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obe] FAlE Ak

NAND Flash® 23 #0138z Software ©]
9]0 = NAND Flash StorageZ 2t Embedded
SystemolX AMHEE 4= Q155 Adaptation 3l
<+ Block Device Driver, Application®] 10
Patterns NAND Flash Storage’} A33h=
[0 Pattern®® ¥H&o] 5 NAND & File
System¥} Application Library, %4 ®H %
HE 938 Utility 5] Atk
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File System Card 8sD
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Driver Driver.

File System
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Z} Software #oF 7}t 93 2 71
NAND Flash Software®l] tjgt a0 438
< 2Uf%

Il. Embedded & Flash Software

Embedded & Storage System?] 7-$ Data
€ Storage® 27=0] AXHA Coded NOR
o 271 £°11 NANDS] V1§ Eele £og
A3 0™, BootingZHA] A|98R= OneNAND
9} Flex—OneNAND®] 3302 NORE AHE-3}
A ke TAE seA Hyokt

<I® 2>F Embedded Systemell] NAND
Device® Alo3li= NAND Flash Software]
T34 vebd Aotk Operating System
< File System? %3}A File System API
ServiceZ Application®l| A & 28k}, (a) WA
oA File System2 A S ‘Sector) &S]
Z g719 2717} 7458 Block Device' & 714

skal F2rs). Block Device Drivere] wjsol

Applications ‘ Applications 1 |
[ SN
r -
! !

S .
Cperating ]
System

] System
. (e.g. YAFFS2)

Device

(32 2) Embedded & Flash Software A

1) B%¥ 512-Byte Z7]o|t}

£ FTL Sector ©919] 8179} 227] @3 &

2% NAND Flash Operation® @ W $ks}o]
880 24 NAND Flash® 9449l Block
Device Storage?! ZAAH A& = Q1A §it.
o] w, FTL& =% Logical 48] A#3
(re—mapping) ¥ o2} Wear-leveling®]
Y} Bad Block ##], Bit Error 34 #42 5714
91 215 E38)A4 NAND Flash Storage?] A1
e FYARI.

(b) W49 ¢ File System& AA wj{-
E] NAND Flash® EA4& 183 J02 A5
o} 21 ZdAN F ol fE% 7ol ks
g0 Z dEA k. (bh) WA= i F
%9 File System& YAFFSQ Aoz U&A
0™ AndroidelA Root File System®#
YAFFS2E Agsta o).

NAND Flash& H/W 4% ofglj¢} 2ol A
%3k 10 Pattern©] 91°™, Embedded 3¥F
Flash Software®] J&& HZ3slH 8=
2IRE A dANE olef o] s
o} g},

e Page°l| Align® IO: Logical Sector 45
71F0E 109 Al Fa8) viw e Holr}
NAND®] page T+ Mapping Unit3) 7]
align Hojof £2 23 Data padding®luh
programe 3 F itk

o (¥, A5} Boke {Bo], d%dE T4

[e)

2} 10 3o} Adve Aow P

2 I0F 88k Aol st

2) http://en.wikipedia.org/wiki/YAFFS
3) FTLe] #E3le 4 10 ¢9E E% NANDY
page=7]¢] wjo|t},
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* 7Fsst A4 95 HE Storaged] DataZ
7158w, RAM ol F3ch7h 223t A
el non—volatile 34 433t} o] W
non— volatile 4| Storageol] A7 sh= 7
= Hgt Zo)& 10 Pattern®] Frasttt
Application®]t} File Systemo] 7Fish=
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9 FelA 75t 105 e = &
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3 Application®|t} File System®] Storage
o 71Z= AR dolE FolM o ol &
A e Fdel| Yist ARE FTLA A
2ok A9, FILE o5 sl & o
FEH0F F2E 4 Qluk

1. Flash Translation Layer

FTL(Flash Translation Layer) < 49 A&
AZEO)7F NAND Flash 149 EAES
EE 388 2ole 7R A9 Block Device
T Qi) ThgehnE Mo FA43E AlY
gt} FTLo] 12#dslloF & NAND Flashe] 4
=2 4 77 AN, 1 S 1R deg 1
Hafjol & EASE A /AT AFE oL
2.,

AR, NAND Flash¥ program ] (page)
9} erase &9 (block) 7} tHEH, overwrite®
51-35H4 %31, A4 pageE programd}] )
X1 3 page”} 4% blocko] AF4el erase
F o glojof gttt &, program/erase”t 4
Aog 48 & 9= A9 badlor invalid)
blocke|zt &2l A4 blockEo] EA4)gH.
Bad block-2 & Zol| = dHe 4= gt} AR,

page program % power’} off¥¥ &%t
page %+ 34 paged Data’} W7H 5 ok

A WA T HA EALS Block Device
Driver”7} ARESHE Logical Address®} AA =
NANDe| #7== Physical Address7} @24
= FA4)7} A7), FTLE Logical Address®
HE] Physical AddressE Qo ¢ 9=
mapping FIAUSES TEsto] olejst FAS 3
Astt FTLY mapping wIAUSS AA)
Computer System®] read} write gl 2 <
5 vAA BERE FTLS AAE v ofg] 71
de AlkEs AlFstAl Aol s
Mapping @9} A& o|9A & 2712 7}
W21 €] Mapping 85.8) o2 oA AJo] =
7¥? Mapping AX.E non—volatiled}A #73t
w, 1 F7he drht Eoljd Aol X+ oy
= & A%17)? Non—volatiles}A] A= o} Q1=
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e dAR & Zloly, vieE ogA E Z
71?2 &) A AR ARgHEel $ivh Mapping &
= block H2 #elsh= W, sector BE #
gk W, o] B8 sk WY 5 189t
ofg] 7HES WAA AR H, mapping JHE
A= 9ol oM E block e} Agah=
WA £ o] Fobre WAoR TR
T Stk

FTLS] W+ mapping #IAAUE AA $21&
Embedded System AA¢] Aol & S =
Bk ob2h, mapping BEE $13 AdshE Wl
9} 71 oko]l W} NAND mlmg] ) ol o
5 A Tk H WA FA4o] nAg =4
A NAND®] Alg]4do] HeFsl|A| a1 Sl FAlo] =
%, mapping WHYE AAA] NAND Flash =%
28 FHL oked 1edhE Aol NAND
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device AA8] A5 5A /N ZALA ¢ F
238 ol5p7} Ha gt

NAND Flash®] A#4d3} #edd 54 50
2+ block® program} erase 35S 743}
+ endurance$} read 3E A= read
disturbance 54 & 4 SQlodl, ol
NAND Flash®] 548 7§4A1717] 948 FTLS
7134 NAND FlashZ9] program/erase 34
£ #4387, read disturbance® 13 read
errorE Aol wlE] AWshs 7IMES e
T Stk

A A= Embedded & FTLE OneNAND

2. Block Device Driver

Block Device Driver= 2+ OSvlc} +%¢}
AFeh= AP} th27] whie]], ofo) go] 7Y
wefjor st} 4 Hd2H= Embedded A ET&
#3td RTOS, Symbian, Linux, Windows
CE/Mobile € Block Device DriverZ #|Z3st
1 e, 4248 Package ©152 <& 1>3 2
t}. 3|, Linux®] 7% Open Source®] FE|E

(H 1) Embedded &} OSHZ X|25M= NAND
Flash Block Device Driver

oS HMIZ Block Device Driver
Z} RTOS Bt Porting 7IS3HE= Porting
RTGS Layer R

UniStorell (for OneNAND)
UniStorelll (for Flex—OneNAND)

LinuStorell (for OneNAND)
Linux LinuStorelll (for Flex—OneNAND)
OneNAND/Flex—OneNAND MTD

PocketStorell (for OneNAND)
PocketStorelll (for Flex—OneNAND)
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Windows
CE/Mobile

MTD Driver& Al538F=Z Open Source®lA
= OneNANDY Flex—OneNANDE ARg-& <
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3. File System

A= Embedded 8 7 OSEZ
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Transactional File System= File System?
Meta Data ¥73-& +43k= 2+ File System
APIE Transaction®® Azttt 7 File
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File System
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Block Device | 2
layer

(& 3) 02 OSE SAl0l|l XI¥6H= File System
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o olgA go e 27| A4S FrleA|
W AR Y2 8- File Systeme A3
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File System< Application®] @&sF= 10
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8h= A4S File Systemo] 243 4= 917]
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Device Driverel7] 10 845 & < 9t} <1
Y 4>+ Application®] File System APIZ A}
B8k dnkEQl S C ooz =4gst Alo]
o <Td" 49 Delu 2)¢ 94 File
Systems> DataZ Storage©fl non—volatile 3}
Al A7gskA] kol "k £, Applicationo] 3
AAOE syne 3& 3] A= §9 Data
£ Storageel 718 Solw M), o
fsyncO7F 3253 ¢ 3) 2] Aot a1 file
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% Data® non-volatile 34| Storagesl] 43
o} gt} wlebA Application?] QoA W &ks}
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4) File System® % 8}93F Memory A9 DataZ
Non—volatile 87l Storagedl] A&sL=2 sh:=
APz ofe] 7BA7h Qv 1% ol W3S flush
U sync ®¥oleta g

int fd = open(“file.txt”, “rw”);

write(fd, “this is test data1”, 10);
1}
write(fd, “this is test data2”, 10);
2}

fsync(fd);
3)
close(fd);
4}

Where is dataat 1), 2), 3), 4) ?

(& 4) File System ZXd5}

sk F-tollAnt syne 23S 3= Application
= Z4J3loF NAND Flash® ARE-3h= AlAH o
A A s Ae F AUk <E D=
0S¥ & A F8h= File System Solutiono]tH¥,

(¥ 2) Embedded &F OS& File System Solution

\Mn&%ﬁeCE/ PocketFS
Linux RFS
Symbian UniFS
RTOS PS4

IV. Card & Flash Software

Card EFJ9l Storageel= Compact Flash,
Memory Stick, eMMC, SD Card 5 o8] 7}#4|
7} Qlek, o8 EFi= Card Host9} A o] A
£5HA, Card ¢l CPUSF SRAM, BUS,
NAND Controller % %949 Computer
System= W3t itk 254 7H AL 3l
o} <18 55+ SD Card® W%Z Block
Diagram® & YERH o]t} Host9h= SD
BusZ ddxo] vk WFAOZE NAND
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(213 5) SD Controller Block Diagram
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A= eMMC(= moviNAND) 9+ SD
CardE )8l e, o] AoA= Card
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(= moviNAND) 7}A| %katslar 9ok http://www.
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NANDS| 5/do] o8t Datad] &7 7}
s7d0] ZopHle]| uwel File System® Meta
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= Utility®) B840 S718HA =D, et
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V. SSD 2 Flash Software
1. SSD 7|& 71 ¥ A SSD MER

A 74 d 7 AFE AL" 3F2 A
T EAACINY AR Aol NAND
Flash 7|9k SSD2] dog QlsjA W vl
& 7HHea itk AL JBEEA Sl SSDE
71&2] HDDel| |84 vl-$- ®-E Sequential 2
Random I0 A& R §lon, A8 A%
=] HDDe HlsiA €53] A1, 7]AH 18
o] gloJAHA EA AT F2H3ich
o] QI3 MA|oto} AFE AALA Al @&
< QoA SSD7F FkHo g Agg ZloF
AE 3 gk webd & NAND Flash 35
A= NAND Flash®] g% 2424 SSDE
w#sk 9lon SSDY g AR og 2
g Foltt.

SSDY A Fe g7 xEE U gAIES 9
gt PC AEA] A3 gig3F AHlAE get
Ml AEGA AR vtk PC AERR
Aol SSDE HDDS$} vlwsle =& A% o

v 714 AAYEE A 3t 2 A7
©] MLC NAND Flash Memory & ©]-&3 SSD
7k 8%, Random A5 HtR= Sequential
Aol 28 w5o] skt PC & SSDY
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o224 HDDE Ak AZXE ARt
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o] 43 317t 3AE SSDEe] F2 3
o g} 13U MW & SSD 9A| 71E B
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<18 82 AR A st Qe
SSD AlFT-E S84 HE F-H8te] YEhd A
ojt}, A& Consumer, Server, Industrial
Storage AEFT T 580l BFo] thFd SSD
A AFLES WesoH SSD AlF HdAE A%

Major Target | Consumer/Laptop | Enterprise/Server Military/
Storage Storage Industrial Storage
Optimized For | Lowest $$/GB, Performance, Power, Reliability, Durability,
thin/small FF size Reliability Rugged, Security
Applications Mobility OLTP, Office Productivity, | Data Recording,
i Data Mining Mission Media
Trend Moving to MLC Higher MTBF Encryption

(2! 8) A SSD Product Categories
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3. SSD Firmware

SSD Firmware+ =% HIL (Host Interface
Layer), FTL (Flash Translation Layer), FIL
(Flash Interface Layer)®] Al 7} Layer®
T35 o] 9tk HIL2 Host Command parsing,
Host9} Device Al0]¢] Data <%, Data
Caching & 993y, FIL2 NAND Flash
Memory 29l Interfaces H3dhs HEEH
7+2}e] Channel®l| dedicated® NAND Flash
Controller®l|l Interleavinge I3} Read,

SS8D Controller

i

Sortrou -+ rano | [wasin] - [Rae]

b nanp | [ anp] oo [mang]

oller ek nanio | [ wang | o

(3% 9) SSD Controller Block Diagram
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Samsung OneNAND, http://www.

samsung.com/global/business/semicon
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