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Obnactb NnpuMeHeHua nHTepdenca SATA

Hakonutenu nidbopmauum
- HDD

- SSD

- OnTn4Yeckue npmusoabl




BapnaHTbl peannsaumm KoHTpoanepa SATA
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Project Summary x| IP Catalog X

Cores | Interfaces
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Peannsaumm Ha INJTNC

C OTKpPBITBIM KOJIOM

Search: ‘Q~ sata|

Name
v Vivado Repository
v Alliance Partners
v Design-gateway
¥ SATAHost Controller IP Core
v IntelliProp
 IntelliProp SATAADCI Core
¥ IntelliProp SATA AHCI Core
Design Gateway

# SATA Host Controller IP Core

v

[ |
0 (4 matches)
A1 AXI4 Status License
Production Purchase
AX14 Production Purchase
AXl4 Production Purchase
Production Purchase




IBoatoUMA MHTepPenca SATA
PATA SATA




JlnTepaTypa

* Cranmapt SATA. Serial ATA Revision 3.0
* Habop xomana. ATA/ATAPI Command Set
* YCTPOUCTBO TPAHCUBEPOB

* Jlon. nureparypa, HampuMmep “SATA Storage
Technology”, Don Anderson, MindShare, Inc.




YpoBHUM NpoTOKOa SATA

* YPOBEHb MPUIIOKECHUN

* YPOBEHb KOMAaH]I

* TpaHCIOPTHBIN YPOBEHD
* KaHaIbHBIM YPOBEHB

* PU3HYECKHUN YPOBEHD

Application Layer

vy

| DMA Engine |

¥

ATA/SATA Register

Command Layer

*-— Command Sequence o
State Machine
Frame Information Structure Transport Layer ‘
e ] port [ Fipecoder |
v Machine | D
[ FIS Transmit Buffer | | - FIS Format | Fis Refeive Buffer |

Link Layer Packet

FIS JCRC} EOF

Scrambler

8B to 10B Encoder

- Error Reporting

Link Layer

State
Machine
- CRC Gen/Checking
- Primitives Generation
- Scrambling
- 8b-10b Encode/Decode

Link Layer Packet

Un-Scrambler

8B to 10B Decoder

Differential
Receiver

0:n

Link Layer Packet
SOF FIS EOF

1

Control
Logic

State
Machine

Physical Layer

Differential
.\ Receiver




PU3NYECKNN YPOBEHbL

* OnpeaeneHye CKOPOCTH —
SATA1,2,3 A

QanHbie [31:0]

e [locjenoBareJabLHO —
nmapajjiejbHoe
Hpeo 6pa3OBaHHe I[aHH])IX ﬂauuj'i[uiol { -

Bbigenenune COMWAKE

BbipaBHUBaHUE |

PopmMupoBaHue

i TaKTOBI)Iﬁ CI/IFHaJI CO nocnenosarenauux"‘ AaHHBIX/

TAaKTOBOro curHana

AaHHbIX

CIIEKTPAJbLHOM

moayJasiuuen (SSC) Wv(

Kak npasuiio
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Out of Band Signaling

Host Host
Power Releases Host Host
On COMRESET COMWAKE Align
Host Host
Host Host
Power ; Releases Host Host
COMRESET
Off Calibrate COMWAKE  D10.2 Data
]
w r Y Y~
HostTX_./ E u u n u n W
(Device RX)
Device TX I H-c
(Host RX) A
Device Dewce Device Device
Power COMINIT Calibrate Align
Off
Device Device Device Device
Power Releases COMWAKE Data
owe COMINIT

On



[ ne Rx CDR lock?

RX PMA

—+—

CDR

SIPO
>

RXDATA

D

/D
{1,2,4,8}

i

/4 or
/5

—| /2 o




[TlocnenoBaTtesnibHOCTb COMINIT

: Host
Host / Device Host
on COMWAKE Align
Host Host
Calig?ate Releases Host Host
COMWAKE D10.2 Data
A

' N
Host TX 0000000000000 OO0 XX
(Device RX)  3XOO00000000000 Ky XX QOO0 OO

Device TX 0000000000000 \ ‘ WH OO00000 OO0
(Host RX) X(YOOOOOOO0OOXXY omm"onnu
A

A A J
| 1
Dewce Device Device
COMINIT Calibrate Align
Device Device Device
Releases COMWAKE Data

COMINIT
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aries  Compile Order

Vizard

‘PG
2on
tix-1
fror
em
mw
selg
ple
2veé  Component Name gtwizard_0

mul

GT Selection Line Rate, RefClk Selection

]
PCle Express and SATA
Sté () Enable PCI Express
Syl
Im SATA COM sequence

Bursts 7

HacTpowKa TpaHcmMBepa

352 .SAS_MAX COM

353 ! .SAS_MIN_COM
4. .SATA BURST_SEQ LEN

355 .SATA_BURST_VAL

356 | .SATA EIDLE VAL

357 ¢ .SATA MAX BURST

a1 Aama_araxr TarTm

7 Series FPGAs Transceivers Wizard (3.6)

© Documentation IP Location ' Switch to Defaults

Encoding and Clocking Comma Alignment and Equalization

0-77 ldles 7 [0-7]

(64),
(3€),
(4'b0101)
(3'b101),
(3'b101),

(8),

LA

PCle, SATA, PRBS

' a

CB and CC Sequence

Summary



KaHaNbHbIN YPOBEHb

MpumutuBbl [aHHbIE ALIGN

I l

IL

A

¢
CkpembGnep

l

O6pa6oTkKa
CONT

|

V
Kaap KkaHa/lbHOTo ypOBHSA

SOF [aHHble CRC

|
V4
3HKoAep
8b/10b

I
\"(‘J ~
dU3nyeckKkumn
YpOBE€Hb

EOF

MpumutuBbl [aHHble ALIGN
I |

—

KOHeuHbI
asTomar (FSM) T

Aeckpembénep

I

OGpa6oTka
CONT
Kagp kaHanbHOro ypoBHSA
SOF JaHHble CRC EOF

Aekogep
8b/10b

dusnyeckum
YPOBEHb



KOHEeYHbIM aBTOMAT KaHa/lbHOTO YPOBHS

LT1: HL_SendChkRdy Transmit X_RDYp.

1. R_RDYp received from Phy. — | L_SendSOF
2. X_RDYj; received from Phy. — | L_RevwaitFifo

3. AnyDword other than (R_RDYp or X_RDYP)1 received — | HL_SendChkRdy
from Phy layer. -

4. PHYRDYn — | LN oCommErr2

NOTES:
1. Anyreceived errors such as 10b decoding errors and invalid primitives are ignored.

2. The Link layer shall notify the Transport layer of the condition and fail the attempted
transfer.

LT2: DL_SendChkRdy Transmit X_RDYp.

1. R_RDYp received from Phy. — | L_SendSOF
2. AnyDword other than R_RDY}; received from Phy. DL_SendChkRdy
3. PHYRDYn — | L_NoCommErr

\)




[TPMMUTUBBI KaHabHOTO YPOBHSA

Frimitive Name ng:nsts ng::nzts CE:::I:tS ng:::ts
ALIGNp D27.3 D10.2 D10.2. K28.5
CONTp D25.4 D25.4 D10.5 K28.3
DMATE D22.1 D22.1 D21.5 K28.3
EOFp D21.6 D21.6 D21.5 K28.3
HOLDp D21.6 D21.6 D10.5 K28.3
HOLDAs D21.4 D21.4 D10.5 K28.3
PMACKp D21.4 D21.4 D21.4 K28.3
PMNAKp D21.7 D21.7 D21.4 K28.3
PMREQ_Pe D23.0 D23.0 D21.5 K28.3
PMREQ_Sp D21.3 D21.3 D21.4 K28.3
R_ERRp D22.2 D22.2 D21.5 K28.3
R_IPp D21.2 D21.2 D21.5 K28.3
R_OKp D21.1 D21.1 D21.5 K28.3
R_RDYp D10.2 D10.2 D21.4 K28.3
SOF; D23.1 D23.1 D21.5 K28.3
SYNCp D21.5 D21.5 D21.4 K28.3
WTRM;p D24.2 D24.2 D21.5 K28.3
X _RDYp D23.2 D23.2 D21.5 K28.3




[Tonmep TpaH3aKLUMKM KaHA/IbHOTO YPOBHA

Transmitter

Transmitter Receiver
XXXX XXXX
XXXX XXXX

X_RDYp XXXX
X_RDYp XXXX
CONTp XXXX
XXXX XXXX
XXXX R_RDYp
XXXX R_RDYp
XXXX CONTp
SOF, XXXX
DATA (FIS Type) XXXX
DATA XXXX
DATA R_IPp
DATA R_IPp
DATA CONTp
HOLDp XXXX
HOLDp XXXX
CONTp XXXX
XXXX XXXX
XXXX HOLDAp
XXXX HOLDA:

Receiver
HOLDp CONTp
DATA XXXX
DATA XXXX
DATA XXXX
CRC XXXX
EOFp R_IPp
WTRMp R_IPp
WTRMp CONTp
WTRMp XXXX
CONTp XXXX
XXXX R_OKp
XXXX R_OKp
XXXX CONTp
XXXX XXXX
SYNCp XXXX
SYNCp XXXX
CONTp XXXX
XXXX XXXX
XXXX SYNCp
XXXX SYNCp
XXXX CONTp
XXXX XXXX
XXXX XXXX




Ool0ecneunBaeT npueM/nmepeaavy

(ppeiitmoB

Kaxnabiu ¢pperam umeer cBoil popmar

HaGopsI (ppeiiMoB 17151 X0CTA U

YCTPOMCTBA Pa3IM4alTCA

JIBa OCHOBHBIX pe:KMMa Iepeaadm —

DMA u FPDMA

TpaHCNOPTHbLIN YPOBEHb

Type field value Description
27h Register FIS — Host to Device
34h Register FIS — Device to Host
39h DMA Activate FIS — Device to Host
41h DMA Setup FIS — Bi-directional
46h Data FIS — Bi-directional
58h BIST Activate FIS — Bi-directional
5Fh P10 Setup FIS — Device to Host
A1lh Set Device Bits FIS — Device to Host
Features(7:0) Command C|R|R|R| PMPort FIS Type (27h)
I N B
Device LBA(23:16) LBA(15:8) LBA(7:0)
S A
Features(15:8) LBA(47:40) LBA(39:32) LBA(31:24)
Control ICC Count(15:8) Count(7:0)
L L[ [ f7lelslafsf2f4fof | | [ [ [ [ [ L [ [ ]|
Reserved (0) Reserved (0) Reserved (0) Reserved (0)

I I

N I




[Tomepbl TpaH3aKkumMmn DMA

0x00258027

0x27 - Register FIS
0x80 - Flags

0x25 - Command
0x00 - Features

0x00000046
0x46 - Data FIS

0x00504034

0x34 - Register FIS
0x40 - Flags

0x50 - Status

0x00 - Error

Read DMA Ext

Host

Device

0x00258027

0x4000010e

0x00000000

0x00000002

0x00000000

0x00000046

0x00504034

0x4000010e

0x00000000

0x00000002

0x00000000

LBA
LBA
Count

Write DMA Ext

Host

Device

0x00358027

0x4000010e

0x00000000

0x00000002

0x00000000

0x00504034

0x4000010e

0x00000000

0x02000000

0x00000000

0x00000046

0x00504034




| 0x60 — Read FPMA Queued |

Pexxum FPDMA — yTeHMne

[ Host | Device |
0x08 - Size in blocks
0x08608027
0x27 - Register Host to Device
0x40706a20
0x00000074
0x08000028 [7:3] - NCQ tag (5)
0x00000000
0x00400034 0x34 - Register — Device to Host
0x40706a20
0x00000074
0x00000028
0x00000000
0x00002041 0x41 - DMA Setup
0x00000005 NCQ tag
0x00000000
0x00000000
0x00000000
0x00001000 Size in bytes
0x00000000
0x00000046 0x46 - Data
0x004040al 0xAl - Set Device Bits
0x00000020 tag 5 device bits

0 Features(7:0) Command C|R|R|R| PMPort FIS Type (27h)
N I S I
1 Device LBA(23:16) LBA(15:8) LBA(7:0)
N A o I
) Features(15:8) LBA(47:40) LBA(39:32) LBA(31:24)
L] ||
3 Control ICC Count(15:8) Count(7:0)
L L[ [ | [7]le[s]4[3]2]1]0 I | [
4 Reserved (0) Reserved (0) Reserved (0) Reserved (0)
I I A B O [ | [
Word Name Description
00h Feature |The number of logical sectors to be transferred. A value of 0000h indicates that
65,536 logical sectors are to be transferred.
01h Count
Bit Description
15:8 Reserved
7:3 NCQTag-See 6.3.3
2:0 Reserved
02h LBA (MSB)
03h Address of the first logical sector to be transferred.
04h (LSB)
05h Device
Bit Description
15 FUA-See 7.28.3.2
14 Shall be set to one
13 Reserved
12 Shall be set to zero
11:8 Reserved
Command 7:0 60h




| 0x61 — Write FPMA Queued |

Pexkxum FPDMA - 3anunc

D

Reserved (0)

I I

Reserved (0 A|ll D[R

)
I

PM Port

l

| |

FIS Type (41h)
L1 11

[ |

[ Host | Device |
0x40 - Size in blocks
0x40618027 0x27 - Register Host to Device
0x40808900
0x0500005d
0x080000a8 [7:3] - NCQ tag (0x15)
0x00000000
0x00400034 0x34 - Register — Device to Host
0x40808900
0x0000005d
0x000000a8
0x00000000
0x00008041 0x41 - DMA Setup
0x00000015 NCQ tag
0x00000000
0x00000000
0x00000000
0x000a8000 Size in bytes
0x00000000
0x00000046 0x46 - Data
0x00000039 0x39 - DMA Activate
0x00000046
0x00000039
0x00000046
Mepepgaua Bcex GIOKOB AAHHbIX
0x00000046
0x004040al Oxal - Set Device Bits
0x00200000 Device bits for tag 0x15

LIl ]

DMA Buffer Identifier Low

EEEEEEEEEE

|

[ L]

HEEEE

DMA Buffer Identifier High

L] ]

| |

RN

Reserved (0

LT L

DMA Buffer Offset

EEEEEEEEEE

DMA Transfer Count

EEEEEEEEE.

Reserved (0

IIIIIIII)III

Reserved (0)

Reserved (0) R|R|R

I

R PM Port

L 11|

FIS Type (39h)
LT

|

Error

R StatusHi R StatusLo|N| 1 |[R

R PM Port

FIS Type (A1h)
L1

Protocol Specific

HEEEEEE

L]




LleneBoe ycTpOMCTBO

MNC Artix7
SATAhost (., >
HDD
O6paboTuMK AAHHBLIX
i SATA
KoHTtponnep .
Eth 1G SATA device
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* Peasmmzanusa OOB pist tpancuBepoB GTP — HegocTaToOuHO BpeMeHH AJIsl
CUHXPOHHU3AIMH.

* HeoOxomuMoCcTh MeTOA0B KOHTPOJIA cuHXxpoHu3anuu Rx CDR

* Hacrpoiiku TpancuBepa ajs SATA - koauuyecrso umnyiabscos OOB

* [IpvopuTeTsl HA NEpeaaYy YCTPOMCTBA M XOCTA HA KAHAJBHOM YPOBHE
* Pazmep 0J10Ka JaHHBIX HA TPAHCIIOPTHOM yYpoBHe 1Jis nmakera 0x46

* BoicokoypoBHeBast oTiiagka ¢ mnomoiubio Ethernet 1G u Wireshark
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lne HauTu FPGA / RTL / Verification KombloHUTU?

FPGA-Systems.ru

CalT KOMBbIOHUTHU

FPGA-Systems Magazine (FSM)

MepBbIi XKypHaAN 0 NPOrpaMmMMPyEMOM IOTUKe

@fpgasystems

Tenerpam yar

admin@fpga-systems.ru

DNeKTPOHHaA noYTta

Youtube.com/c/fpgasystems

Youtube KaHan
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