sn SiliconMotion

SM2246XT

SATA Solid-State Drive Controller

Datasheet

Revision 0.7 Aug 2015




sn SiliconMotion

SM2246XT Datasheet

Revision History

Revision | Date Description
0.1 Aug 27, 2013 Preliminary release
0.2 Oct 4, 2013 Renamed the signals and updated the Ball Assignments: A15, C15, E11, E12,
E13, F6, F7, F8, F9, F10, F11, and G17 (2.1 and 2.2)
0.3 Jan 14, 2014 + Updated the features of flash memory support (1.2)
¢ Added the BGA-144 ball assignments and package outline (2.1, 2.2, and 5.2)
+ Updated the QFN-88 ball assignments and the pin name of pin No. 3 (2.1) (2.3)
¢ Added SM2246XT package pin list (2.2)
+ Updated flash and miscellaneous signal descriptions (2.3)
« Updated minor text descriptions
04 Mar 14, 2014 « Updated the miscellaneous signal types: GP102[6] and GPI02[7] (2.3)
+ Updated Identify Device Data (4.2.1) and added Identify Device data of CFast
Mode (4.2.2)
+ Updated SMART Data Structure (4.3.1) and SMART Attributes (4.3.2)
¢ Added the TFBGA-144 top marking (5.4) and ordering information (6)
0.5 Sep 30, 2014 ¢ Updated NAND Flash Support feature (1.2)
+ Updated Block Diagram (1.4)
« Fixed the signal type of flash chip enable and updated the signal description of
GPI101[2] (2.3)
0.6 Nov 11, 2014 ¢ Added new ordering numbers SM224MEO600XT-XX, SM224HE0600XT-XX and
the top markings (Figure 13)(Figure 14)(Table 23)
+ Updated the DC Characteristics of VCCGQ (Table 6)
+ Updated the DC Characteristics of 3.3V and 1.8V /O pins (Table 8)(Table 9)
0.7 Aug 27, 2015 « Updated signal descriptions of GPIO1[0], GPIO1[2], GPIO1[3] and GPIO1[5]
(2.3)
Revision 0.7 ii Revision History



IMPORTANT NOTICE

INFORMATION IN THIS DOCUMENT IS PROVIDED IN CONNECTION WITH PRODUCTS OF SILICON MOTION,
INC. (“SMI”). NO LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL
PROPERTY RIGHTS IS GRANTED BY THIS DOCUMENT. EXCEPT AS PROVIDED IN SMI'S TERMS AND
CONDITIONS OF SALE FOR SUCH PRODUCTS, SMI ASSUMES NO LIABILITY WHATSOEVER, AND SMI
DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY, RELATING TO SALE AND/OR USE OF SMI PRODUCTS
INCLUDING LIABILITY OR WARRANTIES FOR FITNESS FOR A PARTICULAR PURPOSE,
MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL
PROPERTY RIGHT.

SMI products are not intended for use in medical, life saving, life sustaining, critical control or safety systems, or in
nuclear facility applications. SMI may make changes to specifications and product descriptions at any time, without
notice. SMI may have patents or pending patent applications, trademarks, copyrights, or other intellectual property
rights that relate to the presented subject matter. The furnishing of documents and other materials and information
does not constitute any license, express or implied, by estoppel or otherwise, to any such patents, trademarks,
copyrights, or other intellectual property rights. The information in this document is furnished for informational use
only, is subject to change without notice, and should not be construed as a commitment by SMI. SMI assumes no
responsibility or liability for any errors or inaccuracies that may appear in this document or any software that may be
provided in association with this document. Except as permitted by such license, no part of this document may be
reproduced, stored in a retrieval system, or transmitted in any form or by any means without the express written
consent of SMI. Contact your local SMI sales office or your distributor to obtain the latest specifications and before
placing your product order.

Silicon Motion and Silicon Motion logo are registered trademarks of SMI and/or its affiliates. Other brand names
mentioned herein are for identification purposes only and may be trademarks and/or registered trademarks of their
respective owners.

Copyright © 2015, SMI. All Rights Reserved. www.siliconmotion.com

Revision 0.7 iii Revision History



Table of Contents

I © Y Y 1 7
R I = o To 18 [ A 1= 4 o] oo SRR 7

L (oA == (1] = PRSPPIt 7

1.3 FUuNCtional DeSCIIPLION ....ooii et e e e e e e e e e e e e e e eeeeaeeeeaannes 9

L = (o Tod Q1 =T [ = o [P PO PP PUPPPPR 10

2. Signal DeSCriPtiONS.....ciiiiiiriiirirr it ————————— 1"
P2 B o [ I N1~ T T o 0= 0L £ PO PTPRPPTP 11

2.2 SM2246XT Package Pin LiSt.........cooiiiiiiiiii ettt e e e e 14

2.3 SigNal DESCIIPONS.....ceiiiiiiiie ittt e et e e 19

3. Electrical CharacteristiCs ..........cccuriiiiiriiririir i 25
R TR B B O @1 o F= - Tor (T 4 ] 1o PP 25

3.2  Flash Interface AC CharacCteriStiCS..........oiiiiiiiiiiiii ettt 28

3.2.1  Legacy NAND (SDR) INtEIfACE .......cccoeiuuiiiiiiie ettt a e e 28

3.2.2  NV-DDR INTEITACE ...ttt e e e e e e e e e 31

4. SOftware INLErface ........ooo ittt 36
g B 07T 49T 1 F= g o IS T= S SRR 36

4.2 Identify Device INfOrmation ............ooo i e 38
4.2.1  1dentify DEVICE = SATA L ittt e e et e et e e s e e e s ne e e e snn e e e e s nnaeeas 38

4.2.2  Identify DeVIiCe - CFaSt... ...t s 41

4.3  SMART FEAUre St ......oiiiiiiiiiiiie ittt e e e et e e et e e e e st e e e e nre e e e ennes 44
4.3.1  SMART Data StrUCLUIE.......c i e e e e e e e e e e e e ennee 45

4.3.2  SMART ALIDULES ....cciiii it e e neeee s 47

O 07 o - [o7 1 Y PSP PP 48

TR 2 Tod (= T TS0 107 o] o 14 =1 T'o] o 0 SR 49
5.1 88-Pin QFN PaCKAGE. .....iiueiiiiiiiin ettt ettt ettt e sttt e e st e e e s b ee e e snneee s 49

5.2  144-Ball TEBGA PACKAGE .....coiuuiiiiiitiii ettt 50

5.3  288-Ball TFBGA PACKAGE .....coiuteiieiiiiiiieiie ettt ettt sttt e st ee et e e snnaee s 51

LT e T o B =T 4 T [ PSP PP PR 52

6. Product Ordering INnformation.............ccccimiiiiiccccscrire s smn e e e mnn e e 54

Revision 0.7 iv Table of Contents



List of Tables

Table 1: T S O PSP PPPPPE 14
Table 2: Flash Interface SIgNalS .......o.eeoi e e e e e 19
Table 3: SATA INTErface SIGNAIS ......cooiiiiiiii et 21
Table 4: POWET SIGNAIS ... .ottt e e e e e et e e e e e e e e st e et e aee e s e aanreaeeeaeeeaaannnraaeaaaeean 21
Table 5: MiSCEIIANEOUS SIGNAIS .......eeeiiiiiiee et e e e e e e e e e e e e e s e st aeeeaeeeseennnrannaeaeeas 23
Table 6: Recommended Operating CONItiONS ...........coooiiiiiiiii e 25
Table 7: Operating TEMPEIATUIE ......cooiiiiii ettt e e s e e abr e e e e anneee s 25
Table 8: General DC Characteristics for 3.3V /O Interface .........c.oooiiiiiiiii e, 26
Table 9: General DC Characteristics for 1.8V /O Interface .........c..ooiiiiiiiiii e 26
Table 10:  POWEI-0N RESEL.......coo e en e e e s nae e e e 26
JLIE=1 o1 (ST B S o (o = V0] =T {30 9= (=T 1) 27
Table 12:  Flash Voltage DeteClioN .......cccooiii i 27
JLIE= o] TRt S I OSSP 27
Table 14:  Flash Interface AC Characteristics for Legacy NAND. ..ot 28
Table 15:  Flash Interface AC Characteristics for NV-DDR ...t 31
Table 16: COMMEANA SEL.......oiiiiiiiii ettt ettt ettt e st e nnre e e e e 36
Table 17:  Identify Device Data of General SATA MOE.........c.ooeiiiiiiiiiiiiieee et 38
Table 18:  Identify Device Data of CFast MOAE.........c...cooiiiiiiiiiiec e a e 41
Table 19: SMART Feature RegiSter ValUES ........ ..ot 44
Table 20:  SMART Data STTUCLUE..........oiiiiii e e 45
Table 21:  SMART Data Vendor-specific AHNDULES ...oiu e 47
Table 22:  Capacity INfOrmMatioN...... oo i e e e e e e e e et r e e e e e e e nnrreeeaaaeean 48
Table 23:  Ordering INfOrmMatioN............uuiiie e e e e e e e e e et r e e e e e e s nnarreeeaaeeean 54
Revision 0.7 \Y List of Tables



Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:
Figure 9:

Figure 10:
Figure 11:
Figure 12:
Figure 13:
Figure 14:
Figure 15:

List of Figures

SM2246XT BIOCK DIBGIam ... .eeeeiiiiiiee ittt ettt st e s e e e abn e e e e snneees 10
88-Pin QNF AsSSIgNMENtS (TOP VIEW) ....eeiiiiiiiiii ittt 11
144-Ball TFBGA Assignments (Top View — Balls DOWN) .......cooiiiiiiiiiiiiiee e 12
288-Ball TFBGA Assignments (Top View — Balls DOWN)........cc.vvviiiieiiiiiiieeee e 13
1070 9]0 gF=TaTo [ EF=1 (ol 0 T 10011 o Vo PSRRI 29
AdAress LatCh TIMING.....cooeiiiiiiiiiiiieeeeeeeeeeeeeee ettt a e e e e e e e aaae s 29
Data Output (Write) CYCle TiMING ...ccoiiiiiiiiiiie et ee e 30
Data Input (Read) CyCle TimMING ......oooiiiiiiiiiiiee ettt e e e sabe e e 30
NV-DDR Command CYCIE TiMING ...ccciiuiiiiiiiiiiie ittt e e s ee e 32
NV-DDR AdAress CYCle TimMING ......cccuuriiieeeee it iie e e sttt e e e e e e e e e e e e e s e saaraaeeeaeeeseannraaneaaeeas 33
NV-DDR Data Output (Write) CyCle TimiNg ......uuviiiiiieeiiiiii e et e e e sanrraeeaa e 34
NV-DDR Data Input (Read) Cycle TimiNg.......cccuuriiiiieis it e e sanrrane e e 35
88-Pin QFN Top Marking INnformation ............cueeio i e 52
144-Ball TFBGA Top Marking INformation ... 52
288-Ball TFBGA Top Marking Information .............oouuiiiii it 53

Revision 0.7

vi List of Figures
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1. Overview

11 Product Description

SM2246XT Datasheet

The SM2246XT is a high-performance SATA 6Gb/s SSD controller ideally suited for both client SSDs as
well as NAND-cache drives used in performance-enhancing hybrid storage solutions for PCs, Ultrabooks,
Tablet PCs, and other embedded applications.

The single-chip, DRAM-less design fits in smaller form factor with reduced BOM cost, and without
impacting performance. Its ultra-low power consumption effectively extends battery life and optimizes
user experience. The SM2246XT fully supports the latest generation NAND in high-speed Toggle, ONFI,
or Async mode, enabling the realization of high capacity and highly reliable SSDs on the market.

1.2 Key Features

[ ] Host Interface

Industrial Standard SATA Revision 3.1 compliant

Industrial Standard ATA/ATAPI-8 and ACS-2 command compliant

Supports SATA interface rate of 6Gb/s (backward compatible to 1.5Gb/s and 3Gb/s)
Native Command Queuing up to 32 commands

SATA Device Sleep (DevSleep)

Data Set Management command (TRIM)

Self-Monitoring, Analysis, and Reporting Technology (S.M.A.R.T.)

Supports PHY Sleep mode (CFast PHYSLP)

Supports 28-bit and 48-bit LBA (Logical Block Addressing) mode commands

®m  NAND Flash Support

Supports 1x/1y/2x/2y/3xnm SLC and MLC

Supports ONFI 3.0, Toggle 2.0 interface, and Asynchronous interface
Supports 1.8V/3.3V flash I/O

Supports 8KB and 16KB page size

Supports 1-plane, 2-plane, and 4-plane operation

4-/2-channel flash interface supports up to 32 NAND flash devices

m  Data Protection and Reliability

Supports ATAS security feature set

Supports data security erase and quick erase

Hardware BCH ECC capable of correcting errors up to 66-bit/1KB
Internal data shaping technique increases data endurance

' ONFI NV-DDR2 and Toggle DDR 2.0 NAND are supported in the 288-BGA package only.
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m  Data Protection and Reliability

- Software/Hardware write protect option

- StaticDataRefresh technology ensures data integrity

- Early weak block retirement option

- Global wear leveling algorithm evens program/erase count and maximizes SSD lifespan

m  Architecture
- 32-bit RISC CPU
- High-efficiency 64-bit system bus
- Automatic sleep and wake-up mechanism to save power
- Built-in voltage detectors for power failure protection
- Built-in power-on reset and voltage regulators
- Built-in temperature sensor for SSD temperature detection
- Supports JTAG interface, UART (RS-232) interface, and I°C interface for on-system debug

B Upgradeable Firmware
- Supports firmware in-system programming (ISP) function for firmware upgrade

B High Performance
- Sequential Read: up to 530 MB/s (synchronous mode)
- Sequential Write: up to 410 MB/s (synchronous mode)

m  Operating Temperature
- Commercial Grade: 0°C ~ 70°C
- Industrial Grade: -40°C ~ +85°C

B  Package Options (Lead-free and RoHS compliant)
- 88-pin QFN: 2-channel flash interface supports up to 4 NAND flash devices
- 144-ball TFBGA: 4-channel flash interface supports up to 16 NAND flash devices
- 288-ball TFBGA: 4-channel flash interface supports up to 32 NAND flash devices
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1.3

Functional Description

Host Interface

The high-speed SATA interface is compliant with SATA Revision 3.1 and ATA-8 ACS-2 specifications,
and supports CFast PHYSLP and SATA DEVSLP to greatly save power consumption.

Flash Interface and Data Transfer

The flash interface enables 2-way and 4-way interleaving for a multi-bank NAND flash connection to
obtain optimal performance. The SM2246XT uses a superior DMA technology to transfer data between
the host and the NAND flash interface. The DMA technology transfers data at a very high rate in both
directions (read and write) and in doing so, effectively decreases the loading of micro processor.

Flash Memory Support and Error Management

The SM2246XT fully supports high-speed Toggle, ONFI, and legacy Asynchronous NAND. The hardware
Error Correction Coding (ECC) engine executes parity generation and error detection/ correction features,
and enhances decoding throughput and data reliability. With multi-mode correction capability up to 66 bits,
the powerful ECC engine is able to support the latest generation NAND.

Data Security

Data security commands can be used to lock and unlock the drive by password or a hardware switch.
Customized command is another option for erasing blocks for those users who require a high level of
security.

SMART

The SM2246XT supports SMART commands that allow users to read spare and bad block information.
The users can thus evaluate drive health at run time and receive an early warning before the drive life
ends.

Revision 0.7 9 Overview



1.4 Block Diagram

Figure 1: SM2246XT Block Diagram

/1\,:$ SATA PHY Inztrur;tion SPI Loader
SATA ache Micro
Host Processor
SATA MAC Data ROM
Cache

] R Flash
> j[ Controller

AN
Bus Controller —
Main DMA ECC UART
System .
Controller Engine Interface
Buffer
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2. Signal Descriptions

2.1 Pin Assignments

Figure 2: 88-Pin QNF Assignments (Top View)

2 3 - o x
¢, S sz3z>3%fp 88 .58 .8.:.8¢%
3 z%35 885 §83:d3FexrdgiFyE8
O X X ¢ >3 >3 5 5 S ¢ @2 R @ R & 2 2 o a > >
ERERERERERERERERERERERERERERERERERERERERERE
TESTO| 1 | [es | cenD
EXRST#| 2 | [e5 | F3_Das
TEST2| 3 | [e4 | F3_par
EXCLK | 4 | [e3 | F3_pDas
veeK [ 5 | [62 | F3_Da4
GPI02[2][ 6 | [61 ] veeFa
GPI02[3] | 7 ] F3_DQS
GPI02[5] | & | F3_RE#
cPIo2[6] | 9 | F3_DQ3
GPI02[7] | 10]] F3_DQ2
GPIO1[0] [ 11] S M 2 2 4 6XT F3_DQ1
GPIo1[1] [12] 88-pin QFN [s5 ] veera
GPIO1[2] [13] F3_DQO
GPIO1[3] | 14 ] F3_WE#
GPIO1[5] | 15 ] [52] F3_ALE
GPIO1[4] | 16 ] [51] veek
GPIOO[1] [ 17 ] F3_CLE
veeea [ 18] VCCK
J_TRST#[ 19] VCCFQ
J_Tck [ 20] vcek
J_Tms | 21]] F0_DQ7
J_TDI[22] FO_DQ6

23 |
[24]
25 |
veek |26 ]

FO_CE1#
veek [ 27]
25 ]

[ 29

_wp# [ 30 ]
[ 31

_CLE [32]
_ALE [33]
_WE# [ 34 ]
_DQo | 35 ]
VCCFQ | 36 |
_DQ1 [ 37]
_DQ2 [ 38]
_DQ3 [ 39]
bas [#0]
_RE# [41]
_Das [ 42 ]
vCCFa | 43]
oas []

J_TDO

FO_CLE
FO_ALE
FO_WE#
F0_DQo
F0_DQ1
F0_DQ2
F0_DQ3
F0_DQ4
FO_RE#
F0_DQS
F0_DQ5

FO_CEO#
F3_CEO#
F3_CE1#
FSH_WP#
FSH_R/B#
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Figure 3: 144-Ball TFBGA Assignments (Top View — Balls Down)

Al A2 A3 A4 A5 A6 A7 A8 A9 A10 A1l A12
TXO_N TXO_P PHY_GD RXO_N RX0_P PHY_GD F3_ALE F3_WE# F3_DQ6 F3_DQ4 F3_DQ3 F3_DQ2
B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 B11 B12
VGNDA PHY_GD PHY_VP PHY_GD  PHY_GD F3_CLE F3_RE# F3_DQ7 F3_DQ5 F3_DQS F3_DQ1 F3_DQO
c1 (o7} c3 ca c5 c6 c7 cs co c10 c11 c12
RESREF PHY_VPH  VCC_5V TESTO TEST1 veek veek VCeK VCCK F2_DQ7 F2_DQ6 F2_DQ5
D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12
VI2A_PAD  VCCAH  VDTF_VIN TEST2 EXRST# CGND CGND VCeK VCCK F2_CLE F2_DQ4 F2_DQS
E1 E2 E3 E4 ES E6 E7 E8 E9 E10 E11 E12
XIN CRY_VDD33 CRY_VSS33 EXCLK GPI02[0] CGND CGND VSSFQ VCCK F2_ALE F2_DQ3 F2_DQ2
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12
XouT NC GPIO2[2]  GPIO2[3]  GPIO2[4] CGND VSSFQ VSSFQ VCCFQ F2_RE# F2_DQl F2_DQO
G1 G2 G3 G4 G5 G6 G7 G8 G9 G10 G11 G12
veeeQ GPIO2[5]  GPIO2[6]  GPIO2[7]  GPIO1[0] CGND VSSFQ VSSFQ VCCFQ F2_WE# F1_ALE F1_CLE
H1 H2 H3 H4 H5 H6 H7 H8 H9 H10 H11 H12
GPIO1[1]  GPIO1[2]  GPIO1[3]  GPIO1[4]  GPIO1[5]  FSH_WP# VSSFQ VCCFQ VCCFQ F1_RE# F1_DQ6 F1_DQ7
n 2 3 1 J5 16 17 18 19 J10 a1 112
GPIOO[1]  SPI_CLK  SPI_MISO J_TCK J_TRST# 1_TDI FSH_R/B#  VCCFQ VCCFQ F1_WE# F1_DQ4 F1_DQ5
K1 K2 K3 Ka K5 K6 K7 K8 K9 K10 K11 K12
FO_CEO#  FO_CE3#  F1_CE2# 1.TMS 1_TDO F3_CE3# FO_WE# FO_RE# FO_ALE FO_CLE F1_DQ3 F1_DQS
L1 L2 13 L4 L5 L6 L7 L8 L9 L10 111 112
FO_CE1#  F1_CEO#  F1_CE3# F2_CE1#  F2_CE3#  F3_CEl# FO_DQ1 FO_DQ3 FO_DQ4 FO_DQ6 F1_DQl F1_DQ2
M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12
FO_CE2#  F1_CE1#  F2_CEO# F2_CE2#  F3_CEO#  F3_CE2# FO_DQO FO_DQ2 FO_DQS FO_DQ5 FO_DQ7 F1_DQO
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Figure 4: 288-Ball TFBGA Assignments (Top View — Balls Down)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

A TXO_N | TXO_P | PHY_GD | RX0O_N | RX0_P |PHY_GD| NC NC NC NC NC NC NC NC NC NC

B |RESREF [ PHY_GD | PHY_GD | VCCK |[PHY_GD|PHY_GD| vccK NC NC NC NC NC NC NC NC NC NC

c | V1%~ lpuy ver|pry ver| PHY= leny ve| veek | veek NC NC NC NC NC NC NC NC NC NC

PAD - - VPTX -
V12A V18 V18
- - — | vccaH | veek | veck | veck N N N N N N N N VSSF N

D | brp PAD BAD cC ccl ccl cC c c c c c c c c SSFQ c
VDTF

E XIN NC vin_ | VGCAH | VCCK | VCCK | VCCK | VCCK | VCCK NC NC NC NC NC NC NC NC
CRY.

F | XouT | VeNDA | - | EXCLK | TEST2 | NC NC NC NC NC NC VSSFQ | VSSFQ | VssFa NC NC NC

CRY.
G |veesv | | o= | GPIO2(0] NC CGND | CGND | CGND | CGND | CGND | vssFa | vssFa | vssFa NC NC NC NC NC
H | vccea | veeea | GPIO2[3] | GPIO2[5] |GPIO1[1]| CGND | CGND | CGND | CGND | CGND | VSSFQ | VSSFQ NC NC NC NC NC

J | TESTO | GPIO2[4] | GPIO1[2] | GPIO1[3] |GPIO1[5]| VSSFQ | VSSFQ | CGND | CGND | VSSFQ | VSSFQ | VSSFQ | F3_DQ7 | F3_DQ1 | F3_DQ4 | F3_DQ6 | F3_DQ5

K | GPIO2[2] | GPIO1[4] | SPI_CLK | GPIO1[7] |GPIOO[1]| VSSFQ | VSSFQ | VSSFQ | VSSFQ | VSSFQ | VSSFQ | VCCFQ | VCCFQ | F3_DQ2 | F3_DQO | F3_DQS |F3_DQs#

L |GPIO2[6]| SPI_CS# | J_TDO |SPI_MOSI| CGND | VSSFQ | VSSFQ | VSSFQ | VSSFQ | VSSFQ | VCCFQ | VCCFQ | F1_DQ4 | F3_ALE | F3_DQ3 | F3_RE# | F3_RE

FSH

M | EXRST# [SPI_MISO| FO_CEG# | J_TRST# |12C_SCL| VCCFQ | VCCFQ | VCCFQ | VCCFQ | VCCFQ | VCCFQ | VCCFQ | F1_DQ2 | F2.DQ1 | F3_CLE | | = o | F3_WEH

N | TEST1 |12C_SDA | FO_CE4# | J_TMS |FO_CE2#|F1_CE7#|F2_CE4#|F3_CE2#| F3_CES5# :;; FO_DQ1 | FO_DQ2 | VCCFQ | F1_DQ6 | F2_DQ6 | F2_DQ5 | F2_DQ7
FSH

P |GPIO2[7]| J_TCK | F1_CES# | Fo_CES# |F1_CE1#|F2_CE1#| F2_CE2#|F3_CE3#| . |FO_ALE|F0_DQ6 | FO.DQ7 | F1_ALE | F1.DQ5 | F2.DQ2 | F2.DQ4 |F2_DQSH

R |GPIO1[0]| J_TDI |F1_CE2# | FO_CE7# |F2_CEO#|F2_CES5#| F2_CET7#|F3_CE6#| FO_CLE | FO.DQ3 | FO_DQ5 | F1_CLE | F1_DQ1 | F1_DQ3 | F2_CLE | F2_DQ0 | F2_DQs

T | GPIO1[6] | FO_CE1# | FO_CE3# | F1_CEO# |F1_CE6#|F2_CE6#| F3_CE1# |F3_CE7#| FO_WE# | FO_RE | FO_DQS | F1_DQO0 | F1_RE | F1_DQS | F2_WE# | F2_ALE | F2_RE#

U | GPIOO[0] | FO_CEO# | F1_CE3# | F1_CE4# |F2_CE3#|F3_CEO#| F3_CE4# | FO_DQO | FO_DQ4 | FO_RE# [FO_DQS#| F1_WE# | F1_RE# |F1_DQS#| F1_DQ7 | F2_DQ3 | F2_RE
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2.2 SM2246XT Package Pin List

Table 1: Pin List

Signal Name TFBGA 288 TFBGA 144 QFN 88
FO_DQO us M7 35
FO_DQ1 N11 L7 37
FO_DQ2 N12 M8 38
FO_DQ3 R10 L8 39
FO_DQ4 u9 L9 40
FO_DQ5 R11 M10 44
FO_DQ6 P11 L10 45
FO_DQ7 P12 M11 46
F1_DQO T12 M12 -
F1_DQ1 R13 L11 -
F1_DQ2 M13 L12 -
F1_DQ3 R14 K11 -
F1_DQ4 L13 J11 -
F1_DQ5 P14 J12 -
F1_DQ6 N14 H11 -
F1_DQ7 u15 H12 -
F2_DQO0 R16 F12 -
F2_DQ1 M14 F11 -
F2_DQ2 P15 E12 -
F2_DQ3 u16 E11 -
F2_DQ4 P16 D11 -
F2_DQ5 N16 C12 -
F2_DQ6 N15 C11 -
F2_DQ7 N17 C10 -
F3_DQO0 K15 B12 54
F3_DQ1 J14 B11 56
F3_DQ2 K14 A12 57
F3_DQ3 L15 A11 58
F3_DQ4 J15 A10 62
F3_DQ5 J17 B9 63
F3_DQ6 J16 A9 65
F3_DQ7 J13 B8 64
Revision 0.7 14 Signal Descriptions



& SiliconMotion
Signal Name TFBGA 288 TFBGA 144 QFN 88
FO_ALE P10 K9 33
F1_ALE P13 G11 -
F2_ALE T16 E10 -
F3_ALE L14 A7 52
FO_CLE R9 K10 32
F1_CLE R12 G12 -
F2_CLE R15 D10 -
F3_CLE M15 B6 50
FO_CEO# U2 K1 24
FO_CE1# T2 L1 25
FO_CE2# N5 M1 -
FO_CE3# T3 K2 -
FO_CE4# N3 - -
FO_CES5# P4 - -
FO_CEG6# M3 - -
FO_CE7# R4 - -
F1_CEO# T4 L2 -
F1_CE1# P5 M2 -
F1_CE2# R3 K3 -
F1_CE3# U3 L3 -
F1_CE4# U4 - -
F1_CE5# P3 - -
F1_CEG6# T5 - -
F1_CE7# N6 - -
F2_CEO# R5 M3 -
F2_CE1# P6 L4 -
F2_CE2# P7 M4 -
F2_CE3# us L5 -
F2_CE4# N7 - -
F2_CE5# R6 - -
F2_CE6# T6 - -
F2_CE7# R7 - -
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Signal Name TFBGA 288 TFBGA 144 QFN 88
F3_CEO# U6 M5 28
F3_CE1# T7 L6 29
F3_CE2# N8 M6 -
F3_CE3# P8 K6 -
F3_CE4# u7 - -
F3_CE5# N9 - -
F3_CEG6# R8 - -
F3_CE7# T8 - -
FO_DQS T11 M9 42
FO_DQS# u11 - -
F1_DQS T14 K12 -
F1_DQS# u14 - -
F2_DQS R17 D12 -
F2_DQS# P17 - -
F3_DQS K16 B10 60
F3_DQS# K17 - -
FO_RE T10 - -
FO_RE#/ u10 K8 41
FO_W/R#

F1_RE T13 - -

F1_RE#/ u13 H10 -

F1_W/R#

F2_RE u17 - -

F2_RE#/ T17 F10 -

F2_W/R#

F3_RE L17 - -

F3_RE#/ L16 B7 59

F3_W/R#

FO_WE#/ T9 K7 34

FO_CLK

F1_WE#/ u12 J10 -

F1_CLK

F2_WE#/ T15 G10 -

F2_CLK

F3_WE#/ M17 A8 53

F3 CLK

FSH_WP# P9 H6 30

FSH_R/B# N10 J7 31
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Signal Name TFBGA 288 TFBGA 144 QFN 88
RX0_P A6 A5 71
RX0_N A5 A4 72
TX0 P A3 A2 74
TX0_N A2 A1 76
VCCK B4, B7, C6, C7, D5, DB, C6, C7, C8, 5,26, 27, 47,

D7, E5, E6, E7, E8, E9 C9, D8, D9, E9 49,51, 67, 68

VCCGQ H1, H2 G1 18
PHY_VP C5 B3’ 69
PHY_VPTX C4 - 75
PHY_VPH C2,C3 C2 78
RESREF B1 C1 79
VCCFQ K12, K13, L11, L12, M8, F9, G9, H8, H9, J8, J9 36, 43, 48, 55, 61

M7, M8, M9, M10, M11,

M12, N13
FSH_VREF M16 - -
V12A_PAD C1, D1 D1 80
VCCAH D4, E4 D2 82
CRY_VDD33 F3 E2 85
VDTF_VIN E3 D3 81
VCC_5V G1 C3 83
V18_PAD D2, D3 - -
CGND G5, G6, G7, G8, G9, H6, D6, D7, E6, E7, F6, G6 66
H7, H8, H9, H10, J8, J9, L5

VSSFQ D16, F12, F13, F14, G10, E8, F7, F8, G7, G8, H7 -

G11, G12, H11, H12, J6,

J7,J10, 311, J12, K6, K7,

K8, K9, K10, K11, L6, L7,

L8,19,L10

CRY_VSS33 G2 E3 88
VGNDA F2 B1 84
PHY_GD A4, A7, B2, B3, B5, B6 A3, A6, B2, B4, B5 70,73, 77

Note': The PHY_VP signal shares the same pin with PHY_VPTX in the TFBGA 144 package.
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Signal Name TFBGA 288 TFBGA 144 QFN 88
J_TRST# M4 J5 19
J_TMS N4 K4 21
J_TDI R2 J6 22
J_TDO L3 K5 23
J_TCK P2 J4 20
SPI_CS# L2 - -
SPI_CLK K3 J2 -
SPI_MISO M2 J3 -
SPI_MOSI L4 - -
I°C_SCL M5 - -
I°C_SDA N2 - -
GPIO0[0] U1 - -
GPIOO[1] K5 J1 17
GPIO1[0] R1 G5 11
GPIO1[1] H5 H1 12
GPIO1[2] J3 H2 13
GPIO1[3] J4 H3 14
GPIO1[4] K2 H4 16
GPIO1[5] J5 H5 15
GPIO1[6] T1 - -
GPIO1[7] K4 - -
GPI02[0] G3 E5 -
GPIO2[2] K1 F3 6
GPIO2[3] H3 F4
GPIO2[4] J2 F5 -
GPIO2[5] H4 G2
GPIO2[6] L1 G3
GPIO2[7] P1 G4 10
XIN E1 E1 86
XOouT F1 F1 87
EXRST# M1 D5
EXCLK F4 E4
TESTO J1 C4
TEST1 N1 C5 -
TEST2 F5 D4 3
NC A8 - A17,B8-B17,C8 - C17, F2 -

D8 - D15, D17, E2, E10 - E17, F6 - F11,
F15-F17, G4, G13 - G17, H13 - H17
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2.3

Signal Descriptions

Table 2:

The pull-up/down definitions are shown as below.

PU: Internal fixed pull-up

PU": Internal pull-up controlled by firmware

PD: Internal fixed pull-down

PD": Internal pull-down controlled by firmware

Flash Interface Signals

Signal

/10

PU/PD

Description

FO_DQ[7:0] /0

Flash data bus connected to flash channel 0.

F1_DQ[7:0] /0

Flash data bus connected to flash channel 1.

F2_DQ[7:0] I/1O

Flash data bus connected to flash channel 2.

F3_DQ[7:0] I/0

Flash data bus connected to flash channel 3.

FO_ALE

F1_ALE

F2_ALE

F3_ALE

Flash address latch enable.

FO_CLE

F1_CLE

F2_CLE

F3_CLE

Flash command latch enable.

FO_CEO#

FO_CE1#

FO_CE2#

FO_CE3#

FO_CE4#

FO_CES5#

FO_CE6#

FO_CE7#

Flash chip enable for flash channel 0.

F1_CEO#

F1_CE1#

F1_CE2#

F1_CE3#

F1_CE4#

F1_CE5#

F1_CE6#

F1_CE7#

Flash chip enable for flash channel 1.
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Signal /0 PU/PD | Description
F2_CEO#
F2_CE1#
F2_CE2#
F2_CE3#
0] - Flash chip enable for flash channel 2.
F2_CE4#
F2_CE5#
F2_CE6#
F2_CE7#
F3_CEO#
F3_CE1#
F3_CE2#
F3_CE3#
0] - Flash chip enable for flash channel 3.
F3_CE4#
F3_CE5#
F3_CE6#
F3_CE7#
FO_DQS Fx_DQS/Fx_DQS#: Flash data strobe/Flash data strobe complement.
FO DQSH# « For SDR access mode, these signals are not used (no connect).

- « For NV-DDR and Toggle DDR 1.0 access modes, the Fx_DQS indicates
F1_DQS the data valid window. Input with read data, output with write data.

F1 DQS# Edge-aligned with read data, centered in write data.

— I/0 - ¢ InNV-DDR2 and Toggle DDR 2.0 access modes, the Fx_DQS indicates
F2_DQs the data valid window. Input with read data, output with write data.
F2_DQS# Edge-aligned with read data, centered in write data. The Fx_DQS is
F3 DQS paired with differential signal Fx_DQS# to provide differential pair

= signaling to the system during reads and writes (e.g., FO_DQS and
F3_DQs# FO_DQSH).

FO_RE Fx_RE/Fx_RE#: Flash read enable/Flash read enable complement.
FO RE# o For SDR access mode, the Fx_RE# enables serial data output.
FO_W/R# e For NV-DDR2 and Toggle DDR 1.0/2.0 access modes, the Fx_RE#

- signal is the serial data-out control, and when active, drives the data
F1_RE onto the DQ buses. Data is valid after tDQSRE of rising edge and falling
F1_RE#/ edge of Fx_RE#, which also increments the internal column address
F1_W/R# counter by each one. The read enable Fx_RE is paired with differential

0] - signal Fx_RE# (only in NV-DDR2 and Toggle DDR 2.0 modes) to
F2_RE . . . o . .

= provide differential pair signaling to the system during reads.
F2_RE#/ Fx_W/R#: Write/read direction control
F2_WIR# « For NV-DDR access mode, when this signal is latched high, the
F3 RE controller is driving the DQ bus and DQS (data is being written to the

— bus). When this signal is latched low, the NAND flash is driving the DQ
F3_RE#/ bus and DQS (data is being read from the bus).

F3_W/R# (This signal shares the same pin with Fx_RE#.)
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Signal /0 PU/PD | Description
FO_WE#/ 0] - Fx_WE#: Flash write enable.
FO_CLK » For SDR access mode, the write enable signal controls the latching of
F1 WE# o i output data. Data, commands, and addresses are latched on the rising
F1_CLK edge of Fx_WE#.

- ¢ For NV-DDR2 and Toggle DDR 1.0/2.0 access modes, this signal
F2_WE#/ O - controls writes to the DQ bus. Commands and addresses are latched on
F2_CLK the rising edge of the WE pulse.

F3 WE# o i Fx_CLK: Clock. o .
F3 CLK + For NV-DDR access mode, this signal is used as the clock.

- (This signal shares the same pin with Fx_WE#.)

FSH WP# 0] - Flash write protect signal directly connected to the flash memory write
protect signal.
FSH_R/B# I - Flash ready/busy signals indicating the state, ready or busy of flash
memory.
Table 3: SATA Interface Signals
Signal /0 PU/PD | Description
RX0_P I - Positive input of receiver differential signal.
RX0_N I - Negative input of receiver differential signal.
TX0 P 0] - Positive output of transmitter differential signal.
TX0_N 0] - Negative output of transmitter differential signal.
Table 4: Power Signals
Signal /0 PU/PD | Description
VCCK PWR - Power supply 1.2V for core logic.
VCCGQ PWR - Power supply for general 1/O.
PHY_VP PWR - Power supply 1.2V for SATA PHY Rx.
PHY_VPTX PWR - Power supply 1.2V for SATA PHY Tx.
PHY_VPH PWR - Power supply 3.3V for SATA PHY.
RESREF I - Reference resistor connection for SATA PHY.
VCCFQ PWR - Power supply 3.3V/1.8V for flash 1/O.
FSH_VREF PWR - External flash reference voltage (VCCFQ x 0.5).
V12A_PAD PWR - Analog power supply 1.2V.
VCCAH PWR - Analog power supply 3.3V for regulator.
CRY_VDD33 PWR - Analog power supply 3.3V for crystal cell.
VDTF_VIN PWR - Voltage detector input for flash power.
VCC_5V PWR - Voltage detector input for host power.
V18_PAD PWR - Voltage regulator 1.8V output.
CGND GND - Core ground.
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Signal /0 PU/PD | Description
VSSFQ GND - Ground for GPIO and flash 1/O.
CRY_VSS33 GND - Analog ground for crystal.
VGNDA GND - Analog ground for regulator.
PHY_GD GND - Analog ground for SATA PHY.

Revision 0.7

22

Signal Descriptions



sn SiliconMotion

SM2246XT Datasheet

Table 5: Miscellaneous Signals

Signal 110 PU/PD | Description
J_TRST# I PU JTAG test reset.
J_TMS I PU JTAG test mode select.
J_TDI I PU JTAG test data input.
J_TDO 0] PD JTAG test data output.
J TCK I PU JTAG test clock.
SPI_CS# 0] - SPI select enable.
SPI_CLK 0] - SPI clock input.
SPI_MISO I - SPI data input.
SPI_MOSI 0] - SPI data output.
I’C_SCL /0 PU I°C serial bus clock.
I°C_SDA /0 PU I°C serial bus data.
GPIOOQ[0] I/0 PD' Invert SATA Rx signal (High active).
GPIOOQ[1] I/0 PD' Invert SATA Tx signal (High active).
GPIO1[0] I/0 pU’ This signal drives LED indicator for SSD operation.
The LED blinks during read/write operations.
GPIO1[1] I/0 pU’ Hardware write protect (Low active).
GPIO1[2] 1/0 pU’ This signal drives LED indicator for the SATA link status between the
device and the host (supported only in the CFast form factor).
This signal can be also used as UART Rx input.
GPIO1[3] I/0 PU’ Force the device to run ROM code (Low active, for debug only).
This signal can be also used as UART Tx output.
GPIO1[4] 1/0 pU’ DEVSLP (device sleep mode) enable.
GPIO1[5] 110 PD' Quick erase control (Low active).
GPI101[6] 1/0 PD’ Reserved. Do not connect (N.C.) for normal operation.
GPIO1[7] I/0 PD’ Reserved. Do not connect (N.C.) for normal operation.
GPIO2[0] 1/0 PD' Set the driving strength of flash I/O (High active).
This setting is low by default.
GPIO2[2] 1/0 PD' NAND flash power supply.
“0”: Supports 3.3V flash memory.
“1”: Supports 1.8V flash memory.
GPIO2[3] 1/0 PD' Toggle NAND configuration.
“0”: Legacy.
“1”: Native Toggle NAND.
GPIO2[4] 1/0 PD' Reserved. Do not connect (N.C.) for normal operation.
GPIO2[5] 1/0 pU’ This signal determines the operation mode.
“0”: Reliable mode.
“1”: Normal mode (default).
GPIO2[6] 1/0 pU’ Reserved. Do not connect (N.C.) for normal operation.
GPI02[7] 1/0 pU’ Card detect in.
XIN I - 50MHz external crystal input.
Revision 0.7 23 Signal Descriptions



&) SiliconMotion
Signal /0 PU/PD | Description
XOUuT O - 50MHz external crystal output.
EXRST# I PU External/Test Reset input.
Tie high for normal operation.
EXCLK I PD External/Test Clock input.
Tie low for normal operation.
TESTO I PD Test signal.
Tie to ground for normal operation.
TEST1 I PD Test signal.
Tie to ground for normal operation.
TEST2 I PD Test signal.
Tie to ground for normal operation.
NC - - No Connect.
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3. Electrical Characteristics

3.1 DC Characteristics

Table 6: Recommended Operating Conditions

Parameter Symbol Min Typ Max Unit
Core Power Supply VCCK 1.08 1.2 1.32 \%
1.7 1.8 1.95 \Y
I/O Pad Power Supply VCCGQ
2.7 3.3 3.6 Y
1.7 1.8 1.95 \Y
Flash 1/0 Power Supply VCCFQ
2.7 3.3 3.6 Y
Flash I/O Reference Voltage FSH_VREF 0.5 x VCCFQ \%
V12A_PAD 1.08 1.2 1.32 Y
Analog VCCAH 27 33 3.6 v
Power Supply
CRY_VDD33 2.7 3.3 3.6 \Y
PHY_VPH 3.07 3.3 3.63 \Y
SATA PHY PHY_VPTX 1.12 1.2 1.32 Y
Power Supply =
PHY_VP 1.12 1.2 1.32 Y

Table 7: Operating Temperature

Controller Version Min Max Unit
Commercial 0 70 °C
Industrial -40 +85 °C
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Table 8: General DC Characteristics for 3.3V I/O Interface
Parameter Symbol Min Typ Max Unit Remark
Supolv Volt Vio) VCCGQ 2.7 3.3 3.6 \Y
u oltage
pply VoTiage Vo VCCFQ 2.7 3.3 3.6 Vv
High Level Output Voltage Von 0.9x Vo \Y
Low Level Output Voltage VoL 0.1 x Vo \Y
1.65 \% Non-schmitt trigger
High Level Input Voltage ViH ]
0.8 x Vo Vio+0.3 V Schmitt trigger
1.65 V Non-schmitt trigger
Low Level Input Voltage Vi ]
Vgs-0.3 0.2x Vo \% Schmitt trigger
Pull-up Resistance Rpy 21 70 119 kQ
Pull-down Resistance Rep 21 70 119 kQ
Note': Applies to the EXRST# signal.
Table 9: General DC Characteristics for 1.8V I/O Interface
Parameter Symbol Min Typ Max Unit | Remark
Supolv Volt Vio) VCCGQ 1.7 1.8 1.95 \
u oltage
pply ¥oTiage Vo VCCFQ 1.7 1.8 1,95 Vv
High Level Output Voltage Von 0.9x Vo \Y
Low Level Output Voltage VoL 0.1 x Vo \Y
0.90 Vv Non-schmitt trigger
High Level Input Voltage Vin p
0.8x Vo Vio +0.3 \Y Schmitt trigger
0.90 \Y Non-schmitt trigger
Low Level Input Voltage Vi p
Vgs-0.3 0.2x Vo Vv Schmitt trigger
Pull-up Resistance Rpu 47.7 159 270.3 kQ
Pull-down Resistance Rprp 44 1 147 249.9 kQ
Note™: Applies to the EXRST# signal.
Table 10: Power-on Reset
Parameter Min Typ Max Unit
VRR 0.93 \%
Detect Voltage
VFR 0.76 \%
Rise 2.12 2.62 3.27 us
Delay Time
Fall 4.06 5.32 6.96 us
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Table 11: Host Voltage Detection

Parameter Min Max Unit
VRR 414 \Y
Detect Voltage
VFR 4.0 \Y
Rise 1.5 4.5 us
Delay Time
Fall 0.5 1.5 uS

Table 12: Flash Voltage Detection

Parameter Min Max Unit

Detect Voltage VRR 2.7 2.9 \Y

(3.3V) VFR 2.6 2.8 %

Detect Voltage VRR 1.6 1.8 \Y

(1.8V) VFR 1.5 1.7 %

Delay Time Rise 2.5 3.0 us
Fall 0.9 1.5 us

Table 13: PLL

Parameter Min Typ Max Unit Condition

Output Clock 12.5 400 MHz

Lock-in Time 101.2 us

Duty Cycle 45 55 %

Jitter 10% ur’

Disable, Power-down Current (1.2V) 1 MA Regulator Disable

Operating Current (1.2V) 2 mA fok = 400MHz

Note': Ul = output frequency.
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3.2.1 Legacy NAND (SDR) Interface

Table 14: Flash Interface AC Characteristics for Legacy NAND

Parameter Symbol Min Max Unit
CE# Setup Time tCS 15.0 ns
CE# Hold Time tCH 5.0 ns
CLE Setup Time tCLS 10.0 ns
CLE Hold Time tCLH 5.0 ns
ALE Setup Time tALS 10.0 ns
ALE Hold Time tALH 5.0 ns
Write Cycle Time tWC 20.0 ns
WE# Pulse Width twpP 10.0 ns
WE# High Hold Time tWH 7.0 ns
Write Data Setup Time tDS 7.0 ns
Write Data Hold Time tDH 5.0 ns
Read Cycle Time tRC 20.0 ns
Ready to RE# Low tRR 20.0 ns
RE# Pulse Width tRP 10.0 ns
RE# High Hold Time tREH 7.0 ns
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Figure 5: Command Latch Timing
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Figure 7: Data Output (Write) Cycle Timing
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3.2.2 NV-DDR Interface

Table 15: Flash Interface AC Characteristics for NV-DDR

Parameter Symbol Min Max Unit
CLK Cycle Time tCK 10.0 ns
CLK Low Time tCKL 0.43 0.57 tCK
CLK High Time tCKH 0.43 0.57 tCK
CE# Setup Time tCS 15.0 ns
CE# Hold Time tCH 20 ns
CLE, ALE, W/R# Setup Time tCALS 2.0 ns
CLE, ALE, W/R# Hold Time tCALH 2.0 ns
Command & Address DQ Setup Time tCAS 2.0 ns
Command & Address DQ Hold Time tCAH 20 ns
Data Output (Write) Setup Time tDS 0.9 ns
Data Output (Write) Hold Time tDH 0.9 ns
DQS Falling Edge to CLK Rising Setup Time tDSS 0.2 tCK
DQS Falling Edge to CLK Rising Hold Time tDSH 0.2 tCK
DQS Low Pulse Width tDQSL 0.4 0.6 tCK
DQS High Pulse Width tDQSH 0.4 0.6 tCK
Data to the 1% DQS Latching Transition tDQSS 0.75 1.25 tCK
DQS Write Preamble tWPRE 1.5 tCK
DQS Write Postamble tWPST 1.5 tCK
W/R# Low To Data Input Cycle tWRCK 20.0 ns
W/R# Low to DQS/DQ Driven by Flash Memory tDQSD 0 18.0 ns
Access Window of DQ[7:0] from CLK tAC 3.0 20.0 ns
Access Window of DQS from CLK tDQSCK 20.0 ns
DQS-DQ Skew, DQS to Last DQ Valid, Per Access tDQSQ 0.85 ns
DQ-DQS Hold, DQS to The 1*'DQ to Go No-valid tQH 0.33 tCK
DQ Input Data Valid Window tDVW 0.24 tCK
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Figure 9: NV-DDR Command Cycle Timing
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Figure 10: NV-DDR Address Cycle Timing
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Figure 11: NV-DDR Data Output (Write) Cycle Timing
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Figure 12: NV-DDR Data Input (Read) Cycle Timing
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4, Software Interface

4.1 Command Set

Table 16: Command Set

Command Code Protocol
General Feature Set

Execute Device Diagnostic 90h Execute device diagnostic
Flush Cache E7h Non-data
Identify Device ECh PIO data-in
Initialize Drive Parameters 91h Non-data
Read DMA Cs8h DMA
Read Log Ext 2Fh PIO data-in
Read Multiple C4h P10 data-in
Read Sector(s) 20h PIO data-in
Read Verify Sector(s) 40h or 41h Non-data
Set Feature EFh Non-data
Set Multiple Mode Cé6h Non-data
Write DMA CAh DMA
Write Multiple C5h P10 data-out
Write Sector(s) 30h P10 data-out
NOP 00h Non-data
Read Buffer E4h PIO data-in
Write Buffer E8h PIO data-out
Power Management Feature Set

Check Power Mode ES5h or 98h Non-data
Idle E3h or 97h Non-data
Idle Immediate E1h or 95h Non-data
Sleep E6h or 99h Non-data
Standby E2h or 96h Non-data
Standby Immediate EOh or 94h Non-data
Security Mode Feature Set

Security Set Password F1h P10 data-out
Security Unlock F2h P10 data-out
Security Erase Prepare F3h Non-data
Security Erase Unit F4h P10 data-out
Security Freeze Lock F5h Non-data
Security Disable Password F6h P10 data-out
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Command Code Protocol
SMART Feature Set
SMART Disable Operations BOh Non-data
SMART Enable/Disable Autosave BOh Non-data
SMART Enable Operations BOh Non-data
SMART Execute OFF-LINE Immediate BOh Non-data
SMART Read Log BOh PIO data-in
SMART Read Data BOh PIO data-in
SMART Read Threshold BOh PIO data-in
SMART Return Status BOh Non-data
SMART Save Attribute Values BOh Non-data
SMART Write Log BOh P10 data-out
Host Protected Area Feature Set
Read Native Max Address F8h Non-data
Set Max Address F9h Non-data
Set Max Set Password F9h PIO data-out
Set Max Lock F9h Non-data
Set Max Freeze Lock F9h Non-data
Set Max Unlock F9h PIO data-out
48-bit Address Feature Set
Flush Cache Ext EAh Non-data
Read Sector(s) Ext 24h PIO data-in
Read DMA Ext 25h DMA
Read Multiple Ext 29h PIO data-in
Read Native Max Address Ext 27h Non-data
Read Verify Sector(s) Ext 42h Non-data
Set Max Address Ext 37h Non-data
Write DMA Ext 35h DMA
Write Multiple Ext 39h P10 data-out
Write Sector(s) Ext 34h P10 data-out
NCQ Feature Set
Read FPDMA Queued 60h DMA Queued
Write FPDMA Queued 61h DMA Queued
Others
Data Set Management 06h DMA
Seek 70h Non-data
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4.2 Identify Device Information

The Identify Device command enables the host to receive parameter information from the SM2246XT.
This command has the same protocol as the Read Sector(s) command. The parameter words in the
buffer have the arrangement and meanings defined in the following table.

4.2.1 Identify Device - SATA

Table 17: Identify Device Data of General SATA Mode

Word FI/V Ii;aaflauuelt Description
0 F 044Ah General configuration
1 X XXXXh Default number of cylinders
2 V 0000h Reserved
3 X 00XXh Default number of heads
4 X 0000h Obsolete
5 X 0240h Obsolete
6 F XXXXh Default number of sectors per track
7-8 V XXXXh Number of sectors per card
(Word 7 = MSW, Word 8 = LSW)
9 X 0000h Obsolete
10-19 F XXXXh Serial number in ASCII (Right justified)
20 X 0002h Obsolete
21 X 0002h Obsolete
22 X 0000h Obsolete
23-26 F XXXXh Firmware revision in ASCII
Big Endian Byte Order in Word
27 - 46 F XXXXh Model number in ASCII (Left justified)
Big Endian Byte Order in Word
47 F 8001h Maximum number of sectors on Read/Write Multiple command
48 F 0000h Reserved
49 F 0300h Capabilities
50 F 0400h Capabilities
51 F 0200h P10 data transfer cycle timing mode
52 X 0000h Obsolete
53 F 0007h Field validity
54 X XXXXh Current numbers of cylinders
55 X XXXXh Current numbers of heads
56 X XXXXh Current sectors per track
57 - 58 X XXXXh Current capacity in sectors (LBAs)
(Word 57 = LSW , Word 58 = MSW)
59 F 0101h Multiple sector setting
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Word FI/V Default Description
Value
60 - 61 F XXXXh Total number of user addressable logical sectors for 28-bit commands
(DWord)
62 X 0000h Reserved
63 F 0207h Multiword DMA transfer
Supports MDMA mode 0, 1 and 2
64 F 0003h Advanced PIO modes supported
65 F 0078h Minimum Multiword DMA transfer cycle time per word
66 F 0078h Recommended Multiword DMA transfer cycle time
67 F 0078h Minimum PIO transfer cycle time without flow control
68 F 0078h Minimum PIO transfer cycle time with IORDY flow control
69 F 4000h Additional supported
70-74 F 0000h Reserved
75 F 001Fh Queue depth
76 F 030Eh Serial ATA capabilities
» Supports Serial ATA Gen3
» Supports Serial ATA Gen2
*» Supports Serial ATA Gen1
» Supports Phy event counters log
» Supports receipt of host initiated power management requests
» Supports Native Command Queuing
77 F 0080h Serial ATA additional capability
» DevSleep to_ReducedPwerState is supported
78 F 0148h Serial ATA features supported
* Supports Device Sleep
» Supports software settings preservation
» Device supports initiating power management
79 \% 0040h Reserved
80 F 03FCh Maijor version number (ACS-2)
81 F 0000h Minor version number
82 F 702Bh Command sets supported 0
83 F 7500h Command sets supported 1
84 F 4002h Command sets supported 2
85-87 \% XXXXh Command set/feature enabled
88 \Y 007Fh Ultra DMA mode supported and selected
89 F 0003h Time required for a Normal Erase mode Security Erase Unit command
90 F 0001h Time required for an Enhanced Erase mode Security Erase Unit command
91 \% 0000h Current advanced power management value
92 \% FFFEh Master password identifier
93 -99 \% 0000h Reserved
100 - 103 \Y, XXXXh Maximum user LBA for 48-bit address feature set
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Word FI/V Ii;aaflauuelt Description
104 V 0000h Reserved
105 F 0100h Maximum number of 512-byte blocks per Data Set Management command
106 - 127 \Y, 0000h Reserved
128 \Y% 0009h Security status
129 - 159 X XXXXh Vendor specific
160 F 0000h CFA power mode
161 X 0000h Reserved
162 F 0000h Key management schemes supported
163 F 0000h CF Advanced True IDE Timing mode capability and setting
164 - 168 \Y, 0000h Reserved
169 F 0001h Data Set Management supported
170 - 216 \Y, XXXXh Reserved
217 F 0001h Non-rotating media (SSD)
218 - 221 X 0000h Reserved
222 F 107Fh Transport major revision (SATA Rev 3.1)
223 - 254 X 0000h Reserved
255 X XXXXh Integrity word
Notes:

1. F = content (byte) is fixed and does not change.
2.V = content (byte) is variable and may change depending on the state of the device or the commands executed by the

device.

3. X = content (byte) is vendor specific and may be fixed or variable.

Revision 0.7

40 Software Interface



4.2.2 Identify Device - CFast

Table 18: Identify Device Data of CFast Mode

Word F/V Default Description
Value
0 F 848Ah General configuration - optional signature for a CFA specification
compliant device
1 X XXXXh Default number of cylinders
2 \% 0000h Reserved
3 X 00XXh Default number of heads
4 X 0000h Obsolete
5 X 0240h Obsolete
6 F XXXXh Default number of sectors per track
7-8 \% XXXXh Number of sectors per card
(Word 7 = MSW, Word 8 = LSW)
9 X 0000h Obsolete
10-19 F XXXXh Serial number in ASCII (Right justified)
20 X 0002h Obsolete
21 X 0002h Obsolete
22 X 0000h Obsolete
23-26 F XXXXh Firmware revision in ASCII
Big Endian Byte Order in Word
27 - 46 F XXXXh Model number in ASCII (Left justified)
Big Endian Byte Order in Word
47 F 8001h Maximum number of sectors on Read/Write Multiple command
48 F 0000h Reserved
49 F 0300h Capabilities
50 F 0400h Capabilities
51 F 0200h P1O data transfer cycle timing mode
52 X 0000h Obsolete
53 F 0007h Field validity
54 X XXXXh Current numbers of cylinders
55 X XXXXh Current numbers of heads
56 X XXXXh Current sectors per track
57 -58 X XXXXh Current capacity in sectors (LBAs)
(Word 57 = LSW , Word 58 = MSW)
59 F 0101h Multiple sector setting
60 - 61 F XXXXh Total number of user addressable logical sectors for 28-bit commands
(DWord)
62 X 0000h Reserved
63 F 0207h Multiword DMA transfer
Supports MDMA mode 0, 1 and 2
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Word F/V Default Description
Value
64 F 0003h Advanced PIO modes supported
65 F 0078h Minimum Multiword DMA transfer cycle time per word
66 F 0078h Recommended Multiword DMA transfer cycle time
67 F 0078h Minimum PIO transfer cycle time without flow control
68 F 0078h Minimum PIO transfer cycle time with IORDY flow control
69 F C000h Additional supported
o CFast Specification Support
¢ Deterministic data in trimmed LBA range(s) is supported
70-74 0000h Reserved
75 F 001Fh Queue depth
76 F 030Eh Serial ATA capabilities
o Supports Serial ATA Gen3
¢ Supports Serial ATA Gen2
e Supports Serial ATA Gen1
o Supports Phy event counters log
« Supports receipt of host initiated power management requests
¢ Supports Native Command Queuing
77 F 0080h Serial ATA additional capability
¢ DevSleep_to ReducedPwerState is supported
78 F 0148h Serial ATA features supported
* Supports Device Sleep
» Supports software settings preservation
» Device supports initiating power management
79 \% 0X40h CFast Compliant:
« Device Sleep is enabled by setting word 79, bit 8 to one. Enabling and
disabling this feature is done using the Set Features command.
Serial ATA features enabled
« Software Settings Preservation enabled
80 F 03FCh Major version number (ACS-2)
81 F 0000h Minor version number
82 F 702Bh Command sets supported 0
83 F 7400h Command sets supported 1
84 F 4002h Command sets supported 2
85 - 87 \Y, XXXXh Command set/feature enabled
88 \% 007Fh Ultra DMA mode supported and selected
89 F 0003h Time required for a Normal Erase mode Security Erase Unit command
90 F 0001h Time required for an Enhanced Erase mode Security Erase Unit command
91 \% 0000h Current advanced power management value
92 \% FFFEh Master password identifier
93-99 \% 0000h Reserved
100 - 103 \% XXXXh Maximum user LBA for 48-bit address feature set
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Word F/V Ii;aaflauuelt Description
104 \% 0000h Reserved
105 F 0001h Maximum number of 512-byte blocks per Data Set Management command
106 - 127 \% 0000h Reserved
128 \Y% 0009h Security status
129 - 159 X XXXXh Vendor specific
160 F 81F4h Power requirement - Required for a CFast compliant device that supports
Legacy CFA Power Management
161 X 0000h Reserved
162 F 0000h Key management schemes supported
163 F 0000h CF Advanced True IDE Timing mode capability and setting
164 - 168 \Y, 0000h Reserved
169 F 0001h Data Set Management supported
170 - 216 \% XXXXh Reserved
217 F 0001h Non-rotating media (SSD)
218 - 221 X 0000h Reserved
222 F 107Fh Transport major revision (SATA Rev 3.1)
223 - 254 X 0000h Reserved
255 X XXXXh Integrity word
Notes:

1. F = content (byte) is fixed and does not change.

2.V = content (byte) is variable and may change depending on the state of the device or the commands executed by the
device.

3. X = content (byte) is vendor specific and may be fixed or variable.
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4.3 SMART Feature Set

The SM2246XT supports the SMART command set and defines some vendor-specific data to report

spare/bad block numbers in each memory management unit.

Table 19: SMART Feature Register Values

Value Command Value Command
DOh Read Data D5h Read Log
D1h Read Attribute Threshold D6h Write Log
D2h Enable/Disable Autosave D8h Enable SMART Operations
D3h Save Attribute Values Doh Disable SMART Operations
D4h Execute OFF-LINE Immediate DAh Return Status

If the reserved size is below the threshold, the status can be read from the Cylinder Register using the

Return Status command (DAh).
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4.3.1 SMART Data Structure

The following 512 bytes make up the device SMART data structure. Users can obtain the data using the

“‘Read Data” command (DOh).

Table 20: SMART Data Structure

Byte FI/V Description
0-1 X Revision code
2 - 361 X Vendor specific (see 4.3.2)
362 \Y Off-line data collection status
363 X Self-test execution status byte
364 - 365 \Y Total time in seconds to complete off-line data collection activity
366 X Vendor specific
367 F Off-line data collection capability
368 - 369 F SMART capability
370 F Error logging capability
e 7-1 Reserved
e 0 1 =Device error logging supported
371 X Vendor specific
372 F Short self-test routine recommended polling time (in minutes)
373 F Extended self-test routine recommended polling time (in minutes)
374 F Conveyance self-test routine recommended polling time (in minutes)
375 - 385 R Reserved
386 - 395 F Firmware version/date code
396 - 399 F Vendor specific
400 - 408 F ‘SMI2246XT’
409 - 415 X Vendor specific
416 - 417 F Reserved
418 - 419 \% Number of spare block
420 F Reserved
421 - 422 Vv Average erase count
423 F Reserved
424 - 425 Vv Max erase count
426 F Reserved
427 - 428 Vv Min erase count
429 - 510 X Vendor specific
511 Vv Data structure checksum
Notes:

1. F = content (byte) is fixed and does not change.
2.V = content (byte) is variable and may change depending on the state of the device or the commands executed by the

device.
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3. X = content (byte) is vendor specific and may be fixed or variable.
4. R = content (byte) is reserved and shall be zero.
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4.3.2 SMART Attributes

The following table defines the vendor specific data in byte 2 to 361 of the 512-byte SMART data.

Table 21: SMART Data Vendor-specific Attributes

?It; ?:::; Raw Attribute Value Attribute Name
01 MSB 00 00 00 00 00 Read error rate
05 LSB | MSB 00 00 00 00 Reallocated sectors count
09 LSB MSB 00 00 Reserved
0C LSB MSB 00 00 Power cycle count
AO LSB MSB 00 00 Uncorrectable sector count when read/write
A1 LSB | MSB 00 00 00 00 Number of valid spare block
A2 LSB | MSB 00 00 00 00 Number of cache data block
A3 LSB | MSB 00 00 00 00 Number of initial invalid block
A4 LSB MSB 00 00 Total erase count
A5 LSB MSB 00 00 Maximum erase count
A6 LSB MSB 00 00 Minimum erase count
A7 LSB MSB 00 00 Average erase count
co LSB MSB 00 00 Power-off retract count
Cc2 MSB 00 00 00 00 00 Controlled temperature
C3 LSB MSB 00 00 Hardware ECC recovered
C4 LSB MSB 00 00 Reallocation event count
c7 LSB | MSB 00 00 00 00 Ultra DMA CRC error count
F1 LSB MSB 00 00 Total LBAs written (each write unit = 32MB)
F2 LSB MSB 00 00 Total LBAs read (each read unit = 32MB)
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4.4 Capacity

This section depicts the default storage capacity and settings for cylinders, heads, and sectors. Users can
change these settings using SMI mass production software.

Table 22: Capacity Information

Capacity Cylinders Heads Sectors Total Sectors User Data Size
32GB 16,383 15 63 61,865,984
64GB 16,383 15 63 123,731,968
128GB 16,383 15 63 247,463,936 Depended on
256GB 16,383 15 63 494,927,872 file management
512GB 16,383 15 63 989,855,744

1024GB 16,383 15 63 1,979,711,488
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5. Package Information

5.1 88-Pin QFN Package
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88 | SEATING PLANE
| ! §
1 , !
7Z,J | |
PIN 1 CORNER—] ! i
i o
S EE (~3)
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= | g
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= | 2
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450 ! \gzz
| ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ;ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
4—1 L‘i‘r ‘ 4—‘ 88X b 23 \EXPOSED DIE
88X L E ATTACH PAD
BOTTOM VIEW
VIEW W—M
Symbol MIN NOM MAX Symbol MIN NOM MAX
Total Thickness A 0.8 0.85 0.9 EP Si X J 8 8.1 8.2
ize
Stand Off A1 0 0.035 0.05 Y K 8 8.1 8.2
Mold Thickness A2 - 0.65 0.67 Lead Length L 0.35 0.4 0.45
L/F Thickness A3 0.203 REF Paﬁgf‘egr:ni‘;ge aaa 0.1
Lead Width b 0.15 0.2 0.25 Mold Flatness bbb 0.1
Bodv Si X D 10 BSC Coplanarity cce 0.08
o} ize
y Y E 10 BSC Lead Offset ddd 0.1
Lead Pitch e 0.4 BSC Exposed Pad Offset eee 0.1

Note: Controlling Dimension: Millimeter. Coplanarity applies to leads, corner leads and die attach pad.
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5.2 144-Ball TFBGA Package
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o0 0000000000 B
O 00 08¢ 0000 -
/@@ Nuaa
(BOTTOM VIEW)
SYMBOL MIN NOM MAX SYMBOL | MIN | NOM | MAX
Total Thickness A --- - 1.2 Ball Count n 144
Stand Off A1 0.16 - 0.26 D1 8.25 BSC
- Edge Ball Center to Center
Substrate Thickness A2 0.36 REF E1 8.25 BSC
Mold Thickness A3 0.54 REF Body Center To Contact SD 0.375 BSC
) D 9 BSC Ball SE 0.375 BSC
Body Size
E 9 BSC Package Edge Tolerance aaa 0.1
Ball Diameter 0.3 Mold Flatness bbb 0.2
Ball Opening 0.275 Coplanarity ddd 0.12
Ball Width b 0.27 - 0.37 Ball Offset (Package) eee 0.15
Ball Pitch e 0.75 BSC Ball Offset (Ball) fff 0.08

Notes: Controlling dimension: Millimeter.
ADimension b is measured at the maximum solder ball diameter, parallel to datum plane C.
ADatum C (seating plane) is defined by the spherical crowns of the solder balls.
AParalIelism measurement shall exclude any effect of mark on top surface of package.
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5.3 288-Ball TFBGA Package

PIN #1

I, 4‘ VAEDE CAVITY
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D 0000000000000 0000 DETAIL : B
(ol o] 00000 00000000
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Symbol MIN NOM MAX | Symbol MIN NOM MAX | Notes:

A — — 1.35 e — 0.65 — 1. Controlling Dimension: Millimeter.

A1 0.16 0.21 0.25 b 0.25 0.30 0.35 APrimary datum C and seating plane are defined by the

A2 1.01 1.06 1.11 aaa 0.15 spherical crowns of the solder balls.

c 0.32 0.36 0.40 bbb 0.10 Al?ji.menfion bis Irln:-:‘tasurt.ed at tZetmax(i:mum solder ball
11.90 | 12.00 | 1210 | ddd 0.08 ramerer, paraiel fo primary gaum .

4. Special characteristics C class: bbb, ddd.

E 11.90 12.00 12.10 cee 0.15 @The pattern of Pin 1 fiducial is for reference only.
D1 10.40 - fff 0.08
E1 10.40 - MD/ME 17117
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5.4 Top Marking

Figure 13: 88-Pin QFN Top Marking Information
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Figure 14: 144-Ball TFBGA Top Marking Information
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Figure 15: 288-Ball TFBGA Top Marking Information

sm aood —— Date Code (YYWW)

SM2246XT G XX | © tescareckass
IC Revision
IC Lot Number dooooonooooo
Aeembly Location o TW 17 —— Internal Code

Pin 1

Revision 0.7 53 Package Information



511 SiliconMotion

SM2246XT Datasheet

6. Product Ordering Information

Table 23: Ordering Information

Ordering Number Operating Temperature Package Type Dimensions (mm)
SM224MX0600XT-XX 0°C ~70°C 88-pin QFN 10x10x0.9
SM224MEO0600XT-XX -40°C ~ +85°C 88-pin QFN 10x10x0.9
SM224HX0600XT-XX 0°C ~70°C 144-ball TFBGA 9 x9x 1.2 (0.75 pitch)
SM224HE0600XT-XX -40°C ~ +85°C 144-ball TFBGA 9x9x 1.2 (0.75 pitch)
SM224GX0600XT-XX 0°C ~70°C 288-ball TFBGA 12 x 12 x 1.35 (0.65 pitch)

Note: The suffix “XX” denotes the IC revision.
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