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SATA ATA/ATAPI

ATA/ATAPI Serial ATA
133M Bytes/s | 150M Bytes/s

(1.5 Gbit/s)
40pin/ 80pin 7 pin

2 Shared Bus)

1(Point-to-Point

Yes(Data)
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18 inches 1m
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Serial ATA  Layered Architecture
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SerialATA
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SATA SERIAL
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OOB Signaling SERIAL
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Serial ATA OOB signals
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Serial ATA OOB signals
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Serial ATA 8B/10B Coding

8B/10B Encoding

0,1 DC AC
Coupling

(D 8 bit) 256 data
byte 10 bit

abedei fghj output
Name ol Rl Description

Current rd- Currant rd+

curs only at byte O of all primitives except for
he ALIGN primitive

K28.5 ] 001111 1010 | 110000 0101 [Occurs only at byte 0 of the ALIGN primitive

K- K28.3, K28.5
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Serial ATA  8B10B Encoding

Byte notation BCh, control character 4Ah, data character
Cantrol Caontrol
Bit notation 1654321 variable 76543210 variable
10111100 K 01001010 D
. . HGF EDCEA Z HGF EDCEA Z
Unencoded bit notation
101 11100 K 010 01010 D
Bit notation reordered to conform | & EDCBA HGF Z EDCBA HGF
bt e L K 11100 101 D 01010 010
Character name K 28 D D 10 2
5B/6B 3B/4B 5B/6B 3B/4B
kK285 | 001111 1010 | 110000 0101 D10.2] 4Ah| 010101 0101 | 010101 0101

2004/2/17
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Transmission Bit Order

4 — Dword
88 Dword input
31| eese | 24 [ 23| wee | 1615 e [B]7]|6[65[a]a]2][1]0
h, % A A
8B to 10B
COMVENSIan
First
a |— a | — a a |[—P hit
¥] 4] #] b sent
[ 1+ c [
d d ad d
(<] 2] 5] 5] Bils
i i i i shifted
f f f f
| 9 9 | | O | 9 |
] ] ] h
j —» | —» | >

Four 108 encoded characters
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Transmission Structure

Primitive
A

Primitive
=]

Frame

Primitive
C

Frame

Prirmitive
O

S0OF FIS HOLD FIS contents HOLDA CRC EOF
primitive contents primitive (continued) primitive primitive
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Serial ATA Primitives -Dwords-
Primitve name Byte 3 contents. Byte 2 contents Byte 1 conbents Byte O confants
ALIGH Dz2r.3 D10.2 o102 K285
CONT D254 D254 D10.5 K28.3
DAT D221 D22 D21.5 K233
EQF D218 D216 D21.5 K28.3
HOLD D216 D216 D10.5 K28.3
HIOILCW, D21.4 D214 D10.5 K28.3
PMACK D214 D214 D214 K283
PRMAK 021.7 D21.7 D21.4 K28.3
PMREQ_P D230 D230 D215 K233
PMREQ_S D21.3 D213 D214 K233
R_ERR D222 D22 D21.5 K28.3
R_IF 0D21.2 D212 D021.5 K233
R_CK D21.1 D211 D21.5 K28.3
R_RDY 0102 0102 D21.4 K233
S0F D231 D3 D21.5 K233
BYNC D21.5 D215 D21.4 K28.3
WTRM D242 D24 2 D21.5 K23.3
X_RDY D232 D232 D21.5 K283
SATA Overview 2% Agilent Technologies
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Serial ATA Primitives -1-

2004/2/17

Primitive

Name

Description

ALIGN

Physical layer control

Upon receipt of an ALIGN, the physical layer readjusts internal
operations as necessary to perform its functions correctly. This
primitive is always sent in pairs - there is no condition where

an odd number of ALIGN primitives shall be sent (except as not

CONT

Continue repeating
previous primitive

The CONT primitive allows long strings of repeated primitives
to be eliminated. The CONT primitive implies that the
previously received primitive be repeated as long as another
primitive is not received.

DMAT

DMA terminate

This primitive is sent as a request to the transmitter to
terminate a DMA data transmission early by computing a CRC
on the data sent and ending with a EOF primitive.

The transmitter context is assumed to remain stable after the
EOF primitive has been sen

EOF

End of frame

EOF marks the end of a frame. The previous non-primitive
Dword is the CRC for the frame.

HOLD

Hold data transmission

HOLD is transmitted in place of payload data within a frame
when the transmitter does not have the next payload data
ready for transmission. HOLD is also transmitted on the
backchannel when a receiver is not ready to receive additional
payload data.

HOLDA

Hold acknowledge

This primitive is sent by a transmitter as long the HOLD
primitive is received by its companion receiver.

SATA Overview
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Serial ATA Primitives -2-

2004/2/17

Primitive Name Description
Power management |Sent in response to a PMREQ_S or PMREQ _P when a receiving
PMACK .
acknowledge node is prepared to enter a power mode state.
Sent in response to a PMREQ_S or PMREQ_P when a receiving
Power management :
PMNAK denial node is not prepared to enter a power mode state or when
power management is not supported.
This primitive is sent continuously until PMACK or PMNAK is
PMREQ P Power management recgived. .When PMACK is received, current no@e (host or
- request to partial device) will stop PMREQ_P and enters the Partial power
management state.
This primitive is sent continuously until PMACK or PMNAK is
PMREQ S Power management recgived. .When PMACK is received, current node (host or
- request to Slumber device) will stop PMREQ_S and enters the Slumber power
management state.
R ERR Reception error Current node (host or device) detected error in received
payload.
R 1P Reception in Progress |Current node (host or device) is receiving payload.
R OK Reception with no Current node (host or device) detected no error in received
- error payload.
R RDY Receiver ready Current node (host or device) is ready to receive payload.
SOF Start of frame Start of a frame. Payload and CRC follow to EOF.
SYNC Synchronization Synchronizing primitive _always idle.
WTRM Wait_for frame After tr_ansmission pf any gf the EOF, the transmitter will _
termination transmit WTRM while waiting for reception status from receiver.
X RDY Transmission data Current node (host or device) has payload ready for
- ready transmission
SATA Overview 2= Agilent Technologies
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Flow Control

HOLD: Stop sending data
HOLDA: Accept HOLD

2004/2/17

SATA Overview

Receive |Send Send Receive
Data n
Data n+1 \
Data n+2 \ Data n
Data n+3 Data n+l
Data n+4 HOLD Data n+2
Data n+3
HOLD Data m Data n+4
Data m+1 \
\ Data m
HOLDA \ Data m+1
HOLDA

-

2 Agilent Technologies
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CONT SERIAL

EMI
Primitive
Primitive
CONT Primitive

Primitive
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FIS (Frame Information Structure)

SOF + Payload + EOF
Payload: FIS Type + Data + CRC 2064 Dwords
Register Type
Setup Type
Data Type

2004/2/17 SATA Overview .= Agilent Technologies Page 24



FIS Type -Location-

SERIAL

| | [ ] |

l

l

Byte O
Featuras Caommand C|R|R| Reserved(0) FIS Type (27h)
| I L1111 [ | L]
Dev f Head Cyl High Cyl Low Sector Mumber
L1 L1 HEEEEEEEEE RN
| Features (exp) | Cyl High (exp) | | '|EyI|LmI-— [Txpll | |Se¢t::|r Nurn|ie-xp:-
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I
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FIS Type

2004/2/17

DESCRIPTION [DIRECTION VALUE
Register Host To Device |0x27
Register Device To Host |0x34
Set Device Bit |Device to Host [0xAl
DMA Activate Device to Host |0x39
DMA Setup Device to Host |0x41
BIST Activate Bidirectional 0x58
PIO Setup Device to Host |Ox5F
Data Host to Device 0x46

Device to Host

SATA Overview
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FIS -1-

0 Fealures Lommand ClR|E] Hesaryed (O] Fls Type (27h)
I | | [ [ Ll 11|

1 Dev § Head Cyl High Cl Liow Sector Mumbser

AR
- Feaiunes (2xp) oyl Hegh (exp) Lawl Lo (@) Sechor Mum (exp)
r

I | | HEEEEEEEEEEEEEEEN
5 Control Resersad (0O) Sector Count (exp) Sector Count

I [ I I O I
n Rasaryad () Resereed (0 Resarved (0) Rgsersed (0}

[ | I I | I
0 Ennar Shalus il |R]| Fesarsad (0) FIS Type [34h)

A [ | 1 || | | | |
1 Diew f Head Cyl High Cyl Low Sector Mumber

IIIIIIIIIIIIIIIIIIIIIIIIIIII
- Reserved (0) oyl High (exp) Gyl Low (exp) Secior Mum (exp) (0]
r

I AEEEEENRREEEEEN L
5 Raserved (0) Resansd (0} Sector Count (exp) Sector Count

A L1 [ I
4 Resaread (0) Reserad (0] Resersed (0) Feserved (0

I I
0 Erre H|Staus Hi | R |Sausle| R || | R Resened {0) FIZ Type (A10)

L1l | L1l
| Regaraid (00

gt g
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I i Resarved (0} Resarved {0} R|R|R] Reserved (] FIS Typse (3500 I
I I I [ I I
0 He*ser'lp'edl:'}:- | | |F|fE'5E"'.'El:|I|:|I | R 10| Reserved (0 IilElT}':i«E |-|11I'i| |
" DA Bulhes |gdenblier Low

EEEEEEEEEEE NN
3 DMA Buffer ldentifier High

NN
o Reserved ()
ettt
p DA Buffer Offset

RN ..
5 DMA, Transfer Count
AN e NN e EE .
8 Resarved (0}

I I I I B | [ I A
0 Resarsad (0} Fattern Definihaon RiE|RE] Resersad {0) FI5 Type (S58h)

I Ll Ll dT]als|LF]R|R]V L1 || L1 L1

Data [31:24] Diata [23:16] Data [15:8] Data [7-0)
2 Data [31:24] Data [23:16] Data [15:8] Data [7-0]
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FIS -3-

0 = Shatus Kl |D]| Heserved (0] FIS Type (5Fh)
mEEEEEN... | I T I
1 Dev f Head Cyl High Oyl Low Sector Mumbser
I I LI LI i1
2 Feserved (0) Gyl Haggh {exp) Loyl Lwew [gug) sehor Mum (exp) ()
LT RN I
5 E_Status Resersed (0} Sector Count (exp) Seactor Count
L1 I I I I I
4 Resarsed (0] Transfer Count
g
0 Hagarvad () Resared (0] F|R|E] Reserad {0) FIS Type [46h)
I I I I I T I T O
M Dwards of data —
(rainirmwem of ong Dword - maximen of 2048 Daoards)
m—
S A 1 e T T O
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CRC

32bit CRC
EOF

G(X):X32+X26+X23+x22+x16+le+xll+X10+x8+x7+x5+x4+x2+X+1
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Frame Reception

R_IP: Frame
R_OK: Frame
R _ERR: Frame
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Frame Transmission

Example
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SATA Overview

Trarmmitter Roceiver
EEE CEE
R L,
®_ROT LN,
*_ROT EARR,
COMT K,
CEEE] WY,
T, R_ROT
WAL B_RDY
T, GOMT
S0E EAKE
TTPE K,
GATA [EET]
DT A F_IF
CATE RIF
WA GO
ACLD WL

[ENi] LN,
OMT KAk
L, LN,
R HOLOR
CEE FRILOA
HOLD COMNT
ST A,
DT WO,
DT R,
CHAC LK,
ECF F_IP
WM RIF
WTRN CONT
WM LN,
QONT L
A, DK,
EEA R
A O
AR AR
ETHC ALK,
GV WLRR
CONT K
LA, LR,
W, ETHC
R, EYMC
N SO
R LK,
EEE] R,
NOTE

K SBorambled dala yalues (non-primdives)

DT -1 pevyloosd data

SERIAL
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Serial ATA

Generation 1 Generation 2 Generation 3
Approximate speed 1.2 Ghits/s 9 4 GI
- 4 Gbits/s
|: ah SIdE:l { 150 Mb}l"[ESu'EEC} 48 Ghitsis
Approximate speed e . : 1 g
{ 10b side ) 1.5 Ghits/sec 3.0 Ghits/sec 60" Ghits/sar
Estimated .
dq
e mid 2001 mid 200 mid 2007
Connector Same as Gen 1 May be upgraded
Cable Same as Gen 1 May be upgraded
Compatible with
Signaling Compatible with Generation 2 - may
compatibility Generation 1 be compatible with
Generation 1
NOTE -

1. These speed specifications and schedules are subject to change
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Serial ATA / High Speed Serialized AT Attachment
specification (revision 1.0)

Serial ATA Storage Architecture and Applications
(Intel Press)

Serial ATA Compliance Test Procedure
Serial ATA Motherboard Signal Quality Test Lab
(IDF Spring 2003)
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