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ABSTRACT

Recently, the memory is used in many electronic devices, thus, the many researchers make a study of the
memory. To increase a storage capacity per memory block, the researchers study for reducing the fabrication
process of memory and multi-level cell memory which is storing more than 2-bits in a cell. However, the
multi-level cell memory has low bit-error rates by various noises. In this paper, we study the noise of

multi-level cell memory, and we propose the channel model of multi-level cell memory.

I.M 2 lzz]o] o @& delelE A ¥ 4 glo], 2L
Aoz o B deleE AR ¥ 5 gle A
2 dxerl gAg e}, oA" 2o e o] glom, o= dolelE ARste ey
©]o, PDA (Personal Digital Assistants), A, eo HolHE dv g 20t 27 =8 A=
FAHE A7l T2 AR} AFel] AREEA SR Az} dlole] 2FEo] FoAl= AHolrh webx =
2]o] Abge] FrRBlglon W AAgake] Hast g #d A wmele] z2odpis SEF A
A =Hck 29 =27l o B2 delgE AR & 717] $1&F A7t Aa Fol] gt
T+ UEE vz A =77} A zolAz gl HZege delelE o) & Il A9 =
A=k 349 277} Aelale die AE Sl o 2 Al Ak A Fed 1 0 9
A e )9 dlEe) A e o @ o doles F3Ih F AE o)F= EWVEM
olelE A & 4 gl dE #Hd A (MLC) Hl= 8 AdE 7lr_i ‘v c0f] dHoleE A
2o d7r APz g AF Hd ASLO) Fch e W A vrele FE AGE HE ¥
wzelo] vls] de #d A vz 2 =37)9 W2 o] dHoleE AAse whyelrt x|t

% o] = 20084 ARSI iem ] Ao ISRl TG A0S el 8% T(KRF-2008-313-D00759)
* el AR EAAAZIE YRAgE 9 B4 o7 (manakq @hotmail.com), (zlee @ssu.ac.kr)
E=EHE KICS2009-07-271, Az} 12000 7% 24, FHEJEEASAA) : 2009 84 20

880



=i e A A dee]e] A 2y

vx—l

g “» -
g e B
g 1 bit/cell 2 levels)
a

Vy

()
Vi

§] - “10” “017  “00”
3 &4
§ 2 biticell (4 levels)
a ",

Vi

b

I8 1. AE A sz e g A weele] e
Aol wE A9 $£ (2) 2 A vlme]e] F5 Al
TE EE, () 4 Y wlimele] B Akl wE 2

2E e o] dolelg PEsb] wilEel] &
g gk vizle] Folge] nIE 2F7) ol MK
A =k a3 12 1854 1) 2. EpAle] B
Agkel] gk 25 22t velie, a3el & &
el =E Az A7 g e Agke] vl
o] Folt= L Hal & 4 gtk o3 olf =
ge] A A srele] efR-go] Folx|id), 24
gt oF A #3597 zlgE 7

dueldi o5 gdlezE Bl Y =
28 Ae|ES At 1Al vlme] BE9 7z
EAel dzte] A7 E2E Aolxd 7t AE
o A3 =3 vmeed 2 HAAdd Al Ex
WS Aol A7l Z2 o Ay ~Eds B34

o

L)

§ 2Edx o] il 2 mEelde ot
29158 FH3ste] He @4 A sizele] Ads
2de] shed] o] glct.

I. HE| Y o Hia 44

A wmels E2Y Alole =ax]AEE ol
43tod wijne] Ao RS o)lFa, 2 A <kl A
BE At dlole] Aok dubg oz A
A (erased) A} 2180 (programmed) AFE T
el 0 FH g TR AE 9 A wxe
o} #To A H2 glE 3 Ao He g v}
ol Hahg $A3] 18] E o]ake] dlo]eiE 7t
sk e 4 A vlrefr) olch Z9A) wlzee
72 NOR ©isle] Eel|A] #mele} NAND &}

o] Z9A] w9l NOR wlRelw ¥
2| 2R o]Ffolx] Wyl AAlrt whEm, NAND
Hrele 2d =] 32F Heoigle] wAEal o
A7} whec), =3 NAND #XZe2ls NOR wxe]
o wBlo] byte TR & e|X|4h page
28 &£TE w2ch

2.1 2|= =%} (Read Operation)

ZaA] wmelodld dleleHE He A He
B fzalele] gle] VA Hzeiqle] gl <
5 A oA 3] Q] Yeosle Ykl
0 volt & Hjololx Ay, x| Y==iolg Vread
volt 3LoZ upoleing Zck ¥ 24 = 3
o] 2AwE vepligdel a6 gosle Yt
2l (WL31) &) Z2¢ Alo]Ee|| O-volt & nlo]oix
E Ao Fa, A Y=elole Vread volt 9
HlojolAE Hojpe] Bl dlolelE d=ct wm
2] &% wjd 544 BLeven ¢+ BLodd®| 2579
vlEglelo] ZAgch AdE gl dE
BLeven 2% BLodd A& ZA3}A ot

Selected Unselected
BLewen BLadd
| B
oV WL31 Selected WL
Viess WL 3C
o | -
o |
1 |
O | i
I i
(<] i {
I I
o ! !
° ;
- HFJ
vread WL O HL.., H
|

a2l 2. ZA vlxele == 53

2.2 =z F= (Program Operation)

ZA Hineld T2l sk 71ExeR A
o] £y Al|Ee ARk A ke 2Hs)
of 7z} AlB-& TR Hoh =gy AAstede A
3] s F A FMIFIHAM AAShs ISP

(incremental step pulse programming) ¥M o2 A

881



2218 3] =] *09-09 Vol. 34 No. 9

Selected Unselected
Bloer Blegs
Veas “HH Selected WL
1 -
T Vo 5t
Vysss stress Vigrs pom SLTESS
VCE.E

320 3. A smele) meow Sabw zead 5 4
A7) Zbol @A

3 e} & AHsle F9skw (_iléu) 1
e oAl ol Azahud 44 Aale] ool 8
he AE RS Z2 oy HE2S ukadt
a9 32 EeAe] Z2 o] gal ‘HFH HojFe)
T Z2a# slele Aol Vpgm volt &
vlojels Ay pR] AdellE Vpass volt 2 Hle]
o]~F o}

2.3 =27 ZOoff (Program Disturbance)

222 e 2R (self-boosted program-
inhibit) WAle2 ZA] wma]e] 2o & o
Qg Aol A7) AKelectric field)] 33koz
LA e Z2awle] QRF e dohupA H
=, okt 2ol 7 1] Ao elglez 1Pro]
}_]Ug g}_ A 9‘11‘4_[14],[15]

WA, Vpgm Aol AE® ¢jzalal A4 A
2 nlEelqle] obd 1 99 =zlel = oA
(inhibit) B]EZle] 9le Aol Ad Akx w4
(channel boosting level) ©] Y& 79 ZEE Ao
Es} A ko] A9 Aol <ls] FN Elde] ¢
T azE ZF o] WARI) A¥E T ge
dixze] A ¢ AgE AU ARy
b Eieis=t

Vpass Aol T2 sh= Az zke u|Esz)
delld A=} =z2] ke $eaiq) *‘°ﬂ Ue A
A2 A$7F GND ©]B2, Vpass7} ¥& 7% FN
EECCIECEESELEERIOS L P RC N

2.4 J|E} Zof (Other Disturbance)
EHA] wlzeelly E2¥ Alo)Eo] AR s}
9] o] FFH wiAr e s} AA)(charge retention)

882

o] WAEA ®ch A3} 2AS ohge] vl 7Y
olf-2 ¥hBstA ®rt 1) Bd AP (tunnel oxide)
o] AA™ 2) delFE F-4Z (interpoly dielectric)
o] A4, 3) olFshe o9 294, 4) F2H Ale]
= Zde) A 2oz yeis sl vy
(detrapping) 22 H&}2] iAlo] wra¥slAl Hf'd,
dubd e g Z2E Alo|ES Ak FEE Ao
B9 Akt AEH vE(y) o 8 AA=ed,

= Cono/ Cror (1)

o714, Col\ot ZEE AelEg £2H AelE
Atolel &4 AskE vz, O F28 Al
29 Al 3 Asls Jepdf F E=29 A
olE9] ke ZTEE AolE Fe| Mgty ZE
E Al)Ed o3le of3ks wherl EZE Alo]E
ke olgell 2siA A AES] FE Agloe]
ol 53l kS “ERH AlPlE whe” =l 3§,
71A &37] (parasitic capacitor)Z £33k A3t
Aol F2E AlolE #gke] Aslo osle] AR
Rolnz, “AEY AP lux A o] 75y
Aol 23k ko] olFel ThE 2/ 24l )
sod ',

AV = YA Vt(if’ﬁ Y
+ 7724 Vt(/fil‘q)
AVl @
T Yp434 Vth “hety
+ 7fg3A Vt(’;lwr l,g+1)

pe H=alE Addx ha, g v]E=RIE
g sk Wt AVPYE p, q A AS
3 Aol of3h Asgke] wsjekelr].

Yo = o 3
I Crrot Cran +2C151
Vg2 = Chon @
1927 °Cy ¥ Cron +2C
Vo3 = Crus ®)
f!/3 Cv()no + C;an + 26}g3
G e 28 Aclxst Ad 79 %4 A



wEEE A A el Al 2y

2 UehE, O Gy Gt 242 28 0
Eejdlo] Y& QMY 22 Ao Eote 33
A, 2 Yudel A AT 22 A
Gl S A3, A 9 AT g
o Ael=ste] 4 Aste) kg vhehdek

=

. AlZ20|ME 15 2E| HE 4 f2alel
My mdal

dells] ol A el dd A wze]

e el AR e el Ao
A vheck weby e Al A wsel) e
TEE ST A2 Wl AL 299 Syl
Basth A4 QF N2 AEY L oI o
FHe B S0, vy, A e

115, 1/30, 1/60 AHg3isichk AVPYE= (pg) 9
28] Hah el 2t At watdele), o] oz
A% 12 299 sl AP A 29 A
o=l Agkel A5e fEslch AEY Ee
Tead sk Wl wel 2 3ol deix|e
B, & ¥ zads 7 due E2ey =
T B Ealg X E fjz=ejely] A HE o)A
A ohg A o)A, =)z A s el

A% AAgshs £A2 3-8|E2] dleleE AAEsl
o} o3 whog Z2wls 1A =, ISPPe
oJsle] AbEe] BAkE 2 & 4 gle AAe] ol
on, ZaaH FAd 2Jsle] AEY At 7 A
o215 A & uf wic} FAo] HA| A o A
2 A% & o wieg o)A AER A= oA
A "ok a3 4= 7 iﬂomtﬂi ISPP WMoz
Z2 a9 & ] Akxe] o]F-g vepdich 7} o]
15 A3 & wjvic} Abxr} 155}71] Ho 3-BE
25 A Hold o, AR} o kel 9lrbell
wabd Helelo] gre] ZAA=A =l wepa o]
g Zz2aje 340 wAYES ZlEsgith
ISPP ®}Ael| o3t =zl sl EHW o
kel Z2aEl =egleRE dAT, AES] ofH
At ol XA o ) gk =3l =2
A Fo] Abxe] Fale] =R oA €rl uleiA]
Zaw) Fo] FAte] AR WAl HEHQl B vt
Aol #FE(AWGN, additive white Gaussian noise)
< o|43le] 7} HolxE Z2 ) 3je] ISPPel| 9
& zeoass ndy ?‘?P’ﬂr/}. Ao AR A7)
ZlQl wiAy }-r"l‘”
2.

pa|

ol

= F Huele
1% ke & Aol W Adsl muYolnl, 7

| QT
G —

Erase state

First programming

erase | HEN ~
~<
‘ .. ~..

Second programming

emse’\ 1‘\ \\\a;\

%, Third programming

erdse I o, (15 aﬁ. o

3% 4. 1SPP WAlo 2 Z2 8] 3 wo] 7+ slo]x] WE XA

(1.9 (1'10
sz 3ol e} olgshe Az Ws

1Page Data - Flash Memory —#  Coupling Cutput
2Page Data Channel
3Page Data
Stored
Coupling Effect flash data

a2l 5. g A dlejele) AEES wegt

3-HE AR FoA vzele] Ad £8 dolejady

883



= EAISEE] = 2] °09-09 Vol. 34 No. 9

#lo]A] dlolelrl 4H & uf wit} FrpHQl WAy
7RI AR ISPPE 2H® 35l
2o gk ALY EAHE AXbsle] EHow sl
QA Aol AdsleZ AdAslgich

I8 62 dRe] Ade] AR L2 7} Ho)
A dlolelE AR Fo FrpHel wAyEe Al
A2 ISPPE 23] 3 vhie AAE U
ERAE slek 2 dllolA] vid iR oxlgl o
Y 7HAIRE ARl osle] HEHog Abxe)
Ato] AA =Hw, 3ws] Ho)x] dlo|elE sz
dalAs ¥Rl WA 71eA)el Abgol <jsle
AR Aol 3Rl AZY &3} oko] W
"ok AZY FZ3e 294 Ho)x] HolHE & &
o} At A3} 3A slo]z] dlo]e] S & At eﬂ
e zlelel] o3l 1 o] AAHY o] #HEY &
o] ofsled QIAFE Ao H]bo] AkdlAl ¥t o)
g Ad mdy spHog r—ﬂolEia T U
© AT Aol ofgt zste] o)F, F AHEH 37
l 2J& 3hgo] mels|y ISPP| 46& 2 g 7]
el welel eizele] Ad doleir} et

a8 72 AR FA) vEe Ad z2dE g}

2|3 Agsle] Q-2 dlolele] Alxolct erase AYed
5 A3 PHA] 7-state?] AFEE Jehdc) Even
Line®] AF¥7} Odd Line2| AbEel] wvlaA] o] 54
sledl, 2 olf= =z 732 <27} Even Lineo|
0Odd Line 2t} mizjo]n 2 <143t Odd Lineol] £
3 A FZE A7) wiield) o)Ay AZE
of &fsle] dohud Hgt Akgo] HlolHE 2l=d o)

HEJ

i

1Page Data *m-%@ﬂ

Do AWGN

2Page Data W’*ﬂ?{; CH |

SenE s ke

3Page Data ~+—# 3P CH |

Coupling < y A
Output Ty

AWGN

‘E:f‘;:g"“g M Stored Flash Data |

38 6. 3= A% T4 wluel Ao A 2%
ENEES

884

Even Line Distribution

(a)

L
3 35 4 45

(b)

J7l 7. ISPPE weigt 2 Al E wlelE w3t 3-u|E
8 €y EefA vzl Ad 2dlg E8 dole|e) 4tz
(erased state®] AFE 2], (a) Even Line®] AH¥E, (b) Odd
Line?] AbE

EQA vl 7 & oleje] 21l A
£ E7e) ISPP HbAle] X2 72l wido) gk 2
d8-S o, Hel Al A ZA) vz Ade
2d8 b= e avlslgdct Zead $£AE
Azl AZE Exel i ¥} 229 34 E
ARG omn, 7+ #Heo|z] dlely wit} oA F-
7Hel W sReAel ARge] AR o]8-3)e]
ISPPe| HAZEL vy 3jgc) w3l AZY aq
of o3k Akl olFel HAA A% F= 4,
e ARl A J’E ddEe FAsCL
wabd] B =FdMe 24 /b3 #Heel o



wEEd #d A vee]e] A mdy

(4]

ik

o
4o, 1l

.

o

2

oo

o

+

X

BAl 7heARE AHES) B4, 7123 Eatel ofah
P B Age 4, 22wl S

slej Zela e

o “
(O
%
> ot
&
of

W migen Wel A4 A F9
Sl AlEA 7y o

=

T. Tanzawa et al., “A compact on-chip ECC for low
cost Flash Memories,” IEEE Journal of Solid-State
Circuits, Vol. 32, No. 5, pp. 662-669, May, 1997.
B. Polianskikh and Z. Zilie, “Induced error-correcting
code for 2bit-per-cell multi-level DRAM,” Proceeding
of the 44th IEEE 2001 Midwest Symposium on
Circuits and Systems, Vol. 2, pp. 352-355, Aug.,
2001.

H. Nobukata et al., “A 144-Mb, Eight-level NAND
flash memory with optimized pulsewidth program-
ming,” IEEE Journal of Solid-State Circuits, Vol. 35,
No. 5, pp. 682-690, May, 2000.

T. Hara et al,, “A 146mm’ 8-Gb multi-level NAND
flash memory with 70-tm CMOS technology,” IEEE
Journal of Solid-State Circuits, Vol. 41, No. 1, pp.
161-169, Jan., 2006.

K. Takeuchi, T. Tanaka, and T. Tanzawa, “A multi-
page cell architecture for high-spped programming
rultilevel NAND flash memories,” IEEE Journal of
Solid-State Circuits, Vol. 33, No. 8, pp. 1228-1238,
Aug., 1998.

M Grossi, M. Lanzoni, and B. Ricco, “Program
schemes for multilevel flash memories,” Proceedings
of the IEEE, Vol. 91, No. 4, pp. 5%4-601, April, 2003.
N. Shibata, and T. Tanaka, “Semiconductor memory
device for storing multivalued data,” U.S. Patent 6
657 891, Dec., 2, 2003.

H Chang et al., “Multi-level memory systems using
error control codes,” IEEE International Symposium
on Circuits and Systems (ISCAS), pp. 1I-393-11-396,
May, 2004.

B. Chen, X Zhang, and Z. Wang, “Error correction
for multi-level NAND flash memory using
Reed-Solomon codes,” IEEE Workshop on Signal
Processing Systems, pp. 94-99, Oct., 2008.

(11]

(12)

(15)

S. Fe et al,, “Multilevel flash memory on-chip error
correction based on trellis coded modulation,” IEEE
International Symposium  Circuits and  Systems
(ISCAS), pp. 1443-1446, May, 2006.

H. Loy, and C. Sundberg, “Increasing storage ca-
pacity in multilevel memory cells by means of com-
munications and signal processing techniques,” JEE
Proceedings Circuits, Devices and Systems, Vol. 147,
No. 4, pp. 229-236, Aug., 2000.

J. Lee et al,, “A 90-nm CMOS 1.8-V 2-Gb NAND
flash memory for mass storage applications,” IEEE
Journal of Solid-State Circuits, Vol. 38, No. 11, pp.
1934-1942, Nov., 2003.

K. Suh et al, “A 3.3 V 32 Mb NAND flash memory
with incremental step pulse programming scheme,”
IEEE Journal of Solid-State Circuits, Vol. 30, No.
11, pp. 1149-1156, Nov., 1995.

K. Takeuchi et al, “A source-line programming
scheme for low-voltage operation NAND flash mem-
ories,” IEEE Journal of Solid-State Circuits, Vol. 35,
No. 5, pp. 672-681, May, 2000.

S. Satoh et al., “A novel channel boost capacitance
(CBO) cell technology with low program disturbance
suitable for fast programming 4 Gbit NAND flash
memories,” Symposium on VLSI Technology Digest
of Technical Papers, pp. 108-109, June, 1998.

R. Bez et al, “Introduction to flash memory,”
Proceeding of the IEEE, Vol. 91, No. 4, pp. 489-502,
April, 2003.

Y. Hisarmume et al., “A high capacitive-coupling ratio
(HiCR) cell for 3 v-only 64 Mbit and future flash
memories,” IEEE International Electron Device
Meeting Technical Digest 1993, pp. 19-22, Dec., 5-8
1993.

J. Lee, S. Hur, and J. Choi, “Effects of floating-gate
interference on NAND flash memory cell operation,”
IEEE Electron Device Letters, Vol. 23, No. 5, pp.
264-266, May, 2002.

T. Cho et al., “A dual-mode NAND flash memory:
1-Gb multilevel and high-performance 512-Mb sig-
nal-level modes,” IEEE Journal of Solid-State
Circuits, Vol. 36, No. 11, pp. 1700-1706, Nov., 2001.

885



3] =3 "09-09 Vol. 34 No. 9

=13
=

886

S ¥ (Donghyuk Park) TE

2007+ 29 AUt AHrE
AR gaH - At

2007 29 pAIUEE ARE
AAAgER- Autgatats]

<FAldol g AlxE]
LDPC #3, Adzd, e
e A ZeA] ez

Ol X &= (Jaejin Lee) 211314

. : E 19831 29 dAdEtw A}
T8I} At

19841 1294 U. of Michigan,
Dept. of EECS AJA}

199411 12 Georgia Tech.
Sch. of ECE ®hA}

1995 14¥~199541 129
Georgia Tech. A7

1996 1€9~1997d 29 HdHA}F JHFA A7
2 A A4

19979 39-~2005'd 89 FINIw AAF3t

L= My FaN
T

2005 9¥~3RA FANTm AHREAHRZIE
S

<ok BAlolg, A=A, 715AA A=

> >



