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What is SATA?

Standard storage interface of HDD/SSD

— SATAL.0 released in year 2000, the latest standard
is SATA3.0.

* Improved from IDE (Parallel-ATA)

— Cable (from 80 line 46cm to flat narrow cable 1m)
— High-speed (PATA: Max.133MB/s -> SATA: Max.600MByte /s)

— Jumper settlng is not required anymore.

Serial ATA

\
o Wt A‘E’ 1om V
ey
Jumper setting
is required to '
select
Master/Slave
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7 Features of SATA device

o Popular
— Compatibility. Easy to replace.
— Commodity. Easy to buy.

e Low price
— 2.5“SSD 480GB is 50USD ===,
— 3.5"HDD 4TB is 80USD

WL 4TB 7200RPM G4MB Cache SATA 6.0Gb/s
3.5" Hard Drive (For RAID, NAS, DVR, Desktop

KingSpec SSD 480GE Internal Solid State Drive PC) w/1 Year Warranty
for PC, Laptop Sata3 2.5" 7Tmm Hard Disk for ' =

P-4 :
vl Price: $79.88
Capatig TR

Price: $50.45

ABDED

(06-Jan-2019 Amazon.com)
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Trend of SATA device

» SATA storage is switching to SSD from HDD.
e SSD has advantage compared with HDD in toughness &  silence.
 HDD has advantage compared with SSD in capacity and price.

HDD sDD
Life Expectancy vy T r Trr ey
Operating Temperature Hrr ey
Storage Temperature W el
Operating Shock E g Hrerdrdrey
Operating Vibration o v
Humidity Tardar Ay
Altitude | Trerrer
Acoustic Noise [ vt ey
RawMediaErrorRate | ¥ B B
Apps Data Error Rate g e g -
Performance -Sequential | oty e
Performance -Random g g Aoy
Power Idle | Ty
Power Read/Write Wy Fr Ty
Capacity | Frdrdreesy it g
Cost/IOPS Frdr g 4
Cost/MBps | Ay Ty
Cost/GE vy vy
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Merit of SATA adoption

e Huge non-volatile storage
— GigaByte/TeraByte capacity.

* High-speed and Low cost
— Several Megabyte per second Read/Write speed
— Mass produced goods

o Compatibility
— Easy and quick to repair and recover, just replace.
— Your product lineup will be various with different capacity storages

[ 25668 | SSD-N256S/PM3P ¥50085%1IA) / ¥ 47 700 iR to arrange various products

[ 512ee | SSD-NS125/PM3P ¥54.815652) / ¥ 90 300 Gidk) @ Just change storage capacity
[ 128ce | SSD-M128S/PM3P ¥256200IA) / ¥ 24,400 (Hi35) < from high-end model to low cost model.
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Serial ATA Transport&Link Layer IP Core

Solution for embedded system
e 1: Use Existing SATA chip (ASSP)

— Merit: Device cost
— Demerit: Limitation of MOQ, support and fixed functi on

e 2: Use FPGA+SATA-IP core

— Merit: Flexibility, support special usage such as R AID, MOQ etc..
— Demerit: Device cost (In case of SATA function only )

&)

o)

Conclusion:
If the system is simple function and the availability is acceptable,
ASSP may be better for you.

For other case, FPGA + SATA-IP core is best solution for you!!

J
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What is SATA -IP?

* Implement SATA channel by MGT resource
» |P-Core includes Link layer (and some part of Trans  port layer).
» Reference Design available for PHY layer and Transp  ort layer.

- Control Virtex SLXT /SXT
Host \————/ SATA IP Core OB »
Processor — g GTP
TX Packet CRC T
TX FIFO :/ ) < || ooB control
e SE
/ RX Packet i Speed
RXFIFO | | Scrambler Negotiation
\
Transport Layer Link Layer PHY Layer
_———Z
Reference Design provides IP-Core includes Reference Design provides
Transport layer design Link layer PHY layer design
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Serial ATA Transport&Link Layer IP Core

Product Lineup

Prod. No. Device Speed Available reference design
SATA-IP-ZUP | Zyng-UltraScale+ SATA-IIl | 4chRAIDwithHCTL-IP, HCTL-IP
SATA-IP-VUP | Virtex-UltraScale+ | SATA-IIl | 4chRAIDwithHCTL-IP, HCTL-IP
SATA-IP-KU Kintex-UltraScale SATA-IIl | 4chRAID, Host, HCTL-IP, 8chRAIDWithHCTL-IP
SATA-IP-VT7 | Virtex-7 SATA-II 8ch/4chRAID, Host, HCTL-IP
SATA-IP-ZQ7 | Zyng-7000 SATA-II 4chRAID, Host, Device, Linux(AHCI), exFAT, FAT32
SATA-IP-KT7 Kintex-7 SATA-III 4chRAID, Host, Device, HCTL-IP, Duplicator, FAT32
SATA-IP-AT7 | Artix-7 SATA-1I Host, Device, HCTL-IP, Bridge

All device from 7-series or later can Many reference design available

support SATA3.0 (6Gbps) (Can check operation for evaluation)

7 October 2019 Design Gateway Page 9

STTRP DG

Serial ATA Transport&Link Layer IP Core

Supports both of Host and Device

» Single IP-Core supports both of Host (PC side) and
Device (Disk side).
— Switch between Host function and Device function by dev_host n

signal input.
Serial A‘l';:j Tgr\-/sp_orl‘!lﬂoLl;lft L_ayre]r IP Core
LY
T
= GND =VCC
SATA Host Core SATA Device Core
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Approved IP -Core by Xilinx

LX]LIN%( i_-*‘” i —| & signin [@

APPLICATIONS PRODUCTS DEVELOPER ZONE SUPPORT ABOUT

am » Member Search » Design Gateway Co., Ltd,

Design Gateway Co., Ltd.

Querview Products
Partner Information Xilinx Design Experience DG RSIS
Design Gateway is a product development and design service Program —
provider firm. We offer a full range of value added engineering Member Since 2003 ngr_am T_Ier‘
services in the technology industry including product design, R Member
prototyping, and system integration. We deliver value and ensure Pfc?du(ts 17 ) e
best solutions possible for our clients. Development/design of Posted Healestinoapilions
ASIC/FPGA is one of our main business fields. We have expertise on = .
how to increase speed and efficient area of FPGA designs using VHDL - Products and Services Locations:
; Klongtoey-Nua, Wattana,
and Verilog code. . Board
) ) TH (Headquarters)

View Partner Product Disclaimer ** Besign Service

- Core

Market Segments
+ Industrial Scientific
Medical
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. SSD performance

 More than 200MB/s transfer speed by the latest SSD.

« Achieves SSD specification performance.
— Best for high-speed large-capacity storage applicat ion.

SATA-2/3 SSD performance result

198MB/s
WRITE | 4352M18/s

256MB/s
e — $5503/5
0 100 200 300 400 500 600 MB/s

* Evaluation result by KC705
K/ 2 * SATA-2 SSD: Intel SSDSA2SH032G1GN
* SATA-3 SSD: Samsung SSD840PRO

I
* 8GB sequential access performance using psudo random data pattern
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" Free Bit-file for Evaluation (1)

* Serial communication with PC as Host side.
 Write/Read access to/from SATA device.
* Measure transmission speed.

Serial terminal B Tera Term - GOM2Z VT
on PC

Edit  Setup Contral  Window Help

--- SATA host desizn menu [Yer = 2.1] ---
EU%DI’F{% 1 SATA RESET
1]or[1] : IDENTIFY DEYICE
IREIERIC [2]ar[%] : WRITE DM& (EXT)
[3]or[R] : READ DMA (EXT)
[4]ar[D] : DUMP DATA IM DDR
[1ar[T] : TEST READ & WRITE BACK

|

+++ WRITE DM& EXT selected +++

Enter Start LBA © 0 - 500118181 (0x1DGF524F) =[]

Enter Sector Count = 1 - BO0118192 (0x1DCF32B0) =

Write Pattern 7 1 [0]1Inc32 [11Deciz [2)A11_0 [3]AIT_T [4TRdbuf [S]LFSR ={E]

Frepare Data... Data ready
Execute Write ...

S ~ ¢ 12345678
o Total = 8[GB] ., Tine = 18[s] . Transfer speed =| 452 [MB/s]| =
= 4 --- SATA host desizn menu [Ver = 2,11 --- v
2 A W 2 {fm] s
LS I v, ¥ > /

Example of write transfer
«Set address, sector count and type of data pattern
*Measure transmission speed and display the result
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SATA cable SATA device

-
Xilinx FPGA board

TP i
Free Bit-file for Evaluation (2)

* Free bit-file for Evaluation on Xilinx FPGA boards.
 Downloadable from SATA-IP Web page.

AN
Serial communication Software 7 \ - 7
(such as Hyper Terminal) ' SATAI
¢ . SSD/HDD
= Adapter Board (Option)
h AB09-FMCRAID

USE Mini B cabla-

USE hcro B cable
. o

Xilinx eval. board

SATA-IP evaluation environment
7 October 2019 Design Gateway
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Serial ATA Layer IP Core

N AN Reference DeSign (Summary)

 EDK Project Design of Evaluation bit-file.
* Full source code (VHDL) except IP core

e Can save user system development duration

— Confirm real board operation by original reference design.
— Then modify a little to approach final user product
— Check real operation in each modification step.

b

No risk to back to rebuild, able to develop for sho rt term!
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Serial ATA Layer IP Core

" Reference Design (Structure)

Control whole system by Connect SATA and DDR by
firmware on MicroBlaze AXI Interconnect

For serial communication
with PC

= ;] i i FATA e
- i Hl hterconne 2 “- = * "lP : y oo :-.-:. b
| | L oy sy ~d 3
SATA Host Reference Design | ; ﬁ K PHY Iayer
\
Read/Write data is stored to F e AXI bridge | [_Link layer (IP core) |
external DDR memory 55

Block diagram of SATA-IP reference design
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S Resource Usage

¥PS Synthesis Summary {estimated values) Design total=

2 31150DFF & 53BRAM
Report Flip Flops Used LUTs Used | BRAMS Used /
zvstem 31150 3277 53

; SATA 1channel=

svetem axiddzata 0 wrapper 19463 2020 17 % 2000DFF & 17BRAM
zvatem ddrd sdram wrapper 11069 14651
gvetem re232 uart 1 wrapper 305 451 +
zystem dual timer counter wrapper 217 311 Use about 2500DFF for SATA in
aystem debue module wrapper 13 140 14219DFF of AXI wrapper
svstem microblaze 0 wrapper 2156 2004 4|| (No BRAM consumption at SATA)
zyztem Imb bram wrapper 16
zvstem interrupt chtl wrapper i L
zystem axidlite 0 wrapper 118 249 4500DEF & 17BRAM
i o ik BeEae 834 408 / for 1 SATA channel
syvetem axid 0 wrapper 14218 10749 T
gystem proc svs reset [ wrapper G sl 1% of total DFF=407,600

4% of total BRAM=445
in XC7K325T

SATA-IP reference design resource usage
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~ Development tool for RAID

e Adapter board with 10 SATA Host connectors.
e Connector for FMC-HPC of Xilinx Eval Bd.
e Direct connect to 2.5 inch SSDs or HDDs.

5 SATA connectors on top side and
5 SATA connectors on bottom side

Adaptor Board
for RAID development
P/N: ABO9-FMCRAID

{4

R~ 3PN f Evaluation board supporting
e L4 FMC-HPC I/F (such as
- KC705 / KCU105)
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RAID Design Project

Video and Image Processing
I'_'l Project Local PCores

F axidfrata I % axi4Zsata_nock 1,00,

-- axidirata 7 % gxitZsata_noclk 1,00, g
N

. B USER
i Project Peripheral Repositary 0

- axHirafa 3 "r axi4Zsata_nock.  1.00.a
. Dwal Fimer. Comfé?o 20 axi_timer 1.03.a
l REZF2 Lart § axi_uark16550
> olock_ganaralor,

l.a

IP Cakalog. A A L L {_:; Bus Interfaces | Ports | Addresses I ﬂ
: }F }F "l': 'ﬁ" Nane: |IP Tvpe 1P Yersion
Diescription = i axd @ 2,; Fxi_inkerconnect  1.06.a
- £ EDE Instal % - axidlta 2 ::_ axi_interconnect  1,06.a

[ Analog . o AXE_m_mi L% axi_jnterconmect  1.08.a
[ Arithmetic : - dima 2% Imb_vio 2.00.b
[ Bus and Bridge . . -
- Clock, Reset and Interrupt . ~ |4 Reference Design provides
- Communication High-Speed - = A
B+ Communiication Low-Speed ; T H SATA Channel tem plate
- DMA and Timer = =
f- Debug é [l 3 Imb_bram_if_cntl 3.10.a
- FPGA Reconfiguration - [ L. axi_7series ddrz  1.05.8
(- General Purpose 1O : [ dmb_b L5 Imb_bram_if_cntl 3.10.a
- Inkerprocessor Communication § [ dmir A B [ o S Y 0= o e T 1 -
i gﬂgnorv and Memary Contraller % - imb_ ‘ fntir 2 Can add/remove SATA
E| Peripheral Controller & ; channel count on EDK
-- Processor 23 e
- USER. e
B Utiliby 5 5 1.02.3
- Werification - = axi4Zsata 1.00.5
B =

T

3

i

.

RAID system easy design based on EDK
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~ RAID System Performance

452MB/s

1ch

8ch
RAID

1ch

8ch
RAID

|
2000 oo b HHEHH TS

(=1
=]
=]
€3

* SSD : Samsung SSD 840PRO
(Standalone performance is Write=452MB/s and Read=5 55MB/s)

VC709 + 8 SSDs RAID system performance
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SATA-IP Optional Product

e HCTL-IP Core
— Pure hard-wired host controller core
— Automatic read/write execution without CPU
— Best performance because firmware overhead not exis t

 AHCI-IP Core v,
— SATA access possible from LinuxOS Vo4

— Support ARM Core for Zyng-7000 family —

« FAT32-IP/exFAT-IP @

— Provide FAT32/exFAT access feature by hardwired log ic
— Can record data as ‘file’ -> PC can access to data  via file
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Serial ATA Transport&Link Layer IP Core

HCTL-IP Core (Optional Product)

« Controller IP core designed by pure hard-wired logi C
— Full autimatic SATA-IP control instead of CPU andi ts firmware
— Can build storage system without CPU
— Can save CPU time completely in SoC application sys tem
* Minimize overhead by high speed state machine
— Theoretically the best performance (especially for write)
— Write improvement example: CPU control=  465MB/s -> Host-IP=525MB/s
— Provides reference design for both 1ch and 4ch-RAID 0 on Intel board
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HCTL-IP Core (Cont'd)

« Common interface among all Storage IP-Core (dglFty peS)
— Same user interface among other IP-Core (NVMe-IP) p  roduct
— Can keep same user logic for different storage betw  een SATA and NVMe

Same user logic 4 ]M‘ Lﬂg«“ dtg,! SF [KEPT 1 1 I Z][/E/ Prod

for dl ﬁerent o Ay p | Serial ATA Transport&Link Layer IP Core uct-A
product \

- \ - h ~ Wi A (l I F y we) PI’Od

M 1\%«" (Fpe & . core uct-B

« Simple user interface for easy use
— Set R/W type, address, sector count parameter andi  ssue request pulse
— Very popular data interface by general FIFO
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Serial ATA Transport&Link Layer IP Core

AHCI-IP Core (Optional Product)

e Can access to SATA channel from Linux
— Reference design available for SoC device
— Provide AHCI Linux driver C source code
e Supports NCQ feature
— Queue re-order in multiple command
— Minimum latency by using internal RAM for Queue tab
— Very high performance for random access
* Multiple port count support by customization
— Standard product support 1 port
— Port count can be increased by core customization
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Serial ATA Transport&Link Layer IP Core

FAT32-1P/exFAT -IP Core (Optional Product)

o Supports data recording by FAT32/exFAT file format
— In combination with both SATA-IP and HCTL-IP core

 PC can directly access to recorded data as a file
— FPGA writes data to device, reconnect with PC, then PC can read data

PC can directly access to
Remove drive the recorded data
= and reconnect =
P with the PC {; e
& 'y 4 o
i A't: retes: O

EIIIIII\IIIIIII ‘=G=

Record data
by FAT32 or exFAT
file format

PC can directly read recorded data as a file
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Serial ATA Transport&Link Layer IP Core

FAT32-IP/exFAT -IP (Contd 1)

* Feature description
— Executes drive format and data write to file by pur e hardwired logic.
— IP core automatically generates file name.
— User logic sends file data via FIFO interface.

e Limitation
— Drive must be formatted by the IP core, not by the PC.

— Files other than those generated by the IP core can  not be written to
the drive.

— File size is determined at format execution and cann ot be changed.
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Serial ATA Transport&Link Layer IP Core

FAT32-IP/exFAT -IP (Cont'd 2)

» Reference design for real operation available

— Executes test file generation via serial console.
— User can confirm file read compatibility by drive r e-plug to the PC.

________ 1% File stores in DIR0O Lo le e
|

T »'lns_exFAT (G:) p DIROD ~ 7 ||| Seareh DIRO o
E E/_ .

1% File name = 0000000.BIN New folder e e

.| 0000000.BIN

Name / Date modified Type \S::e =

B
DIN T 3% L0 VD
BIN File 32,768 KB
D

__| 000000A.BIN

.| 000000B.BIN BIN File 32,768 KB
g s Modified Date = Time created in the example
|_| 000000D.BIN I TS ZOTO IS TV DTV TTIE JZTOUTD

Generate test file, reconnect with PC, and can check file read compatibility
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SATA-IP Application (1)

SATA-IP Core

Recording
data

600MB/s @

High-resolution
camera

High-resolution
Display

Implement multi-SATA
channel to provide
enough bandwidth

External DDR
data buffer

Advanced High-definition Video Recorder
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Serial ATA Transport&Link Layer IP Core

SATA-IP Application (2)

User removes
USB dongle Key
When leaving from desk.

'
>
(0]
4
c
S35
=)
> .
3]
c
L

Original data

USB memory including
encryption key

Not able to read any correct
data from SATA device
without USB dongle key.

'Tg_—

ncryption

/Decryption

ATA

-IP

Security Drive System

7 October 2019

Design Gateway

Encrypted data V

SATA
device
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Serial ATA Transport&Link Layer IP Core

SATA-IP Application (3)

» Duplicator Application Reference Design

— Copy whole data from Master drive to multiple Slave drives
— Reference design for KC705 board

— Design project available for formal SATA-IP custome  r

CN1-3 for copy
destination drive

CNO for copy
source drive

7 October 2019

W CoM3:115200baud - Tera Term

=10l x|

File Edit Setup Control Window Help

START DISK DUPLICATE +++
[Jisk Cop

Copy 98 %
Lonplete |
Bpeed = 322 [HB/s]

al
Display copy result
and performance

-- STORAGE DUPLICATOR HEWU [Yer = 1.0] ---
[0]or[¥] : RESET

[1]or[$] : START COPY

=

Display result by LCD/Serial console

Design Gateway
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SATA-IP Application (4)

* Recording and Analysis system on Linux
— Mount Linux and user analysis application on SoC/MP  SoC device
— Very high-speed data recording to SATA drive via SA  TA-IP core

— Data read from SATA drive via device driver and ana  lyze by user
application

SoC/MPSoC device - _

Linux  yser Apps. Device Driver Z| (2) Read drive data via device driver
AR M for SATA-IP

[ | s o o HP ‘Q
Serial ATA Transport&Link Layer IP Core .  "—

Recording and Analysis sytem on Linux (device driver and reference design available)

SATA Drive
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For more detall

 Detailed documents available on the web site.

Contac e
— Design Gateway Co,. Ltd. —_—
— E-mall :

sales@design-gateway.com
— FAX: +66-2-261-2290

@
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Serial ATA Transport&Link Layer IP Core

Revision History

Rev.
1.0

1.3
1.4E
1.7E
2.2E
2.3E
2.4E
2.5E

Date
4-Feb-2009

31-Jul-2012
21-Feb-2013
1-May-2013
27-Jul-2016
03-Apr-17
06-Jan-19
04-Oct-19

7 October 2019

History

English version initial release
Add introduction of summary of SATA
Update explanation of RAID development tool (ABO9-FMCRAID board)

Added SATA-3 by Kintex-7support

Added exFAT reference design (SATA-IP-exFAT-X) introduction

Added Kintex-UltraScale support and followed update in Japanese presentation
Add common user interface (dglF typeS) and its merit description for SATA Host-IP
Add FAT32-IP/exFAT-IP for SATA-IP optional products

Add Linux application example
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