USOORE46994E

(19) United States
12y Reissued Patent (10) Patent Number: US RE46.,994 E
Kim et al. 45) Date of Reissued Patent:  Aug. 14, 2018
(54) FLASH MEMORY DEVICES HAVING THREE 6,317,353 B1* 11/2001 Ikeda et al. ............ G11C 5/063
DIMENSIONAL STACK STRUCTURES AND 365/226
METHODS OF DRIVING SAME 7,170,786 B2* 1/2007 Chien et al. ....... G11C 16/0483
365/185.17
(71) Apphcan‘[ Samsung Electronics Co_, Ltd-j 7,233,024 B2 * 6/2007 Scheuerlein ............. G11C 7/18
Suwon-si, Gyeonggi-do (KR) _ 257/390
7,542,337 B2* 6/2009 Scheuerlein ............ GI1IC 11/56
. _ : = . 365/185.03
(72) Inventors' D?O gon Klm-" Hwaseong' Sl (]:<]$)j 735513490 B2 ¥ 6/2009 Klm “““““““““““““ GllC 16/26
Ki-tae Park, Secongnam-s1 (KR); 165/185. 17

Yeong-taek Lee, Seoul (KR) 7,596,026 B2*  9/2009 Kwon et al. ...... G11C 16/0483

73)  Assi S El ics Co., Ltd. (KR S0/18>.14
(73) ssignee: Samsung Electronics Co., Ltd. (KR) (Continued)
(21) Appl. No.: 14/940,283 FOREIGN PATENT DOCUMENTS
(22) Filed: Nov. 13, 2015 P 06-053517 5/1994
Related U.S. Patent Documents P 2002-093134 3/2002
: JP 2005-209271 8/2005
Reissue of:
(64) Patent No.: 7,843,733
Issued: Nov. 30, 2010 OTHER PUBLICATIONS
Appl. No.: 12/136,933
Filed: Jun. 11, 2008 Non-Final Rejection, Korean Application No. 10-2007-0057517,
Aug. 26, 2008.
(30) Foreign Application Priority Data e
Jun. 12, 2007 (KR) oooveeeeeeeeeeeeen. 10-2007-57517  Primary Examiner — B. James Peikari

(74) Attorney, Agent, or Firm — Myers Bigel, P.A.
(51) Inmt. CL

G1IC 16/04 (2006.01) (57) ABSTRACT
G1IC 16/34 (2006.01)
(52) U.S. CL Flash memory devices are provided including a plurality of
CPC ................................ G]IC 16/3418 (201301) layers Stacked Veﬂically_ :Each Of the purahty Of layers
(58)  Field of Classification Search include a plurality of memory cells. A row decoder is
CPC e, G11C 16/3418 . .
USPC oo 365/185.11, 185.18, 185.25  clectrically coupled to the plurality of layers and configured
See application file for complete search history. to supply a wordline voltage to the plurality of layers.
Memory cells provided 1n at least two layers of the plurality
(56) References Cited

of layers belong to a same memory block and wordlines
U.S. PATENT DOCUMENTS associated with the memory cells 1n the at least two layers
of the plurality of layers are electrically coupled.

5,991,224 A 11/1999 Aipperspach et al.

6,028,788 A * 2/2000 Choi et al. ......... G11C 16/0483
365/185.11 533 Claims, 10 Drawing Sheets
00
L
pe W} %"!t e a u
i i / — BLOCK {111}
120 | _f“__.},
- {DECODERE: © |
Iy o 110
1 i Qelisotdadlayer /-
17 =Pt Cells of 1st tayer
L._.H...E T .I
——— ey prote - e ————— |
B PAGE BUFFER  fewei NPUT/QUIPUT Lot
L WORBLINE Lot | BUFFER | 1 DATA
CONTROL L o0 ) vouTAGE | 192 ded
| ROGIC b aeneraToR| T 124
E || COLUMN DECODER | §

i
Lo s e



US RE46,994 E

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS
7,894,293 B2* 2/2011 Ikeda ..................... G11C 5/025
365/222
8,659,028 B2* 2/2014 Scheuverlemn ............. Gl1C7/18
257/390

2005/0162927 Al 7/2005 Chien et al.

* cited by examiner



U.S. Patent Aug. 14, 2018 Sheet 1 of 10 US RE46,994 E

A AR R R T T T T N N L L L A N T ]

LI TG R Tl T S e

--------------------
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

BB d R Wk ok ok ok ok ok sk ko kLR LU Rk ok ok ko kMY LI I I i N NN N N T N N e T

1st {selected)

[ ] LIS IR N BN N N EREEREREENFEEFLEREENEEREE N RS NN RN RN EREREEREEEREEREENEERE NN ESNN BN W

1 20v

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

FIG., 2

Pi?%:&:mmm v " floating

e ———— et s—— —— A
T L | ﬂ_ﬁ.wf'z
cfﬁh ligck r&g;ﬁn {msﬁ ﬁﬁiﬁi} AT

= gy
. w-u.-‘ - -

4NN [ AR O R ERE R A s Y N R L R E L E R EE LN L RN N A L N L N RN SN Y NI R N
.......................



U.S. Patent Aug. 14, 2018 Sheet 2 of 10 US RE46,994 E

FiG., 3

121
?Ei}w

Cells of 2nd layer f

l‘ Em— Colls of st layer

M A e ke sk (gl gl Sk pid gl -ﬁ-LMH.#. i’ e
]
r

e bt e, syt e et g et oS d ey Sydens e, g,

-0
'-'l'---'—'q-'—'-'p"-' 7—-|- B :--n-y---n--u—-----n Wt W HTE TR R YR S ﬂmmnﬂn“ T RT T TTTLUMOTL AT MR AT RWY R

[weuT/ouTPUT |
i  BUFFER i

'.-%:- | 122 O SRSON ""'nmmhmm

~i24

r
- ..“'\.-'l"_‘ RA. aa g, ey S a Ayt e, .-\,..-:-.
i i .

| WORDLINE | m
VOLTAGE |

| GENERATORY 4

ﬂNTR@L
LOGIC |

P R I I I e I S )

\
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

r—u‘r-'d-\..' -l\...h.i-'-\...-u: [ ...l-\.u- lar | et ad .
+
Y ..

%
3
r.
H
i



US RE46,994 L

Sheet 3 of 10

Aug. 14, 2018

U.S. Patent

4

FIG.

111
rl v

B/L1

B/LO

1112

i R
_ T
T pe
i
ﬂﬁ O
|
i
] —
*
I e
b
PO
¢ U
w o
“2 )
. B -
“
Mm—
FH_H ::::::
o
ol
)
)
e B e
-t
m s -
-
S 3 D & ~
pmm -
—
_L
)
&
o = o~ L aJ
™ ™
-, -, ., -, N
...  § T
! |
]
A Hh llllllllllllllllllllllllllllllllllllllll e s v e ot o 7om L 111
o\l To <t - N
o) i d
& " ™ M ,.,WL A
D = = (o

OSL



U.S. Patent Aug. 14, 2018 Sheet 4 of 10 US RE46,994 E

FIG. 5
5/1.0
SSL2 ] T12 SSU__{ T11
] L a__
- WL15 B
C31 | 015‘;
WL14 :
; C30 i CM.
WL . ] ' 81”%: PROGRAM
§ C17 %“ -- ) OR READ
- WLO _ - :
. C16 JIe i
GSL2 | —
T22 T21
GSL1



US RE46,994 L

Sheet 5 of 10

Aug. 14, 2018

U.S. Patent

6

FIG

PRECHARGE

1at S5

T AT T AL LY N PR L B o o

2nd SSL

i
|

I NI, AT A HILH'I_“ b B 8 2 F 8 F & P ¥ "8 & P % W
}

|
]
“
I i
“ w
1 1
| |
“ “
¢
“ Al £ :
. g - ]
' -y Y I
! > > :
| i
f )
[ ]
EEEEE N R e S B ey
1 -
! 21
t
::::::: ..m.:.:m.....i.. . S, :;::;ﬁ;..iw
_
_ 5“ “
| '
> I
17} I
t I
i | §
' T, 1
i '
| 3 % '
i) i
\ > t
if \
e v rerer, areeey e % W reerelenpiapn b, crreri vt YT v [t S i i ity opiplel bt v aimek st [l ik Gty A WM Mokl il by bbbt ik diid kit lihd e iy Sl ik e ey iy .__._..______I_.___-...-
F
1
“
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii I_l
|
i
3| 8 3 3 |
“
=] > e e “
|
t
— e
g, m o
. - ] 1 ] = A
_ 0 ' W S £
- - . = = o
e D L ¢ _— Q.
N 75 Z - © - &
o% - 2 &2 o -
Z S 3
S
e a3 yu!
”F b
LG .W
PTS O
—

L ]



U.S. Patent Aug. 14, 2018 Sheet 6 of 10 US RE46,994 E

FiG. 7

ARl R A E T A Al R A A Rl Al R Rl R A Rl T R A E A A T E N E L N R A R A

188 B9l

ond S8L L Vss

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

15t GSL

W TWW S E FWH W W N TE W W

ond GSL ]

e W W W AT FT Y
o, g gt ugleg ey e,

E
E
:

s F oy g gl mmt Mgt

+++++++++++++++++++++++++++++++++++++++++++++++++++++++

2nd layer B/L

lllllllllllllllllllllllll

] .|
]
] 'a
] .|
I
[ ] 'a
]
[ ] n
-.‘ N .
-
] 1] l
N i
L = b % & B & o ok Bk % % % ok ok ok oh ok ok k% ok ok ok ok R % kW% R R AT R ow ok %ok %ok %ok ok ok ok T A hr ok Rk k%A h %Rk ohRor bk R AR LT
]
[ ] [} "
- n
b |

¥ L]
n L]
[ ] 1
11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111

Selected WL ____ ‘ .

LN L0 ) L
.
L

t 2 {3 14



U.S. Patent Aug. 14, 2018 Sheet 7 of 10 US RE46,994 E

FIG. 8

- Verase
P-WELL __ |
- Hoating
1sf & 2nd SSL
Foating
R Rd e S G 1o A—
o Heating
CSL

Selecied Biogk

¥
} .
C Fipating

;;;;;;
llllllllllllllllllllllllllllllllllllllllllllllllll

Unselected BIOoK e



U.S. Patent Aug. 14, 2018 Sheet 8 of 10 US RE46,994 E

FIG. 9A
B/L
layer info
nd s |
R I -
--A -A3 -A1 -AO
LS| P eso BN
- -
M KRN
o
B
AL T N || e co l oo lololo
C3
WLO
=1 C1 CO

pne GS_L’{ 15t Gs_g{

CSL




U.S. Patent Aug. 14, 2018 Sheet 9 of 10 US RE46,994 E

B/L
o 85;&1%

o3t b
UREN it

c30
WL14

. s
ci7 | |

WL

C18 E/

WLO )

_______________________________________________________________

Pl
=
>
P
Bl
-y
il
P
4%
£



U.S. Patent

Aug. 14, 2018 Sheet 10 of 10

FiG, 80

aver info

H/L

++++

US RE46,994 L



US RE46,994 E

1

FLASH MEMORY DEVICES HAVING THREE
DIMENSIONAL STACK STRUCTURES AND
METHODS OF DRIVING SAME

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.

CLAIM OF PRIORITY

This application claims the benefit of Korean Patent

Application No. 10-2007-0057517, filed on Jun. 12, 2007, 1in
the Korean Intellectual Property Office, the disclosure of
which 1s incorporated herein in 1ts entirety by reference.

FIELD OF THE INVENTION

The present invention relates generally to flash memory
devices and, more particularly to, nonvolatile memory
devices having a three dimensional (3D) stack structures and
methods of driving the same.

BACKGROUND OF THE INVENTION

As mobile systems and various application systems have
been developed, a demand for flash memory 1s increasing.
Flash memory, which 1s a nonvolatile memory device, can
be electrically erased and programmed. Flash memory typi-
cally has the characteristic that data can be preserved even
in a state where power 1s not supplied. Furthermore, flash
memory typically consumes less power than a storing
medium based on magnetic disc memory and has a fast
access time like 1 a hard disc.

Flash memory may be classified into NOR flash memory
and NAND flash memory based on the connection state
between cells and bitlines. In particular, NAND flash
memory has a structure 1n which at least two cell transistors
are connected 1n series to one bitline, and stores and erases
data by using a Fowler-Nordheim (F-N) tunneling method.
In general, NOR flash memory consumes relatively large
amounts of power and thus may not be advantageous to high
integration. However, NOR flash memory has an advantage
in that 1t can be easily used even at high speed applications.
NAND flash memory uses a smaller cell current than in
NOR flash memory and thus 1s advantageous in terms of
high integration.

Recently, as mobile systems have been developed, a
larger capacity of memory devices 1s required. NAND flash
memory 1s advantageous 1n terms of high integration and,
thus, 1s being used to meet these requirements. However,
there 1s a limitation 1n using microprocesses of a semicon-
ductor device as the alternatives for increasing memory
capacity.

As one of the alternatives for increasing memory capacity,
conventional multi-level cell (MLC) technology has been
widely used. In MLC technology, one memory cell 1s
programmed using a plurality of threshold voltages and a
plurality of bits of data 1s stored 1n the one memory cell.
However, in MLC technology, a suflicient margin between
the threshold voltages should be secured. Thus, the bit
number of data that can be stored 1n one memory cell may
be limited.
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As another alternative, a 3D stack structure of semicon-
ductor layers that has been used 1n a memory device such as

dynamic random access memory (DRAM) may be applied
to a flash memory device. Furthermore, a decoder for
driving a memory cell (i.e., X-decoder or Y-decoder) 1is
shared 1n the 3D stack structure of semiconductor layers so
that a chip size can be reduced. However, when a plurality
of semiconductor layers are stacked to implement a NAND
flash memory device, 1f general program, read and erase
operations are performed to drive the NAND tlash memory
device, a disturbance may occur during a program and/or
read operation or an undesired soit program may be gener-
ated 1n a memory cell that exists 1n another memory block
during an erase operation 1n a predetermined memory block.

SUMMARY OF THE INVENTION

Some embodiments of the present invention provide a
flash memory device including a plurality of layers stacked
vertically. Each of the plurality of layers include a plurality
of memory cells. A row decoder 1s electrically coupled to the
plurality of layers and configured to supply a wordline
voltage to the plurality of layers. Memory cells 1n at least
two layers of the plurality of layers belong to a same
memory block and wordlines associated with the memory
cells 1n the at least two layers of the plurality of layers are
clectrically coupled.

In further embodiments of the present invention, the
wordlines associated with the memory cells 1n the same
memory block may be driven using a same row decoder. The
plurality of layers may include a first layer and a second
layer. A first cell region of the memory cells in the first layer
and a second cell region of the memory cells 1n the second
layer may be included 1n the same memory block.

In still further embodiments of the present invention,
wordlines associated with the first cell region and wordlines
associated with the second cell region may be electrically
coupled. The row decoder may be configured to supply a
same wordline voltage to the electrically coupled wordlines.

In some embodiments of the present invention, the same
memory block may include a plurality of first cell strings 1n
the first layer and a plurality of second cell strings in the
second layer. Each of the first cell strings may include a
plurality of first memory cells connected 1n series and a first
string selection transistor and a first ground selection tran-
sistor connected to the first memory cells. Each of the
second cell strings may include a plurality of second
memory cells connected 1 series and a second string
selection transistor and a second ground selection transistor
connected to the second memory cells.

In further embodiments of the present invention, each of
the first cell strings and the second cell strings may be
connected to the same bitline, and one end of each of the first
string selection transistor and the second string selection
transistor may be connected to the bitline, and one end of
cach of the first ground selection transistor and the second
ground selection transistor 1s connected to a common source
line.

In still further embodiments of the present invention,
during a program operation of the device, a first voltage
Vpgm used to perform a main program operation 1s supplied
to a wordline of a selected memory cell, and a second
voltage Vpass, used to perform a boosting operation, 1s
supplied to wordlines of unselected memory cells.

In some embodiments of the present invention, when a
first memory cell 1s programmed, the first string selection
transistor 1s turned on and the second string selection
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transistor 1s turned ofl, and when a second memory cell 1s
programmed, the first string selection transistor 1s turned ol
and the second string selection transistor i1s turned on.

In further embodiments of the present invention, the
program operation may include a pre-charge period belore a
main program 1s performed, and during the pre-charge
period, at least one of the first cell string and the second cell
string 1s electrically connected to the bitline.

In still further embodiments of the present invention,
during a read operation of the device, when a first memory
cell 1s read, the first string selection transistor 1s turned on
and the second string selection transistor 1s turned ofl, and
when a second memory cell 1s read, the first string selection
transistor 1s turned off and the second string selection
transistor 1s turned on.

In some embodiments of the present invention, when a
first memory cell 1s read, the first ground selection transistor
1s turned on and the second ground selection transistor 1s
turned ofl, and when a second memory cell 1s read, the first
ground selection transistor 1s turned off and the second
ground selection transistor 1s turned on.

In further embodiments of the present invention, the read
operation

include a pre-charge period before a main read operation
1s performed, and during the pre-charge period, at least one

of the first cell string and the second cell string 1s electrically
connected to the bitline.

In still further embodiments of the present invention,
during an erase operation of the device, the first and second
string selection transistors and the first and second ground
selection transistors are i1n a floating state, and an erase
voltage Verase of high voltage 1s applied to a bulk of the first
and second layers.

In some embodiments of the present invention, during an
erase operation of the memory device, memory cells dis-
posed 1n the first cell string and the second cell string are
simultaneously erased.

In further embodiments of the present invention, an
address including a plurality of bits to select the memory cell
1s supplied to the flash memory device, and at least one bit
of the plurality of bits of the address includes information for
selecting one of the plurality of layers.

In still further embodiments of the present invention,
switching of the first string selection transistor disposed 1n
the first cell string and the second string selection transistor
disposed 1n the second cell string 1s controlled based on at
least one bit for selecting the layers.

In some embodiments of the present invention, switching,
of the first selection transistor disposed 1n the first cell string
and the second ground selection transistor disposed 1n the
second cell string 1s controlled based on at least one bit for

selecting the layers. In certain embodiments, the device may
be a NAND flash memory.

BRIEF DESCRIPTION OF TH.

(L]

DRAWINGS

FIG. 1 1llustrates 1s a block diagram 1llustrating a structure
of a flash memory device having a three dimensional (3D)
stack structure according to some embodiments of the
present mvention.

FI1G. 2 1llustrates 1s a block diagram 1llustrating a structure
of a flash memory device having a 3D stack structure
according to some embodiments of the present invention.

FIG. 3 1s a block diagram illustrating flash memory
devices according to some embodiments of the present
invention.
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FIG. 4 1s a circuit diagram 1llustrating a cell structure of
the flash memory device of FIG. 3.

FIG. 5§ 1s a circuit diagram illustrating a string unit
connected to one bitline 1n the cell structure of FIG. 4.

FIG. 6 1s a wavelorm diagram 1llustrating programming,
operations of the flash memory device of FIG. 3.

FIG. 7 1s a wavetorm diagram illustrating a read operation
of the tlash memory device of FIG. 3.

FIG. 8 1s a wavelorm diagram illustrating an erase opera-
tion of the flash memory device of FIG. 3.

FIGS. 9A, 9B and 9C are circuit diagrams 1llustrating,
characteristics of program and/or read operations according
to address information 1n accordance with some embodi-
ments of the present mvention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

Embodiments of the invention now will be described
more fully hereinafter with reference to the accompanying
drawings, 1 which embodiments of the invention are
shown. This invention may, however, be embodied 1n many
different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention
to those skilled 1n the art. Like reference numerals refer to
like elements throughout.

It will be understood that when an element i1s referred to
as being “on” another element, 1t can be directly on the other
clement or intervening elements may be present. In contrast,
when an element 1s referred to as being “directly on” another
clement, there are no intervening elements present. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items.

It will be understood that, although the terms first, second,
etc. may be used herein to describe various elements, these
clements should not be limited by these terms. These terms
are only used to distinguish one element from another. For
example, a first thin film could be termed a second thin film,
and, similarly, a second thin film could be termed a first thin
film without departing from the teachings of the disclosure.

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

Furthermore, relative terms, such as “lower” or “bottom”
and “upper” or “top,” may be used herein to describe one
clement’s relationship to other elements as illustrated 1n the
figures. It will be understood that relative terms are intended
to encompass different orientations of the device Further-
more to the orientation depicted 1n the figures. For example,
if the device 1n one of the figures 1s turned over, elements
described as being on the “lower” side of other elements
would then be oriented on “‘upper” sides of the other
clements. The exemplary term “lower,” can therefore,
encompass both an orientation of “lower” and “upper,”
depending on the particular orientation of the figure. Simi-
larly, 11 the device 1in one of the figures 1s turned over,



US RE46,994 E

S

clements described as “below” or “beneath” other elements
would then be oniented “above™ the other elements. The
exemplary terms “below” or “beneath” can, therefore,
encompass both an orientation of above and below.

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 this mnvention belongs. It will be further understood
that terms, such as those defined 1n commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant
art and this specification, and will not be interpreted 1n an
idealized or overly formal sense unless expressly so defined
herein.

Some embodiments of the present invention provide flash
memory devices in which a plurality of semiconductor
layers are stacked so as to improve the degree of integration,
and the occurrence of disturbances and a problem of an
undesired soft program may be prevented, thus, improving,
operating performance, and a method of driving the same as
will be discussed further below with respect to FIGS. 1
through 9C.

Referring first to FIG. 1, a block diagram illustrating a
structure of a flash memory device having a three dimen-
sional (3D) stack structure according to some embodiments
of the present mnvention will be discussed. As 1llustrated 1n
FIG. 1, a plurality of semiconductor layers, for example, a
first semiconductor layer and a second semiconductor layer,
are stacked, and a wordline of a first memory block disposed
in the first semiconductor layer and a wordline of a second
memory block disposed 1n the second semiconductor layer
are driven by the same row decoder (not shown).

An erase operation of the flash memory device 1s gener-
ally performed 1n memory block units. For example, an
erase operation of a first memory block may be performed
as follows. First, 1t 1s assumed that the wordline of the first
memory block and the wordline of the second memory block
are driven by the same row decoder (not shown) and a bias
voltage applied to each P-WELL [(PPWELL)] is commonly
controlled. In these embodiments, 1n order to erase memory
cells disposed 1n the first memory block, a wordline voltage
of OV 1s supplied to the first memory block. Furthermore, an
erase voltage Verase of high voltage (approximately 20V) 1s
supplied to P-WELL [(PPWELL)].

An erase voltage Verase of high voltage 1s supplied to
P-WELL [(PPWELL)] of the second semiconductor layer,
and a voltage of OV 1s supplied to the wordline of the second
memory block. An erase operation may be performed on an
unselected second memory block, and therefore, the first
memory block and the second memory block cannot be
separately controlled.

Referring now to FIG. 2, a block diagram illustrating a
structure of a flash memory device having a 3D stack
structure according to some embodiments of the present
imnvention will be discussed. As illustrated in FIG. 2, two
memory blocks disposed on one semiconductor layer.
Memory blocks disposed on a first semiconductor layer are
referred to herein as a first memory block and a second
memory block, and memory blocks disposed on a second
semiconductor layer are referred to as a third memory block
and a fourth memory block.

In particular, a problem may occur when voltages sup-
plied to each P-WELL[(PPWELL)] of each of the first and
second semiconductor layers are commonly controlled, as
illustrated 1n FIG. 1. Thus, in order to reduce the likelithood
ol or possibly prevent the problem, bias voltages applied to

the P-WELL [(PPWELL)] of the first semiconductor layer
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6

and the P-WELL [(PPWELL)] of the second semiconductor
layer may be separately controlled.

When an erase operation 1s performed on the first memory
block 1n the flash memory device illustrated 1n FIG. 2, an
Verase voltage (approximately 20V) 1s applied to P-WELL
[(PPWELL)] of the first semiconductor layer, and a voltage
of OV is applied to P-WELL[(PPWELL)] of the second
semiconductor layer. Furthermore, a voltage of OV 1s sup-
plied to the wordline of the first memory block, and a voltage
of OV 1s supplied to the wordline of a third memory block,
which 1s connected to the wordline of the first memory
block.

In order to reduce the likelihood of or possibly prevent an
crase operation Ifrom being performed on the second
memory block of the first semiconductor layer, the wordline
of the second memory block 1s 1n a floating state. Further-
more, the wordline of a fourth memory block, which 1s
connected to the wordline of the second memory block, 1s 1n
a floating state.

In these embodiments, a voltage of OV 1s applied to the
P-WELL [(PPWELL)] of the fourth memory block of the
second semiconductor layer, and the wordline of the fourth
memory block 1s 1n a floating state. As a wordline voltage of
the fourth memory block increases, a problem 1n which an
undesired soft program 1s executed in memory cells of the
fourth memory block occurs. Blocks of the first semicon-
ductor layer and the second semiconductor layer cannot be
separately controlled.

In other words, in the flash memory device 1mn which a
plurality of semiconductor layers are stacked, when one
decoder (in particular, a row decoder) 1s shared by the
plurality of semiconductor layers, the problem that has been
described 1n relation to FIGS. 1 and 2 may occur.

Referring now to FIG. 3, a block diagram 1llustrating flash
memory devices according to some embodiments of the
present invention will be discussed. As illustrated in FIG. 3,
the tlash memory device 100 includes a memory cell array
110, a peripheral circuit 120 for driving the memory cell
array 110, and a control logic 130 for controlling the
operation of the peripheral circuit 120. The peripheral circuit
120 may include a row decoder 121 for supplying a voltage
to the wordline WL of the memory cell array 110, a page
bufler 122 for temporarily storing data transmitted through
a bitline BL, a column decoder 123 for selecting the column
of the memory cell array 110, an iput/output builer 124 for
being connected to the page bufler 122 and nputting and
outputting data to and from the outside, and a wordline

voltage generator 125 for supplying a wordline voltage to
the row decoder 121.

In particular, the memory cell array 110 may include
memory cells disposed 1n a plurality of vertically-stacked
layers. For example, the memory cell array 110 may include
memory cells disposed 1n a first semiconductor layer and
memory cells disposed 1n a second semiconductor layer.
Wordlines of the memory cells disposed 1in the first semi-
conductor layer are electrically connected to wordlines of
the memory cells disposed in the second semiconductor
layer. The row decoder 121 supplies a common wordline
voltage to the first semiconductor layer and the second
semiconductor layer. Although only the memory cells dis-
posed 1n two semiconductor layers are illustrated 1n FI1G. 3,
memory cells may be disposed 1 two or more semiconduc-
tor layers without departing from the scope of the present
application.

Furthermore, when setting memory blocks to be defined
as erase units of the flash memory device, partial memory
cells of the first semiconductor layer (heremnaftter, referred to
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as a first cell region) and partial memory cells of the second
semiconductor layer (heremaftter, referred to as a second cell
region) are set to one block. For example, the first cell region
may 1nclude memory cells connected to n (where n 1s an
integer that equal to or greater than 1) wordlines 1n the first
semiconductor layer, and the second cell region may include
memory cells connected to n wordlines 1 the second
semiconductor layer. Furthermore, as illustrated 1n FIG. 4,
the first wordline of the first cell region and the first wordline
of the second cell region may be connected to each other,
and subsequently, the second through n-th wordlines of the
first and second cell regions may also be connected to one
another.

The memory cell array 110 1llustrated in FIG. 3 will now
be described with reference to FIG. 4. FIG. 4 1s a circuit
diagram 1llustrating a cell structure of the flash memory
device of FIG. 3. As illustrated 1n FIG. 4, a plurality of string
units 111_1 and 111_2 may be disposed on one memory

block of the memory cell array 110, and each of the string
units 111 1 and 111 2 1s connected to each of bitlines B/L.0

and B/L1.

As further illustrated in FIG. 4, each string unit, for
example, the first string unit 111_1, 1s connected to the
bitline B/L0 and includes a first cell string disposed 1n a first
semiconductor layer and a second cell string disposed 1n a
second semiconductor layer. The first cell string includes a
plurality of memory cells C0 through C15 connected in
series, and the second cell string includes a plurality of
memory cells C16 through C31 connected 1n series.

Furthermore, the first cell string includes a first string
selection transistor T11 and a first ground selection transistor
121 connected to the plurality of memory cells C0 through
C15. Furthermore, the second cell string includes a second
string selection transistor T12 and a second ground selection
transistor T22 connected to the plurality of memory cells
C16 through C13.

On the other hand, one electrode of the first and second
string selection transistors T11 and T12 1s connected to the
bitline B/L0, and one electrode of the first and second
selection transistors T21 and T22 1s connected to a common

source line CSL. Furthermore, the first string selection
transistor 111 and the second string selection transistor T12
are controlled by voltages supplied through the first string
selection line SSLL1 and the first ground selection transistor
121 and the second ground selection transistor T22 are
controlled by a first ground selection line GSLL1 and a second
ground selection line GSL2.

Furthermore, the memory cells C0 and C16 are controlled
by a wordline WLO0, and the memory cell C1 and the
memory cell C17 are controlled by a wordline WL1, and the
memory cell C15 and the memory cell C31 are controlled by
a wordline WL 15 1n the same manner. On the other hand, the
configuration of the second string unit 111_2 connected to
the bitline B/L1 1s similar to the first string unit 111_1 and,
thus, a detailed description thereof will be omitted herein.

A method of driving a memory cell array having the
above-described structure of FIG. 4 will now be described
with reference to FIGS. 5 through 8. FIG. 5 1s a circuit
diagram 1llustrating a string unit connected to one bitline 1n
the cell structure of FIG. 4. In particular, FIG. 5 illustrates
the circuit of the first string unit 111_1. It 1s assumed that
program and read operations are performed in the memory
cell C1 disposed 1n the first cell region. Conditions (pro-
gram, read and erase operations) for driving the string unit
illustrated 1n FIG. 5 may be set, as shown in Table 1 below.
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TABLE 1

Signal Program Erase Read
Select W/L Vpgm 0 0
Unselect W/L Vpass 0 Vread
Select B/L 0 Floating 1.0V
Unselect B/L Ve Floating 0
SSL (1% Floor) Vee Floating Vread
SSL (2™ Floor) 0 Floating 0
GSL (1% Floor) 0 Floating Vread
GSL (2™ Floor) 0 Floating 0
CSL 1.5V Floating 0
[PP-WELL] P-WELL (1** Floor) 0 Verase 0
[PP-WELL] P-WELL (2"¢ Floor) 0 Verase 0

The tflash memory device according to some embodiments
of the present invention may be driven under the conditions

shown 1n Table 1, as illustrated 1n FIGS. 6 through 8.

A program operation 1n the memory cell C1 1s performed
as described below. Referring to FIG. 6, a wavelorm dia-
gram 1llustrating a program operation of the flash memory
device of FIG. 3 will be discussed. A pre-charge operation
1s performed before a main program operation 1s performed,
as illustrated in FIG. 6. During the pre-charge period, a
predetermined voltage V1 1s supplied through a first string
selection line SSLL1 and a second string selection line SSL2.
Thus, each of the first string selection transistor T11 and the
second string selection transistor T12 1s turned on. Further-
more, a predetermined power supply voltage Vcc 1s supplied
to the bitline B/L.0 connected to the first string unit 111_1.

By performing the pre-charge operation, a channel poten-
tial 1st layer C/P of the first semiconductor layer and a
channel potential 2nd layer C/P of the second semiconductor
layer that are electrically connected to the bitline B/LO
increase to the level of the power supply voltage Vcce. As the
pre-charge operation 1s completed, a predetermined voltage
V2 used to control the turned-on first string selection tran-
sistor T11 1s supplied to the first string selection line SSIL1,
and a ground voltage Vss used to turn off the second string
selection transistor T12 may be supplied to the second string
selection line SSL2. On the other hand, the ground voltage
Vss or the power supply voltage VCC 1s supplied to the
selected bitline B/L0. For example, the ground voltage VSS
1s supplied to supplied to the selected bitline B/L0 when the
data “0” 1s programmed, and the power supply voltage VCC
1s supplied to the selected bitline B/LL0 when the data “1” 1s
programmed. Meanwhile, an undesired VCC 1s supplied to
an unselected bitline to reduce the likelihood of or possibly
prevent an undesired soit program.

A predetermined first voltage Vpgm used to perform a
main program operation 1s supplied to a subsequent, selected
wordline Sel. WL, for example, WL1, and a second voltage
Vpass used to perform a boosting operation 1s supplied to an
unselected wordline Uns. WL.

In the above manner, a program operation 1s performed 1n
the memory cell C1 of the first cell string according to the
program voltage Vpgm. On the other hand, the voltage level
of the channel potential C/P of the second semiconductor
layer increases by self-boosting. As such, a program opera-
tion 1s mhibited with respect to the memory cells disposed
in the second cell string. In other words, the channel
potential 2nd layer C/P of the second semiconductor layer 1s
increased during the pre-charge period so that a likelihood of
a program disturbance 1s occurring i the memory cells
disposed 1n the second cell string 1s reduced.

Referring now to FIG. 7, a wavelform diagram illustrating,
a read operation of the flash memory device of FIG. 3 will
be discussed. As 1llustrated 1n FIG. 7, a pre-charge operation
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1s performed before a main read operation 1s performed, and
during the pre-charge period, the first string selection tran-
sistor T11 and/or the second string selection transistor 112
are turned on.

For example, 1n FI1G. 7, the first string selection transistor
T11 and the second string selection transistor T12 are
controlled to be turned on. The second string selection
transistor 112 1s turned on, a bitline (node b) of the second
cell string 1s increased to a pre-charge voltage. Thus, a
problem 1n which a disturbance occurs 1n the memory cells
of the second cell string while a read operation 1s performed
in the first cell string (1n particular, a problem in which an
undesired soft program 1s generated) may be prevented.

A read operation will be described with reference to the
wavetorm diagram of FIG. 7. First, during the pre-charge
period, a predetermined voltage Vread i1s applied to the first
string selection line SSLL1 and the second string selection
line SSL.2 so that the first string selection transistor T11 and
the second string selection transistor T12 are turned on, and
a ground voltage Vss 1s applied to the first ground selection
line GSL1 and the second ground selection line GSL2 so that
the first ground selection transistor T21 and the second
ground selection transistor 122 are turned ofl. By perform-
ing the pre-charge operation, voltages of the bitline (1st
layer B/L, node a) of the first cell string and the bitline (2nd
layer B/L, node b) of the second cell string electrically
connected to the bitline B/LL0 increase to a value Vprch.

After the pre-charge period, the first string selection
transistor 111 and the first ground selection transistor T21
are controlled to be turned on, and the second string selec-
tion transistor 112 and the second ground selection transis-
tor T22 are controlled to be turned off. Furthermore, 1n order
to perform the main read operation, a wordline voltage Vr 1s
applied to the selected wordline Selected WL, and a word-
line voltage Vread 1s applied to the undetected wordline
Unselected WL. The size of the wordline voltage Vr may
vary according to the characteristic (for example, MLC or
SLC) of memory cells to be read or the value of data to be
read. Meanwhile, the wordline voltage Vr may be enabled in
any portions of periods tl1 through t3.

As the second string selection transistor T12 and the
second ground selection transistor 122 are turned ofl, the
second cell string 1s 1n a floating state, and as the voltage
Vread having a predetermined size 1s applied to the word-
lines, the voltage of the bitline 2nd layer B/L of the second
cell string 1s increased by self-boosting. On the other hand,
the bitline 1st layer B/L of the first cell string 1s connected
to the bitline B/L0, and the voltage of the bitline B/L0 varies
according to the programmed state of the selected cell C1,
and the voltage variation 1s sensed so that data of the
selected memory cell C1 can be determined. For example,
the voltage of the bitline B/LL0 has a logic high or logic low
level depending on whether the data of the selected cell C1
1s “0” or “17.

In the read operation performed as above, the voltage of
the bitline 2nd layer B/L of the unselected second cell string
1s 1increased by self-boosting. As such, even when a prede-
termined voltage Vread (for example, approximately 4.5V)
1s applied to an unselected wordline, the likelihood of an
undesired soft program occurring in the memory cells of the
second cell string may be reduced.

On the other hand, the waveform diagrams of FIGS. 6 and
7 1llustrate an example of a method of implementing the
flash memory device (a program operation, read operation).
Driving of the flash memory device according to some
embodiments of the present mvention 1s not limited to the
characteristic of a particular wavetorm diagram.
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Retferring now to FIG. 8, 1s a wavelform diagram illus-
trating an erase operation of the tlash memory device of FIG.
3 will be discussed. As described above, the erase operation
of the flash memory device 1s performed 1n memory block
units. As illustrated 1n FIG. 8, the erase operation 1s per-
formed 1n the memory cells disposed 1n the first cell string
of the first semiconductor layer and the second cell string of
the second semiconductor layer, us illustrated 1n FIG. 8.

In order to perform an erase operation, an erase voltage

Verase having a predetermined voltage level (for example, a
voltage of 20V) 1s applied to the P-WELL [(PPWELL)] of

the first semiconductor layer and the second semiconductor
layer. On the other hand, the first string selection line SSL1
and the second string selection line SSL.2, the first ground
selection line GSL1 and the second ground selection line
GSL2 and the common source line CSL are in a floating
state. Furthermore, a predetermined voltage Ve of OV or low
level 1s applied to wordlines of a memory block on which an
erase operation 1s to be performed, and wordlines of an
unselected memory block are 1n a floating state.

As described above, 1n the flash memory device according
to some embodiments of the present invention, the memory
cells disposed 1n a plurality of semiconductor layers are set
to one memory block, and when an erase operation 1s
performed 1n memory block units, the memory cells of the
plurality of semiconductor layers are simultaneously erased.
As such, when only the memory cells disposed 1n any one
semiconductor layer are set to one memory block, a problem
in which, when the erase operation 1s performed 1n any one
memory block, memory cells of the semiconductor layer of
another layer are wrongly erased or programmed may be
prevented.

On the other hand, 1n the NAND flash memory device 1n
which a plurality of memory cells are connected in series,
memory cells in which program and read operations are to
be performed are selected according to address information
input to the NAND flash memory device. Each of the first
string selection transistor 111 and the second string selection
transistor 112 and each of the first ground selection transis-
tor T21 and the second ground selection transistor T22
should be controlled depending on whether the memory
cells 1in which the program and/or read operation 1s to be
performed are disposed in the first semiconductor layer or
the second semiconductor layer. This will be discussed
further below.

Referring now to FIGS. 9A, 9B, and 9C, circuit diagrams
illustrating the characteristics of program and/or read opera-
tions according to address information according to some
embodiments of the present invention will be discussed.
First, as 1llustrated 1n FIG. 9A, first cell strings 111, CO0, C2,
C4, through to C30, and T21 disposed 1n a first semicon-
ductor layer and second cell strings 112, C1, C3, C5,
through to C31, and 122 disposed 1n a second semiconduc-
tor layer are connected to one bitline B/L0. Furthermore,
address information (for example, a row address) may
include information of S bits for selecting 32 memory cells.
The number of memory cells disposed i each cell string
may vary. Thus, it 1s well known to one of ordinary skill in
the art that the bit number of address information for
selecting the memory cells may also vary.

When an address for selecting the memory cells 1s
“00000”, a memory cell CO disposed 1n the first cell string
1s selected. Also, when the address 1s “00001”, a memory
cell C1 disposed in the second cell string 1s selected.
Furthermore, similarly, when the address 1s “000107, a
memory cell C2 disposed 1n the first cell string 1s selected,
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and when the address 1s “00011”°, a memory cell C3 disposed
in the second cell string 1s selected.

In other words, the value of a least significant bit (LSB)
of the address of 5 bits has information on a semiconductor
layer 1n which a program or read operation i1s to be per-
formed. For example, when the address 1s “00010”, the LSB
1s “0”. Thus, 1t can be determined that the program or read
operation 1s to be performed 1n the memory cells disposed 1n
the first semiconductor layer using the information. In other
words, the control logic 130 shown in FIG. 3 may control the
first string selection transistor T11 and the second string
selection transistor 112 and the first ground selection tran-
sistor T21 and the second ground selection transistor T22
using the LSB information of the address.

FIG. 9B 1illustrates an example for encoding the address.
In other words, when the address 1s “00000” through

“0111117, the memory cells CO through C15 of the first cell
string are sequentially selected, and when the address 1s
“10000” through “111111”, the memory cells C16 through
C31 of the second cell string are sequentially selected.

In the above case, the value of a most significant bit
(MSB) of the address has information for selecting semi-
conductor layers. In other words, when the value of the MSB
of the mput address 1s “0, the first semiconductor layer 1s
selected. As such, the first string selection transistor T11 and
the second string selection transistor T12 and the first ground
selection transistor T21 and the second ground selection
transistor 122 are controlled. Furthermore, when the value
of the MSB of the input address 1s “1”, the second semi-
conductor layer 1s selected and an operation for controlling
transistors 1s performed according to the selected informa-
tion.

FIG. 9C illustrates another example for encoding the
address. Information for selecting semiconductor layers may
be positioned 1n any one of a plurality of bits of address. For
example, information for selecting semiconductor layers is
positioned 1n a second bit of the address, memory cells are
selected 1n the order shown 1n FIG. 9C.

In the flash memory devices and the methods of driving
the same according to some embodiments of the present
invention, a plurality of semiconductor layers are stacked, a
row decoder 1s shared in the plurality of semiconductor
layers such that the degree of integration of the flash

memory device 1s improved. Furthermore, the methods of

driving the flash memory device are improved such that the
performance of program/read and erase operations 1s
improved.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereot, 1t will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit and scope of the
present mvention as defined by the following claims.

That which 1s claimed 1s:

1. A flash memory device having a three dimensional (3D)

stack structure, the tlash memory device comprising:

a memory array having a 3D structure and including
memory cells arranged 1n a plurality of layers stacked
vertically, one layer of the plurality of layers includes
memory cells of a first and second directions, and
another layer of the plurality of layers includes memory
cells of a third direction substantially perpendicular to
the first and second directions; and
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the plurality of layers,

12

wherein memory cells 1 at least two layers of the
plurality of layers belong to a same memory block and
wherein wordlines associated with the memory cells 1n
the at least two layers of the plurality of layers are
clectrically coupled.
2. The device of claim 1, wherein the wordlines associated
with the memory cells 1n the same memory block are driven
using a same row decoder.
3. The device of claim 1:
wherein the plurality of layers comprises a first layer and
a second layer; and

wherein a first cell region of the memory cells 1n the first
layer and a second cell region of the memory cells 1n
the second layer are included in the same memory

block.

4. The device of claim 3:

wherein wordlines associated with the first cell region and
wordlines associated with the second cell region are
clectrically coupled; and

wherein the row decoder 1s configured to supply a same
wordline voltage to the electrically coupled wordlines.

5. The device of claim 1, wherein the device 1s NAND
flash memory.

6. The device of claim 1, wherein the first and second
directions are respectively X and Y-directions rectangular to
each other of the 3D structure, and the third direction 1s
/-direction substantially perpendicular to the X and Y-di-
rections of the 3D structure.

7. The device of claim 1, wherein an erase operation of the
flash memory device 1s performed in a unit of the same
memory block.

[8. A flash memory device comprising:

a plurality of layers stacked vertically, each of the plu-
rality of layers including a plurality of memory cells;
and

a row decoder electrically coupled to the plurality of
layers and configured to supply a wordline voltage to
the plurality of layers;

wherein memory cells 1 at least two layers of the
plurality of layers belong to a same memory block and

wherein wordlines associated with the memory cells 1n
the at least two layers of the plurality of layers are
clectrically coupled;

wherein the same memory block comprises a plurality of

first cell strings in the first layer and a plurality of
second cell strings 1n the second layer;

wherein each of the first cell strings comprises a plurality

of first memory cells connected 1n series and a {first
string selection transistor and a first ground selection
transistor connected to the first memory cells; and

wherein each of the second cell strings comprises a

plurality of second memory cells connected 1n series
and a second string selection transistor and a second
ground selection transistor connected to the second
memory cells.]

[9. The device of claim 8, wherein each of the first cell
strings and the second cell strings 1s connected to the same
bitline, and one end of each of the first string selection
transistor and the second string selection transistor 1s con-
nected to the bitline, and one end of each of the first ground
selection transistor and the second ground selection transis-
tor is connected to a common source line.}

[10. The device of claim 9, wherein, during a program
operation of the device, a first voltage Vpgm used to perform
a main program operation 1s supplied to a wordline of a
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selected memory cell, and a second voltage Vpass, used to
perform a boosting operation, 1s supplied to wordlines of
unselected memory cells.}

[11. The device of claim 10, wherein, when a first memory
cell 1s programmed, the first string selection transistor is
turned on and the second string selection transistor 1s turned
ofil, and when a second memory cell 1s programmed, the first
string selection transistor 1s turned ofl and the second string
selection transistor is turned on.]

[12. The flash memory device of claim 10, wherein the
program operation comprises a pre-charge period before a
main program 1s performed, and during the pre-charge
period, at least one of the first cell string and the second cell
string is electrically connected to the bitline.}

[13. The device of claim 9, wherein, during a read
operation of the device, when a first memory cell 1s read, the
first string selection transistor 1s turned on and the second
string selection transistor 1s turned ofl, and when a second
memory cell 1s read, the first string selection transistor 1s
turned ofl and the second string selection transistor 1s turned
on.}

[14. The device of claim 13, wherein, when a first memory
cell 1s read, the first ground selection transistor 1s turned on
and the second ground selection transistor 1s turned ofl, and
when a second memory cell 1s read, the first ground selection
transistor 1s turned off and the second ground selection
transistor is turned on.]

[15. The device of claim 13, wherein the read operation
comprises a pre-charge period before a main read operation
1s performed, and during the pre-charge period, at least one
of the first cell string and the second cell string 1s electrically
connected to the bitline.]

[16. The device of claim 9, wherein during an erase
operation of the device, the first and second string selection
transistors and the first and second ground selection tran-
sistors are 1n a floating state, and an erase voltage Verase of
high voltage 1s applied to a bulk of the first and second
layers.]

[17. The device of claim 16, wherein, during an erase
operation of the memory device, memory cells disposed 1n
the first cell string and the second cell string are simultane-
ously erased.}

[18. The device of claim 8, wherein an address comprising
a plurality of bits to select the memory cell 1s supplied to the
flash memory device, and at least one bit of the plurality of
bits of the address comprises information for selecting one
of the plurality of layers.}

[19. The device of claim 18, wherein switching of the first
string selection transistor disposed in the first cell string and
the second string selection transistor disposed 1n the second
cell string 1s controlled based on at least one bit for selecting
the layers.]

[20. The device of claim 18, wherein switching of the first
ground selection transistor disposed in the first cell string
and the second ground selection transistor disposed 1n the
second cell string 1s controlled based on at least one bit for
selecting the layers.]

[21. A method of driving a flash memory device having a
three dimensional (3D) stack structure and having at least
one memory block, the flash memory device includes a
memory array having a 3D structure and including memory
cells arranged 1n a plurality of semiconductor layers stacked
vertically, one layer of the plurality of semiconductor layers
includes memory cells of a first and second directions, and
another one layer of the plurality of semiconductor layers
includes memory cells of a third direction substantially
perpendicular to the first and second directions, wherein at

10

15

20

25

30

35

40

45

50

55

60

65

14

least one first cell string disposed 1n a first semiconductor
layer and at least one second cell string disposed 1n a second
semiconductor layer stacked on the first semiconductor layer
are set to one memory block, and each of wordlines con-
nected to the first cell string and each of wordlines connected
to the second cell string are electrically connected to one
another, the method comprising:

erasing the memory device such that memory cells of the

first cell string and the second cell string in the one
memory block are simultaneously erased.}

[22. The method of claim 21, wherein an address com-
prising a plurality of bits to select the memory cells 1s
supplied to the flash memory device, and the address 1s
encoded so that at least one bit has information for selecting
the first semiconductor layer or the second semiconductor
layer.}

[23. The method of claim 22, wherein switching of at least
one of the first string selection transistor and the first ground
selection transistor disposed 1n the first cell string and the
second string selection transistor and the second ground
selection transistor disposed in the second cell string 1s
controlled based on at least one bit for selecting the semi-
conductor layers.]

[24. A method of driving a flash memory device having at
least one memory block, wherein at least one first cell string
disposed 1in a first semiconductor layer and at least one
second cell string disposed 1n a second semiconductor layer
stacked on the first semiconductor layer are set to one
memory block, and each of wordlines connected to the first
cell string and each of wordlines connected to the second
cell string are electrically connected to one another, the
method comprising:

erasing the memory device such that memory cells of the

first cell string and the second cell string in the one
memory block are simultaneously erased,

wherein programming memory cells included 1n the first

cell string comprises:

applying a pre-charge voltage to a bitline and connecting,

the first cell string and the second sell string to the
bitline;

controlling a first string selection transistor to be turned

on and controlling a second string selection transistor to
be turned ofl; and

supplying a first voltage Vpgam used to perform a main

program operation to a wordline of a selected memory
cell and supplying a second voltage Vpass used to
perform a boosting operation to wordlines of unse-
lected memory cells.]

[25. A method of driving a flash memory device having at
least one memory block, wherein at least one first cell string
disposed 1 a first semiconductor layer and at least one
second cell string disposed 1n a second semiconductor layer
stacked on the first semiconductor layer are set to one
memory block, and each of wordlines connected to the first
cell string and each of wordlines connected to the second
cell string are electrically connected to one another, the
method comprising:

erasing the memory device such that memory cells of the

first cell string and the second cell string in the one
memory block are simultaneously erased,

wherein reading memory cells imncluded 1n the first cell

string comprises:

applying a pre-charge voltage to a bitline and connecting,

the first cell string and the second cell string to the
bitline;

controlling the first string selection transistor and the first

ground selection transistor to be turned on and control-
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ling the second string selection transistor and the sec-
ond ground selection transistor to be turned oil; and

supplying a wordline voltage to each of a selected word-
line and unselected wordlines.]

[26. The method of claim 25, wherein during the pre-
charge operation the first string selection transistor and the
second string selection transistor are turned on so that the
first cell string and the second cell string are connected to the
bitline.]

[27. The method of claim 25, wherein during the pre-
charge operation a pre-charge voltage 1s supplied to a
selected bitline and unselected bitlines.]

28. A flash memory device having a three dimensional
(3D) stack structure, the flash memory device comprising:

a memory array having a 3D structure and including a
plurality of memory cells arranged in a plurality of
lavers that arve vertically stacked and include a first
laver and a second laver, the first laver including,
among the plurality of memory cells, a first group of
memory cells disposed at first and second divections,
the second layer including a second group of memory
cells, among the plurality of memory cells, the second
group of memory cells disposed at the first and the
second divections and stacked on the first group of
memory cells in a thivd divection that is substantially
perpendicular both to the first divection and to the
second direction; and

a row decoder electrically coupled to the pluralityv of
layvers and configured to supply a first wordline voltage
to the plurality of layers,

wherein, among the plurality of memory cells, a third
group of memory cells disposed in at least two layers
among the plurality of lavers belong to the same
memory block,

a plurality of word-lines associated with the thivd group
of memory cells that ave included in the at least two
lavers of the plurality of layers arve electrically coupled,

the memory array includes a first cell string and a second
cell string, the first cell string including first memory
cells among the plurality of memory cells and a first
string selection transistor (SST) comnnected to a first
string selection line (SSL), the second cell string
including second memory cells among the plurality of
memory cells and a second SST connected to a second
SSL, the first cell string and the second cell string being
connected to a first bit-line,

one of the first memory cells and one of the second
memory cells are connected to a first word-line among
the plurality of word-lines,

during a first period, a second voltage for electrically
connecting the first bit-line to a first channel of the first
cell string is applied to the first SSL, and a third voltage
for electrically connecting the first bit-line to a second
channel of the second cell string is applied to the
second SSL,

during a second period that is later than the first period,
a fourth voltage for electrically disconnecting the first
bit-line from the second channel is applied to the
second SSL., and

during a thivd period that is later than the second period,
a program voltage is applied to the first word-line.

29. The flash memory device of claim 28, wherein a power
supply voltage is applied to the first bit-line during the first
period.

30. The flash memory device of claim 29, wherein a
ground voltage is applied to the first bit-line durving the third
period.
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31. The flash memory device of claim 28, wherein a power
supply voltage is applied to the first bit-line during the first
through third periods.

32. The flash memory device of claim 28, wherein the
second voltage is equal to the thivd voltage.

33. The flash memory device of claim 32, wherein the

fourth voltage is a ground voltage.

34. The flash memory device of claim 33, wherein the first
bit-line is electrically connected to the first channel during
the second period.

35. The flash memory device of claim 28, wherein the third
group of memory cells that ave included in the at least two
lavers of the plurality of lavers ave connected to the first
bit-line.

36. The flash memory device of claim 28, whevrein the third
dirvection is substantially perpendicular to a well region of
the memory array.

37. The flash memory device of claim 28, wherein the first
cell string includes a first ground selection transistor (GST)
connected to a first ground selection line (GSL),

the second cell string includes a second GST connected to

a second GSL, and
a ground voltage is applied to the first GSL and the second
GSL during the first through thivd periods.

38. The flash memory device of claim 28, wherein an
erase operation of the flash memory device is performed in
a unit of the same memory block.

39. The flash memory device of claim 28, wherein an
erase operation of the third group of memory cells that
belong to the same memory block is performed concurrvently

Jor each of the memory cells the thivd group of memory cells.

40. The flash memory device of claim 28, wherein the first
memory cells ave disposed in the first layver and the second
memory cells ave disposed in the second layer.

41. A flash memory device having a three dimensional
(3D) stack structure, the flash memory device comprising:

a memory arrvay having a 3D structure and including a
plurality of memory cells arranged in a plurality of
layvers that ave vertically stacked and include a first
laver and a second layer, the first laver including,
among the plurality of memory cells, a first group of
memory cells disposed at first and second directions,
the second layer including a second group of memory
cells, among the plurality of memory cells, the second
group of memory cells disposed in the first and the
second divections and stacked on the first group of
memory cells in a thivd divection that is substantially
perpendicular both to the first divection and to the
second direction; and

a row decoder electrically coupled to the plurality of
lavers and configured to supply a first wordline voltage
to the plurality of layers,

wherein, among the plurality of memory cells, a third
group of memory cells disposed in at least two layers
among the plurality of lavers belong to the same
memory block,

a plurality of word-lines associated with the thivd group
of memory cells that are included in the at least two
lavers of the plurality of layers are electrically coupled,

the memory array includes a first cell string, a second cell
string, a thivd cell string and a fourth cell string, the
first cell string including a first plurality of memory
cells among the plurality of memory cells and a first
string selection tramnsistor (SST) connected to a first
string selection line (SSL), the second cell string
including a second plurality of memory cells among the
plurality of memory cells and a second SST connected
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a memory array having a 3D structure and including a
plurality of memory cells arranged in a plurality of
lavers that arve vertically stacked and include a first
laver and a second layer, the first laver including,
among the plurality of memory cells, a first group of

17

to a second SSL, the third cell string including a third
plurality of memory cells among the pluralityv of
memory cells and a thivd SST connected to the first SSL,
the fourth cell string including a fourth plurality of
memory cells among the plurality of memory cells and 5

a fourth SST connected to the second SSL, the first cell

string and the second cell string being connected to a

first bit-line, the third cell string and the fourth cell
string being connected to a second bit-line,
one of the first plurality of memory cells, one of the second

plurality of memory cells, one of the thivd plurality of

memory cells and one of the fourth plurality of memory
cells ave comnected to a first word-line among the
plurality of word-lines,

10

memory cells disposed at first and second divections,
the second layer including a second group of memory
cells, among the plurality of memory cells, the second
group of memory cells disposed in the first and the
second divections and stacked on the first group of
memory cells in a thivd divection that is substantially
perpendicular both to the first divection and to the
second direction; and

a row decoder electrically coupled to the plurality of

during a first period, a second voltage for electrically 15 lavers and configured to supply a first wordline voltage
connecting the first bit-line to a first channel of the first to the plurality of lavers,
cell string is applied to the first SSL, a third voltage for wherein, among the plurality of memory cells, a third
electrically connecting the first bit-line to a second group of memory cells disposed in at least two layers
channel of the second cell string is applied to the among the plurality of lavers belong to the same
second SSL, and a power supply voltage is applied to 20 memory block,
the first bit-line, a plurality of word-lines associated with the third group
during a second period that is later than the first period, of memory cells that ave included in the at least two
a ground voltage is applied to the second SSL and the lavers of the plurality of layers are electrically coupled,
fivst bit-line, and the memory array includes a first cell string and a second
during a thivd period that is later than the second period, 25 cell string, the first cell string including a first memory
a program voltage is applied to the first word-line. cell and a second memory cell among the plurality of
42. The flash memory device of claim 41, wherein the memory cells, the second cell strving including a third
power supply voltage is applied to the second bit-line during memory cell and a fourth memory cell among the
the first through thivd periods. plurality of memory cells, the first memory cell and the
43. The flash memory device of claim 42, wherein the 30 third memory cell being connected to a first word-line
second voltage is applied to the first SSL during the second among the plurality of word-lines, the second memory
period. cell and the fourth memory cell being connected to a
44. The flash memory device of claim 41, wherein the second word-line among the plurality of word-lines, the
power supply voltage is applied to the second bit-line during first cell string and the second cell string being con-
the first through third periods. 35 nected to a first bit-line, and
45. The flash memory device of claim 41, wherein the each of the first memory cell and the thivd memory cell is
second voltage is equal to the thivd voltage. programmed before the second memory cell and the
46. The flash memory device of claim 41, wherein the first Jourth memory cell are programmed.
bit-line and the first channel are electrically connected 54. The flash memory device of claim 53, wherein the first
during the second period. 40 cell string includes a first ground selection transistor (GST),
47. The flash memory device of claim 41, wherein the thivd a distance between the second memory cell and the first GST
group of memory cells that ave included in the at least two being greater than a distance between the first memory cell
lavers of the plurality of lavers arve connected to the first and the first GST.
bit-line. 55. The flash memory device of claim 53, wherein the third
48. The flash memory device of claim 41, wherein the thivd 45 direction is substantially perpendicular to a well region of

dirvection is substantially perpendicular to a well region of

the memory array.
49. The flash memory device of claim 41, wherein the first

cell string includes a first ground selection transistor (GST)

the memory array.

56. The flash memory device of claim 33, wherein an
erase operation of the flash memory device is performed in
a unit of the same memory block.

connected to a first ground selection line (GSL), 50  37. The flash memory device of claim 53, wherein an

the second cell string includes a second GST connected to erase operation of the third group of memory cells that

a second GSL, and belong to the same memory block is performed concurvently

the ground voltage is applied to the first GSL and the  for each of the memory cells in the thivd group of memory
second GSL during the first through third periods. cells.

50. The flash memory device of claim 41, whervein an 55  58. The flash memory device of claim 53, wherein the first
erase operation of the flash memory device is performed in group of memory cells ave disposed in the first layver and the
a unit of the same memory block. second group of memory cells are disposed in the second

51. The flash memory device of claim 41, wherein an layer.
erase operation of the thivd group of memory cells that 59. The flash memory device of claim 53, wherein the first
belong to the same memory block is performed concurvently 60 memory cell is programmed before the thivd memory cell is
for each memory cell in the third group of memory cells. programmed.

52. The flash memory device of claim 41, wherein the first 60. The flash memory device of claim 59, wherein the
plurality of memory cells ave disposed in the first layer and memory arrvay further includes a third cell string and a
the second plurality of memory cells ave disposed in the  fourth cell string, the third cell string including a fifth
second layer. 65 memory cell and a sixth memory cell among the plurality of

53. A flash memory device having a three dimensional
(3D) stack structure, the flash memory device comprising:

memory cells, the fourth cell string including a seventh
memory cell and an eighth memory cell among the plurality
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of memory cells, the fifth memory cell and the seventh
memory cell being connected to the first word-line, the sixth
memory cell and the eighth memory cell being connected to
the second word-line,
the first memory cell and fifth memory cell arve pro-
grammed concurvently, and
the thivd memory cell and seventh memory cell arve
programmed concurrently.
61. A flash memory device having a three dimensional
(3D) stack structure, the flash memory device comprising:
a memory array having a 3D structure and including a
plurality of memory cells arranged in a plurality of
lavers that ave vertically stacked and include a first
laver and a second laver, the first laver including,

among the plurality of memory cells, first memory cells
disposed at first and second directions, the second layer
including second memory cells among the plurality of
memory cells, the second memory cells disposed in the
first and the second directions and stacked on the first
memory cells in a thivd divection that is substantially
perpendicular both to the first direction and to the
second direction; and

a row decoder electrically coupled to the plurality of
lavers and configured to supply a wordline voltage to
the plurality of layers,

wherein thivd memory cells disposed in at least two layers
among the plurality of lavers belong to the same
memory block,

a plurality of word-lines associated with the third memory
cells that are included in at least two lavers of the
plurality of lavers are electrically coupled, and

each of the first memory cells is programmed before the
second memory cells ave programmed.

62. The flash memory device of claim 61, whevein the thivd
dirvection is substantially perpendicular to a well region of
the memory array.

63. The flash memory device of claim 61, wherein an
erase operation of the flash memory device is performed in
a unit of the same memory block.

64. The flash memory device of claim 61, wherein an
erase operation of the third memory cells that belong to the
same memory block is performed concurrently for each of
the thivd memory cells.

65. A flash memory device having a three dimensional
(3D) stack structure, the flash memory device comprising:

a memory array having a 3D structure and including a
plurality of memory cells arranged in a plurality of
lavers that arve vertically stacked and include a first
laver and a second laver, the first laver including,
among the plurality of memory cells, a first group of
memory cells disposed at first and second divections,
the second layer including a second group of memory
cells, among the plurality of memory cells, the second
group of memory cells disposed in the first and the
second dirvections and stacked on the first group of
memory cells in a thivd direction that is substantially
perpendicular both to the first direction and to the
second direction; and

a row decoder electrically coupled to the plurality of
lavers and configured to supply a first wordline voltage
to the plurality of layers,
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wherein, among the plurality of memory cells, a third
group of memory cells disposed in at least two layers
among the plurality of lavers belong to the same
memory block,

a plurality of word-lines associated with the third group
of memory cells that are included in the at least two
lavers of the plurality of layers are electrically coupled,

the memory array includes a first cell string and a second
cell string, the first cell string including a first plurality
of memory cells among the plurality of memory cells
and a first string selection transistor (SST) connected to
a first string selection line (SSL), the second cell string
including a second plurality of memory cells among the
plurality of memory cells and a second SST connected

to a second SSL,

a first cell among the first plurality of memory cells and
a second cell among the second plurality of memory
cells being connected to a first word-line among the
plurality of word-lines,

the first cell string and the second cell string are con-

nected to a first bit-line,

during a first period, a second voltage to turn-on the first

SST is applied to the first SSL and a precharge voltage
is applied to the first bit-line,

during a second period later than the first period, a third

voltage to turn-off the first SST is applied to the first
SSL, and

during a thivd period that is later than the second period,
a selected word-line read voltage is applied to the first
word-line.

66. The flash memory device of claim 65, wherein, during
the first through third periods, the second voltage is applied
to the second SSL.

67. The flash memory device of claim 65, wherein the first
cell string includes a first ground selection transistor (GST)
connected to a first ground selection line (GSL), and

during the first period, a ground voltage is applied to the
first GSL.

68. The flash memory device of claim 65, wherein a third
cell among the first plurality of memory cells and a fourth
cell among the second plurality of memory cells are con-
nected to a second word-line among the plurality of word-
lines, and

during the third period, a read-pass voltage lower than

the selected word-line read voltage is applied to the
second word-line.

69. The flash memory device of claim 68, wherein the
second voltage is equal to the read-pass voltage.

70. The flash memory device of claim 69, wherein the third
voltage is a ground voltage.

71. The flash memory device of claim 65, wherein the third
dirvection is substantially pervpendicular to a well region of
the memory array.

72. The flash memory device of claim 65, wherein an
erase operation of the flash memory device is performed in
a unit of the same memory block.

73. The flash memory device of claim 65, wherein an
erase operation of the third group of memory cells that
belong to the same memory block is performed concurrently
for each of the memory cells in the third group of memory
cells.
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