USOORE46887E
(19) United States
12y Reissued Patent (10) Patent Number: US RE46.,887 E
Yoon et al. 45) Date of Reissued Patent: Jun. 5, 2018
(54) NONVOLATILE MEMORY DEVICES, (38) Field of Classification Search
CHANNEL BOOSTING METHODS CPC ....... G11C 5/02; G11C 11/5621; G11C 16/10;
THEREOE, PROGRAMMING METHODS G11C 16/0483; G11C 16/3418;
THEREOFE, AND MEMORY SYSTEMS (Continued)
INCLUDING THE SAME
_ (56) References Cited
(71) Applicant: Samsung Electronics Co., Ltd.,
Suwon-si, Gyeonggi-do (KR) U.S. PATENT DOCUMENTS
(72) Inventors: ChiWeon Yoon, Seoul (KR); 6,011,287 A * 1/2000 Itoh .........cooo....... G11C 16/0483
Donghyuk Chae, Seoul (KR); | 257/315
Sang-Wan Nam, Hwaseong-si (KR); 6,028,788 A 2/2000 Chot et al.
Sung-Won Yun, Suwon-s1 (KR) (Continued)
(73) Assignee: Samsung Electronics Co., Ltd., FOREIGN PATENT DOCUMENTS
Gyeonggi-do (KR)
KR 2007-0096972 A 10/2007
(21) Appl. No.: 14/805,938 KR 2008-0109335 A | 12/2008
(Continued)

(22) Filed:  Jul. 22, 2015

Related U.S. Patent Documents O1THER PUBLICAITONS

Rei1ssue of: Oh et al., “A New Self-Boosting Phenomenon by Source/Drain
(64) Patent No.: 8,493,789 Depletion Cur-off in NAND Flash Memory,” 2007, IEEE, pp.
Issued: Jul. 23, 2013 39-41 *
Appl. No.: 13/152,776
Filed: Jun. 3, 2011 Primary Examiner — Christopher E. Lee
(74) Attorney, Agent, or Firm — Harness, Dickey &
(30) Foreign Application Priority Data Pierce, P.L..C.
Aug. 11, 2010 (KR) .o, 10-2010-00774773 (57) ABSTRACT
(51) Int. CL. Nop-vola‘[ile memory device channel boosting, n}ethods n
G11C 11/34 (2006.01) Whlch at least two strings are connf:ected to one bit lln.e,,'t.he
G11C 16/04 (2006.01) c:_lannel boosting methods including applying an 1initial
_ channel voltage to channels of strings 1n a selected memory
(Continued) block, floating inhibit strings each having an un-pro-

(52) US. Cl grammed cell among the strings, and boosting channels of

CPC .......... G1IC 16/10 (2013.01); G1IC 16/0483 the floated inhibit strings.
(2013.01); G1IC 16/3418 (2013.01);
(Continued) 19 Claims, 31 Drawing Sheets

W Setup T WL Setup 2

oot
|
I
|

( Boost start T

I
|
|
|
|
|
I

Vpom
|
_ Vpass I/

Y
=
T
uu|
n
{7

ool . WL
GND
T ) Apoply an initial chamne! voltage to
ND /| channels of all strings in a selected 5110
: memary block
VDD |
Sel. SSL _/ }
AL ! Fioat inhibit strings among the strings §120
Unsel. SSL _____ GND _

Inhibit Strings Precharge
\

|
|
!
|
|
|
|
|
|
Unsel. WL .
|
|
|
|
|
l
|
|
|
|
F
|
|
l

/ Boost inhibit strings among the strings | 5130
Sel. BL VDD é - GND — I I
Unsel. BL | : _
End
BL Sefup - J‘BL Setup 2 ( Boost )

r
|
|
1
|
|
|
|
|
|
|
|
|
1
|
|
|
]
|
|
|
|
|
I
|
|

i
!
I
1
I
|
|
|
|
l
|
|
|
i
|
|
i
i
I
|
1
|
|
|
-
|
|
|

i
*
|



US RE46,387 E

Page 2
(51) Int. CL 8,089,811 B2 1/2012 Kang et al.
GIIC 16/10 (2006.01) 20058/5?0267?;3% i% glgg(l)g I{ing etkaLt l
- A5U0Kda CL 4l.
G1IC 16/34 (2006.01) 007/0019474 AL*  1/2007 KM oo G11C 16/10
HOIL 29/792 (2006.01) 365/185. 18
HOIL 27/11582 (2017.01) 2007/0025152 Al* 2/2007 Futatsuyama ...... G11C 16/0483
HOIL 29/788 (2006.01) 365/185.17
HOIL 27/11556 (2017.01) 2007/0140013 Al1* 6/2007 Kwon ............... G11C 16/0483
(52) US. Cl. 2007/0236992 Al* 10/2007 Oowada gggﬁggég
CPC .. HOIL 27/11556 (2013.01); HOI1L 27/11582 2007/0236993 Al* 10/2007 Oowada .......o....... 365/185.17
(2013.01); HOIL 29/7889 (2013.01); HOIL 2007/0242511 Al* 10/2007 Chen et al. oo 365/185.02
29/7926 (2013.01) 2008/0037327 Al*  2/2008 Park .ooovoovovviivii, G11C 8/08
(58)  FKield of Classification Search 2008/0068892 Al* 3/2008 H GlfgS{é/g;ﬁig
CPC . G11C 11/5628: G11C 8/08; HO1L 27/11568: OSONO e 165195 19
HO1L 21/8221 2009/0010065 AL* 12009 TUZE oo G11C 16/3418
uspcC ............ 365/185.02, 185.05, 185.11, 185.17, 365/185.17
365/185.18, 185.03, 185.12, 185.19, 2009/0168533 Al*  7/2009 Park ...oovovviviiiiiiniinn, G11C 5/02
365/185.23, 185.25; 257/315 ) 365/185.17
See application file for complete search history. 2009/0268522 Al* 10/2009 Maegjima .................. ;}15 }“(1:82/ (ﬁ
. 2009/0268523 Al  10/2009 Maejima |
(56) References Cited 2009/0273014 Al* 11/2009 Arigane .......... HO1TL. 27/11568
- 257/315
U.S. PATENT DOCUMENTS 2010/0020617 Al* 1/2010 Ohetal. .oovevviiii.. 365/185.23
i )
6,049.494 A *  4/2000 Sakui ................ G11C 16/0483 201070039865 Al 272010 Kidoh ..ccoceover. Hoggﬁggé
365/185.25 |
2010/0054036 Al  3/2010 Lee et al.
6,522,580 B2$ 2/2003 Chen ................... G11C11/5621 2010/0097858 Al:}: 4/2010 TOleEl ““““““““““ GllC 16/0483
365/185.02 165/185 05
6,522,583 B2* 2/2003 Kanda .................... G11C 16/10 2010/0097862 Al* 4/2010 Kang et al. .............. 365/185.17
| 365/185.17 2010/0172182 Al 7/2010 Seol et al.
7,161,833 BZ* 1/2007 Hemmk ............. GIIC 16/0483 20;0/0322000 A_'h 12/20;0 Shlm et .‘:11.
S 365/185.17 2010/0327323 Al  12/2010 Choi
7,280,408 B1* 10/2007 Higashitan: ........ G11C 16/3418 2011/0019486 Al* 1/2011 Jang et al. .............. 365/185.25
365/185.18 2011/0051524 Al 3/2011 Hsu et al.
7,387,935 B2  6/2008 Masuoka et al. 2011/0209031 Al 872011 Kim et al.
7.457,156 B2* 11/2008 Nazarian ............ G11C 16/0483
365/185.03 FOREIGN PATENT DOCUMENTS
7,623,386 B2* 11/2009 DoONg ...ccovevee...... G11C 11/5628
365/185.02 R 2009-0072406 A 7/2009
7,719,902 B2 * 5/2010 DOIlg .................. G11C 11/5628 KR 20100011196 A 2/2010
365/185.11 KR 20100043484 A 4/2010
7,751,243 B2* 7/2010 Isobe .........o.ooiail. G11C 8/08 KR 20110009503 A 1/2011
365/185.12
7.843,733 B2  11/2010 Kim et al.
7.924.629 B2 4/2011 Park et al. * cited by examiner



U.S. Patent Jun. 5, 2018 Sheet 1 of 31 US RE46,887 E

Fig. 1

120 110

Memory Cell Array

ADDR

ADDR Decoder

BLKZ

BLK

2nd
19t Direction 3rd

Direction‘\r/'Direction

Read & Write Circuit

Control |
Logic | oL

140

Data /0 Circuit

GTRL DATA



U.S. Patent Jun. 5, 2018 Sheet 2 of 31 US RE46,887 E

Fig. 2

331

u
llllll
»

.......

Ed g
iiiii
»

201 Ee :
281 -'* ‘
271
261
251
241

2 2 l " T
)
L | -
L] 1 T
) 'l'. I'I L
' ' & L L L]
¥ nrl‘nn‘-l_:r'l-;il "
‘ a L gnn’u R
TR FELAT ISP L]
] ] = "l EEE :t-l.l.l.l r Ht:.u
' L PRI Rt
n n - raTrc+ T e
1 rrrTg __*I_I_Ir-p
e ¢ " ' * et odiyh
iy v wdER
L . » * alf L
[ LI L] e
n !':E y " E111)
* ‘-r‘l:' L] i d L] E 4 [T ]
‘.-I-‘l'?*l# - L] \ L
1:1:.'!. .
LEI 1] ”
LIS ! ix
+fEra . ?'"l."l-‘

nnnnn

L1AY ]
rrrrrr
AN E

1]
AN

2nd N 312
ist Direction 3rd |

Direction Direction

~1

311




U.S. Patent

320

291
116

201
112
271
261
201

241

; *:"

Jun. 5, 2018

RS 202
282

£
£ 3
r £ -‘
+ ¥
T =
* ¥ [,
]
¥t
[ ]
3
¥t
T
* T
P
o
Lo 1
» 4
L
L L
r
x T
< ¥
¥
L
+
L 3
- . .
< £
k
: \\\\.
+ L
A B
x
= »
*
-k
b3
b
¥
L
+
+ F ‘
E
T ¥
E
-1 l
-

212

262

252

242

231

221

21
31"

¥
+ o
*
x
T 1
¥
T
T
T T n
T
-+ "
[
T
x Xk
=-x
- I
+F
Tt
Ea
t ¥
x I
F
3 b
4=
T ¥
*
N
| B
. py—y
L
¥ 1
T &

232

222

212

ﬁ?’l‘i.; Y ".'-fp"f-{i.:q.:-.' v:-:ln:u' i:p' i: In-' L1 i. dmlTE L
A A

ol d

Sheet 3 of 31 US RE46.887 E

adH s # w i ' T R T N R R A R R I R R T R TR Rl h

R TTTH IR TR T HFER A KA AN, A A S A RN AR A NP7 PGP
02RRRRLIHHRIELILLIHERRKEIRRRIRKARRKRK "0"#10:{41010:#:* SOSRK

332
320

Jad

A A

293

116
283

112

213

263

253

243

233

314
111




US RE46,3887 L

Sheet 4 of 31

Jun. 5, 2018

U.S. Patent

Fig. 4

]

233

]

——
}

|
i
— ey

T T e el el ey i el e oy gl el Paaf
A

— ey — g Tl [ p— Intll S AR Ll

~
|
I
I
|
l
|
l
l
I
|
|
l
-

} I
i “ i
.llw’L.'!-!l\‘l‘l!. o
i “ ) S
2 T
. i
] I
} ] ! )
b Pl
]
1 3 | ] ) |
i | 1
i ¥+ 1 P
Pl I
t i
B R D Iw L1
{r)
o0
N

E

E



US RE46,3887 L

Sheet 5 of 31

Jun. 5, 2018

U.S. Patent

A 1d




U.S. Patent Jun. 5, 2018 Sheet 6 of 31 US RE46,887 E

Sel,
SSL1(GND—VDD) A7

Unsel.

Unsel .
SSLO(GND)

WL6{ Vpass)

WL5(Vpass)

WL4( Vogm)

e srsie eivele riers ikt -Eieal Pl ievirah FEnEr bl sl Hlie

WL3(Vpass)

WL2( Vpass)

WL1(Vpass)

WLO( Vpass)

k‘m“m el il i
eeass  sessss J EEES—— R ———— ———— el "

~7 TGSL(GND)

CSL(V1ih)



U.S. Patent Jun. 5, 2018 Sheet 7 of 31 US RE46,887 E

Fig., 7
| WL Setup 1 _ WL Setup 2 |
Voam '
i
| |
Sel. WL Vpass |
|
|
' | , |
Unsel. WL | | | |
| | |
| | | |
| VDD |
Sel. SSL | onp e |
| |
' |
| |
Unsel. SSL ———2 | |
| l I=
: Program Sﬁring Shares Qharges
Sel. BL _J_W___P\_L____
Unsel. BL / : :
_ BLSetupl Bl Setur 2 |
|
} All String Boosting : Charge } PGM Execute

(GND—Vbst) Shar ing



U.S. Patent Jun. 5, 2018 Sheet 8 of 31 US RE46,887 E

Fig. &
Sel .
BLO{ VDD—GND)
Sel. "
SSL1{VDD) g
(“~HST21 Unsel .
, BL1(VDD)
Unsel . . | el
SSLO(VDD—GAD) 4 { o qTo0
| }d I
ST11 - ' | ;“}M~MCH22
|1 TSWL6( Vpass)
l
N
| TWL5(Vpass)
o
'
1] WLA(Vpgm)
2
% % I WL3(Vpass)
i
|
% :ﬁ%““WLQ(Vpass)
1) WL (Vpass)
J
oFf | WLO(Vpass)
~ T~GSL(GND)

CSL{Vth)



U.S. Patent Jun. 5, 2018 Sheet 9 of 31 US RE46,887 E
Fig. 9
WL Setup - e WL Setup 2 _
|
; Vpgm
|

>
|
|
l
|

Sel. SSL

Unse| . SSL

Unsel. BL
BL Setup 1

ey

BL Setup 2

/ >\ | GND |
|

Inhibit Strings Precharge

/ : ;\ D
Sel. BL VDD | GN
/ | |
I
|

Boost ing

Y

A S B L R ]




U.S. Patent Jun. 5, 2018 Sheet 10 of 31 US RE46,887 E

Fig. 10

Boost start |}

[P

Apply an initial chamrnel voltage to

channels of all strings in a selected | S110
memory block -

o120

Float inhibit strings among the strings |

Boost inhibit strings among the strings | S130

Boost End )



U.S. Patent Jun. 5, 2018 Sheet 11 of 31 US RE46,887 E

Fig. 11

 PGM start
Data load ' 8210

220
Channel boost and
bitline setup S230
3270 '
No  S260 S250
@ —8l<Ter ification passZ>
Yes Pass

PGM fail PGM end _



US RE46,3887 L

Sheet 12 of 31

Jun. 5, 2018

U.S. Patent

pad e .\\__
se a ~ [Roy—0159
A o 4| L -1 |
01SD ] ZAF — “ = " _ L 1S9
| S —>T :
159 3 _ — - =T || IO
0 m | - — T | IR Lo
| | . | )
3 A e | e
| | — _ — L |
| _ |
 Sr—— 1 At — | < 0N
_.ﬁiw‘ _ _ ] AT | _ |
- ] _ _ | | | [+ GON
! _ ; . | _ _|T1
—] — _ a A_ |
SR - I - Kelli@ | xﬁ
_ | | | . \_ _ | P }
LI LIS | - ARES | - LLLS
6 155 J ' _ J | _ P |
” NARS X AAL ~ 1715
_ _ |
219 CC1S | 1d AR 019 1E1S

MY Bis



US RE46,3887 L

Sheet 13 of 31

Jun. 5, 2018

U.S. Patent




US RE46,3887 L

0159

150

Sheet 14 of 31

¢ 155

Jun. 5, 2018

U.S. Patent

£ IMd

A - ot
T z] «+—0159
| _ <R : 155
“ . S
I _
_ \. - — = L T“\}OOE
m __ - — ——— “ ,_ ﬂ “ < LN
I | _ _ “ _ ] _ "
— ] “ 1 1 |
—— —] o] i U_Wlﬂ)moz
| ]\Uﬁuﬁ | | A | L 1 -
e _ _. B u__m,i\éoz
| __ 1 ] — | | - _ Jes
m “ _ | i _ I “ | _T__\/
| [ - T. T =+—0155
- — Iy 1 e _
e1IS 55 2SS F LIS
) o ] - \_ )
6218 y AALS g 1218
_ |
118 AR 019 LE1S



US RE46,3887 L

Sheet 15 of 31

Jun. 5, 2018

U.S. Patent

¢ 155

¥ g




US RE46,3887 L

Sheet 16 of 31

Jun. 5, 2018

U.S. Patent

Pud Pd \\“
) z : Z +— 159
1 | | 4 | '
= ——— 1| , -+ " “ 4|"\)OED
" | “ e — . “ — ] ﬁr“\/ouz
L ; R . . ] L
. S . )
‘ _ — — i mw _ ] ! “ —_“.1_ | _‘Wl".\/_noﬁ
] _ ; —— — _
“ | .“1| m j — “ " :V “ “ A....._\J,NQE
H— _ | . ] _
Al m—— o b —r [ EON
| _ i _ | _
EM “ a——— ﬂ _ wu_w____\ _ | H “ _ o vR
| — ] _ = ;
ot \m\._mw " - | T — _ | _ “ f_\! .
— _ . 1SS
s e an s ey aBAl A0
-l_wm _ _T _um..l.a\\_ _ _ _L—..I\u ~ “ _m\_..\.__ _ “ —-T " \_ v
7168 _ - ELLS | - AN | | FELS
- _ e _ P -
y £Z1S g AL _ 1215
_ | |
218 celsS L 19 AR B 01d 1E1S
G Mg




US RE46,3887 L

Sheet 17 of 31

Jun. 5, 2018

U.S. Patent

P ] v

d%lld

MV My o o, s+ 189
|
. 1P “tr - ATE

el

9 g



U.S. Patent Jun. 5, 2018 Sheet 18 of 31 US RE46,887 E

Fig. 18

lllll

1
llllll
!.." o S of .
rank I FEIFT
Iﬁ.llll LN

l'!-l-.-!'.-!. : rTE IRl

*sregae. 00000 0w TN EEEEAMTIYIIAN MTTRFTYS
FyEad ir I U

: LN I ] .
''''''''
¥¥¥¥¥
i _‘H:I'
[ ]
| i-l.‘l‘l{'l'l‘l

IIIIIII

H 1 et " f 293b
E i il | f 283b
2913 _ e ' ﬁﬁy 11
i 3 | ! 273b
2814 N e 1 1}
b i 1| 263b
o7 ! !
I 1| | | ! 253h
_ 243b
2513 :
(i 233b
2418 11
223b
231a

Z
| I
17N |
2213 2 || | 213

B,

=
£

lllllllllll
lllllllllll
llllllllll
llllll

‘.':l ..":‘-* -
11a—t
Wrivhs

lllll
lllll
wkr

R 22 s 2 _l 2 b
ond g 312 2122

1gt Direction 3rd 2116

Direction\]/{)irectign 311 2914



U.S. Patent Jun. 5, 2018 Sheet 19 of 31 US RE46,887 E

Fig. 19

331

i ) T B 300
1 _ ] i 116
SiiEicits S . w1 293

--------

HHEE : 11 283

201 =. i n
[ (s 1| 273

081 i 1
L Lt 1t I 263

271 . d 1| 1t
1| 5 253

201

_ 243

051 ]
» 1} 233
[ 223

231
213
221

211
111

ASINNNNENN:

lr:l:l-:i l:':'ll: rrrr

" l: ..........

“ 5 ; * ..:r-:-"":':':ﬁ" 81 5

L]
-----

2na
151 Direction 3rd

Direction t Direction

~1




U.S. Patent Jun. 5, 2018 Sheet 20 of 31 US RE46,887 E

Fig. 20

wwwwwwwwwwww

KRR K IR KRR T KRR R FFTRKRRKRARX SR RRIZARKRTRRR R R R R R R
R R RERARERRERRERRRRRRIARLG ™~ 332

N N

AVAYA" i A

R,
bk Fupa ]

A

fax

feag '.:.E:E::::.'.li
L] ] !

320 320

ah
* 1
]
¥

22 22 )| 22 298

291—E ) |
16— |
281~—F2A |:
1o A=t
2N ~—A L

g M- -k 116
| 2,224 | 2 283

: | 112
N\ et 2 273

o61—RZAF| [ 2] 26— || || 22 263—+ZZA ) || 22

251—ZZ F W 24 ese—ZA | | 2 2ss—ZA | 22

on—EZA H| H 24 242 | 2 aas—ZAat 2z

o3—A L A 2e—g22 Y || T 28— || 22
T . I .
A eeo—g2A 1 K24 22s—E2A 1| HEZ
. TR 1
2 2122 | J| O 21324 [ | B2

lllllllllllll

00— |

N —77A |

N ]
a4 kA mgh = 1 B

11
[ I |
T B e W s L O 7 E Al

e 1! -:r'- LA AL LT A L LA [ ] I. [LLE ] ] mp iy pguwrirre 3.1 5
Y T e O T TR PN (L] T SO T T PTe LXXL AT, LK A i e Ee i e Co P Tt e TP T by Rl N B G A L S A

I . W T W A W 2
XX

114 115 114 115 114 118 Ax
113 113 113

" E -1 [}
T R e
'l.l'i'rll'i\.l'll-i' i' -'-T ” : :%’;!‘l'l'. .l-l.-f'.;':l"

o



U.S. Patent Jun. 5, 2018 Sheet 21 of 31 US RE46,887 E

Fig. 21

|
[ T i ..._-.-.-:-i-::;::::: T
P _AFHEE | ‘4
; e i 320

. . ,' H PR 003"

291" HH
281" ' gf s
271
261"
251"
241"
231"
901 ! ' S~ 315

21..|I
11-

''''''
[ L w
u . 1- 'I" '.'

| 2nd_
1at Direction 3 d

Direotioquhkxlﬁ/#jﬁpirection



U.S. Patent Jun. 5, 2018 Sheet 22 of 31 US RE46,887 E

*
o a0, 9,0,9,9,9.
NS

320 ‘f H';‘”
116°
201 '~—1/

dln

F’"f"’"Q""""""'Q‘""""""""""""""""'""‘""""""""‘Q‘9""’"'0"""’""‘"’“"4
R RRIERRIRRIARIHRIIRAXRHRILRARRRLRLAHXRARAR 332

z aVa¥l

L% v} s

e 320
116’

o1 —Z || || | ||z || ||z

271 1/

||| ||z || || 2z

261'~—1t~~

. ) || ez

&
-~ -

i\ 777777 |

|z | ||z |
: dop ‘;55
A |

251" ¥/

24—/

231 'L/

|z || || ez |

221 '~/

N\ Wz

11 .
| | P
F 1 r K
- nr
L I | r d
[p o 71
LI | [ I |
) [ I ]
L | LI |

i

| VA b s s
3 7078 e T T

Jl‘:'l': llIl:-.I...'I.-'F-lli.l'-.!-l--‘- -'l --1I-l. lI -I-II-. -|.l-ll'll|l.l--l-rI| l-l. : |.- .-1.1-! .|l . .l‘ Y I|-I|I .l.-l: :.-.l'-':'".l.-'l -' l|. l|l 'y '-‘.:-l-.. -:'.: -l‘".l:.'- ‘. I.lr- -:...l-: ...
R NN i " :?:E::'::::::::: AT

dla— -,

211 'L

114" 115 114" 118° 114" 115’
~— " — ~
113 113 113’



BLKGg

US RE46,3887 L

UPZ
UWS
UW7
UWE
UWS

BL1

Sheet 23 of 31

Ll

Fig. 23

Col

— ﬂ R
il
" - * -
e M N B e T w il Tl B Lo
4 S il i _I.i.‘l.-.r..l. el i.l..l.i.lrl. nlf me e e - E - -
e ey St e My NOLACTLMEL DL LA o TR T o
=3 — Bt _I.III-.-..-_III_..-_.II-.I_JII.II..M-_I l.“l._..l...-.q-.H.i...ll.._..h_...ll.l-.}”rl..-.HJM.I“-—-..W“I:‘*‘I#‘*“HH.?F W
.
*
3 O\
|
. P
J— D
e : u - ._J —
-
" o W
N il n ”u
LY
- N -u..-.”-..!.-..!-.li-._......h..rilt..._ll. L S Tl o il T
AR TIL S It s St
»» #...,_T gt " ..t{r...uf...._._.f_______..n._.iﬁ...pﬁ._-_.h.!-hl......lﬂlﬁﬂiﬂu 3
b il g
ke aw %ol
- X _ﬂ
L L
L W
-
- b W
- - e & i
Lol
o . ..__..1..,.__..-. b Ty 9
» wy o oW ———
- e e [
. . . i o ™ - E = - -
.- T e L e e e
R H - " .-_.fl. 'l ....:l.f.i.l!..!f. Ty W - atl et !
Ry o L i L] L o !l.ru et l.u.__- - lll.!h...l .__.I_T.l .....I.t!.lu. ] .-..l..... IIF..-..._ l____.-.l.l .l..._-_.ﬂh.__...l._.__-.r.h. h..“i-.-l.......l.ﬂ.llﬁ....llhl.._.t ."__:_I....l:
= = e ee—
L 4
a4 s i L
*.. L
- " w .
T
L N ..
oW o e A
- + T ¥ * \
brivy
L O . \
uln = e
o oW oW o T \
- " = - \
i, E L 4 g L L] \
- -> . .*__ Jrm———— .-_r
LR » * w ju vt b e e R Ay el f
[ ]
- L - e ——— '.ll_-.lII.l..l-..-..u.“_I.l..”lll.l..-.....-_h..l.“h_.”“:Ih”h*”“{ilﬂiuh.i...-“_.._._.___I-.t......._-.__.._-........__-.:..r..lii.__.
. N . II-II Tt T T . .I.Ill.-...-_.l.u. Il...-.'ll.-..l_ ll.l...l_ll‘.“.I.I.ll_l..lll.-.".lt-r.-..t.-.l..fh
- - - R T e
e - '.‘__ y
- =
W W A
L L e o -
FOE . T .Mll_._l_
W = L,
il | g -
A 3
* W
- o A N
-~ o - -
- e um"nuuﬂ...
SR
- - - 2iiviie
ulim L L L ] l-m.‘“mhhﬂ
. w i | rr
b A L !

Jun. 5, 2018

U.S. Patent

UP1

UW4
UW3
UWZ
UW1

3rd
Direction

Znd

Direction

181
Direction



US RE46,3887 L

Sheet 24 of 31

Jun. 5, 2018

U.S. Patent

Fig. 24

BL2

UW7

114"

UWE

116"

UW5

111

- — 1

l.'.'.....‘l'..l.ll.lll..-..-.-..-.ll.-ﬂll.nll.-.T.—.l.- | =52 mam s I43 =g = CESER 9 W F W F T B N ¥ =
.llll+.'fll.-'l..‘l.'.li.-I.-II'.I-!."'T.!'.'H.I.I gy = = T mrmwwr -] " A= g+ - " b - L

i i et i R It?l.i.__..:.r!.__ttr.#.___::.TT.:_.—......T._..,...‘..__...__._1._...__..:..:...___-....._...:1".‘.111.715.!1! AErT i by Sk LI L
Sl e A T e N L L LTl L LI L N ke Tl B
=~y e b B - I.l'l.‘l".l.'l"'l..."‘lhl'I-IIII.-.II.II..I.I.-I.I-'h--nul--.—.l " AN ETE N AR T ETF— - —— ———
- P

] ek dridrk .

- e
™

=
b

_ - -
+

- e

" -1 FIE TR | l-l-.r-'.l.l-lh.l.l‘.l.'..ll'- B ew Ta - d=E= L Fgmm = Lk h aklF FE=Ewayg
1 .-_1l..lu.ll.!.l.ul.-.ll.-.lfll..I.I..I..I.I.I.l'lu_.lllurl.lI..l.ll_-.l.-_.ll.-..-..l_-.liu.lll.-.__.ll_-llll.n.l-.-..nH.-.... LI ]
P abTHaar Fadde=-abhd dh s b th Er AR B v i kL Ep A bbbk ki R A kT rTEAT Y
A .*.. u.!_.-!...u.-..l_r:l..__.-...___.-...-...-...rf.l..-_Il.'u-__..rt.._..t.t...r.r..._.t.___.-_Tu..?i.._..t.__-.l._...flr.i-_l..-.._-_..__!1?1#.._.....1.‘._7..{.._..._.1 K+ H ++
b . ¥ ek ik
L ——
. iy o~
-
i
™~ b o
L
L e
o
L Lol rkbinirrrbblir i
Ern s wk phEe drp kLY F PR e kSRR R E Ty km i [T T T T YR N E LR Ll T
k2 E=awa -I_.-:s-.lll_.l.llIl.l_lIl...-.fl.l-l.ll.-l.l..!.llll..il..l..l.ﬂ.l.!.l-.-._ll.l..!._-rl.l.-..l..'.-_l._-l_l..l.ll-II_II.- Ewsan
-~ - -.__..u...f..l.-_.u_lrl..-.u-__-..-.w.l..-.....l.!l..-._.-.-lul..l.._-Il_-.nl-......_...u.-..-.....l.-.l.-_t-Iu.lll.-.ll.!pi.!f!! -m e
I ml

+

- r

+

+

W

»

A Tt TR
dagh bl o Het b Bris H ek 5 i '

Wi W £ 2 i L

L] o
eyeliegeniicl J SN LA 8-8-0 L

wvn b iwlialil el PR B
T iy

Bl S P pelln gl Gl

= Fwxiard

- == I

UW4

DWZ

DW3

ol 12 abhs rxralewxriBF JIFrpoparrlimer¥

T e e R I A s T e L L E LR E Y N L L LR A
P L S TR R R R R N TR N T A RN L Lt e bl
paEwIrrsaridd g AR A AR e my gy BAES FE AT FE-Fs T mlgmmfr=
s prasmmrt R FETETI PRl bAagiaamram ErrE e poid erm 3k -4 R
Aprpngd rhgrr Tl bkl g e eyt R Ay A AR LY R

UW3

114"

UW2

116"

EFELHTEFI

DW4

el N T ] rigiaighiph-iiptaigtpehig-rp ey R TR Y E L L R R R L L R R Rl A L L I
F'YETEL TPt N L PRy ey aE W F O N L L B B B R R el B pypu FE4d g FE>-48 45258

T

PR N .._...___...._.t...__._i......._.......-...._...::..___:....:.i.._..t:......l_‘..-_.___l_....__.-..-_r-rr..t.-_?lil!*f*‘i?n#ll!lil!tll:l.._..-.r.rl.l
e J.i.ll!hl...llr.*.l.ﬁ-*n-.....-Il-.h.i.-..hl-.l...-.—..-.-__..-.......__....__..tlll-_...t*',. gk g R b LYAF
ambk rABL T e [Tl FrapwF FFAFrF =" racryaRdiSRArTIrr

UW1

g egminddéwcd s+l s+ rusradocdlIkEkTE LR N

-
o
L3
-
L ]
L ]
in
L]
-
L]
L]
L]
-
n
-
L
L]
[ ]
L]
]
-
-
r
L
[
-
-
]
]
*
]
L]
¥
L]
L J
-
-
]
L
]

mamrsnidriTw=-1Cafp=r=i&
rad el b Ly rmt B prap
SR Bk s o b o Y R
rimbbha i fed=grfgmaym
I TR IESS T TN T Y mwreh
wrd pgirra e FIAFE S [u=- &m

|
|
:
_
_
ol

2

—

PG



US RE46,3887 L

aoe} Jolu}

A JOWaN

09¢1 Ovcl
\
ot
k= a0 1A8(] AJOWSN
e O] 1 18] OAUON
7 003 | 1ang
= 0E2! 022}
|
" 191 1011U05 AJOWap
=
—
- 001t 00C )

000}

Gg 91

U.S. Patent

80B) 181 U|

}SOH

0GCl

(S)Ndd

OLct



US RE46,3887 L

" A 1OWa) USe 2083 191U] S).10SS8001d 0101
&
|
D
=P
=
7
0017 0862 0162
v o
A
—
of 0023~ K1OWap 18] Ing
n .
= pie) KIOWSN

000c¢

9g ST

U.S. Patent

oOBl lo]lu]
1504

AN




US RE46,3887 L

908 ] 191U | 9109 BEREIPEM

aNYN | iajjosquon | | 1soH

= ANYN
o
~ 0LZE 022E
g |
> 181 1041U0)
a b’
i
)

00LE
- o
y—
—
2 .
nf NN AOW
-
—
py

000%

Lo O

U.S. Patent

90B | 191uU| |

ORI

20\

1SOH



US RE46,3887 L

T =77 - R
L
|
A JOWSH |
" useld [T 7RO
| j
| |
| |
_ A Jowap |
CH| useid |} ERO _
1 _ “ : |
m _ — - . | S0B]IS1U| | 181 }ing 208 ) 191U . 150K
> | Use| 4 | ayoe) 1SOH
0 _ A JOWBY | |
a _
- Use | 4 ¢HI |
= _ |
2 _ _ |
7 “ “ Jbct
: A JOUa} b
Y] useid | IO
% i 4
1 J— — —— —
& 7 |
" D01y ey
=
-
-
002 Orer——  (S)NdD .
| 18] 01307
USS
000V

ge "SI

U.S. Patent



U.S. Patent Jun. 5, 2018 Sheet 29 of 31 US RE46,887 E

Fig. 29
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NONVOLATILE MEMORY DEVICES,
CHANNEL BOOSTING METHODS
THEREOE, PROGRAMMING METHODS
THEREOK, AND MEMORY SYSTEMS
INCLUDING THE SAMLEL

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a reissue application for U.S. Pat. No.
8,493 789 issued on Jul. 23, 2013 on U.S. Ser. No. 13/152,

776 filed Jun. 3, 2011 and claims priority under 35 U.S.C. §
119 to Korean Patent Application No. 10-2010-0077473
filed Aug. 11, 2010 1n the Korean Intellectual Property

Ofhice (KIPO), the entire contents of each of which 1is
incorporated herein by reference.

BACKGROUND

1. Field

Example embodiments of the inventive concepts relate to
non-volatile memory devices, channel boosting methods
thereol, programming methods thereof, and memory sys-
tems including the same.

2. Description of the Related Art

Semiconductor memory devices are vital microelectronic
components commonly found 1n digital logic systems, such
as computers, and microprocessor-based applications rang-
ing from satellites to consumer electronics. Therelore,
advances 1n the {fabrication of semiconductor memory
devices, including process enhancements and circuit-design-
related developments that allow scaling to higher memory
densities and faster operating speeds, help establish perfor-
mance standards for other digital logic families.

Semiconductor memory devices generally include vola-
tile semiconductor memory devices and non-volatile semi-
conductor memory devices. Non-volatile semiconductor
memory devices are capable of storing data even with the
power turned ofl. The non-volatile memory data storage
state may be permanent or reprogrammable, depending upon
the fabrication technology used. Non-volatile semiconduc-
tor memories are used for program and microcode storage in
a wide variety of applications in the computer, avionics,
telecommunications, and consumer electronics 1industries.

A representative non-volatile memory device 1s a flash
memory device. As the demand on the high integration of a
memory device increases, multi-bit memory devices storing
multi-bit data per memory cell are becoming more common.

SUMMARY

At least one example embodiment of the inventive con-
cepts provides a channel boosting method of a non-volatile
memory device 1n which at least two strings are connected
to one bit line. The channel boosting method includes
applying an 1nitial channel voltage to channels of strings 1n
a selected memory block, tloating inhibit strings each having
an un-programmed cell among the strings and boosting
channels of the floated ihibit strings.
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According to example embodiments, the mitial channel
voltage may be a bit line program voltage. According to
example embodiments, the initial channel voltage may be a
bit line program-inhibit voltage. According to example
embodiments, each of the strings may be connected with a
corresponding bit line and extends 1n a direction vertical to
a substrate. According to example embodiments, program
strings each having a memory cell to be programmed may be
shut off to be floated. According to example embodiments,
inhibit strings corresponding to selected bit lines may be
shut ofl to be floated, and inhibit strings corresponding to
unselected bit lines may be electrically 1solated to be floated.
According to example embodiments, the channel boosting
may be accomplished by applying a pass voltage to unse-
lected word lines, and the pass voltage may be applied to a
selected word line during a predetermined period.

Other example embodiments of the inventive concepts
provide a program method of a non-volatile memory device
which includes groups of memory cells sequentially pro-
vided 1n a direction vertical to a substrate and in which at
least two strings are connected to one bit line. The program
method includes performing a bit line setup operation
together with a channel boosting operation and performing
a program execution operation by applying a program
voltage to a selected word line.

According to example embodiments, the bit line setup
operation may include a first bit line setup period, during the
first bit line setup period, a power supply voltage being
applied to unselected bit lines, all strings of a selected
memory block being floated by the selected word line, a pass
voltage being applied to the selected word line and unse-
lected word lines. According to example embodiments,
during the first bit line setup period, the all strings may be
floated by applying a ground voltage to a ground selection
line and to all string selection lines. According to example
embodiments, the bit line setup operation may further
include a second bit line setup period, and during the second
bit line setup period, a channel of a string corresponding to
a selected one of all string selection lines 1s set to a ground
voltage by applying a power supply voltage to the selected
string selection line.

According to example embodiments, the program voltage
may be applied to the selected word line following the
second bit line setup period. According to example embodi-
ments, the bit line setup operation may include a first bit line
setup period 1 which a power supply voltage 1s applied to
all bit lines and all string selection lines and a ground voltage
1s applied to a ground selection line. According to example
embodiments, a ground voltage may be applied to at least
one unselected one of the all string selection lines. Accord-
ing to example embodiments, the bit line setup operation
may further include a second bit line setup period 1n which
a ground voltage 1s applied to a selected one of the all bat
lines 1 synchronmization with applying of a ground voltage
into the at least one unselected string selection line, and a
pass voltage 1s applied to unselected word lines following
the second bit line setup period.

According to at least one example embodiment, a channel
boosting method of a non-volatile memory device in which
at least two strings are connected to one bit line 1ncludes
applying an 1nitial channel voltage to channels of strings 1n
a selected memory block, floating inhibit strings of the
strings 1n the selected memory block and boosting channel
voltages of the floated inhibit strings.

According to at least one example embodiment, a method
of programming a three-dimensional (3D) non-volatile
memory device includes applying a first channel voltage to
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a channel of a selected memory string and channels of a
plurality of unselected memory strings and applying a

second channel voltage to the channel of the selected
memory string.

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments of the mventive concepts will be
more clearly understood from the following brief description
taken 1n conjunction with the accompanying drawings.
FIGS. 1-31 represent non-limiting, example embodiments as
described herein.

FIG. 1 1s a block diagram of non-volatile memory devices
according to example embodiments of the mventive con-
cepts;

FIG. 2 1s a perspective view of one of memory blocks
illustrated 1n FIG. 1;

FI1G. 3 15 a cross-sectional view taken along line III-IIT' of
the memory block illustrated 1n FIG. 2;

FI1G. 4 1s a cross-sectional diagram of a transistor structure
ST 1llustrated in FIG. 3;

FIG. 5 1s an equivalent circuit diagram of a memory block
illustrated 1n FIGS. 2-4:

FIG. 6 1s a schematic diagram showing a bias condition of
a program operation according to example embodiments of
the inventive concepts;

FIG. 7 1s a timing diagram of a program operation
according to example embodiments of the imventive con-
cepts;

FI1G. 8 1s a schematic diagram showing a bias condition of
a program operation according to other to example embodi-
ments of the mventive concepts;

FIG. 9 1s a timing diagram of a program operation
according to other to example embodiments of the inventive
concepts;

FIG. 10 1s a flowchart of channel boosting methods of
non-volatile memory devices according to example embodi-
ments of the mventive concepts;

FI1G. 11 1s a flowchart of program methods of non-volatile
memory devices according to example embodiments of the
inventive concepts;

FIG. 12 1s an equivalent circuit diagram of a memory
block illustrated in FIGS. 1-4 according to example embodi-
ments of the mventive concepts;

FIG. 13 1s an equivalent circuit diagram ol a memory
block illustrated in FIGS. 1-4 according to still other
example embodiments of the mventive concepts;

FIG. 14 1s an equivalent circuit diagram ol a memory
block illustrated in FIGS. 1-4 according to yet other example
embodiments of the mventive concepts;

FIG. 15 1s an equivalent circuit diagram of a memory
block illustrated 1n FIGS. 1-4 according to further example
embodiments of the mventive concepts;

FIG. 16 1s an equivalent circuit diagram of a memory
block illustrated in FIGS. 1-4 according to still further
example embodiments of the inventive concepts;

FIG. 17 1s an equivalent circuit diagram of a memory
block illustrated in FIGS. 1-4 according to yet still other
example embodiments of the mventive concepts;

FIG. 18 15 a perspective view ol one of memory blocks
illustrated 1n FIG. 1 according to other example embodi-
ments of the mventive concepts;

FI1G. 19 1s a perspective view of one of the memory blocks
illustrated 1n FIG. 1 according to still other example embodi-
ments of the mventive concepts;

FI1G. 20 1s a cross-sectional view taken along line XX-XX'
of the memory block 1llustrated 1n FIG. 19;
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FIG. 21 1s a perspective view of one of the memory blocks
illustrated 1n FIG. 1 according to yet still other example

embodiments of the mventive concepts;

FIG. 22 1s a cross-sectional view taken along line XXII-
XXII' of the memory block 1illustrated 1n FIG. 21;

FIG. 23 1s a perspective view of one of the memory blocks
illustrated 1n FIG. 1 according to still further example
embodiments of the inventive concepts;

FIG. 24 1s a cross-sectional view taken along line XXIV-
XXIV' of the memory block 1llustrated 1n FIG. 23;

FIG. 25 1s a block diagram 1llustrating memory systems
according to example embodiments of the mmventive con-
cepts;

FIG. 26 1s a block diagram illustrating memory cards
according to example embodiments of the mmventive con-
cepts;

FIG. 27 1s a block diagram illustrating moviNANDSs
according to example embodiments of the mmventive con-
cepts;

FIG. 28 1s a block diagram illustrating SSDs according to
example embodiments of the inventive concepts;

FIG. 29 15 a block diagram of computing systems accord-
ing to example embodiments of the imnventive concepts;

FIG. 30 1s a block diagram of electronic devices according,
to example embodiments of the imnventive concepts; and

FIG. 31 1s a block diagram of server systems according to
example embodiments of the mventive concepts.

It should be noted that these figures are intended to
illustrate the general characteristics of methods, structure
and/or materials utilized 1n certain example embodiments of
the inventive concepts and to supplement the written
description provided below. These drawings are not, how-
ever, to scale and may not precisely retlect the precise
structural or performance characteristics of any given
embodiment, and should not be interpreted as defining or
limiting the range of values or properties encompassed by
example embodiments. For example, the relative thick-
nesses and positioning of molecules, layers, regions and/or
structural elements may be reduced or exaggerated for
clarity. The use of similar or 1dentical reference numbers 1n
the various drawings 1s mtended to indicate the presence of
a similar or 1dentical element or feature.

DETAILED DESCRIPTION

Example embodiments of the inventive concepts will now
be described more fully with reference to the accompanying
drawings, in which example embodiments are shown.
Example embodiments of the inventive concepts may, how-
ever, be embodied in many different forms and should not be
construed as being limited to the example embodiments set
torth herein; rather, these embodiments are provided so that
this disclosure will be thorough and complete, and waill tully
convey the concept of example embodiments to those of
ordinary skill in the art. In the drawings, the thicknesses of
layers and regions are exaggerated for clanty. Like reference
numerals in the drawings denote like elements, and thus
their description will be omitted.

It will be understood that when an element 1s referred to
as being “connected” or “coupled” to another element, 1t can
be directly connected or coupled to the other element or
intervening elements may be present. In contrast, when an
clement 1s referred to as being “directly connected” or
“directly coupled” to another element, there are no inter-
vening clements present. Like numbers indicate like ele-
ments throughout. As used herein the term “and/or” includes
any and all combinations of one or more of the associated
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listed 1tems. Other words used to describe the relationship
between elements or layers should be interpreted 1n a like
fashion (e.g., “between” versus “directly between,” “adja-
cent” versus “directly adjacent,” “on” versus “directly on”).

It will be understood that, although the terms “first”,
“second”, etc. may be used herein to describe various
clements, components, regions, layers and/or sections, these
clements, components, regions, layers and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer or
section from another element, component, region, layer or
section. Thus, a first element, component, region, layer or
section discussed below could be termed a second element,
component, region, layer or section without departing from
the teachings of example embodiments.

Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper’” and the like, may be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. It will be understood that the spatially relative
terms are intended to encompass diflerent orientations of the
device 1n use or operation in addition to the ornentation
depicted 1n the figures. For example, 11 the device 1n the
figures 1s turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein iterpreted accordingly.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not mtended to be
limiting of example embodiments. As used herein, the
singular forms ““a,” “an” and “the” are intended to include
the plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises”, “comprising’, “includes” and/or “including,”
if used herein, specity the presence of stated features,
integers, steps, operations, elements and/or components, but
do not preclude the presence or addition of one or more other
features, 1ntegers, steps, operations, elements, components
and/or groups thereof.

Example embodiments of the inventive concepts are
described herein with reference to cross-sectional 1llustra-
tions that are schematic illustrations of 1dealized embodi-
ments (and intermediate structures) of example embodi-
ments. As such, variations from the shapes of the
illustrations as a result, for example, of manufacturing
techniques and/or tolerances, are to be expected. Thus,
example embodiments should not be construed as limited to
the particular shapes of regions 1llustrated herein but are to
include deviations 1n shapes that result, for example, from
manufacturing. For example, an implanted region illustrated
as a rectangle may have rounded or curved features and/or
a gradient of implant concentration at 1ts edges rather than
a binary change from implanted to non-implanted region.
Likewise, a buried region formed by implantation may result
in some 1mplantation in the region between the buried region
and the surface through which the implantation takes place.
Thus, the regions illustrated in the figures are schematic 1n
nature and their shapes are not intended to illustrate the
actual shape of a region of a device and are not intended to
limit the scope of example embodiments.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which example embodiments belong. It will be further
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understood that terms, such as those defined 1n commonly-
used dictionaries, should be interpreted as having a meaning
that 1s consistent with theirr meaning 1n the context of the
relevant art and will not be interpreted 1n an idealized or
overly formal sense unless expressly so defined herein.

According to example embodiments of the inventive
concepts, non-volatile memory devices may be configured
such that at least two strings are connected with one bit line.
At programming, all inhibit strings that are tfloated may be
channel boosted after an 1nitial voltage 1s applied to channels
of all strings within a selected memory block. Inhibit strings
are strings each having a program inhibited memory cell
among strings each having a memory cell connected with a
selected word line.

According to example embodiments, the inhibit string
may be a string (hereinafter, referred to as the first inhibit
string) with a memory cell connected with a selected word
line and an unselected bit line or a string (heremafter,
referred to as the second inhibit string) having a program
inhibited memory cell connected with a selected word line
and a selected bit line. A program string may be a string with
a memory cell to be programmed among strings each with
a memory cell connected with a selected word line and a
selected bit line.

Channel boosting according to an example embodiments
of the inventive concepts may be performed under the same
initial condition. This may allow an optimized and/or
improved pass voltage to be determined. No program dis-
turbance may be generated. A program disturbance may
represent that memory cells connected with unselected word
lines adjacent to a selected word line are programmed
according to a program voltage.

A non-volatile memory device according to at least one

example embodiments of the inventive concepts may be, for
example, a vertical NAND flash memory, a NAND flash

memory, a NOR tlash memory, a resistive RAM (RRAM),
a phase-change RAM (PRAM), a magnetroresistive RAM
(MRAM), a ferroelectric RAM (FRAM), and/or a spin
transier torque RAM (STT-RAM). The non-volatile memory
device may be implemented with a three-dimensional array
structure. Example embodiments of the inventive concepts
may be applied to both a flash memory device with a
conductive floating gate as a charge storing layer and a
charge trap flash (CTF) memory with an insulation film as
a charge storing layer. For ease of description, it may be
assumed that the non-volatile memory device according to
example embodiments of the mventive concepts may be a
vertical NAND flash memory.

FIG. 1 1s a block diagram of non-volatile memory devices
according to example embodiments of the mmventive con-
cepts. Referring to FIG. 1, a non-volatile memory device
100 may include a memory cell array 110, an address
decoder 120, a read and write circuit 130, a data input/output
circuit 140, and control logic 150. The memory cell array
110 may be connected both to the address decoder 120 via
word lines WL and to the read and write circuit 130 via bit
lines BL. The memory cell array 110 may include a plurality
of memory cells. Each memory cell may store one or more
data bats.

The memory cell array 110 may include a plurality of
memory blocks BLK1-BLKh, each of which may be of a
three-dimensional (or, vertical) structure. For example, each
of the memory blocks BLK1-BLKh may include structures
extending in the first to third directions. In at least one
example embodiment, each of the memory blocks BLK1-
BLKh may include a plurality of strings extending in the
second direction. For example, a plurality of strings may be
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provided in the first and third directions. Each string may be
connected with a bit line BL, a string selection line SSL, a
ground selection line GSL, word lines WL and a common
source line CSL. The respective memory blocks BLK1-
BLKh may be connected with a plurality of bit lines BL, a
plurality of string selection lines SSL., a plurality of ground
selection line GSL, a plurality of word lines WL, and a
plurality of common source lines CSL.

The address decoder 120 may be connected with the
memory cell array 110 via the word lines WL. The address
decoder 120 may be configured to operate responsive to the
control of the control logic 150. The address decoder 120
may receive an address ADDR from the outside. The address
decoder 120 may decode a row address of the input address
ADDR to select corresponding word lines of the plurality of
word lines WL. The address decoder 120 may decode a
column address of the input address ADDR to transier the
decoded address to the read and write circuit 130. According
to at least one example embodiment, the address decoder
120 may include well-known constituent elements such as a
row decoder, a column decoder, an address buffer, and the
like.

The read and write circuit 130 may be connected to the
memory cell array 110 via the bit lines BL and to the data
input/output circuit 140 via data lines DL. The read and
write circuit 130 may operate responsive to the control of the
control logic 150. The read and write circuit 130 may receive
the decoded column address from the address decoder 120.
The read and write circuit 130 may select the bit lines BLL
using the decoded column address. According to at least one
example embodiment, the read and write circuit 130 may
receive data from the data mput/output circuit 140 to store
it in the memory cell array 110. The read and write circuit
130 may read data from the memory cell array 110 to send
it to the data mput/output circuit 140. The read and write
circuit 130 may be configured to perform a copy-back
operation.

According to example embodiments, the read and write
circuit 130 may include well-known elements such as a page
bufler (or, a page register), a column selecting circuit, and
the like (not shown). According to other example embodi-
ments, the read and wrte circuit 130 may include well-
known elements such as a sense amplifier, a write driver, a
column selecting circuit, and the like (not shown). The data
input/output circuit 140 may be connected to the read and
write circuit 130 via the data lines DL. The data input/output
circuit 140 may operate responsive to the control of the
control logic 150. The data input/output circuit 140 may be
configured to exchange data DATA with an external device.
The data input/output circuit 140 may be configured to
transier data DATA provided from the external device to the
read and write circuit 130 via the data lines DL.

The data mput/output circuit 140 may be configured to
output data DATA transferred from the read and write circuit
130 via the data lines to the external device. According to at
least one example embodiment, the data input/output circuit
140 may include a well-known element, for example, a data
builer (not shown). The control logic 150 may be connected
with the address decoder 120, the read and write circuit 130,
and the data input/output circuit 140 and may be configured
to control an overall operation of the flash memory device
100. The control logic 150 may operate responsive to control
signals CTRL transferred from the external device.

The control logic 150 may control a program operation
such that inhibit strings may be channel boosted from the
same 1nitial channel voltage (e.g., a ground voltage or a
pre-charge voltage). According to the control of the control
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logic 150, at a program operation, channels of all inhibat
strings may have the same 1nitial channel voltage, and then
channels of floated inhibit strings may be boosted.

The following advantages may be obtained by setting
inhibit strings to the same 1nitial channel voltage. Typically,
at a program operation, a non-volatile memory device may
set up bit lines and then may perform a channel boosting
operation. For this reason, an initial channel voltage of a first
inhibit string connected with an unselected bit line may be
different from that of the second inhibit string connected
with a selected bit line. That 1s, channel boosting may be
made under different inmitial conditions. For example, an
initial channel voltage of the second 1nhibit string connected
with a selected bit line may be a bit line program voltage
(e.g., OV), and an 1mitial channel voltage of the first inhibit
string connected with an unselected bit line may be a bit line
program 1nhibit voltage (e.g., a pre-charge voltage). Accord-
ingly, iitial conditions of the first and second 1nhibit strings
are different from each other. This may make it diflicult to
secure a pass voltage window (a Vpass window). It may be
difficult to determine an optimum and/or improved pass
voltage for optimizing the program disturbance.

The non-volatile memory device 100 according to at least
one example embodiment of the inventive concepts may be
configured, at a program operation, such that channel boost-
ing may be made after the same 1nitial channel voltage may
be applied to inhibit strings. The non-volatile memory
device 100 may make 1t easy to secure the pass voltage
window. In other words, it may be easy to determine an
optimum and/or improved pass voltage of the non-volatile
memory device 100. A non-volatile memory device 100
according to example embodiments of the mmventive con-
cepts may perform a bit line setup operation together with
channel boosting at a program operation. It may be possible
to reduce a program time as compared with the case that
channel boosting may be made after a bit line setup opera-
tion 1s executed.

FIG. 2 1s a perspective view of one of memory blocks
illustrated 1n FIG. 1. FIG. 3 1s a cross-sectional view taken
along line of the memory block illustrated in FIG. 2.
Referring to FIGS. 2 and 3, a memory block BLK1 may
include structures that extend 1n the first to third directions.
A substrate 111 may be provided. The substrate 111 may
include a silicon material to which a first type impurity may
be 1njected. For example, the substrate 111 may include a
s1licon material to which a p-type impurity 1s injected. As an
example, the substrate 111 may be a p-type well (or, a pocket
p-well). For example, the substrate may include an n-type
well which surrounds a p-type well. For purposes of expla-
nation, 1t may be assumed that the substrate 111 i1s p-type
silicon. However, the substrate 111 1s not limited thereto.

A plurality of doping regions 311-314 extending in the
first direction may be provided onto the substrate 111. For
example, a plurality of doping regions 311-314 may be a
second conductivity type diflerent from that of the substrate
111. For example, the doping regions 311-314 may be
n-type. It may be assumed for purposes of explanation that
the first to fourth doping regions 311-314 are n-type. How-
ever, the first to fourth doping regions 311-314 are not
limited thereto. In a region on the substrate 111 between the
first and second doping regions 311 and 312, a plurality of
insulating materials 112 extending in the first direction may
be sequentially provided in the second direction. For
example, the plurality of insulating materials 112 and the
substrate 111 may be formed to be separated by a distance
in the second direction. For example, the msulating mate-
rials 112 may be separated by a distance in the second
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direction. The insulating materials 112 may include an
insulating material, for example, silicon oxide.

In the region on the substrate 111 between the first and
second doping regions 311 and 312, a plurality of pillars 113
may be provided, sequentially disposed 1n the first direction,
and pass through the insulating materials 112 1n the second
direction. The pillars 113 may be connected to the substrate
111 through the insulating materials 112. Each of the pillars
113 may include a plurality of materials. For example, the
surface layer 114 of each pillar 113 may include a silicon
material having the first type. For example, the surface layer
114 of each pillar 113 may include a silicon material which
may be doped a material of the same conductivity type as the
substrate 111. It may be assumed for purposes of explanation
that the surface layer 114 of each pillar 113 may include
p-type silicon. However, the surface layer 114 of each pillar
113 are not limited thereto.

The mner layer 115 of each pillar 113 may be an 1nsu-
lating material. For example, the mner layer 115 of each
pillar 113 may include silicon oxide. In a region between the
first and second doping regions 311 and 312, an insulation
layer 116 may be provided along an exposed surface of the
substrate 11, the insulating materials 112 and the pillars 113.
For example, the thickness of the isulation layer 116 may
be less than half a distance between the insulating materials
112. A region where a material other than the insulating
materials 112 and the 1nsulation layer 116 may be disposed,
may be provided between an msulation layer 116 on a lower
surface of the first mnsulating material among the nsulating
materials 112 and an isulation layer 116 on an upper surface
of the second insulating material and at the lower portion of
the first insulating material.

In the region between the first and second doping regions
311 and 312, conductive materials 211-291 may be on an
exposed surface of the insulation layer 116. For example, the
conductive material 211 extending in the first direction may
be between the substrate 111 and the insulating material 112
adjacent to the substrate 111. The conductive material 211
extending 1n the first direction may be between the substrate
111 and the insulation layer 116 on the lower surface of the
insulating material 112 adjacent to the substrate 111. A
conductive material extending in the first direction may be
between the insulation layer 116 of an upper surface of a
specific mnsulating material among the insulating materials
112 and the insulation layer 116 of a lower surface of an
insulating material at the upper portion of the specific
insulating materal.

The conductive materials 221-281 extending in the first
direction may be between the insulating materials 112. The
first conductive materials 211-291 may be, for example,
metal materials. The conductive materials 211-291 may be,
for example, polysilicon. The same structure as the first and
second doping regions 311 and 312 may be provided
between the second and third doping regions 312 and 313.
Between the second and third doping regions 312 and 313,
there may be insulating materials 112 extending 1n the first
direction, the pillars 113 sequentially disposed in the first
direction and passing through the insulating materials 112 1n
the third direction, the mnsulation layer 116 on the insulating
materials 112 and exposed surfaces of the pillars 113, and
the conductive matenals 212-292, extending in the first
direction.

The same structure as a structure on the first and second
doping regions 311 and 312 may be provided between the
third and fourth doping regions 313 and 314. Between the
third and fourth doping regions 313 and 314, there may be
insulating materials 112 extending 1n the first direction, the
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pillars 113 sequentially disposed in the first direction and
passing through the insulating materials 112 in the third
direction, the insulation layer 116 on the msulating materials
112 and the exposed surfaces of the pillars 113, and the
conductive materials 213-293 extending in the first direc-
tion.

Drains 320 may be provided on the pillars 113, respec-
tively. Exemplarily, the drains 320 may be silicon materials
that are doped 1n a second type. For example, the drains 320
may be silicon materials that are n-type. It may be assumed
for purposes of explanation that the drains 320 include
n-type silicon. However, the drains 320 are not limited
thereto. The width of each of the drains 320 may be greater
than that of a corresponding pillar 113. For example, each
drain 320 may be provided in a pad shape on the upper
surface of a corresponding pillar 113.

Conductive materials 331-333 extending 1n the third
direction may be provided on the drains 320. The conductive
materials 331-333 may be sequentially disposed 1n the first
direction. The conductive materials 331-333 may be con-
nected to the drains 320 of corresponding regions, respec-
tively. The drains 320 and the conductive material extending
in the third direction may be connected through contact
plugs (not shown). The conductive materials 331-333
extending in the third direction may be, for example, metal
materials. The conductive materials 331-333 may be, for
example, polysilicon.

In FIGS. 2 and 3, each pillar 113 may form a string
together with adjacent ones among conductive lines 211-
291, 212-292 and 213-293 extending in the first direction.
For example, each pillar 113 may form a string ST together
with adjacent ones among conductive lines 211-291, 212-
292 and 213-293 extending in the first direction. The string
ST may 1nclude a plurality of transistor structures ST.

FIG. 4 15 a cross-sectional diagram of a transistor structure
ST illustrated 1n FIG. 3. Referring to FIGS. 2-4, an insula-
tion layer 116 may include the first to third sub-insulation
layers 117-119. P-type silicon 114 of the pillar 113 may act
as a body. The first sub-insulation layer 117 adjacent to a
pillar 113 may act as a tunnel nsulation film. For example,
the first sub-1nsulation layer 117 adjacent to a pillar 113 may
include a thermal oxide layer. The second sub-insulation
layer 118 may serve as a charge storage layer. For example,
the second sub-insulation layer 118 may serve as a charge
trap layer. For example, the second sub-insulation layer 118
may include a nitride layer and/or metal oxide layer (e.g., an
aluminum oxide layer and/or a hatnium oxide layer).

The third sub-insulating layer 119 adjacent to the con-
ductive material 233 may serve as a blocking insulation
layer. The third sub-insulation layer 119 adjacent to the
conductive material 233 extending 1n the first direction may
be formed as a single layer or a multi-layer. The third
sub-insulation layer 119 may be a high dielectric layer (e.g.,
an aluminum oxide layer and/or a hainium oxide layer)
having a higher dielectric constant than the first and second
sub-insulation layers 117 and 118. The conductive material
233 may serve as a gate (or a control gate). The gate (or,
control gate) 233, the blocking msulation layer 119, the
charge storage layer 118, the tunneling insulation layer 117,
and the body 114 may form a transistor (or, a memory cell
transistor structure). The first to third sub-insulation layers
117-119 may form oxide-nitride-oxide (ONO). The p-type
silicon 114 of the pillar 113 may be called the second
direction body.

A memory block BLKi1 may include a plurality of pillars
113. The memory block BLKi1 may include a plurality of
strings ST. The memory block BLK1 may include a plurality
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of strings ST extending 1n the second direction (or a direc-
tion vertical to the substrate). Each string ST may include a
plurality of transistor structures ST disposed 1n the second
direction. At least one of the transistor structures ST of each
string ST may serve as a string selection transistor SST. At >
least one of the transistor structures ST of each string ST
may serve as a ground selection transistor GST.

Gates (or control gales) may correspond to the conductive

materials 211-291, 212-292 and 213-293 extending in the

first direction. The gates (or the control gates) may extend 1n
the first direction and form word lines and at least two
selection lines (e.g., at least one string selection line SSL and
at least one ground selection line GSL). The conductive
materials 331-333 extending in the third direction may be
connected to one end of the strings ST, respectively. The
conductive materials 331-333 extending 1n the third direc-
tion may serve as bit lines BL. In one memory block BLKi,
a plurality of strings may be connected to one bit line BL.

Second-type doping regions 311-314 extending in the first »g
direction may be provided to other ends of the strings ST,
respectively. The second-type doping regions 311-314
extending in the first direction may serve as the common
source lmme CSL. To sum up the above-described, the
memory block BLK1 may include a plurality of strings 25
extending 1n a direction (e.g., the second direction) vertical
to the substrate 111, and may serve as a flash memory block
(e.g., a charge trapping type) where the plurality of strings
ST may be connected to one bit line BL.

FIGS. 2-4 are described assuming the conductive lines 30
211-291, 212-292 and 213-293 are formed 1n nine layers.
However, the layer number of the conductive lines 211-291,
212-292 and 213-293 extending 1n the first direction are not
limited thereto. For example, the conductive lines may be
formed 1n eight layers, sixteen layers, or more layers. One 35
string may include 8, 16, or more transistors. FIGS. 2-4 are
described under the assumption that three strings ST may be
connected to one bit line BL. The mnventive concept may not
be limited thereto. The memory block BLK1 may be formed
such that m strings ST are connected to one bit line BL. The 40
number of conductive materials 211-291, 212-292 and 213-
293 extending in the first direction and the number of
common source lines 311-314 may be determined 1n pro-
portion to the number of strings ST connected to one bit line
BL. 45

FIGS. 2-4 are described under the assumption that three
strings ST may be connected to one conductive material
extending 1n the first direction. It 1s well understood that
example embodiments of the inventive concepts are not
limited thereto. For example, n strings ST may be connected 50
to one conductive material. The number of bit lines may be
determined 1n proportion to the number of strings ST that
may be connected to one conductive material extending in
the first direction.

FIG. 5 1s an equivalent circuit diagram of a memory block 55
illustrated 1n FIGS. 2-4. Referring to FIGS. 2-5, strings

ST11, ST21 and ST31 may be between the first bit line BLO
and a common source line CSL. The first bit line BL0O may
correspond to a conductive material 331 extending in the
third direction. Strings ST12, ST22 and ST32 may be 60
between the second bit line BLL1 and the common source line
CSL. The second bit line BLL1 may correspond to a conduc-
tive material 332 extending in the third direction. Strings
ST13, S123 and ST33 may be between the third bit line BL.2
and the common source line CSL. The third bit line BL2 65
may correspond to a conductive material 333 extending in
the third direction.
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A string selection transistor SST of each string ST may be
connected to a corresponding bit line BL.. A ground selection
transistor GST of each string ST may be connected to the
common source line CSL. In each string ST, memory cells
MC may be between the string selection transistor SST and
the ground selection transistor GST. Strings ST may be
defined by the row and by the column. The strings ST
connected to one bit line in common may form one column.
For example, the strings ST11-ST31 connected to the first bat
line BL0O may correspond to the first column. The strings
ST12-ST32 connected to the second bit line BL1 may
correspond to the second column. The strings ST13-5T33
connected to the third bit line BL2 may correspond to the
third column.

The strings connected to one string selection line SSL
may form one row. For example, the strings ST11-ST13
connected to the first string selection line SSLO may form
the first row. The strings ST21-ST23 connected to the
second string selection line SSLL1 may form the second row.
The strings ST31-ST33 connected to the third string selec-
tion line SSL2 may form the third row. In each string ST, a
height may be defined. In each string ST, a memory cell
MC1 adjacent to the ground selection transistor GS'T may be
defined to have a height of 1. In each string ST, a height of
a memory cell may increase as 1t becomes close to the string
selection transistor SST. In each string ST, a memory cell
MC7 (not shown) adjacent to the string selection transistor
SST may be defined to have a height of 7.

Strings ST 1n the same row may share a string selection
line SSL. Strings ST 1n different rows may be connected
with different sting selection lines SSLO, SSL1 and SSL2. In
cach string in the same row, memory cells with the same
height may share a word line WL. Word lines WL connected
with memory cells MC of strings ST placed 1n different rows
and having the same height may be connected in common.
According to at least one example embodiment, word lines
WL may be connected in common at a layer where conduc-
tive materials 211-291, 212-292, and 213-293 extending in
the first direction are provided. For example, the conductive
maternals 211-291, 212-292, and 213-293 extending in the
first direction may be connected at an upper layer via
contacts. The conductive materials 211-291, 212-292, and
213-293 extending 1n the first direction may be connected 1n
common at the upper layer.

Strings ST 1n the same row may share a ground selection
line GSL. Strings ST in different rows may share a ground
selection line GSL. For example, strings ST11-ST13, ST21-
ST23 and ST315T133 may be connected 1n common with the
ground selection line GSL.

The common source line CSL may be connected to strings
ST 1 common. For example, the first to fourth doping
regions 311-314 may be connected at an active region on the
substrate 111. The first to fourth doping regions 311 to 314
may be connected to an upper layer via contacts so as to be
connected in common at the upper layer.

As 1llustrated 1n FIG. 5, the word lines WL with the same
height may be connected in common. When a specific word
line WL 1s selected, all strings ST connected to the specific
word line WL may be selected. The strings ST of diflerent
rows may be connected to different string selection lines
SSL. By selecting the string selection lines SSLO-SSL2,
strings ST 1n an unselected row among strings ST connected
to the same word line WL may be separated from bit lines
BLO, BL1, and BL2. A row of strings ST may be selected by
selecting the string selection lines SSLO-SSL2. Strings 1n the
selected row may be selected by the column by selecting the

bit lines BL.0-BI1.2.
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According to at least one example embodiment, at pro-
gramming and reading, one of string selection lines SSL0-
SSL2 may be selected. Programming and reading may be
carried out by the row of strings ST11-ST13, ST21-ST23
and ST31 -ST33. According to at least one example embodi-
ment, at programming and reading, a selection voltage may
be applied to a selected word line 1n a selected row and a
non-selection voltage may be applied to unselected word
lines. For example, the selection voltage may be a program
voltage Vpgm or a read voltage Vr. For example, the
non-selection voltage may be a pass voltage Vpass or a
non-selection read voltage Vread. Programming and reading,
may be performed by the word line of a selected row of
strings ST11-ST13, ST21-ST23 and ST31-ST33.

According to at least one example embodiment, a first
voltage may be applied to a bit line corresponding to a
memory cell to be programmed. A second voltage may be
applied to a bit line corresponding to a program inhibited
memory cell. A bit line corresponding to a memory cell to
be programmed may be called a selected bit line, and a bit
line corresponding to a program inhibited memory cell may
be called an unselected bit line. It 1s assumed for purposes
of explanation that strings ST11-ST13, ST21-ST1T23 and
ST31-ST33 1n the first row may be selected at programming.
It 1s assumed that the second bit line BLL1 may be selected
and the first and third bit lmnes BLO and BL2 may be
unselected.

FIG. 6 1s a schematic diagram showing a bias condition of
a program operation according to example embodiments of
the inventive concepts. Referring to FIG. 6, a bias condition
of a program operation on a memory cell MC connected
with a word line WL4 and a bit line BL0 may be as follows.
A string ST21 including a memory cell MC being pro-
grammed may be referred to as a program string, and strings
ST11 and ST22 not including a memory cell being pro-
grammed may be referred to as inhibit strings. A ground
voltage GND may be applied to string selection lines SSL0
and SSLL1 and a ground selection line GSL. This may float
the ihibit strings ST11 and ST122. Channels CH11 and
CH22 of the inhibit strings ST11 and ST22 may have an
initial voltage of a ground voltage GND.

At, for example, the same time, a bit line program voltage
(e.g., a ground voltage: GND) may be applied to a selected
bit line BL0, and a bit line program inhibit voltage (e.g., a
power supply voltage: VDD) may be applied to an unse-
lected bit line BL1. The bit lines BLLO and BLL1 may be set
up. Afterward, a power supply voltage VDD may be applied
to a selected string selection line SSLL1, a pass voltage Vpass
may be applied to unselected word lines WL0, WL1, WL2,
WL3, WLS5, and WL6 and a program voltage Vpgm may be
applied to a selected word line WL4. According to this bias
condition, channels of the inhibit strings ST11 and ST22
may be boosted, and the memory cell MC of the program
string ST21 may be programmed. According to at least one
example embodiment, the program voltage Vpgm may be
applied to the selected word line WL4 after the pass voltage
Vpass may be applied to the selected word line WL4 during
a period of time.

A program voltage applying method according to at least
one example embodiment of the mmventive concepts may
include boosting channels after channels CH11 and CH22 of
the mnhibit strings ST11 and ST22 may be reset to a ground
voltage GND. With the program voltage applying method, a
bit line setup operation may be performed together with the
channel boosting.

FIG. 7 1s a timing diagram of a program operation
according to example embodiments of the mmventive con-
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cepts. Referring to FIGS. 6 and 7, during the first word line
setup period WL Setup 1, a pass voltage may be applied to
all word lines, that 1s, selected and unselected word lines.
During the second word line setup period WL Setup 2, a
program voltage Vpgm may be applied to the selected word
line. At this time, the pass voltage Vpass may be continu-
ously applied to the unselected word lines.

During the first bit line setup period BL Setup 1, a ground
voltage GND may be applied to selected and unselected
string selection lines. During the second bit line setup period
BL Setup 2, a power supply voltage VDD may be applied to
the selected string selection line, and the unselected string
selection line may be continuously supplied with a ground
voltage GND. During the first bit line setup period, all
strings may be tloated, and simultaneously a pass voltage
Vpass may be applied to all word lines. At this time,
channels of all strings may be boosted. For example, chan-
nels of all strings may increase up to a boost voltage Vbst
from a ground voltage by the channel boosting.

At the first bit line setup period, a ground voltage GND
may be applied to the selected bit line, and a power supply
voltage VDD may be applied to the unselected bit line.
During the second bit line setup period, the selected bit line
may be electrically connected with a channel of a program
string, which may be connected with the selected bit line,
when a power supply voltage VDD 1s applied to the selected
string selection line. This may make charges corresponding,
to the boost voltage Vbst be shared by the selected bit line
and the program string. Afterwards, a ground voltage GND
may be applied to the selected bit line for programming. The
second bit line setup operation may be completed. A pro-
gram execution operation may be made within the second
word line setup period.

The program method according to example embodiments
of the mventive concepts may include boosting channels of
all strings at the first bit line setup period, lowering a boost
voltage Vbst of a program string to a ground voltage via
charge sharing at the second bit line setup period, and
performing a program execution operation.

In FIGS. 6 and 7, all strings may have an mitial channel
voltage of a ground voltage GND betore a channel boosting
operation 1s performed. Example embodiments of the inven-
tive concepts are not limited to this disclosure. All strings
may be set to have a channel voltage (e.g., a pre-charge
voltage) higher 1n level than a ground voltage GND before
a channel boosting operation may be performed.

FIG. 8 1s a schematic diagram showing a bias condition of
a program operation according to other to example embodi-
ments of the mventive concepts. Referring to FIG. 8, a bias
condition of a program operation on a memory cell MC
connected with a word line WL4 and a bit line BL0 may be
as follows. A power supply voltage VDD may be applied to
all string selection lines SSLO and SSL1, and a ground
voltage GND may be applied to a ground selection line GSL.

At the same time, a pre-charge voltage (e.g., a power supply
voltage: VDD) may be applied to all bit lines BLLO and BL1.

Under this bias condition, channels of all strings ST11, ST12
and ST22 may be set to a voltage of (VDD-Vth) (Vth being
a threshold voltage of a string selection transistor). After-
wards, a ground voltage GND may be applied to an unse-
lected string selection line SSLO for channel boosting.

A ground voltage GND may be applied to the selected bat
line BLO to set a channel voltage of a program string ST21
to a ground voltage. An mhibit string ST11 may be floated
by electrically 1solating it from the selected bit line BL0 and
a common source line CSL. Floating of an inhibit string
ST22 may be accomplished by electrically 1solating 1t from
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the common source line CSL with a string selection tran-
sistor connected with SSLL1 being shut off. The inhibit string
ST22 may be shut off from the bit line BLL1 because a
channel CH22 of the inhibit string ST22 1s set to a voltage
of (VDD-Vth) and a power supply voltage VDD may be
applied to the selected string selection line SSLL1. Because a
string selection transistor connected with SSLL1 and BL1
may be shut off, the mhibit string ST22 may be floated.

Afterwards, channels of the floated inhibit strings ST11
and ST22 may be boosted by applying a pass voltage Vpass
to unselected word lines WLO-WL3, WLS and WL6 and a
program voltage Vpgm to a selected word line WL4. At the
same time, the memory cell MC 1n the program string ST21
may be programmed. According to at least one example
embodiment, a program voltage Vpgm may be applied to a
selected word line after a pass voltage Vpass may be applied
thereto during a period of time. A program voltage applying
method according to example embodiments of the inventive
concepts may include boosting channels after channels
CH11 and CH22 of the inhibit strings ST11 and ST22 are set
to a pre-charge voltage (VDD-Vth). With the program
voltage applying method, a bit line setup operation may be
performed together with the channel boosting.

FIG. 9 1s a timing diagram of a program operation
according to other example embodiments of the inventive
concepts. Referring to FIGS. 8 and 9, during the first word
line setup period WL Setup 1, a pass voltage may be applied
to all word lines, that 1s, selected and unselected word lines.
During the second word line setup period WL Setup 2, a
program voltage Vpgm may be applied to the selected word
line. At this time, the pass voltage Vpass may be continu-
ously applied to the unselected word lines. At the first bit line
setup period BL setup 1, a power supply voltage VDD may
be applied to selected and unselected string selection lines
and to selected and unselected bit lines. With this bias
condition, channels of all strings may be pre-charged by a
voltage of (VDD-Vth). At this time, strings connected with
the selected string selection line may be shut ofl from bt
lines. The strings connected with the selected string selec-
tion line may be floated.

During the second bit line setup period BL Setup 2, the
selected string selection line may be maintained with a
power supply voltage VDD, and a ground voltage may be
applied to the unselected string selection line. According to
at least one example embodiment, a ground voltage GND
may be applied to the unselected string selection line prior
to the second bit line setup period. An mhibit string may be
clectrically blocked from a bit line. The inhibit string may be
floated. During the second bit line setup period, a ground
voltage GND may be applied to the selected bit line, and the
unselected bit line may be maintained with the power supply
voltage VDD. A ground voltage GND may be applied to the
selected bit line in synchronization with setting of the
unselected string selection line to a ground voltage GND.

As 1llustrated 1n FIG. 9, channels of floated inhibit strings
may be boosted by applying a pass voltage Vpass to all word
lines at the second bit line setup period. Afterwards, a
program execution operation may be performed within the
second word line setup period. A program method according
to at least one example embodiment of the mventive con-
cepts may include setting channels of all strings to a pre-
charge voltage during the first bit line setup period and
boosting channels during the second bit line setup period. It
may be possible to set 1nitial channel voltages of inhibit
strings to the same voltage level.

FIG. 10 1s a flowchart of channel boosting methods of
non-volatile memory devices according to example embodi-
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ments of the inventive concepts. Referring to FIGS. 1-10, 1in
operation S110, an mitial channel voltage may be applied to
channels of all strings within a selected memory block. The
initial channel voltage may be a ground voltage or a pre-
charge voltage. The initial channel voltage may be applied
to channels of strings via corresponding bit lines. In opera-
tion S120, mhibit strings among all strings may be floated.
According to at least one example embodiment, program
strings may be floated. In operation S130, channels of the
floated inlibit strings may be boosted by applying a pass
voltage to unselected word lines. Channels of all inhibit
strings may be boosted from an imtial channel voltage.
Channels of all inhibit strings may be boosted under the
same 1nitial condition.

FIG. 11 1s a flowchart of program methods of non-volatile
memory devices according to example embodiments of the
inventive concepts. Referring to FIGS. 1-11, 1n operation
5210, data to be programmed at a program operation may be
loaded onto a read and write circuit 130 via a data mput/
output circuit 140. A voltage generator (not shown) may
generate bias voltages (e.g., a program voltage, a pass
voltage, a high voltage, a well voltage and/or a verification
read voltage) needed for the program operation according to
the control of control logic 150. In operation 35220, the
control logic 150 may set a value (1) indicating a program
loop such that the first program loop 1s executed.

In operation S330, bit lines may be set up according to the
loaded data 1n the read and write circuit 130 together with
channel boosting. According to at least one example
embodiment, when the channel boosting may be executed,
initial channel voltages of all inhibit strings may be a ground
voltage or a pre-charge voltage (VDD-Vth). In operation
5240, memory cells may be programmed by applying a pass
voltage to unselected word lines and a program voltage to a
selected word line. The program voltage may increase
stepwise according to iteration of program loops. A pass
voltage may be applied to a selected word line for a
predetermined time before a program voltage 1s applied
thereto. Afterwards, a program recovery operation may be
performed such that bias voltages of word lines, string
selection lines, and bit lines may be discharged.

In operation S250, the control logic 150 may perform a
verification operation to judge whether a program operation
1s executed normally. If passed, the program operation may
be ended. If failed, the method may proceed to operation
5260, in which the control logic 150 judges whether a loop
number (1) may be a maximum value. If so, the program
operation may be processed as failed. If not, the method may
proceed to operation S270, 1n which the program number (1)
may increase by 1. As the loop number (1) may increase, the
program voltage may increase by an increment. According
to example embodiments of the inventive concepts, a bit line
setup operation may be performed together with channel
boosting.

FIG. 12 1s an equivalent circuit diagram ol a memory
block illustrated in FIGS. 1-4 according to example embodi-
ments of the iventive concepts. As compared with a
memory block BLK1 1 FIG. 5, in a memory block BLK1_1
cach string ST may include two ground selection transistors
GSTO0 and GST1 placed between memory cells MCO-MC5
and a common source line CSL. Ground selection lines
GSL0 or GSL1 corresponding to ground selection transistors
GSTO0 or GST1 at the same height may be connected 1n
common. The ground selection line GSLO and GSL1 con-
nected with the ground selection transistors GST0 and GST1
within the same string ST may be connected 1n common.
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FIG. 13 1s an equivalent circuit diagram of a memory
block illustrated in FIGS. 1-4 according to still other
example embodiments of the mventive concepts. As com-
pared with FIG. 2, in a memory block BLK_2 each string ST
may include two string selection transistors SST0 and SST1
placed between memory cells MC0-MC4 and a bit line GL.
String selection lines SSL10-S5S1.23 may be connected to
respective string selection transistors SST0 and SST1. FIG.
14 1s an equivalent circuit diagram of a memory block
illustrated 1 FIGS. 1-4 according to yet other example
embodiments of the mventive concepts. As compared with
FIG. 13, in a memory block BLK_3, string selection lines
connected with string selection transistors SST0 and SST1
in each string ST may be connected 1n common.

FIG. 15 1s an equivalent circuit diagram of a memory
block illustrated 1n FIGS. 1-4 according to further example
embodiments of the mventive concepts. As compared with
FIG. 5, in a memory block BLKi_4 each string ST may
include a dummy memory cell DMC placed between a string
selection transistor SST and memory cells MCO0-MCS. The
dummy memory cells DMC may be connected in common
with a dummy word line DWL. The dummy word line DWL
may be provided between string selection lines SSLO-SSL.2
and word lines WL0-WLS.

FIG. 16 1s an equivalent circuit diagram ol a memory
block illustrated 1n FIGS. 1-4 according to still further
example embodiments of the mventive concepts. As com-
pared with FIG. 5, 1n a memory block BLKi_35, each string
ST may include a dummy memory cell DMC placed
between a ground selection transistor GST and memory cells
MCO0-MCS5. The dummy memory cells DMC may be con-
nected 1n common with a dummy word line DWL. The
dummy word line DWL may be provided between a ground
selection line GSL and word lines WLO-WLS. FIG. 17 1s an
equivalent circuit diagram of a memory block illustrated 1n
FIGS. 1-4 according to yet still other example embodiments
of the mventive concepts. As compared with FIG. 5, 1n a
memory block BLKi_6, each string ST may include a
dummy memory cell DMC placed between a string selection
transistor SST and memory cells MC0-MC4. The dummy
memory cells DMC may be connected in common with the
first dummy word line DWLI1. The first dummy word line
DWL1 may be provided between string selection lines
SSLO-SSL2 and word lines WL0-WL4. Fach string ST may
include a dummy memory cell DMC placed between a
ground selection transistor GST and memory cells MCO-
MC4. The dummy memory cells DMC may be connected 1n

common with the second dummy word line DWL2. The
second dummy word line DWL2 may be provided between
a ground selection line GSL and word lines WL0O-WL4.
FIG. 18 15 a perspective view of one of memory blocks
illustrated 1n FIG. 1 according to other example embodi-
ments of the inventive concepts. As compared with FIG. 2,
a memory block BLK1' may include pillars 113" which may
be square shaped. Insulation matenials 120 may be between
pillars 113" disposed in the first direction. According to at
least one example embodiment, the insulation materials 120
may extend in the second direction to be connected with a
substrate 111a. The insulation maternials 120 may extend 1n
the first direction at the remaining area other than an area
where the pillars 113" may be provided. Conductive mate-
rials 211-291, 212-292, and 213-293 extending 1n the first
direction described i FIG. 2 may be divided into two
portions 211a-291a, 211b-291b, 212a-292a, 212b-292b,
213a-293a, and 213b-293b by the insulation materials 120,
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respectively. The separated portions 211a-291a, 211b-291b,
212a-292a, 212b-292b, 213a-293a and 213b-293b may be
1solated electrically.

At a region on the first and second doping regions 311 and
312, cach pillar 113' may form one string ST with an
insulation film 116 and the portions 211a-291a of the con-
ductive material extending in the first direction, and may
form another string ST with the msulation film 116 and the
portions 211b-291b of the conductive material extending in
the first direction. At a region on the third and fourth doping
regions 313 and 314, each pillar 113' may form one string ST
with the insulation film 116 and the portions 213a-293a of
the conductive maternal extending in the first direction, and
may form another string ST with the insulation film 116 and
the portions 213b-293b of the conductive matenal extending
in the first direction. Each pillar 113' may form two strings
ST by electrically 1solating, for example, conductive mate-
rials 211a-291a and 211b-291b, extending 1n the first direc-
tion, provided at both sides of each pillar 113" using the
insulation film 120.

FIG. 19 1s a perspective view of one of the memory blocks
illustrated 1n FIG. 1 according to still other example embodi-
ments of the inventive concepts. FIG. 20 1s a cross-sectional
view taken along line XX-XX' of the memory block illus-
trated 1n FIG. 19. Referring to FIGS. 19 and 20, a memory
block BLKj] may be implemented the same or similar as
described 1n FIGS. 2-18 except that the second type doping
region 315 may be provided under pillars 113 in a plate
shape. An equivalent circuit of the memory block BLKj may
be 1dentical or similar to those described in FIGS. 15-18.

FIG. 21 1s a perspective view of one of the memory blocks
illustrated 1n FIG. 1 according to yet still other example
embodiments of the mventive concepts. FIG. 22 15 a cross-
sectional view taken along line XXII-XXII' of the memory
block illustrated 1n FIG. 21. Referring to FIGS. 21 and 22,
a memory block BLKp may include a second doping region
315 provided on a substrate 101 in a plate shape. Conductive
materials 221' to 281" may be formed in a plate shape. An
insulation film 116' may be on a surface layer 116' of a pillar
113'. An imtermediate layer 114' of the pillar 113' may
include, for example, p-type silicon. The intermediate layer
114" of the pillar 113' may act as a body 114' of the second
direction. An inner layer 115' of the pillar 113' may include,
for example, an 1nsulation material.

FIG. 23 1s a perspective view of one of the memory blocks
illustrated 1 FIG. 1 according to still further example
embodiments of the mventive concepts. FIG. 24 15 a cross-
sectional view taken along line XXIV-XXIV' of the memory
block illustrated 1n FIG. 23. Referring to FIGS. 23 and 24,
on a substrate 111 of a memory block BLKq, the first to
fourth upper word lines UW1-UW4 extending in the first
direction may be sequentially provided along the second
direction. First to fourth upper word lines UW1-UW4 may
be provided to be spaced apart along the second direction.
First upper pillars UP1 may be disposed sequentially along
the first direction to penetrate the first to fourth upper word
lines UW1-UW(4.

On the substrate 111, the first to fourth lower word lines
DW1-DW4 extending 1n the first direction may be provided
sequentially 1n the second direction. The first to fourth lower
word lines DW1-DW4 may be provided to be spaced apart
in the second direction. The first lower pillars DP1 may be
disposed sequentially in the first direction to penetrate the
first to fourth lower word lines DW1-DW4 in the second
direction. The second lower pillars DP2 may be disposed
sequentially 1n the first direction to penetrate the first to
tourth lower word lines DW1-DW4 1n the second direction.
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According to at least one example embodiment, the first
lower pillars DP1 and the second lower pillars DP2 may be
disposed 1n parallel along the second direction.

On a substrate 111, the fifth to eight upper word lines
UWS5-UWS8 extending along the first direction may be
sequentially provided along the second direction. The fifth to
eight upper word lines UW5-UWS8 may be provided to be
spaced apart along the second direction. The second upper
pillars UP2 may be disposed sequentially along the first
direction to penetrate the fifth to eight upper word lines
UWS5-UWS8. A common source line CSL extending in the
first direction may be provided on the first and second lower
pillars DP1 and DP2. According to at least one example
embodiment, the common source line CSL may be n-type
silicon. According to at least one example embodiment, 1n
the event that the common source line CSL 1s metal or a
non-polar conductive material such as polysilicon, n-type
sources may be provided between the common source line
CSL and the first and second lower pillars DP1 and DP2.

According to at least one example embodiment, the
common source line CSL and the first and second lower
pillars DP1 and DP2 may be connected via contact plugs
(not shown), respectively. Drains 320 may be on the first and
second upper pillars UP1 and UP2, respectively. According
to at least one example embodiment, the drains 320 may be,
for example, n-type silicon. On the drains 320, a plurality of
bit lines BLL1-BL3 extending along the third direction may
be provided sequentially 1n the first direction. According to
at least one example embodiment, the bit lines BL1-BLL3 and
the drains 320 may be connected via contact plugs (not
shown).

Each of the first and second upper pillars UP1 and UP2
may include a surface layer 116" and an inner layer 114",
Each of the first and second lower pillars DP1 and DP2 may
include a surface layer 116" and an iner layer 114". The
surface layers 116" of the first and second upper pillars UP1
and UP2 and the first and second lower pillars DP1 and DP2
may include, for example, a blocking insulation film, a
charge storage film, and a tunneling isulation film, respec-
tively.

The tunnel 1nsulation film may include, for example, a
thermal oxide film. The charge storage film may include a
nitride layer and/or metal oxide layer (e.g., an aluminum
oxide layer and/or a hafmium oxide layer). The blocking
insulation film may be formed as a single layer or a
multi-layer. The blocking insulation film may be a high
dielectric layer (e.g., an aluminum oxide layer and/or a
hatnium oxide layer) having a higher dielectric constant than
the tunnel insulation film and charge storage film. The tunnel
insulation, charge storage film and block msulation film may
form oxide-nitride-oxide (ONQO). The mnner layers 114" of
the first and second upper pillars UP1 and UP2 and the first
and second lower pillars DP1 and DP2 may be, for example,
p-type silicon, respectively. The mner layers 114" of the first
and second upper pillars UP1 and UP2 and the first and
second lower pillars DP1 and DP2 may act as a body.

The first upper pillars UP1 may be connected with the first
lower pillars DP1 via the first pipeline contacts PC1, respec-
tively. According to at least one example embodiment,
surface layers 116" of the first upper pillars UP1 may be
connected with those of the first lower pillars DP1 via the
first pipeline contacts PC1, respectively. Surface layers of
the first pipeline contacts PC1 may be of the same material
as the surface layers 116" of the pillars UP1 and DP1.
According to at least one example embodiment, inner layers
114" of the first upper pillars UP1 may be connected with
those of the first lower pillars DP1 via inner layers of the first
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pipeline contacts PC1, respectively. The inner layers of the
first pipeline contacts PC1 may be of the same material as

the 1nner layers 114" of the pillars UP1 and DP1.

The first upper pillars UP1 and the first to fourth upper
word lines UW1-UW4 may form the first upper strings, and
the first lower pillars DP1 and the first to fourth lower word
lines DW1-DW4 may form the first lower strings. The {first
upper strings may be connected with the first lower strings
via the first pipeline contacts PC1, respectively. The drains
320 and the bit lines BL1-BLL3 may be connected with one
ends of the first upper strings. A common source line CSL
may be connected with one ends of the first lower strings.
The first upper strings and the first lower strings may form
a plurality of strings connected between the bit lines BL1-
BL3 and the common source line CSL.

Likewise, the second upper pillars UP2 and the fifth to
eight upper word lines UWS-UWS8 may form the second
upper strings, and the second lower pillars DP2 and the first
to fourth lower word lines DW1-DW4 may form the second
lower strings. The second upper strings may be connected
with the second lower strings via the second pipeline con-
tacts PC2, respectively. The drains 320 and the bit lines
BL1-BL3 may be connected with one end of the second
upper strings. The common source line CSL may be con-
nected with one end of the second lower strings. The second
upper strings and the second lower strings may be a plurality
of strings connected between the bit lines BLL1-BL3 and the
common source line CSL.

An equivalent circuit of a memory block BLKqg may be
identical to that in FIG. 2 except that one string includes
eight transistors and two strings are connected with each of

the first to third bit lines BLL1-BL.3. Word lines, bit lines and

strings 1n the memory block BLKg may be not limited 1n
number to this disclosure. According to at least one example
embodiment, the first and second pipeline contact gates (not
shown) may be provided to form a channel at bodies 114"
within the first and second pipeline contacts PC1 and PC2.
The first and second pipeline contact gates (not shown) may
be provided on the first and second pipeline contacts PC1
and PC2. According to at least one example embodiment,

there may be described an example that lower word lines
DW1-DW4 may be shared at adjacent lower pillars DP1-
DP2. If upper pillars adjacent to the upper pillars UP1 or
UP2 may be added, the adjacent upper pillars may be formed
to share upper word lines UW1-UW4 or UWS-UWS.

FIG. 25 15 a block diagram illustrating memory systems
according to example embodiments of the mmventive con-
cepts. Referring to FIG. 25, a memory system 1000 may
include a nonvolatile memory device 1100 and a memory
controller 1200. The nonvolatile memory device 1100 may
be configured to perform a channel boosting operation after
inhibit strings are set to the same itial channel voltage at
programming. The nonvolatile memory device 1100 may be
implemented 1n the same manner as one of the nonvolatile
memory devices 100 of FIG. 1.

The memory controller 1200 may control the nonvolatile
memory device 1100 according to a request of an external
device (e.g., a host). For example, the memory controller
1200 may control read/write/erase operations of the non-
volatile memory device 1100. The memory controller 1200
may provide an interface between the nonvolatile memory
device 1100 and the host. The memory controller 1200 may
drive a firmware for controlling the nonvolatile memory
device 1100. The memory controller 1200 may include at
least one Central Processing Umt (CPU) 1210, a buller
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1220, an Error Correction Circuit (ECC) 1230, a Read-Only
Memory (ROM) 1240, a host intertace 1250, and a memory
interface 1260.

The CPU 1210 may control overall operations of the
memory controller 1200. The bufler 1220 may be used as a
working memory of the CPU 1210. Upon write request of
the host, data recerved from the host may be temporarily
stored 1n the butler 1220. Upon read request of the host, data
read from the nonvolatile memory device 1100 may be
temporarily stored in the bufler 1220. Upon the write
request, the ECC 1230 may use an error correction code to
decode data stored 1n the buller 1220. The decoded data and
the error correction code value may be stored in the non-
volatile memory device 1100. Upon the read request, the
ECC 1230 may use an error correction code value to restore
data read from the nonvolatile memory device 1100. The
error correction code value may be included in the read data.
The ROM 1240 may store data used to drive the memory
controller 1200.

The host mterface 1250 may include a protocol for data
exchange between the host and the memory controller 1200.
For example, the memory controller 1200 may be config-
ured to communicate with an external device (host) via one
of various interface protocols, for example, Universal Serial
Bus (USB) protocols, Multimedia Card (MMC) protocols,
Peripheral Component Interconnection (PCI) protocols,
PCI-Express (PCI-E) protocols, Advanced Technology
Attachment (ATA) protocols, serial-ATA protocols, parallel-
ATA protocols, Small Computer Small Interface (SCSI)
protocols, Enhanced Small Disk Interface (ESDI) protocols,
and Integrated Drive Electronics (IDE) protocols.

The memory interface 1260 may interface between the
nonvolatile memory device 1100 and the memory controller
1200. The memory system 1000 according to example
embodiments of the inventive concepts may determine (e.g.,
casily) a pass voltage by setting inhibit strings to the same
initial channel voltage at programming as described above
with respect to FIGS. 1-24. The memory system 1000 may
reduce program disturbance as compared with a typical
memory system which does not provide the same 1initial
channel voltage.

FIG. 26 1s a block diagram illustrating memory cards
according to example embodiments of the imventive con-
cepts. Referring to FIG. 26, a memory card 2000 may
include a flash memory 2100, a bufler memory 2200 and a
memory controller 2300 for controlling the flash memory
2100 and the bufler memory 2200. The tflash memory device
2100 may be configured to perform a channel boosting
operation after inhibit strings may be set to the same 1nitial
channel voltage at programming as described above with
respect to FIGS. 1-24. The flash memory 2100 may be
implemented in the same or similar manner to one of the
nonvolatile memory devices 100 of FIG. 1.

The bufler memory 2200 may be used to temporarily store
data generated during the operation of the memory card
2000. The buifer memory 2200 may be implemented using,
for example, a DRAM and/or an SRAM. The memory
controller 2300 may be connected between a host and the
flash memory 2100. The memory controller 2300 may be
configured to access the flash memory 2100 1n response to
a request from the host. The memory controller 2300 may
include at least one microprocessor 2310, a host interface
2320, and a flash interface 2330.

The micro processor 2310 may be configured to drive a
firmware for controlling the flash memory 2100. The host
interface 2320 may interface with the host via a card (e.g.,
MMC) protocol for data exchanges between the host and the
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memory interface 2330. The memory card 2000 may be
applicable to Multimedia Cards (MMCs), Security Digitals
(SDs), miniSDs, memory sticks, smartmedia, and/or trans-
flash cards. The memory card 2000 according to example
embodiments of the inventive concepts may be suitable for
optimizing and/or improving a pass voltage because chan-
nels of strings are boosted from the same initial channel
voltage. The optimizing and/or improving of the pass volt-
age may enable program disturbance reduction, resulting 1n
improvement of data reliability. The memory card 2000
according to example embodiments of the mmventive con-
cepts may store data stably and quickly by performing a bat
line setup operation together with channel boosting.

FIG. 27 1s a block diagram 1illustrating moviNANDSs
according to example embodiments of the inventive con-
cepts. Referring to FIG. 27, a moviNAND device 3000 may
include a NAND flash memory device 3100 and a controller
3200. The NAND flash memory device 3100 may be con-
figured using a stack of unitary NAND flash memories 1n a
package (e.g., Fine-pitch Ball Grid Array (FBGA)). The
unitary NAND flash memory device may be configured to
perform a channel boosting operation after inhibit strings are
set to the same 1itial channel voltage at programming as
described above with respect to FIGS. 1-24. Each of the
unitary NAND flash memories may be implemented 1n the
same manner as one of the nonvolatile memory devices 100
of FIG. 1.

The controller 34 may include at least one controller core
3210, a host interface 3220, and a NAND interface 3230.

The controller core 3210 may control overall operations of
the moviNAND device 3000. The host interface 3220 may
be configured to iterface between the controller 34 and an
MMC of a host. The NAND interface 3230 may be config-
ured to interface between the NAND flash memory device
3100 and the controller 3200. If a unitary NAND flash
memory device of the NAND flash memory device 3100
may be formed of a non-volatile memory device in FIG. 21,
the controller 3200 may be identical to that in FIG. 21.

The moviNAND device 30 may recerve power supply
voltages Vcc and Veeq from the host. The power supply
voltage Vce (e.g., about 3.3V) may be supplied to the
NAND flash memory device 3100 and the NAND interface
3230, while the power supply voltage Vccq (e.g., about
1.8V/3.3V) may be supplied to the controller 3200. The
moviNAND device 3000 may reduce a program time by
performing a bit line setup operation together with channel
boosting. The moviNAND device 3000 may be advanta-
geous o store a large amount of data. The moviNAND 3000
may 1iclude a NAND flash memory device 3100 configured
with three mats in a sub-30 nm process, thereby consider-
ably expanding data storage capacity within a limited chip
s1ze. Example embodiments of the inventive concepts may
be applicable to a solid state drive (SSD).

FIG. 28 1s a block diagram 1illustrating SSDs according to
example embodiments of the inventive concepts. Referring
to FIG. 28, an SSD 4000 may include a plurality of flash
memory devices 4100 and an SSD controller 4200. The flash
memory devices 4100 may be configured to perform a
channel boosting operation aiter inhibit strings are set to the
same 1nitial channel voltage at programming as described
above with respect to FIGS. 1-24. Each of the tlash memory
devices 4100 may be implemented in the same manner as
one of the nonvolatile memory devices 100 of FIG. 1.

The SSD controller 4200 may control the plurality of flash
memory devices 4100. The SSD controller 4200 may
include at least one CPU 4210, a host interface 4220, a cache
bufter 4230, and a flash interface 4240. Under the control of
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the CPU 4210, the host interface 4220 may exchange data
with a host through ATA protocol. The host interface 4220
may be at least one of a Serial Advanced Technology
Attachment (SATA) interface, a Parallel Advanced Technol-
ogy Attachment (PATA) interface, and an External SATA
(ESATA) mterface.

Data to be received or transmitted from or to the host
through the host iterface 4220 may be delivered to the
cache butler 4230 without passing through a CPU bus, under
the control of the CPU 4210. The cache bufler 4230 may
temporarily store data transferred between external devices
and the flash memory devices 4100. The cache bufler 4230
may also be used to store programs to be executed by the
CPU 4210. The cache builer 4230 may be regarded as a kind
of bufler memory, and may be implemented using an
SRAM.

The flash interface 4240 may be configured to interface
between the SSD controller 4200 and the flash memory
devices 4100 that are used as storage devices. The flash
interface 4240 may be configured to support NAND flash
memories, One-NAND flash memories, multi-level flash
memories, and/or single-level flash memories. The SSD
4000 may optimize and/or improve a pass voltage for
reducing the program disturbance by performing a channel
boosting operation so that inhibit strings have the same
channel voltage. According to the SSD 4000, 1t may be
possible to improve data rehability.

FIG. 29 1s a block diagram of computing systems accord-
ing to example embodiments of the inventive concepts.
Referring to FIG. 29, a computing system 5000 may include
at least one CPU 5100, a ROM 5200, a RAM 5300, an
input/output (I/0) device 5400, and an SSD 5500. The CPU
5100 may be connected to a system bus. The ROM 5200
may store data used to drive the computing system 5000.
The data may include a start command sequence and/or a
basic 1/O system (BIOS) sequence. The RAM 5300 may
temporarily store data generated during the execution of the
CPU 5100. The I/O device 3400 may be connected to the
system bus through an I/O device interface. Examples of the
I/0 device 5400 may include keyboards, pointing devices
(e.g., mouse), monitors, and/or modems. The SSD 5500 may
be a readable storage device and may be implemented 1n the
same manner as the SSD 4000 of FIG. 28.

FIG. 30 1s a block diagram of electronic devices according,
to example embodiments of the inventive concepts. Refer-

ring to FIG. 30, an electronic device 6000 may include at
least one processor 6100, a ROM 6200, a RAM 6300, a host

interface (I/F) 6400, and an SSD 6500. The processor 6100
may access the RAM 6300 to execute firmware codes and/or
other necessary codes. The processor 6100 may access the
ROM 6200 to execute various command sequences such as
a start command sequence and a basic I/O system (BIOS)
sequence. The host interface 6400 may be configured to
interface between the electronic device 6000 and the SSD
6500. The SSD 6500 may be detachable from the electronic
device 6000. The SSD 6500 may be implemented in the
same manner as the SSD 4000 of FIG. 28. Examples of the
clectronic device 6000 may include cellular phones, per-
sonal digital assistants (PDAs), digital cameras, camcorders,
portable audio players (e.g., MP3), and portable media
players (PMPs).

FIG. 31 1s a block diagram of server systems according to
example embodiments of the inventive concepts. Referring
to FIG. 31, a server system 7000 may include a server 7100
and an SSD 7200 that stores data used to drive the server
7100. The SSD 7200 may be configured 1n the same manner
as the SSD 4000 of FIG. 28. The server 7100 may include
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an application communication module 7110, a data process-
ing module 7120, an upgrade module 7130, a scheduling
center 7140, a local resource module 7150, and a repair
information module 7160.

The application commumnication module 7110 may be
configured to communicate with a computing system con-
nected to a network and the server 7100, or to allow the
server 7100 to communicate with the SSD 7200. The
application communication module 7110 may transmit data
or information, provided through a user interface, to the data
processing module 7120. The data processing module 7120
may be linked to the local resource module 7150. The local
resource module 7150 may provide a list of repair shops/
dealers/technical information to a user on the basis of
information or data inputted to the server 7100.

The upgrade module 7130 may interface with the data
processing module 7120. Based on information or data
received from the SSD 7200, the upgrade module 7130 may
perform upgrades of a firmware, a reset code, a diagnosis
system, and/or other information on electronic appliances.
The scheduling center 7140 may provide real-time options
to the user based on the information or data mputted to the
server 7100. The repair information module 7160 may
interface with the data processing module 7120. The repair
information module 7160 may be used to provide repair-
related information (e.g., audio, video and/or document
files) to the user. The data processing module 7120 may
package information related to the information received
from the SSD 7200. The packaged information may be
transmitted to the SSD 7200 and/or may be displayed to the
user.

The memory systems and/or the storage devices accord-
ing to example embodiments of the inventive concepts may
be mounted in various types of packages. Examples of the
packages of the memory system and/or the storage device
according to example embodiments of the mmventive con-

cepts may include Package on Package (PoP), Ball Gnid
Arrays (BGAs), Chip Scale Packages (CSPs), Plastic

Leaded Chip Carrier (PLCC), Plastic Dual In-line Package
(PDJP), Die 1n Watlle Pack, Die in Waler Form, Chip On
Board (COB), Ceramic Dual In-line Package (CERDIP),
Plastic Metric Quad Flat Pack (MQFP), Thin Quad Flat Pack
(TQFP), Small Outline Integrated Circuit (SOIC), Shrink
Small Outline Package (SSOP), Thin Small Outline Package
(TSOP), System In Package (SIP), Mult1 Chip Package
(MCP), Wafler-level Fabricated Package (WFP), and/or
Water-level Processed Stack Package (WSP).

Channels of strings may be set up by the same initial
channel voltage at programming. This may make 1t possible
to easily determine an optimum and/or improved pass volt-
age. It may be possible to reduce a program time.

While example embodiments have been particularly
shown and described, 1t will be understood by one of
ordinary skill 1n the art that vanations in form and detail may
be made therein without departing from the spirit and scope
of the claims.

What 1s claimed 1s:

1. A channel boosting method of a non-volatile memory
device 1 which at least two strings are connected to one bit
line, the channel boosting method comprising:

applying an initial channel voltage to channels of strings

in a selected memory block to match initial channel
voltages of inhibit strings of the strings in the selected
memory block;

floating the inhibit strings of the strings in the selected

memory block;
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boosting channel voltages of the tloated inhibit strings;
and

shutting ofl program strings of the strings in the selected
memory block to tloat the program strings, wherein

at least [a portion of] two channels in each of the strings
in the selected memory block [is] are connected verti-

cally [between a corresponding bit line and] or a
substrate.

2. The channel boosting method of claim 1, wherein the
applying an iitial channel voltage includes applying a bit
line program voltage to the channels.

3. The channel boosting method of claim 1, wherein the
applying an iitial channel voltage includes applying a bit
line program-inhibit voltage to the channels.

4. A channel boosting method of a non-volatile memory
device 1 which at least two strings are connected to one bit
line, the channel boosting method comprising:

applying an 1nitial channel voltage to channels of strings

in a selected memory block to match initial channel
voltages of inhibit strings of the string in the selected
memory block;

floating t/2e 1nhibit strings of the strings in the selected

memory block; and

boosting channel voltages of the floated inhibit strings,

wherein

at least [a portion of] two channels in each of the strings
in the selected memory block [is] are connected
vertically [between a corresponding bit line and] or
a substrate, and

the floating inhibit strings includes shutting off a first
plurality of the inhibit strings corresponding to
selected bit lines to tloat the first plurality of inhibit
strings, and electrically i1solating a second plurality
of the inhibit strings corresponding to unselected bat
lines to float the second plurality of inhibit strings.

5. The channel boosting method of claim 4, wherein the
applying an iitial channel voltage includes applying a bit
line program voltage to the channels.

6. The channel boosting method of claim 4, wherein the
applying an 1nitial channel voltage includes applying a bit
line program-inhibit voltage to the channels.

7. A channel boosting method of a non-volatile memory
device 1 which at least two strings are connected to one bit
line, the channel boosting method comprising;

applying an 1nitial channel voltage to channels of strings

in a selected memory block to match initial channel
voltages of inhibition strings of the strings in the
selected memory block;

floating inhibit strings of the strings in the selected

memory block; and

boosting channel voltages of the floated inhibit strings,

wherein

at least [a portion of] rwo memory cells in each of the
strings in the selected memory block [is] are con-
nected vertically [between a corresponding bit line
and] or a substrate, and

the boosting channel voltages includes applying a pass
voltage to unselected word lines for a period of time,
and applying the pass voltage to a selected word line
during a part of the period of time.

8. The channel boosting method of claim 7, wherein the
applying an iitial channel voltage includes applying a bit
line program-inhibit voltage to the channels.

9. The channel boosting method of claim 7, wherein the
applying an iitial channel voltage includes applying a bit
line program voltage to the channels.
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10. A method of operating a nonvolatile memory device
including a plurality of memory strings that include a first
memory string and a second memory string, each of the

plurality of memory strings including a plurality of non-

volatile memory cells, the method comprising:
applving initial channel voltages to channels of the first
memory string and the second memory string to match
initial channel voltages of inhibit strings of the strings
in the selected memory block;

floating the channels of the first memory string and the

second memory string; and

boosting the channels of the first memory string and the

second memory string, whevein

the first memory string and the second memory stving are

connected to a first bit-line,

the plurality of nonvolatile memory cells are stacked on or

above a substrate at a direction that is vertical to the
substrate, and

at least one memory cell of each of the plurality of

memory strings is connected to a first word-line.
11. The method of claim 10, wherein the applving the
initial channel voltages to the channels of the first memory
string and the second memory string includes:
applving a first voltage to a first string selection line and
a second string selection line to electrically connect the
first bit-line to the first memory string and the second
memory string, the first string selection line being
connected to a first string selection transistor included
in the first memory string, the second string selection
line being connected to a second string selection tran-
sistor included in the second memory string,; and

applving a program-inhibit voltage to the first bit-line to
shut off the first memory string and the second memory
string from the first bit-line, the first memory string and
the second memory string having the initial channel
voltages.

[2. The method of claim 11, wherein the floating the
channels of the first memory string and the second memory
string includes applying a ground voltage to the second
string selection line to electrically block the second memory
string from the first bit-line.

13. The method of claim 12, wherein the boosting the
channels of the first memory string and the second memory
string includes

applving a pass voltage to the first word-line,

the first voltage is applied to the first string selection
line during the applving the pass voltage to the first
word-line, and

the program-inhibit voltage is applied to the first bit-
line during the applving the pass voltage to the first
word-line.

14. The method of claim 13, wherein the program-inhibit
voltage is a power supply voltage.

15. The method of claim 14, wherein the first voltage is the

power supply voltage.

16. The method of claim 15, wherein the plurality of
memory strings further includes a third memory string and
a fourth memory string that arve comnected to a second
bit-line,

the third memory string includes a third plurality of

nonvolatile memory cells and a thivd string selection
transistor that is connected to the first string selection
line,

the fourth memory string includes a fourth plurality of

nonvolatile memory cells and a fourth string selection
transistor that is connected to the second string selec-
tion line, and
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one of the third plurality of nonvolatile memory cells and

one of the fourth plurality of nonvolatile memory cells
are connected to the first word-line.

17. The method of claim 16, wherein the applying the
initial channel voltages to the channels of the thivd memory
string and the fourth memory string includes applving the
power supply voltage to the second bit-line, and

the ground voltage is applied to the second bit-line during

the applyving the pass voltage to the first word-line.

18. The method of claim 17, wherein the first memory
string includes a first ground selection transistor, the second
memory string includes a second ground selection transistor,
the third memory string includes a third ground selection
transistor and the fourth memory string includes a fourth
ground selection transistor, and

the first, second, thivd and fourth ground selection tran-

sistors are connected to a ground selection line.

19. A channel boosting method of a non-volatile memory
device in which at least two strings are connected to one bit
line, the channel boosting method comprising:

applying an initial channel voltage to channels of strings

in a selected memory block to match initial channel
voltages of inhibit strings of the strings in the selected
memory block;

floating at least one inhibit string of the inhibit strings in
the selected memory block;

boosting at least one channel voltage of the floated at
least one inhibit string; and

shutting off program strings of the strings in the selected
memory block to float the program strings, wherein

at least two channels in each of the strings in the selected
memory block are connected vertically on a substrate.
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