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Memory Stick Information

MEeMORY STICK ™

Basic Technology on Memory Stick

Serial I/F for Memory Stick

Block Diagram

Host Memory Stick Card
Flash Memory |
File Manager — I
Memory Stick Flash Memory Controller
TPC I/F Registers | Page Buffer
Serial I/F Serial I/F
1 =
SDTO |
BS
SCLK
BS(Bus State) Control,Host -~ Memory Stick Card

SCLK(Serial Clock) Control,Host - Memory Stick Card
SDIO(Serial Data |/O) Data, Host = Memory Stick Card

Thisis Memory Stick block diagram.

Host on the left and Memory Stick on the right communicates on three
signal lines.

Datais transferred on one line and other two are for regulation.

BS(Bus State) and SCLK(Serial Clock) are regulation signals from host
system, and SDIO(Seria Datal./O) istwo-way datasignal line.

Inside Memory Stick will be explained in other pages.
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Memory Stick Information for Developers

MEemory STICK ™

Basic Technology on Memory Stick

Serial I/F for Memory Stick

Serial Interface Overview

*Only 3Pins
Serial Clock

Bus State

Serial Data I/O
e Shape Flexibility
¢ Reliability

® Simple Har dwar e Development

- Protocol isto be developed by prospective licensee

Thisis explanation on Memory Stick serial interface overview.

First, seria interface specifications will be explained and then command to
access Memory Stick will be explained.

Memory Stick’ s characteristics are 1) only 3 signal lines for connection; 2)
shape isflexible; 3) height reliability; 4) ssmple hardware development.
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Memory Stick Information for Developers

MEemory STICK ™

Basic Technology on Memory Stick

Serial I/F for Memory Stick

Protocol Overview

® Four Bus State SDIO Data acknowledgement

BSO Idling
BS1 TPC(Transfer Protocol Command)
BS2,3 Data/Hand-shake

® TPC and Flash Command
® CRC16 Data Error Detection
® Handshake

® Interrupt Signal

Serial protocol overview.
Serial interface protocol consists of 4 bus states, and bus state is used to serial datatype.

BS0isidling, BS1ishost transferring TPC, BS2 and BS3 are handshake and data transfer
states which depends on read/write operations.

TPC and flash commands are defined.
Dataerror is detected by CRC16. Handshake occurs between Memory Stick and host.
Host receives interruption signal from Memory Stick and processed.
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Memory Stick Information

MEeMORY STICK ™

Basic Technology on Memory Stick

Serial I/F for Memory Stick

Serial IF Signal Wave Form- 1:Read Write

Read Protocol

BS BSO BSL \ B |/ B3 \ B0
SDIo y TPC XBSY/RDYX Data X CRC X

Write Protocol

BS BSO BS1 BS2 BS3 BSO

SDIO X TPC X Data X CRC XBSY/RDY X

Serial interface read/write running chart.

Serial interface signal wave form consists of protocols on three signal lines.
As SDIO isfor data, signal runsto both directions. BS stands for bus state,
and BS levels show data flow directions and data type on SDIO.

There are four bus states.
First bus state upon read isBSO IDLE. Signal isawayslow.
Second isBS1. TPC command will be sent to Memory Stick.

Third isBS2, which is Handshake. Memory Stick returns busy signal, and
when it can output data, returns ready signal. Fourth is BS3, when data and
CRC isread from Memory Stick.

Upon write, as shown, data and CRC is processed during BS2 and
busy/ready signal during BS3.

Bus state sequence are different between read and write operations.

SCLK means clock. 2
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MEemory STICK ™

Basic Technology on Memory Stick

Serial I/F for Memory Stick

Serial IF Signal Wave Form- 2. Hand-shake

® Busy Level Signal
® Ready Inverting Signal - detected by 0101

< (JUUUTUUgUutY
BS J

SDIO o1 \0 1

Busy Ready

The table shows handshake state.

BUSY means TPC which Memory Stick received is under process.
Signal ishigh level.

RDY means TPC process is ended without problem.

Signal isinverting.
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MEemory STICK ™

Basic Technology on Memory Stick

Serial I/F for Memory Stick

Serial IF Signal Wave Form- 3:Interrupt(INT)

® SDIO level detect during BSO

® Inform command process completion from Memory Stick
to Host
Interrupt occurrencefactor isreflected to INT Register
- INT Register

After execution of Flash Control Command, output during BSO
period.
Read,Write,Erase command for flash memory

Thisis explanation on interrupt signal (INT).
Interrupt signal is sent from Memory Stick.
Interrupt signal is detected by monitoring SDIO level during BSO.

Interrupt means that memory control command is processed without
problem from Memory Stick to host.

Interrupt occurrence factor isreflected to INT register.

Flash Memory Controller process takes as long as several hundred | as data
iswritten actually. Process end needs to be informed to Host other than
protocol ends.

Thisis done by driving SDIO to High during BSO.
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MEeMORY STICK ™

Basic Technology on Memory Stick

Serial I/F for Memory Stick

TPC Code

TPC = 4Bit(Original)+4Bit(Rever se)

Code Name Data Size Description

B’0010 | READ PAGE DATA | 512Byte |Read PageBuffer

B’0100 READ_REG 1 31Byte| Read Status & Extra Data Registers

B’0111 GET_INT 1Byte |Read INT Register

B'1101 | WRITE_PAGE DATA | 512Byte |WritePageBuffer

B’1011 WRITE_REG 1 31Byte| Write Parameter & ExtraData Registers

B’1000 | SET_R/W_REG_ADRS 4Byte Set Reg Addressfor READ/WRITE_REG

B’'1110 SET_CMD 1Byte Set Flash Control Command

A list of TPC which is equivaent to commands transferred by Protocol.
To access inside Memory Stick, there are three operations;

Read/Write to Page Buffer

Read/Write of Register

Command Transfer to Flash Memory Controller

Interrupt occurrence factor detection, there is GET INT command.

SET CMD isflash control command defined in the byte following the above
TPC.

To send command to flash memory, this command is executed.
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Basic Technology on Memory Stick

Serial I/F for Memory Stick

TPC - READ REG/GET_INT

Controller Flash Memoryf
Page Buffer Block
SCK |, (:::3 {:::> ¢:> Page | Extilal
| v (512Byte) -
BS [,| = || WRRegister|c—» %E
: g = S
o B ECC z §
< - «—1 RD Reg.ister [¢*— i
ECC {::
3 CMDReg |

® READ_REG Status Reg/ExtraData Reg
® Datalengthisvariable
® GET_INT: INT Register (1Byte)

This shows read register.

Read register reads out register data to host.
Status Reg/Extra DataReg are read.
Datalength is variable.

Host reads the first 1 byte of GET_INT.
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Basic Technology on Memory Stick

Serial I/F for Memory Stick

Register Map 1 Read

Ho1 Reao! - Status Registers
INT Register . .
H'02] Statu Regider INT Register  INT(BS0) Deta|I§
StatusO Reg Busy Seep Write Protect
H'03] Statusl Register
Page Buf Status
Statusl Reg Error Details
H’ 15| Page Address
H'16 Overwrite Flag - Extra Area Data Read Registers
H'17] Management Flag
H'18| Logical Address1 Block Page Allocation Info
11 | Logical Address0 Flag
A Reserved Area 4 MS Format Defined
I:HB Reserved Area 3 Addr 10
C Reserved Area 2 0
H'10 Reserved Areal
H'1E  Reserved Area0

Thisisregister list. There are three sections;

Status including INT Register

Command Parameters

Control information called Extra Areain each Page

Busy, Sleep, Write Protect, Page Buffer Status will be written in status O
register.

Status 1 register contains information on errors occurred in flash memory.

Extra Area Data Read Register contains information of flash memory extra
area.Overwrite flag and logical address are examples.
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Serial I/F for Memory Stick

TPC - 2 WRITEREG

Controller Flash Memory
Page Buffer Block
SCK {::> <:> ¢:> P

I . (512Byte) % e |Edrp
=
0 BS .L) g I:br WR Register :b" §,
'5—3 ECC |:> g
{: SDIO > (:::l RD Reg.ister <::| %
ECC | =

= mors J=>

® WRITE REG Param Reg/Extra DataReg

® Datalength is variable.

This shows write register.

Write register specifies parameter such as flash memory block address or set
data for flash memory extra area.

Write register is Param Reg and Extra Data Reg. Datalength is variable.
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MEemory STICK ™

Basic Technology on Memory Stick

Serial I/F for Memory Stick

Register Map 2 Write

Write

1
1 System Par ameter R Registers
1 Block Address 2 Address2 0
Block Address 1
Block Address 0 Data/ExtraArea Selection
Command Parameter
OverwriteMode

Page Address
Overwrite Flag

ContinuousMode
Management Flag

Logical Address 1
Logical Address 0

» Extra Area Data Regigers
1A Reserved Area 4
1B Reserved Area 3
Hag
1C Reserved Area 2 Addr 10
1D Reserved Area 1 0

I I I I I ©OIPINIPINIAIVWINVI-IOI
N S S

-
m

Reserved Area 0

Thisis list of write registers.

Parameter registers consist of block address, command parameter, page
address, etc.

Extra area data write registers contain data to be written in the extra area.
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Serial I/F for Memory Stick

TPC - 3 READ_PAGE_BUF

Controller Flash Memory
Block
Page Buffer ¢
SCK (:::} © Z:)

[ » (512Byte) 3 Poe | Exte
=
BS | | & |—5 WRRegister[—5 O
L o -
B ECC — %
SDIo RD Reg.ister =
ECC | =

> CMDRey [

® Datalength isfixed at 512byte.

This shows read page buffer.
Page buffer datais read by host.
Datalength is fixed at 512 bytes.
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Memory Stick Information for Develope

Basic Technology on Memory Stick

Serial I/F for Memory Stick

TPC - 4 WRITE_PAGE_BUF

Controller Flash Memory

Page Buffer

Block

Page |Extra

(512Byte)

BS WR Register

ECC

Serial IF

L

SDIO|

RD Reg.ister

Flash Memory Controller

ECC

| CMDReg

0ifad

® Datalengthisfixed at 512 bytes.

This shows write page buffer.
The command is used when host write in the page buffer.
Datalength is fixed at 512 Bytes.
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Serial I/F for Memory Stick

TPC -5 SET_CMD

Controller Flash Memory
Page Block
: SCK | Buffer CZ;’ ¢:> Page |Extr1
v (512Byte) >
BS W WR Register g2
= — egister (x| & S
T ECC | 22
SDIO 3 23
-t *—| RD Reg.ister [~ T
ECC [¢—
| CMDRey [—p

® SET CMD Write Protocol)
® Data= Flash Command(1 Byte)

This shows set command.

Set command is used when host write flash memory command in CMD
register. Itiswrite protocol. Datais one-byte flash command.
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MEeMORY STICK ™

Memory

Basic Technology on Memory Stick

Serial I/F for Memory Stick

Flash Command

SET CMD WriteProtocol

Code Name Description

H'AA BLOCK_READ Read to PageBuf from Flash Memory

H’55 BLOCK_WRITE | Writefrom Page Buf to Flash Memory

H’33 BLOCK_END Stop Continuous Read/Write

H’'99 BLOCK_ERASE Erase Block

H'CC FLASH_STOP | Reset Flash Memory Busy

H'5A SLEEP Sleep Flash Controller
H'C3 CLEAR_BUF Clear Page Buf
H'3C RESET Reset Flash Controller,Clear Register

Thisisalist of flash memory controller command transferred by SET_CMD
TPC.

There are block read, block write, block erase, stop and page buffer clear.

These are all about seria interface overview.
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MEeMORY STICK ™

Basic Technology on Memory Stick

Serial I/F for Memory Stick

Flash Memory Model

@ Virtually Modeled Based on NAND Flash memory
® Erase Size = Block 8K Byte/16K Byte
® Read/Write Size = Page 512Byte (User Data)
® ExtraAreaData = 9Byte/Page (SystemData)
Block
Page 0
Page 1
Page 2 e Page Data (512Byte) Ex(tg;gﬁg)t a
Page 15/31
Flash Memory Model.

Flash memory in Memory Stick is virtually modeled to host so that not only
NAND but also various types of flash memory chips can be used for
Memory Stick. Each type of flash memory chip requires corresponding
controller in Memory Stick.

Specifications of memory model is shown in the chart. Basically NAND
flash memory is to be used and erase unit is block, which is 8 or 16 K Byte.
Read/write unit is page, which is 512 K Byte.
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CMD -1 Erase Block

Controller Flash Memory

Block
)

¢::) Page | Ext
WR Register[—p

EC

Page Buffer

QD

(512Byte)

Serial IF

)

RD Reg.ister

EC ]

|::>| CMD Reg ||::>

Flash Memory Controller

® WRITE REG

® SET CMD BLOCK_ERASE
® Wait for INT

® GET_INT

This shows erase block and the processto erase a part of datain flash memory.

First, parameter such as flash memory address to erase is written in the write register.
Second, “ Set CMD-Block ERASE” command is set in command register.

Then erase starts and host waitsfor INT.

Once eraseiscompleted, INT signal is released.

Host send “ GetINT” command, end signal is read out from Read Reg.
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Basic Technology on Memory Stick

Serial I/F for Memory Stick

INT Register
* INT Register
D7 D6 D5 D4 D3 D2 D1 DO
CED | ERR |BREQ - - - - FMDNK
CED ERR BREQ CMDNK Description
0 X 0 Completed Successfully
X 0 Completed with Flash Error
X 0 1 0 Data Request (Continuous M ode)
X 1 1 0 .
Data Request with Correctable Read
Error (Continuous Mode)
X X X Command Nack

Thisisdatain INT register.

When flash memory controller executes a process by SET_CMD TPC, the
result will be indicated.

CED command end

ERR read, write, erase error

BREQ write request to PageBuffer

CMDNK no-executable command by parameter error, etc

When INT register isread, INT signal is disengaged during BSO and return
to Low.

- 37 -



MEeMORY STICK ™

Memory

Basic Technology on Memory Stick

Serial I/F for Memory Stick

CMD - 2 Read Page

Controller Flash Memory
Page Buffer Block
I == : : (512Byte) <:| tj Page | Ext{3
>
I BS | % m:b %§
8 EC = = £
SDIO =— go
{:: RD Reg.ister [¢—| ©
=
=5 cMDReg ==
® WRITE_REG
® SET CMD BLOCK_READ
® Wait for INT
® READ_REG
® READ PAGE DATA

Read page process.
First, parameter to flash memory is specified in write register.

Second, “block read” set command isissued. Then read processis executed to flash
memory,

And INT signal iswaited.

When datais read out into page buffer, INT isissued. At that point, read register reads out
status and extra area data.

Lastly, Read_Page Datais executed and host reads actual data.
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Basic Technology on Memory Stick

Serial I/F for Memory Stick

CMD - 3 Write Page

Controller Flash Memory
Page Buffer |:> ¢:> plock |
SCK | Page | Extr
I > (512Byte) - a
w — =N
: BS |, = WR Register|—»| & 3
3 EC | %*g
SDIO O
ey, RD Reg.ister|e—| T
EC a1
|::>'| CMD |I:br
Reg

® WRITE_REG

® WRITE PAGE DATA

® SET CMD BLOCK_WRITE
® Wait for INT

® GET _INT

WritePage process.
First, parameter information is set in write register.

Then the write data is sent to page buffer through the WRITE-PAGE-
DATA.

Next “block write” command is issued.

Then write process to flash memory starts, and INT signal is waited.
Host reads INT signal from read register by “Get INT” command.
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Basic Technology on Memory Stick

Serial I/F for Memory Stick

CMD - 4 Copy Page

Controller Flash Memory
PageBuff Block
ageBuffer
I =~ " CZ} (512Byte) ‘:::> © ¢::> Page |Extrg
°
B w WR Register 5
L O = ':>§
3 ECC |:> %
oo RD Register =
< . e e —
ECC Q:LL
:leh::)
® WRITE REG ® WRITE REG
- ® SET_CMD+BLOCK_WRITE
® SET_CMD BLOCK_READ ® Waitfor INT
® Waitfor INT ® GETINT
® READ_REG

Copy page process, which copies data of a pager to another page.

Fist datais read out to page buffer, new addressis set in write register, and
write command is issued.
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