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NAND Flash HI22] X% Zx|0|A{Q|
Error Control Code 22
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NAND flash #xg]e] AALE =o]7] 93t +9 7%,
glo]El7F AAE= cell A9 37] = zojzl uy] TASI}

cell & XVPHL Aus e e - (multi-level)
Sp7F AREEAL STt o2k 7154 2-4-2 NAND flash H=

g 2HA|e] @ HE Z7IA17]A HEE, NAND flash &) 7]
gk dlofe] A AA 9 AlF S = o R fAs] 96l

[e]
M= 242381 AR =82 7H= ECC(error control code) & A}

§ol= Alo] FaAolr}, Ei1of A= NAND flash w|xe]2] 4l
24 EAT} 517 NAND flash x2S AR5l dlo|e] A%
Aol 4o ECCO| -&-8-oll theljA] A wait gk},

I.A &
NAND flash WXe)= o] S 4] ghote A4 Ho]
E|7} fA1 =)= H]$]Ed (non—volatile) H|\L2]2A, o] & 7|8t
o2 3} golg A& AA)el WA vxe)el SSD(solid—state
drive)i= APFEET} TAE 7hiel 5 2EE 7)7] 9 F5EE
ol de] ARgE AL Qlet,
NAND flash #X2]o] A E=
cell'd) A7]9} 32 AES Zo|= 7] (scaling down =
D cell T A 4= Q= HE FE Y=

Al 342 ARt

shrinking)[1]
MLC(multi-level cell) 7% [2]e]l 2] &4} =2t 4%01]
=, 7129 22+ Fef(planar) 9] W& 2] 27} 7HA= w4
5788te] AE FHekal v|Reo] HARE AEAoR =
o]7] gt N2E 71ER cell 34 WY e Aok
VNAND(vertical NAND) 7} 7§ =] S1cH3).

mjrelo] HAEE w=ol7] ffet vA| $43F 9 MLCSH=
e} 2o Al2)dE shel A7l glo] Har Qlot, 34 1]

Azt olsh 3l AZE 7o) o8] cell 7F 7Hd(cell-to—cell
interference)o] F|oFsfiz|a1, MLCSHE 7} &l 7ko] 7H2 o] &
ool 1A i 1F A= Fodo] S| wiizolt. ofef
o] mjnte] A9 @57k F7ksh= Aol ol A
A9 NS =& o BASE| fldiMs ECC7 s
AHE-8l= Zlo] Fap2lof),

NAND flash #li2]4 ECCE= Wrz]e] fd E4 4 glo]
Bl A Ao A 8tE= AR 52 arsto] dA|Eof
of oIt ol A% A oA HlolEE Ash= Al
9= ARl YAsHA] k7] wiitell ARQ(automatic repeat
request)S AREE 4§13 FEC(forward error correction)
£ ARgsfof gtk E3E, HlolE AR Aol A= ECC parity
Aol HQRgt overheads 243} 5b7] fl8f w2 Hoas
e R85 AR o] 8FEY, A HolHE Lset
QHABHA A7gskaL eoldl 4= Qlofof SEELR FAIAIAF] thH]
ufl-$- %._;_g /\Lg]/do] HAE|ofof Slt} o] ]of| = AlAE HAH
2 Vﬁﬂ gl 14 Ae2E 93k BECC st=glo] 44

waLe XP"WL NAND flash =L} 7]gbe] sjoje A4

Aol AHEBY7] QI8 AT I Q= BCC 7S Amr a3
Ao 2 dlole] A4k Aol 28317] 93] aefsfor
3 QASS AR 5 4ol AR S Wiz} s},

II, NAND Flash #|®2 2|4 ECC 9+ &3}

o] Ao]Ali= NAND flash W|2e] & 7|92 &
% A8 BECC 7ol et d-5 Avhsiet,

glole A Ao F= ARE= Al A%== UBER
(uncorrectable bit—error rate)?t RBER(raw bit—error
rate)o|th, UBERE Al2§S) 8- Al2)4dS Uelw, SER

+ HlolE A

1 NAND flash oZ22|= dlo[ge 7|2 Xz el
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Hard-decision memory sensing

4-{ Soft-decision memary sensing

' .

‘ Flashto-contrdler data transter

] i

Hard- decisicn LDPC decoding Saft-decizsion LOF C decoding

‘ Flesh-to-contraler data transfer
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o83t LDPC 53 Wilo] A7iE|QleH19], argHe] Avy g
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(Ly oLy 0Ly, ..., L} AEE7E SHER AR W e
21290] ol (alphabet)o|t}, 1]l &5 ulE(error floor)
goiol 4 ek A Sl shkel o e olg
o] 53 Auffd o= v v FpE ofEste] thAl &
+ Pkt e o] o-xje] B AR
flash W|xe]2) g 545 dLefek LDPC 5.9 A
Al ol [20]0f14 A= ek, dRFA 2 m—bit/cell MLC
H = 2"-PAM(pulse—amplitude modulation)?} 7] m
Hel =-AQl oA Adg 7HIThL & 4= qlow, o] A=
© A% th2 RBERS /Mt o] So], 2-bit/cell MLOL 2
o) EHA AL 7, 247 HE HE

bslolct,

E )\ZO 7]‘

| mi/ma [[ —Ls | —La | =Lq | 0 | +L1 | +la | +Ls |
—Lsg —Lg —Lg —Ls | —Ls | —Lg —Ls —Ly
— L2 —ig s —Lsz —Ls —Lsz —L +L1
—L4 —Ls —Ls —L2 —Lg —Ly —L; +L
0 —Ly —L3 —Ls —Li O 0 +L
+Ly —Ls —Lg =L 0 o +L +Lg
+L2 —Ls —L —Ly 0 +L1 +L +L3
+Ls —Ly +L1 +L +Li +Ls +L3 +L3

18 | 3ot 54l

ek, B57)9] Qo] MR ok O.f 48 7HAE A

LDPC 529 244 $325 5 YA A (noise threshold) ¥4

oA HABRE 2 ¢ % Hh o 2 2k o)zl AL MET(multi—
H A

edge type) 7|¥F] W 15} BAlo|c}, [20]& MET A4 7]

2 o]-8-sk Z—bit/ cell MLC | }ejo| Al = o] 2] (page) 2]
HEE she] foojz Fodlel Aeol= F Holx|ef @&
452 Zpo|7F AW 245 3 Al E(check node)ol] $1AE
H4: Lo JElE Adk(biasing)sh= Ao] 2 AR TH
oA FeEfetthe= A 246 ‘Z"ir/}
LDPC 59| % & g3} ECCE Adsio

A= Host iz (coded modulation) 7]H%E 4

o138t set—partitioning 7]
ISk 6;741% A i A RERA BCH 235 AMES
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line) W 37 #Hlo|A| & ¢l 2™ (interleaving) d}al 7+ W|o]A]
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o] ERIFHAH Y 4), 1 ¢Jof BCH 3, Reed—Solomon
25 LDPC 255 g3t Ede| A(trellis) 7|Hke] a5} H
o 2t A+t 78y lrk22][23][24].

Interleaving+BCH (1KB)
[| ==== Interleaving+BCH (3KB)
—— BCM (3KB), analysis

7 || © BCM (3KB), simulation

UBER

3
x 10
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3. 7|t =5} 3

NAND flash #l&2jofx] 47 (erase) §2t9] S5 Zo)7|
Ol ke, 13ih 150] A58 4 A WANEOR A
okl write—once memory(WOM) H&5 NAND flash W=
2lof A&l Weto] AtE L qltk, WOM Fo& ke
o th] 401 u) A gt A AR Suz 4] 5
2 olo] A7) = (rewrite) & 4= QIt}. Riveste} Shamir: 7]

W} 33%9] AHE © 7153 5 9l WOM 35 Aot
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th [25]. [26]914%= q-level cellZ Yutslslo] WOME-E 2|
& A19] B (capacity)o] A =1L, [27]2} [28]oll4= A=
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=
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R
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49 Y s8e T 4 ok ok o] £359 A
& AFsks Aol vl otk T8 A& (importance
sampling)?} LDPC F-5.6] E&§3 ] ¢H(trapping set)}& ©I&
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il

1 HeEol

Coding gain
Throughput
Latency

Power
consumption

Hardware Size
Implementation
complexi

Firmware

2] 5AIAR EE0IM ECC AAOIA TafsHof & 245

ECC for NAND
Flash Memory

NAND Flash

Mlie] § ECCR F2 ARE7] wiol, of #os9] E%

Ao meAoR 2 dueE A das,
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2. MAH ZEEOIM| 21X &5
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g ECCE AAske 45, A Axs WA AL

= weworth, &, B2 A4 w8 AAdelu A A

Al 2loll NAND flash W2a] 2#o] B4 189 AES
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