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Flash File System Introduction

a Flash file system,or FTL(Flash Translation Layer), is to make flash
memory appear to the system like a disk drive.

O Why is FTL needed?

* Flash are not 100% perfect . It needs bad block management.
* Flash is erased in blocks(typical 16KB) larger
than disk sectors(512B)
* Flash has a limited number of erase cycles(1M Cycles)
So it needs wear-leveling algorithm.
* Flash is essentially non-writable

(must be erased before it can be written)
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Algorithms for Flash File System(1)

O Wear-leveling algorithm

- Monitoring each block writing numbers or changing each block for writing.

=> for endurance of flash memory

O Garbage collection algorithm

Block A Valid Data 1

Valid Data 1
2 | valid Data 2

Block B Valid Data 2

- Select and write in new block

- Erase previous block
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Algorithms for Flash File System(2)

O Flash updating algorithm

- Updating into empty blocks reduces memory demands and

avoid non- rewritable feature.

0 Background erase algorithm

- Background erase algorithm is erasing all erasable block while idle time.

( erasable block is to be alternated block for Flash updating algorithm.)
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Examples of Flash File System

O TrueFFS& Flite(M-Systems)

- TrueFFS uses block allocation map for native file system and FTL.
- FLite includes FTL for embedded Flash disk.

a IVFM( Intel Virtual Small Block File System)

- Recommended for non-removable embedded file/data storage applications

Examples : Printer,Fax,Scanner,Digital answering machines
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Main APl required by System I

1. Format
Appl|cat|0n 2.0penFile

{} 3. WriteFile

4. ReadFile

5.SeekFile
Native File system 6.CloseFile
7.DeleteFile
(€0, FAT) 8.FindFile(first,next..)
.FindFile(first,next..
\

\ 8.Tell,Reclaim,Space,Initialize etc

// - Logical address transfers to physical
address

FTL Management
with virtual map.

(Sector Write,Read etc )

(Like this : SectorRead -> PageRead
{} SectorWrite -> PageWrite, etc )

- Considering flash limitation.

(Garbage Collection,Wear-
leveling,Background Erase,Bad Block
Management etc)

Flash Media

Apoliontian Enoine g The Leader in Memory Technology mmm

MPP-YGK-0002



FTL & Flash Card

Host System . scyvicia card cFe

O High overhead cost for

ATA
VE card assembly
MPU < | Contr. | INAND 2 Flash file management
(FTL) |LFlash :
by controller-proprietary
firmware
I/O Bus
*SmartMedia 0 No overhead cost for assembly
O Direct access by host system bus
MPU <> | [NAND Y d
NAND | [Elash O Flash file management by host
Firmware Y= firmware needs to be
ROM standardized for compatibility
System Bus

ELECTRONICS
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File System for SmartMedia I

O SmartMedia Forum formulated specification for file system

O Forum already standardized up to 128MB SmartMedia.

Application

Physical Format Specification. File Q Logical Format Specification

SmartMedia Physical Structure FAT man agem ent SmartMedia Logical Structure
- Zone boundary Concept - DOS/FAT File System Management

- Card Information Structure ';ogé%?ér U - Logical Sector Concept
/Identify Drive Information - Master Boot Sector
Block : : - Partition Boot Sector

- Data Status Flag Device driver (ClusterSize,SectorSize

- Block Status Flag Physical Total Cluster,etc)

- ECC Area i fddress - FAT1,2

- Root Directory
@ Using LBA Mode
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Embedded Flash & SmartMedia I

- In Case of embedded Flash - In Case of SmartMedia
—_— Application
A PAICEHP Open/Close File
Open/Close File Read/Write File
Read/Write File Software Find/Delete.File
Software Find/Delete File Dos/FAT File System
Flash
Management Read/Write Sector
SHIPELS FTL Management
(Sector Write,Read etc )
Flash & Socket Control
Flash & Socket Control
Flash Media Flash Media

* SmartMedia requirement is just DOS/FAT file system
,but embedded Flash requirement is various
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How Logical/Physical Structures are interrelated
In Smartmedia

Irrelevant to physical address, logical structures are pre-
defined and gives flexibility in the memory usage

Physical Structure Logical Structure
Sector0
0 Block Bad Block MBR ~ Sector31
. Sector32
1 Block CIS Block / PBR,FAT,Dir ~ Sectoré3
Sector64
2 BlOCk MBR / 002 Clus'[el' ~ Sector9s
g Sector96
3 Block PBR,FAT,Dir 003 Cluster ~ Sectorl2?
Sector128
4 Block Bad Block 004 Cluster ~ Sectorl59
Sector160
5 Block 004 Cluster ' 005 Cluster ~ Sector191
Sector192
6 Block 002 Cluster 006 Cluster  Sector223
°
7 Block 005 Cluster e
[ J
8 Block 010 Cluster
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What is Logical Format in SmartMedia?

In case of 16MB SmartMedia

Logical Structure

Parameter
Sector_No. 00 \
gggg mg 8; Master Boot Sector Sector 0
Sector No. 31 Empty Area Sector 1~ 40
Sector No. 32
Sector No. 33 .
Seeccgr Ng 24 / Partition Boot Sector Sector 41
Sector No. 63 \ FAT1 Sector 42 ~ 44
Sector No. 64
Sector No. 65
002 Cluster sgﬁtﬁi Ng. 66 \ FAT 2 Sector 45 ~ 47
Sector No. 95 Root Directory Sector 48 ~ 63
003 Cluster °
® File Area Sector 64 ~
004 Cluster .
° :
: Cluster Size 16KB
AT Number of Directory Entr 256(12bit FAT)
Sector No. 31,969 u l y y I
998 Cluster Sector No, _31.970
SN TN Number of Cluster 998
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What is Physical Format in SmartMedia?

NAND Structure Block Structure Sector Data Structure
264Bytex16Pages x 512Blocks 1Block=16Page . . 1Sector=2Pages
""""""""""""""""" Even Page Odd Page
E:gg:: sgggg CS) | e Data Area-1 Data Area-2
2M Byte g:gg:: mgggg Eggg Hggg ‘ Reserved Area ECC Area-2
: . Block Address-2
i . i Data Status Flag
Block No.510 “.. |_Page No.14 Block Stalus Flag | )
Block No.511 “| Page No.15 Block Address-1
NAND Structure Block Structure Sector Data Structure
528Bytex16,32Pages x 512Blocks 1Block=16,32Page ) 1Sector=1Page
Block N0.000 (CIS) | . Page N0.00 | _...w=" Data Areal
Block N0.001 .. |; Data Area-2
4M Byte Block N0.002 ] Page No.02 [*, Resorved Aloa
Plock No-003 rede fo.bd Data Status Flag
8MByte ' ' Block Status Flag
: : ECC Area-2
; Block No.510 Page No.14
Hi 9 h e_r_ Block No.511 “J Page No.15 Block Addre?S-Z
Densities
Block N0.1022
Block N0.1023
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SEC’s Solution for Flash & SmartMedia

 Hardware : PC interfaced board for operating NAND Flash.

a ISA Demo Board

0 EPP Mode Demo Board ( Available now)

e Software

0 Sample code for basic operation.
0 Reference source for embedded Flash file system.
- Under development

0 Reference source for SmartMedia file system
- Plain structured SmartMedia file system

- Layer structured SmartMedia file system (Available now)

(full version, Light platform version)
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File System Reference | for SmartMedia(l)

O PC Utility for SmartMedia File Management

— Complied utility running under DOS with a proprietary card in ISA or parallel port
— Csource code may be referenced for SmartMedia file system
— Built-in “SmartMedia Optimized Format” up to 128MB
— Built-in software/hardware ECC generation
— Footprint

ROM : 130KByte(Including sample application)

Literal file system below 50KB " Install
RAM : 12KBytes —
Install

;\

— Detailed manual available it
— Supporting functions E LI -

 Write/Read/Delete file 6 Software

Evaluation Board

» Display/Make/Delete sub-directory

* Volume labeling

* Analyzing capability

(Information of physical block data and FAT)

ISA Bus
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File System Reference | for SmartMedia(ll)

O Software : secsm30.exe Can Mo

1. Copy data from HDD to SmartMedia
2. Copy data from SmartMedia to HDD
3. Delete Single file

p- Previous Menu

e. Exit

MENU

KKK R KR R X

File Cupy Henu g Enter the number you wish to wrun =2_
Directory Menu u
Lahel

SmartMedia Format Menu Directory Menu
Information on SmartMedia
Read SmartMedia Menu{physic
Exit

Display Directory
Make Directory
Delete Directory
Previouszs Menu
Exit

¥ Ok K K K XK O Xk X X

XK OK K KK K k¥

LA B A I
[pala-RTEYET R

to run

Enter the number you wish to run =3

s Main Parameter Information Display essessess

Sector Per Block = 32 (d>

iy

b aYe Total Cylinder = 588 (d>

b A Total Hidden Sector = BB23 (hd
b pgalalhl ZBZB2020.20; 22 Bytes Per Sector = 208 (h)

b B () Sectors Per Cluster = 28 (h)

Heserved Sector = 1 (h)

Humber of FATs = 2 <(h)

Root Dy Entries = 188 (hd
Sector Per Root = 18 (h>

5L Hard disk.any siz

7 Sector Per Fat = Ch>

I L

=
I L
T
T

I L
T
T
L

SR R R
R R

Sector Per Track

Numbers of Head

First FAT Sector

Hk Hk Second FAT Sector

RHoot Sector = 48 <d>

12 hit FAT Operation....
Logical Total Sector = £9dd <h>
Cluster Size = 16384 (d>

Total Sector = 64008 (d>

Lo ol oo fe ool o feo fuofun)

DRGSR SES S S
oo S S S
oo S S S
S o S o ] R

SRS oo R )
DRSS &

SR )
Ao

Total Cluster = 1998 {d>
Optimized Format for 32MB SmartMedia
Page Previa B1lo Page Do L B 1o E Information Displ daakakarated
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File System Reference Il for SmartMedia

O Layer structured SmartMedia file system API (full version)

— Comes with C source code and supports ISA ,Parallel Port
— Built-in “SmartMedia Optimized Format” up to 128MB

— Built-in software/hardware ECC generation - Layer Structure --
— 25 API Supported
. PP : Sample
— Detailed manual available Applicatioe™~ Open/Clos File
— Footprint Read/Write File
ROM size : 73KB ,RAM size: 35KB Eind/Delete File
. : FAT Layer

— Supporting main API

» Open/Close/Read/Write/Find File ... ﬁ Read/Write Sector

* Display/Make/Delete Sub-Directory .. Logical To Physical

Table Layer

1l

I/O Layer(Hardware)
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File System Reference Il for SmartMedia

O Layer structured SmartMedia file system API (Light version)

— Same API support as full version
— Optimized for “minimal footprint”
— Detailed manual available

_ Footprint Block o] SmartMedia” [

Block 1
ROM Size : 58KB ,RAM Size: 2.5KB :

- Signature “AA55”

— Using one or two block as bad block

for physical to logical block table buffer :

in spare area

. N

Using buffer memory

for look-up table
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