apr-17

This document describes the instruction to run SATA-IP host demo on Intel development board,
i.e. CycloneV SX SoC, ArriaV ST SoC, ArriaV GX Starter, StratixV GX, and Arrial0 SoC
development board. From device limitation, CycloneV SX SoC board can support only SATA2
while other boards can support SATA3 device.

1 Environment Setup

To run SATA host demo, FMC SATA or HSMC SATA adapter board from Design Gateway is
required to be interface board between FPGA development board and SATA-III/SATA-II
HDD/SSD. Hardware connection for each development board is shown in Figure 1-1 — Figure
1-5.
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Figure 1-1 SATA-IP host demo environment on CycloneV SX SoC development board
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Figure 1-3 SATA-IP host demo environment on ArriaV ST SoC development board
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Figure 1-4 SATA-IP host demo environment on StratixV GX development board
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Figure 1-5 SATA-IP host demo environment on Arrial0 SoC development board
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Following step is setup procedure for running demo.

- Power off FPGA board and adapter board.

- Connect HDD/SSD to SATA socket on CNO @ HSMC/FMC SATA adapter board
a) For Cyclone V SoC board, insert SATA-Il HDD/SSD.
b) For other boards, insert SATA-IIl HDD/SSD.

- For FMC adapter board, connect power to power connector on FMCSATA board.

- Connect SATA adapter board to FPGA board.
Note: If FPGA board has FMC/HSMC port more than one, use port#A.

- Connect USB A/B, USB mini, or USB micro cable between FPGA board and PC for JTAG
programming and JTAG UART.

- Connect power supply to FPGA board.

- For CycloneV SX SoC/ArriaV ST SoC board, set JTAG enable at SW4 as shown in Figure
1-6 to enable FPGA and MAX in JTAG chain.

Figure 1-6 Enable FPGA and MAX JTAG on CvcloneV So and ArriaV SoC board

- Enable clock programmable for CycloneV SX SoC, ArriaV GX board
a) For CycloneV SX SoC board, set bit2 of SW2 to ON position.
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Figure 1-7 Set SW to enable Si570 for CycloneV SX SoC board

b) For ArriaV GX board, set bitl of SW4 to OFF position.
Bit1 = OFF

Figure 1-8 Set SW to select clock input for ArriaV GX Starter board
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- For Arrial0 SoC board, remove boot card from the board and insert DDR4 HILO memory
card to FPGA Memory.

Remove boot card

- Power on FPGA board.
- Open “Clock Control” application to program clock for CycloneV SX SoC, ArriaV GX board,
and StratixV GX board.
a) For CycloneV SX SoC board, select 1% tab (Si570), set Target frequency = 150 MHz,
and click “Set New Frequency” button.

"3, Clock Control o @ [

/AVOTS RYAN,

5570 [sis71 | uzel

Serial part registers
HS_D 9
Target frequencyi(MHz)
M1 4
I 150 MHz I
RFRE: 02411261
Walid frequency range values are
FCTAL: 114 2756 MHz 10.00000000 ta 51000000000 MHz
Default l Set Mew Freguency I
Messages
Connected to the target -

-

Figure 1-10 Set clock frequency for CycloneV SX SoC board
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b) For ArriaV GX board, select 1* tab (U4), set CLKO frequency = 150 MHz, and click “Set
New Frequency” button.

/2 Clack Contral EIE@

g | w9

F_wio: 000MHz
Reqisters Frequency (MHz) Disable il []
CLkD - CLED 150,00 Disable CLEO [T
CLK1 - CLK1 150,00 Disable CLK1 []
CLkz - CLEZ 150,00 Disable CLKZ [7]
CLK3 - CLK3 150.00 Disable CLK3 [7]
Defaulk l E Sek Mew Frequency i

Messages

/USE-ElasterII on localhost (USE-1)/S5M{12Z70ZF3z24 *
| 22102} |EPMZZ 10RZ

Figure 1-11 Set clock frequency for ArriaV GX board

c) For StratixV GX board, select 3" tab (U38), set CLKO frequency = 150 MHz, and click
“Set New Frequency” button.

/2 Clack Contral EIE@

| sis70 | sis71 | U3 | U4e |

F_ oo 2550,0000
Registers Frequency (MHz) Disable  all [7]
CLKD 150.0000 JCLEOD 150,00 Disable CLKO [—]
CLK1 150.0000 | CLK1 150.00 Disable CLK1 [
CLk2 150.0000 - CLkz 150.00 Disable CLKZ []
CLK3 150.0000  CLE3 150,00 Disable CLK3 []
[ Defaulk l E Set Mew Frequency i

Meszages

Conhhnected to the target it

Figure 1-12 Set clock frequency for StratixV GX board
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- Open Quartusll Programmer and download SOF file to FPGA board, as shown in Figure

r [ -
» Quartus Prime Programmer Standard Edition - [Chainl.cdf]* lplE)
File Edt View Processing Tools Window Hep @ Search altera.com 0
USB-Blasterll [USB-1] Mode: [JTAG > Progress: [:
"] Enable real-time ISP to allow background programming when avaiabi
[ 0 . File Device Checksum Usercode Program/ Verity
Contgure
o Stop <none> SOCVHPS 00000000 <none>
D:/sata_gsys_av.sof SASTFDSK3F40 058BDEDS 058BDEDE ._’_J__u
8 Auto Detect | | | <none> 5122102 00000000 <none>
¥ Delete "l m ] »
P Add Fie... -
e change File
_— LULELEEr 5 ot
ey od J TDI - =
F* Add Device. : |
i up .
SOCVHPS SASTFDSK3F40 SM2210Z !
It pown DO
4
x 1
@ DA @ T e —
@ Type ip Flag Time Message
2
g« b
3 = = - -~
2| system | Processing |
| 4

Figure 1-13 Programmer Environment

- Power-on supply to SATA SSD.
a) For HSMC adapter, ON power-switch on HSMC adapter which is power supply for
SATA SSD/HDD, as shown in Figure 1-14.

Power for SSD

i = :
EF

_ —— |
Figure 1-14 Power switch on HSMC adapter
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b) For FMC adapter, ON power supply which is connected to power connector on the
adapter, as shown in Figure 1-15.
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Figure 1-15 Power for SSD on FMC adpter

Check LED status on FPGA board now and LEDO-1 should be ON, as shown in Figure

1-16.
CycloneV SoC/ ArriaV GX/ Arrial0 SoC
ArriaV SoC StratixV GX

f
f
f
f
f
f
f
f
f

Figure 1-16 LED Status after setup complete
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LED ON OFF BLINK
LEDO | OK SATA-IP cannot detect SATA device. Please check | SATA-IP Error
SATA-cable connection or 150 MHz clock source.

LED1 | OK Internal PLL is not LOCK. SATA-IP Error
LED2 | In process of write | Idle Status N/A

SATA HDD/SSD
LED3 | In process of read | Idle Status N/A

SATA HDD/SSD

Table 1 LED Status of host reference design

- Open Niosll Command Shell.
- Type “nios2-terminal” and then boot-up screen with Main menu for running SATA host
demo is displayed, as shown in Figure 1-17. More details about each Menu are described

in next topic.
[N /cyodrive/c/altera/15.1 _|_I- oj x|
Altera Mios2 Command Shell [GCC 41 j
Version 15.1. Build 189

'mmn
niczd—terminal: connected to hardware target wsing JTAG UART on cable

nioz2—-terminal: "USB-BlasterIl [USB-11". device 1, instance B
nioz2—terminal: <Use the IDE stop button or Ctrl-C to terminatel

tarting Hios II ...

EHTH3 Host Reference Design Uer 1.4
aiting device ready.... :
eset in loop. Main menu

—— SATA host design menu [Ver = 1.41 —
[B1 : SATA RESET

[11 : IDENTIFY DEUICE

[21 : WRITE DMA (EXT>»

[31 - READ DMA (EXT>

[41 = DUMP DAThA

= =

Figure 1-17 Run NIOSII Terminal and boot-up screen
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2 Main Menu

2.1 SATA RESET

Select ‘0’ for sending hardware reset signal to SATA-IP. Hardware reset is designed to reset
both SATA-IP and SATA-PHY module. The system will re-initialize, and main menu will be
displayed when complete reset sequence, as shown in Figure 2-1.

W /cygdrive/c/alteraf15.1 e = 10| %}
+++ SATA RESET selected +++ =

{Reset in loop.

—— SATA host design menu [Wer = 1.41 —
[B]1 = SATA RESET

[1]1 = IDENTIFY DEUICE

[2]1 = WRITE DMA (EXT>

[31 = READ DMA C(EXT>

[41 = DUMF DATA

a4 | b
Figure 2-1 SATA RESET Menu

2.2 |IDENTIFY DEVICE

Select ‘1’ for sending “IDENTIFY DEVICE” command to HDD/SSD. Disk information (Model

name, 48-bit LBA supported, disk capacity) will be displayed by using this menu, as shown
in Figure 2-2.

[N /cygdrive/c/altera/15.1 e = 10| %}
A

+++ [DENTIFY DEVICE szelected +++
Model name : Samsung S5D 858 PRO 256GB —
d8hit LBA iz supported

Capacity = 256GB <(HAX LBA = 5881181%92>
UDHA mode 6 supported

—— SATA host design menu [Ver = 1.41 —
[B1 : SATA RESET

[11 : IDENTIFY DEUICE

[2]1 : WRITE DMA (EXT>»

[31 : READ DHA (EXT>»

[41 = DUHP DATh

4| | b
Figure 2-2 IDENTIFY DEVICE Menu

11-Apr-17 Page 10



dg_sata host_instruction _intel.doc m

2.3 WRITE DMA (EXT)

Select ‘2’ for sending “WRITE DMA (EXT)” command to HDD/SSD. Three inputs are
required for this menu, i.e.

- Start LBA: this value is the start sector number of HDD/SSD to write data.

- Sector Count: this value is the total transfer size in sector unit (512 byte) for writing
HDD/SSD. The data size which CPU filled to write buffer is equal to this input. If the input
is more than 65536 (maximum size for one SATA command), only 65536 sector data is
filled and the later command will use same data area with the first command.

- Write Pattern: this value is used for selecting test pattern to write to buffer and then
forward to HDD/SSD. There are five test patterns in this demo, i.e. 32-bit increment [0],
32-bit decrement [1], 00000000H [2], FFFFFFFFH [3], and LFSR counter [4].

After Software receives all inputs correctly,
“Prepare data” will be displayed during CPU writing test pattern data to write buffer.
“Execute Write” will be displayed during CPU sending WRITE DMA (EXT) command and
transferring data from write buffer to HDD/SSD.

- Transfer speed will be displayed after write operation complete.

Figure 2-3 shows the example of test result when operation complete. Write operation will
be cancelled when receiving error input as shown in Figure 2-4.

(W /cygdrive/c/alteraf15.1 =10 x|

User Input
+++ YRITE DMA EXT selected +++

Enter Start LBA : B — 5808118191 {Bxidcf3I2af> —)

Enter Sector Count = 1 — 588118192 (Exidcf32hﬂ) xiﬂﬂﬂﬂﬂﬂ =
rite Pattern? : [B1Inc32 [11Dec32 [21Al11_8 [3]911

Prepare Data... Data Heady

Execute Write ...

12345678

Total = BIGB] ., Time = 18[=1 ., Transfer speed = 454["3/5]'

et EFITFI host design menu [Uer = 1.41 —— Write perfurmance
[al SATA RESET

[11 . IDENTIFY DEUICE

[21 : WRITE DMA (EXT>»

[31 : READ DHA (EXT>»

[41 = DUHP DATh

“| | A B~
Figure 2-3 WRITE DMA (EXT) command input and output
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[N /cyodrive/c/altera/15.1 ;IQIEI

2 ]
+++ WURITE DHA EHT selected +++

Enter Start LBA - B — 588118191 (Bxidcf3Z2af> => 8 =
nter Sector Count @ 1 — S5H8118192 <Bxlidcf3IZhB> =3 Bxlidcf3IZ2hi

——— SATA host design menuw [Uer = 1.4]1 —— Qut-of-range input

[B1 : SATA RESET

[11 = IDENTIFY DEUVICE

[2]1 : WRITE DMA <EXT>

[31 : READ DHMA <EXT>

[41 : DUMF DATA =
4] | v

Figure 2-4 Write operation cancelled from error input
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2.4 READ DMA (EXT)

Select ‘3’ for sending “READ DMA (EXT)” command to HDD/SSD. Two or three inputs are
required for this menu, i.e.

- Start LBA: same description with Start LBA in WRITE DMA (EXT) menu.

- Sector Count: same description with Sector Count in WRITE DMA (EXT) menu. If this
input is not more than 65536, the third input will be displayed for selecting verification
pattern. If input is more than 65536, the third input will not be displayed to skip data
verification process and run for checking performance only, as shown in Figure 2-5.

- Verify Pattern (Optional): this value is used for selecting verification pattern. This input
should be matched with the pattern in WRITE DMA (EXT) menu. Five verification
patterns can be selected, similar to write pattern. “Verify Data ... Success” is displayed
for success case, and “Data Mismatch with failure value” is displayed for failure case, as
shown in Figure 2-6 and Figure 2-7 sequentially.

Similar to WRITE DMA (EXT) menu, Read operation will be cancelled if receiving error input
as shown in Figure 2-8.

B /cyogdrive/c/alteraf15.1 N = |D|£|
B

+++ READ DMA EXT selected +++ User Input
nter Start LBA : B — 500118191 (@xidcf32af) =>

nter Sector Count @ 1 — 588118192 <Bxidcf3IZhB> Bx1 8080A8A
12345678 =i

ﬂTutal = BIGB]1 , Time = 15[s1 , Transfer speed = 564[MB/s1 |

L SATA host design menu [Ver = 1.41 —— Read performance
[81 : SATA RESET

[11 : IDENTIFY DEUICE

[21 : WRITE DMA <EXT>

[31 : READ DMA <EXKT>

[41 : DUMP DATA

4| | A 77
Figure 2-5 READ COMMAND without Verify

[N /cygdrive/cfalteraf15.1 = 0] %}
+++ READ DMA EXT selected +++

Enter Start LBA : B - c00118191 (Bxidef3zasd <> [@] USer Input

Enter Sector Count : 1 — 5881181792 (Bxidcf32bhB> =: 65536

Total = 32[MB] . Time = 61lm=] ., Transfer speed = 547[HB/s1 | —
erify Fattern? @ TWIInc3d [11DecdZ T2TAII_W [JIAII_1 T4ITLFSR :E
erify Data ... Success |

—— BATA ho=s=t design menu [Uer = 1.41 — VEfﬁf{JK

[B]1 : SATA RESET

[1]1 = IDENTIFY DEVICE

[2]1 : WRITE DHA <EXT>

[31 : READ DMA <EXT>

[41 = DUMFP DATH

4| | v

Figure 2-6 READ COMMAND with verify successful
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[N /cygdrive/cfaltera/15.1 _IDIEI
+++ READ DMA EXT selected +++
Enter Start LBA : B — 580118191 {Bxdidcf32af> => 8
Enter Sector Count : 1 — 588118192 (Bxidcf32bhB> => 65536
otal = 32[HB] . Time = 61Ilm=]1 . Transfer speed = S47[HB-=1
erify Pattern? : [B1Inc3d2 [11Dec32 [21A11_8 [31A11_1 [41LFSR : =
erifu Data
ata Mismatch ADDRIBx4CARARPB1=> T [BxAAAPAARR]1 F[AxAAPAAAR1 1|
——— SATA host design menu [Ver = 1.41 —— Verify Fail
[B1 : SATA RESET
[1]1 = IDENTIFY DEUICE
[2]1 : YRITE DMA <EXT>
[31 - READ DHA <EXT>
[41 : DUMP DATH
1| | |
Figure 2-7 READ COMMAND with verify failure
-10] x|
Enter Start LBA : B — 580118191 ({Bxddcf32af)> => B
Enter Sector Count = 1 — 588118192 <Bxddcf32h@y =3 E:EE:EEEEE
——— SATA host design menu [Ver = 1.41 —  Out-of-range input
[B]1 : SATA RESET —
[11 = IDENTIFY DEVUICE
[2]1 : URITE DHMA <EXT>
[31 : READ DMA <EXT>
[41 - DUHF DATH
4| | | 2
Figure 2-8 Read operation cancelled from error input
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2.5 DUMP DATA

Select ‘4’ to read data from DDR or read control register inside Avalon2SATA module for
debugging. Two inputs are required for this menu, i.e.

- Start address: Heximal value can be input by adding prefix “0x”. Memory map of this
reference design is displayed in Table 2.

- Byte length: Input read length in byte unit.

After setting all inputs, all read values will be displayed on console, as shown in Figure 2-9.

(B /cyodrive/c/altera/15.1 =10] x|

] Al
nput start address: [Bx4000000M |
Input dump length: [Bx userIHPUt

Bx48000AHA] AR A8 B0 BB B1 B0 B8 AR A2 B0 BB BB A3 B8 B8 B8
Bx480000168]1 A4 A6 BA BB BS B0 B8 B8 Bt BA BB BA A7 BB B8 A8
Bx48000A2A]1 A8 A8 AP BB A7 PO BB BA AR AR BB BA BE B8 B8 B8
Bx480000368]1 BC B8 BA A8 BD G B8 B8 BE BA BB BA BF B8 B8 A8

—— BATA host design menu [Uer = 1.41 —

[B]1 : SATA RESET

[11 : IDENTIFY DEUICE =
[2]1 : YRITE DHA C(EXT>

[31 : READ DMA <ERT>

[4]1 : DUMP DATA

4 | v
Figure 2-9 DUMP DATA Menu

Address Memory map
0x01000000-0x0100001F Avalon2SATA register area
0x40000000-Ox7FFFFFFF DDR memory area
- 0x40000000-0x40000FFF TXFIS area
- 0x40001000-0x40001FFF RX FIS area
- 0x48000000-0x4BFFFFFF TX DATAFIS area
- 0x4C000000-0x4FFFFFFF RX DATA FIS area

Table 2 Memory map in NIOSI| system
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3 Revision History

Revision Date Description

1.0 11-Mar-16 Initial version release
2.0 5-Jul-16 Support Arrial0 and merge V-series document
2.1 1-Aug-16 Modify Figure 1-5 to add DDR4 information
2.2 11-Apr-17 - Update hardware setup on Arrial0SOC

- Add LED description
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