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vl Holelg AT WNIE 27)/2 |9k ME SEg 27lo
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5 o]
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Q ) (I 1)), bit-lined B/ HAl 9#] 9
w2} even/odd bit-lineS 2 FEEAL E= all bit—
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A array®] Bee FIAZIZ SRt xR FY
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SSDZ {8t ECC2} Signal Processing 712 (3 @ @& @

2 o H% v, A0S s "ok(ay 2). ol wf V. g3t HOolE A=k stk 2l
54 Ao thgh 7181 AgeFe] Ao wket 7158t
A} sh= Al Qfof] QIFSH Ao U] o= 93 1. Program/Erase (P/E) Cycling
oj& AZE S it o) A W9 floating ZA] wmefo A ek =8 = A7/
gate Z9Fo| parasitic capacitoroll 2l ¢l Aol AMA| LTEAAQ} yE] o] Hh¥Et BE G380 o
floating gate A% ¥gtE do7]7] witolr o] &4 = P/E (program/erase) S14=¢F UHsH Aol Sk
S A7} coupling ©l2kal HARSH}, L ZEA) mme] e ARk P/E BIGE 2k
Single level cell (SLC)Q| =2 PAA/AIEAY W o5 Fo] 30 WlerHg 574 MLC NAND ZefA]
2 Sro|w Bsial st 240 met MLC 2 e fiZF 3-W oy 7B H¥e /g it
triple level cell (TLC)o] HHZFE| L Q= gl = 7} A 756k BIEST) S7Hekes 7|5 522 A
oFA= RBER®| ti-g3t7] 913t ofe] 7IHEo] =95  stem 7|98 AEA] AAgE o] 7|5 959
a9t <ad 3> MLC SSDol A= olefeh g &4l
NAND 2] rhele] elolel USH CIOISZ 018 SAR ) b g7kl et
A5 ¥ g el 1 g pE g e = TS SMNND s vnag Asaee
£ vepd Aol 71 HP@%«] EMS 2MEH 2 QIr} ARE3HHA P/E 3157 571
S| Jart 1= v, o] of we} e 9 o] A
PV wfe] &2 ¥, waxolw Y2 ool A4 B4 = Y A W9 floating gate®l4] tunnel oxide?
2|20l gk Helok, BR= ofeff QIARE Ao} ] ZHA] O] oF> WSk} WAIGol| itk Erase 2ROl A
o gpdlo] whet s Aol ¥, &2 HiE ERote] shb wRAIA] @Al ot Sl charge trapping®] tHEA]
A EE O] FA4 IA7F A7) o AS o 4 Ql WIS} 7R sholal o]z E3F EEIAYS] Ak
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et MalE Wt A 528 42 Aok =, AAl noise?] Welo] H ohA] Wl 712 /A7) vk
S Bxs 7] 9 gpofsh o] 2o] Jeks vk =% floating gate®] 240 FAEHWA oS Tt
ATz A o] Fx7f o2 QlE o] gk & Hx E  fHAR olojxital & 4= Qlrt,
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2. Cell-to—cell Interference
. Vitim Level = P2 SrAl AF3E cell-coupling &2 cell-to—cell
— B ;A—Igﬁirfl‘nngvg\:pv1 | interferencer= RBERS S7H17]&= & dhte] =221
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Vel 22 2213 7|2 & read)”
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PV1Ql A0l bit-line 720 T2 coupling factor'”
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0.01 PV1 0.01 0.05 PV1 0.06
0.02 on 0.02 0.03 on 0.04

victim on odd-bit line victim on even—bit line

o NAND ZehA) jzele) 74 ol ol = A &
e BAT 4 glon® mak An A Aol

coupling factors Ao zH A7F 7Hdo
s Ao mpefat 4 Qo AZE 7HAel o))
victim Ado] W= ¥, HaleR2 7] Ao 1, 7R
coupling factor®] &9 &gto=z @94% E =
Mol YA hit—line? 7= &
Jro| Zpo|7t WAsk=], olE =°] even bit-line|
odd bit-line®t} &=A 7|5o] AuE= 7
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29 ASEHEO 1Mol 7t
sl ofe] A IHEE 5
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3. Retention Error2} Read Disturbance
ojn] 715¥ FejAl A st 254 Folso] A
AEl glolEle] 9EE 9ulsl retention oflg] <A
jEAel 25 Q9olojn retention timeol Wt 7|35t
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ol f1AgH
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A& = HAEGE 7|82M EA 2
AE2|X| oiZ2[A0| Mol 22| 20|
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L
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ZejA] 22 g Y3t ECC

BCCE dlofelol walet 058 A%
7IERA SA Y 2B ofZe|AlolAle] de 2]
3 Qlek BCC7F 218 Hlole e 3t wetEs
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o (/o8 AAE N HEgo] oA 2ol FE
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FEQEo] o7y A4t R go] 4245 ECCY
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U o] AEE 9 HER #35}
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B9} soft decision TRHE B+
Ht}, Hard decision Y3t 1
HIER 334 wxojd 4R
= 7HAAL YaigE afeh ojuf AMEE= THE A
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U5t 28[E ojor % & o et vne
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o] sl At LR EES 7L QAN s
of Feof glo] =2 HAEel W v|He] AHlE I
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(& 2) MLC NAND Z2iAl Hi22(9] S8 AAYnt 210 Berlekamp—Massey &alelss, Chien searchof T}o]
nat HEE BCH =2 zeRel 71ME A83tt, E3F Chien search 0]
= = = . ATl Aol At EAtela dlele] FAols B4t
nm yte . _ _

SFA] ot & Fl- i i =0 zHQ
34nm 512 Byte 0.964 12 ‘_’} | %=% Sh= early termination ¥al2l5E 48
p—- 1024 Byle 0.962 ” oz fFH9| throughputs Eele HHS Ao

20nm 1024 Byte 0.937 40 3k,
Zol7} 71 BCH #3+= S4%7F A4 stEgo] 4
FHsH= 2H|E soft information A9 A9+= 71 Aol ofglgel oernz oy 7] 22 BCH tilt]
Ky shr A HE] AlS 4=daljof gty £ o]&3 g BCH =27} 9| AREEIL it

SRRE
12 S0 ML W) Aol 25 SR ol LAAAE EA olgsiel BOH Y2

Xz}
s - H
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o}, skt MLC #X 2= SLC "o Hlgf] & LFAETYe =ol7] flall = N oo HaE At
RBERS YERHEE w4 @& 3t AT e aeEar g},
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NAND ZefA] Aape] vl & =2 82 = = Ut gk (BCH-TCM) ECCE AlRtslo]
‘Q_
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B32710 ok, G 2+ 349 AAYH To upeb 284S ol itk BCH-TCM 97 £35 0|85
cg_
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E s 1A e AFsYs 7L Sl oY) *él% At w404 5= FZHAACK Skl B4
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7HAQl W82 [12]0] HAIEe] ok, GE 2)E Fl LFES Aobd 4= AW 11 EETRY] efe T
SAo] Ztopylof whel HsZole}  gho] £ BCH §&  Alo] Qbd 4= 9lonmg 015 qelrt

A8 A4S & 4 ook MLC "x2]E 9J3F TCM¥} Reed—Solomon (RS)

Ho o] oHE 73], (161014 Alokd 7]%oll A=

ZeA w22 E A% ECCY HA 7l&  shto] RSHE9} slbe] TCM Rz o]zl Uuky
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7V Z4zF o2 A4S st TCM H35 Hoditt,
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o] digh dA7h 2t %_63!?4 ek, [138Jefl4 58 Eelct
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S Holar it} E3F [17]oA=
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22 2] wiw o
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(18 5) LDPC 239 bipartite graph
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Aotk wheba (7 6)o] AMEE ME o=

Ho& 21loAe) AvE vepdth, LDPC o5 A
93t HE H35 = hard decision YFYS 845190
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VI. RAID-like A|2El2 9]3F ECC

A7z 7 #Ho)A] shubg Haskz oAl 9
ECCE Augictal githd, oAl o 7§¢] NAND
ZHA] Hol ARSEAY o] )] SSD7F AREE= Al
28l Lo A A ZefA] Folu A SSD7F Egt
5 Gl o] FE A9 BECCE Sall AlAES A
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