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ABSTRACT

configured to apply, during a program operation, a first word
line Voltage to non-selected ones of a plurality of serially
connected memory cells, a second word line Voltage greater
than the first word line voltage to a selected one of the plu
rality of memory cells, and a third word line voltage lower
than the first word line Voltage to a dummy memory cell
connected in series with the plurality of memory cells. In
other embodiments, a control circuit is configured to program
a dummy memory cell before and/or after each erase opera
tion on a plurality of memory cells connected in series there
with. In still other embodiments, a control circuit is config
ured to forego erasure of a dummy memory cell while erasing
a plurality of memory cells connected in series therewith.

Control
Circuit

50

OGSL=OW
ST2

DC

MC15

MC14

Patent Application Publication

Apr. 21, 2011 Sheet 1 of 10

Fig. 1
(PRIOR ART)

s—

I list

DWLO :
WLO

WL1

-

in Hall
---

GSL

-

US 2011/0090738A1

Patent Application Publication

Apr. 21, 2011 Sheet 2 of 10

US 2011/0090738A1

Fig. 2
(PRIOR ART)
Read

Erase

Program

Vb =0.5W

FOat in

PGM ; OV

WCC

Floating

Select Wr
Non-Select Wread

V
OW

C

P well

OV

PGM inhibit ; Vcc
Select Vpgm
Non-Select ; WipaSS

Patent Application Publication

Apr. 21, 2011 Sheet 3 of 10

US 2011/0090738A1

Fig. 3
(PRIOR ART)

DC1

MC15

MC14

Patent Application Publication

Apr. 21, 2011 Sheet 4 of 10

US 2011/0090738A1

Fig. 4
(PRIOR ART)

DC1

Wera=18V

MC15

MC14

Patent Application Publication

Apr. 21, 2011 Sheet 5 of 10

US 2011/0090738A1

Fig. 5
Control

OGSLFOW
ST2

ODYL1=3W CWL15=18V OWL 14-8V
DC1

Hbt e'
ra - - - - - - - - - 1

MC15

MC4

O

Patent Application Publication

Apr. 21, 2011 Sheet 6 of 10

US 2011/0090738A1

Fig. 6
Control

OGSL=F

ST2

ODWL1=F

DC1

Vera=18V

OWL15=OW OWL14=OW

MC15

MC14

Patent Application Publication

Apr. 21, 2011 Sheet 7 of 10

US 2011/0090738A1

Fig. 7
Contro

OGSL=F

ODWL1=OW OWL15=OW OWL14=OW

ST2

DC1

O

Verac18V

MC15

MC4

Patent Application Publication

Apr. 21, 2011 Sheet 8 of 10

US 2011/0090738A1

Fig. 8

Dummy Cell Programming

S810

Block Erase

S820

3rase Verifyd

S830

Patent Application Publication

Apr. 21, 2011 Sheet 9 of 10

US 2011/0090738A1

Fig. 9

Block Erase

3rase Verifyd

S910

S920

Yes

Dummy Cell Programming

S930

Patent Application Publication

Apr. 21, 2011 Sheet 10 of 10

JE
9Se
|

A0

?:JA0 |0S 9?08|ÍpSe–ÐUOJNA

TIS

US 2011/0090738A1

Apr. 21, 2011

US 2011/0090738A1

NAND FLASH MEMORY DEVICE HAVING
DUMMY MEMORY CELLS AND METHODS
OF OPERATING SAME
CROSS-REFERENCE TO RELATED
APPLICATION

0001. This application is a continuation of U.S. patent
application Ser. No. 12/340,250, filed Dec. 19, 2008, which is
a continuation of U.S. patent application Ser. No. 1 1/279,607,
filed Apr. 13, 2006, which claims priority from Korean Patent
Application No. 2005-0032829, filed Apr. 20, 2005, and
Korean Patent Application No. 2006-0027595, filed Mar. 17,
2006, the contents of which are hereby incorporated herein by
reference in their entirety.
BACKGROUND OF THE INVENTION

0002 The present invention relates to semiconductor
memory devices, and more particularly, to NAND flash
memory devices.
0003 Generally, a semiconductor memory device is a
memory device for storing data and retrieving target data by
reading stored data. Semiconductor memory devices may be
classified as random access memory (RAM) and read only
memory (ROM). RAM is volatile memory that loses stored
data when power is interrupted. ROM is nonvolatile memory
that holds stored data even when power is interrupted. RAM
includes dynamic RAM and a static RAM. ROM includes
programmable ROM, erasable ROM, electrically program
mable ROM (EPROM), and flash memory. Flash memory
devices may be classified as NOR type and NAND type.
0004 FIG. 1 is a circuit diagram showing a cell string
structure of a conventional NAND flash memory device. The
cell string structure 1 of a NAND flash memory device shown
in FIG. 1 is described in U.S. Patent Publication No. 2004/
O113199.

0005 Referring to FIG. 1, one cell string includes 16
memory cells MC0-MC15 connected in series. Word lines
WL0-WL15 are connected to respective gates of the memory
cells MC0-MC15. Respective selection transistors ST1 and
ST2 connect the cell string to a bit line BL and a common
source line CSL. The selection transistor ST1 connected to

the bit line BL is called a string selection transistor, and the
selection transistor ST2 connected to the common source line

CSL is called a ground selection transistor. The gate of the
string selection transistor ST1 is connected to a string selec
tion line SSL and the gate of the ground selection transistor
ST2 is connected to a ground selection line GSL.
0006. A dummy memory cell DC0 is connected between
the string selection transistor ST1 and the memory cell MC0.
and another dummy memory cell DC1 is connected between
the ground selection transistor ST2 and the memory cell
MC15. Gates of the dummy memory cells DC0 and DC1 are
connected to respective dummy word lines DWL0 and
DWL1. The dummy memory cells DC0 and DC1 have sub
stantially the same structure as the memory cells MC0
MC15. However, the dummy memory cells DC0 and DC1 do
not perform program and a read operations, that is, the
dummy memory cells DC0 and DC1 are not used as a data
storage elements.
0007 FIG. 2 is a table showing bias voltage conditions for
read, erase and program operations for the cell String structure
shown in FIG.1. Biasing for the read operation is as follows.
The bit line BL is pre-charged by applying 0.5V thereto. A

power Supply Voltage Vcc is applied to the String selection
line SSL and the ground selection line GSL.OV is applied to
the common Source line CSL. A read voltage is applied to a
selected word line and a predetermined Voltage is applied to
non-selected word lines and the dummy word line to turn on
the memory cells. Then, OV is applied to a P type substrate
P Well of the device.

0008 Biasing for the erase operation is as follows. The bit
line BL, the string selection line SSL, the ground selection
line GSL and the common source line CSL are placed in a
floating state. An erase voltage of 18V is applied to the P type
substrate P Well. Then, OV is applied to all of the word lines
WL and dummy word lines DWL.
0009 Biasing for the program operation is as follows. OV
is applied to a bit line of a memory cell to be programmed. A
power supply voltage Vcc is applied to a bit line of cells that
are not to be programmed. The power Supply Voltage Vcc is
applied to the string selection line SSL, and OV is applied to
the ground source line GSL and the common source line CSL.
The program Voltage Vpgm, e.g., 18V. is applied to a selected
word line, and a pass Voltage V pass, e.g., 8V. is applied to
non-selected word lines. A Voltage identical to the pass Volt
age Vpass is applied to the dummy word lines DWL.
0010 Because 18V is applied to the gate of a cell being
programmed and the channel Voltage is OV, a strong electric
field is generated between the gate and the channel of the cell
being programmed. Electrons in the channel of the pro
grammed cell are injected into the floating gate due to Fowler
Nordheim (F-N) tunneling.
0011. An inhibited cell has a gate voltage of 18V and a
channel Voltage of (power Supply Voltage Vcc-threshold
voltage Vth), where Vth is a threshold voltage of the selection
transistor ST1. However, the channel voltage of the inhibited
cell increases to about 8V due to a capacitive boosting effect
formed between the gate and the channel, that is, an insuffi
cient electric field is generated between the gate and the
channel of program inhibit cell to cause F-N tunneling.
Therefore, the inhibited cell is not programmed.
0012 FIG. 3 is a cross-sectional view of the cell string
structure shown in FIG.1 underabias condition for a program
inhibit cell. Referring to FIG. 3, OV is applied to a common
source line CSL and a ground selection line GSL, and 18V is
supplied to a selected word line WL15.8V is applied to a
non-selected wordline WL14 and a dummy word line DWL1.
As a result, channel Voltages of the memory cells and the
dummy memory cell increase to about 8V.
0013. In order to prevent the program inhibit cell from
being programmed, it is desirable that the channel Voltage
increase due to the capacitive boosting effect be substantially
maintained. Therefore, OV is supplied to the ground selection
line GSL while programming in order to place the ground
selection transistor ST2 in a cut-off state, as shown in FIG. 3.

As a result, the channel Voltage increase arising from the
capacitive boosting effect may be maintained by preventing
leakage through the ground selection transistor ST2 while
programming.
0014. Although not shown in FIG. 3, such operations may
be applied to the string selection transistor ST1. While pro
gramming, a power Supply Voltage Vcc is applied to a bit line
BL and a string selection line SSL, and 18V is applied to a
selected word line WL0.8V is applied to a non-selected word
line WL1 and a dummy word line DWL0. In this case, chan
nel Voltages of the memory cells and the dummy memory cell
increase to 8V by the capacitive boosting effect. In order to
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prevent a program inhibited cell from being programmed, the
string selection transistor may be placed in a cut-off state by
applying a power Supply Voltage Vcc to the String selection
line SSL while programming. Therefore, the channel voltage
increase due to the capacitive boosting effect may be main
tained by preventing leakage through the string selection
transistor ST1 while performing the program operation.
0015. However, the increased channel voltage of the pro
gram inhibit cell may leak due to various factors shown in
FIG. 3. When about an 18V program voltage is applied to a
selected word line WL15 and about an 8V pass voltage Vpass
is applied to a dummy word line DWL1, the drain of the
ground selection transistor ST2 has the increased channel
voltage of about 8V. If the ground selection transistor ST2 has
an insufficient channel length Ls, a leakage current IPNTR
may be generated due to punch-through. As a result, the
channel Voltage may decrease. If the channel Voltage
decreases due to leakage current, the program inhibit cell may
become programmed due to F-N tunneling. In order to pre
vent the program inhibit cell from being programmed, it is
desirable to provide sufficient channel length LS for the
ground selection transistor ST2. However, a long channel
may make it difficult to scale down the size of the cell string.
0016 While performing a program operation, the gate
voltage of the ground selection transistor ST2 is OV and the
drain voltage is about 8V, which is a relatively high voltage. If
a high voltage of about 8V is applied between the drain and
the gate of the ground selection transistor ST2, a leakage
current IGIDL may flow from a drain region to a substrate
region due to gate induced drain leakage (GIDL). The leakage
current IGIDL generated by the GIDL may decrease the
channel Voltage. As a result, the program inhibit cell may be
programmed.
0017 Such a problem of programming a program inhibit
cell may occur at a memory cell MCO adjacent to the string
selection transistor ST1. While performing the program
operation, the gate Voltage of string selection transistor ST1 is
Substantially equal to the power Supply Voltage Vcc and the
drain Voltage is about 8V. As a result, a high Voltage of about
6 to 8V is applied between the drain and the gate of the string
selection transistor ST1. Therefore, leakage current IGIDL
may be generated at the string selection transistor ST1.
0018. If about 8V is supplied to the dummy memory cell
DC1 and the dummy word line DWL1 and OV is supplied to
the ground selection line GSL, a lateral electric field is formed
between the channel of dummy memory cell DC1 and the
channel of the ground selection transistor ST2. The lateral
electric field generates an electron-hole pair (EHP) between
the dummy memory cell DC1 and the ground selection tran
sistor ST2. The electron of the EHP is accelerated to the

channel of dummy memory cell DC1. The accelerated elec
tron crashes into a silicon crystal Si, and another EHP is
generated by the scattering. Such continuous scattering gen
erates hotelectrons, which may be injected to the floating gate
of dummy memory cell DC1 by the strong vertical electric
field. In this case, the threshold voltage of dummy memory
cell DC1 may increase and the program inhibit cell may be
programmed.
0019 FIG. 4 is a cross-sectional view of the cell string
structure shown in FIG. 1. FIG. 4 shows a bias voltage con
dition for the erase operation. While performing the erase
operation, a dummy memory cell DC1 is erased with the
memory cells MC14, MC15. However, the dummy memory
cell DC1 is repeatedly erased, while the memory cells MC14,

MC15 are erased and programmed. If erase operations are
repeatedly performed on the dummy memory cell, a signifi
cant amount of positive charge may accumulate at the floating
gate of the dummy memory cell. This may influence a cell
current while performing a read operation, a program verifi
cation operation and an erase operation and, as a result, pro
gramming and erasing characteristics may be degraded.
SUMMARY OF THE INVENTION

0020. In some embodiments of the present invention, a
NAND flash memory device includes a plurality of memory
cells connected in series, at least one dummy memory cell
connected in series with the plurality of memory cells, and a
selection transistor connected in series with the dummy
memory cell and the plurality of memory cells. The memory
device further includes a control circuit configured to apply,
during a program operation, a first word line Voltage to non
selected ones of the memory cells, a second word line Voltage
greater than the first word line Voltage to a selected memory
cell, and a third word line voltage lower than the first word
line Voltage to the dummy memory cell. The selected memory
cell may be a program inhibit cell. The selection transistor
may be connected between the dummy memory cell and a bit
line, and the control circuit is configured to apply a power
supply voltage to the bit line. The selection transistor may be
connected between the dummy memory cell and a common
Source line.

0021. In further embodiments of the present invention, a
NAND flash memory device includes a plurality of memory
cells connected in series, at least one dummy memory cell
connected in series with the plurality of memory cells, and a
selection transistor connected in series with the dummy
memory cell. The device further includes a control circuit
configured to program the dummy memory cell before and/or
after erase operations on the plurality of memory cells and the
dummy memory cell. The control circuit may be configured
to perform an erase verification operation after an erase
operation on the plurality of memory cells and the dummy
memory cell. The control circuit may be configured to apply,
during the erase verification operation, a first erase verify
Voltage to the memory cells, and a second erase Verify Voltage
greater than the first verify Voltage to the dummy memory
cell. The first erase verify voltage may be OV, and the second
erase verify Voltage may be sufficient to turn on the dummy
memory cell while performing an erase verification opera
tion.

0022. In still further embodiments of the present inven
tion, a NAND flash memory device includes a plurality of
memory cells connected in series, at least one dummy
memory cell connected in series with the plurality of memory
cells, and a selection transistor connected in series with the

dummy memory cell. The device further includes a control
circuit configured not to erase the dummy memory cell while
erasing the plurality of memory cells. The control circuit may
be configured to float a word line of the dummy memory cell
while erasing the plurality of memory cells. The control cir
cuit may be configured to performan erase verification opera
tion after an erase operation on the plurality of memory cells
and the dummy memory cell. The control circuit may be
configured to apply, during the erase verification operation, a
first erase verify Voltage to the memory cells, and a second
erase verify voltage greater than the first verify voltage to the
dummy memory cell. The first erase verify voltage may be OV
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and the second erase verify Voltage may be sufficient to turn
on the dummy memory cell while performing an erase veri
fication operation.
0023. According to additional embodiments of the present
invention, a NAND flash memory device includes a plurality
of memory cells connected in series, at least one dummy
memory cell connected in series with the plurality of memory

provided so that this disclosure will be thorough and com
plete, and willfully convey the scope of the invention to those
skilled in the art. In the drawings, the thickness of layers and
regions are exaggerated for clarity. Like numbers refer to like
elements throughout. As used herein the term “and/or
includes any and all combinations of one or more of the

cells, and a selection transistor connected in series with the

0036. The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting of the invention. 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

dummy memory cell. The device further includes a control
circuit configured to apply, during the erase verification
operation, a first erase verify Voltage to the memory cells, and
a second erase verify Voltage greater than the first verify
voltage to the dummy memory cell. The first erase verify
voltage may be OV and the second erase verify voltage may be
sufficient to turn on the dummy memory cell while perform
ing an erase verification operation.
BRIEF DESCRIPTION OF THE DRAWINGS

0024. The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus
trate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:
0025 FIG. 1 is a circuit diagram showing a cell string
structure of a conventional NAND flash memory;
0026 FIG. 2 is a table showing a bias voltage condition for
a read, an erase and a program operation for the cell String
structure shown in FIG.1;
0027 FIG. 3 is a cross-sectional view of the cell string
structure shown in FIG.1 underabias condition for a program
inhibit cell;

0028 FIG. 4 is a cross-sectional view of the cell string
operation;
0029 FIG. 5 is a cross-sectional view of a cell string
structure of a NAND flash memory device according to some
embodiments of the present invention:
0030 FIG. 6 is a cross-sectional view of a cell string
structure of a NAND flash memory device according to some
embodiments of the present invention showing a first bias
condition for a dummy memory for an erase operation;
0031 FIG. 7 is a cross-sectional view of a cell storing
structure of a NAND flash memory device according to some
embodiments of the present invention showing a second bias
condition for an erase operation;
0032 FIG. 8 is a flowchart illustrating programming
operations according to Some embodiments of the present
structure shown in FIG. 1 underabias condition for the erase

invention;

0033 FIG. 9 is a flowchart illustrating programming
operations according to further embodiments of the present
invention; and

0034 FIG. 10 is a table showing bias conditions for a read
operation, an erase operation and a program operation in a
NAND flash memory device according to some embodiments
of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

0035. The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which embodiments of the invention are shown. However,
this invention should not be construed as limited to the

embodiments set forth herein. Rather, these embodiments are

associated listed items.

further understood that the terms “includes” and/or “includ

ing.” when used in this specification, specify 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, integers, steps, operations, ele
ments, components, and/or groups thereof.
0037. It will be understood that when an element is
referred to as being “connected' or “coupled to another
element, it can be directly connected or coupled to the other
element or intervening elements may be present. In contrast,
when an element is referred to as being “directly connected
or “directly coupled to another element, there are no inter
vening elements present. Like numbers refer to like elements
throughout the specification.
0038. It will be understood that, although the terms first,
second, etc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin
guish one element, component, region, layer or section from
another region, layer or section. Thus, a first element, com
ponent, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the present invention.
0039 Embodiments of the present invention are described
herein with reference to cross-section illustrations that are
schematic illustrations of idealized embodiments of the

present invention. As such, variations from the shapes of the
illustrations as a result, for example, of manufacturing tech
niques and/or tolerances, are to be expected. Thus, embodi
ments of the present invention should not be construed as
limited to the particular shapes of regions illustrated herein
but are to include deviations in shapes that result, for example,
from manufacturing. For example, an etched region illus
trated or described as a rectangle will, typically, have rounded
or curved features. Thus, the regions illustrated in the figures
are schematic in nature and their shapes are not intended to
illustrate the precise shape of a region of a device and are not
intended to limit the scope of the present invention.
0040. Unless otherwise defined, all terms (including tech
nical and Scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein. It will also be appre
ciated by those of skill in the art that references to a structure
or feature that is disposed “adjacent another feature may
have portions that overlap or underlie the adjacent feature,
although other materials may be used.
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0041 FIG. 5 is a cross-sectional view of a cell string
structure of a NAND flash memory device according to some
embodiments of the present invention, indicating an exem
plary bias condition for a program operation controlled by a
control circuit 510. For purposes of illustration, the control
circuit 510 is conceptually illustrated, but it will be appreci
ated that, in embodiments of the present invention, the control
circuit 510 may be formed on and/or in the same microelec
tronic substrate as the cell string. The control circuit 510
applies OV to a common Source line CSL for a program
inhibit. OV is applied to a ground selection line GSL in order
to place a ground selection transistor ST2 into a cut-off State
to reduce channel leakage. About 18V is applied to a selected
cell word line WL15 and about 8V is supplied to a non
selected cell word line WL14. A dummy word line voltage,
for example, about 3V. is applied to the dummy word line
DWL1. The dummy word line voltage is lower than the volt
age applied to the non-selected word line WL14. For
example, if a threshold Voltage of the dummy memory cell
WL14 is about -3V, a source voltage of the dummy memory
cell DC1 increases to about 6V. As a result, the dummy
memory cell DC1 is placed into a cut-off state, that is, the
channel Voltage of memory cells due to the capacitive boost
ing effect may not be significantly reduced due to leakage to
the source of dummy memory cell DC1.
0042. The channel length Ls" of the ground selection tran
sistor ST2 may be reduced in comparison to the prior art, as
the voltage difference between the drain and the source of
ground selection transistor ST2 may be reduced compared to
the prior art. The leakage current IGTDL' generated by the
GIDL may also be reduced, as the voltage difference between
the drain and the gate of ground selection transistor ST2 is
less than about 6V. Furthermore, a vertical electric field

formed between the channel and the gate of the dummy
memory cell DC1 may be weakened and the number of hot
electrons (Hot e') injected to the floating gate of dummy
memory cell DC1 may be reduced.
0043. Such operations may also be applied to the string
selection transistor ST1, that is, a voltage lower than the
Voltage Supplied to the non-selected word line may be applied
to a dummy word line DWL0 while performing a program
operation. Accordingly, the channel length of string selection
transistor ST1, the leakage current generated by GIDL, and
the number of hot electrons injected to the floating gate of
dummy memory cell DCO may be reduced.
0044) A NAND flash memory device according to some
embodiments of the present invention applies a Voltage to a
dummy word line that is lower than a Voltage Supplied to
non-selected word line while performing a program opera
tion. Therefore, the channellength of selection transistor may
be reduced and a program inhibit characteristic may be
improved.
0045 FIG. 6 is a cross-sectional view of a cell string
structure of a NAND flash memory device according to some
embodiments of the present invention showing a first bias
condition for a dummy memory for an erase operation con
trolled by a control circuit 610. For purposes of illustration,
the control circuit 610 is conceptually illustrated, but it will be
appreciated that, in embodiments of the present invention, the
control circuit 610 may be formed on and/or in the same
microelectronic Substrate as the cell String. The control circuit
610 places a dummy word line DWL1 into a floating state for
the erase operation. Therefore, the dummy memory cell DC1
is not erased when the erase operation is performed.

0046. The erase operation is performed in a block unit in
the NAND flash memory device. However, an over-erased
dummy memory cell problem may arise, because the dummy
memory cell may be repeatedly erased without being pro
grammed. In order to prevent the dummy memory from being
over-erased, a NAND flash memory device according to some
embodiments of the present invention places the dummy
word line DWL1 into a floating state while performing an
erase operation. The gate of the dummy memory cell DC1 is
not erased if 18V is applied to the substrate because the gate
of dummy memory cell is in a floating state while the erase
operation is performed. Therefore, a NAND flash memory
device according to Some embodiments of the present inven
tion may reduce degradation of programming and erasing
characteristics caused by over-erased dummy memory.
0047 FIG. 7 is a cross-sectional view of a cell storing
structure of a NAND flash memory device according to some
embodiments of the present invention showing a second bias
condition for an erase operation controlled by a control circuit
710. For purposes of illustration, the control circuit 710 is
conceptually illustrated, but it will be appreciated that, in
embodiments of the present invention, the control circuit 710
may be formed on and/or in the same microelectronic Sub
strate as the cell string. The control circuit 710 applies OV to
a dummy word line DWL1 while performing an erase opera
tion. Therefore, the dummy memory cell DC1 is also erased
with the other memory cells.
0048. A flash memory device according to some embodi
ments of the present embodiment may program the dummy
memory cell DC1 for the erase operation in order to prevent
degradation of characteristics caused by over-erasing of the
dummy memory cell DC1. The dummy memory cell DC1
performs a program operation instead of repeatedly perform
ing an erase operation.
0049 FIG. 8 is a flowchart illustrating operations for pro
gramming a dummy memory cell before erasing memory
cells according to some embodiments of the present inven
tion. FIG.9 is a flowchart illustrating operations for program
ming a dummy memory cell after erasing memory cells
according to some embodiments of the present invention.
0050 Referring to FIG. 8, a dummy memory cell is pro
grammed in operation S810. After programming, all of
memory cells in a block including the dummy memory cell
are erased in an operation S820. After erasing the memory
cells, an erase Verification operation is performed in an opera
tion S830. The block erasing operation is repeatedly per
formed according to the result of the erase verification opera
tion S830.

0051 Referring to FIG.9, all of memory cells in a block
including the dummy memory cell are erased at the same time
in an operation S910. Then, an erase verification operation is
performed in an operation S920. If there is a memory cell not
erased, the block erase operation is repeatedly performed. If
there is no memory cell found that is not erased in the block as
a result of Verification, the dummy memory cell is pro
grammed in an operation S930.
0.052 A NAND flash memory device according to some
embodiments of the present invention may prevent the
dummy memory cell from being over-erased by program
ming the dummy memory cell after or before erasing the
memory cells. The dummy memory cells are erased with the
memory cells during the erase operation. It will be appreci
ated that the dummy memory cell may be programmed before
or after each erase operation, or may be programmed less
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frequently at a rate Sufficient to reduce or prevent overerasing.
Therefore, a NAND flash memory device according to some
embodiments of the present invention can prevent the degra
dation of programming and erasing characteristics caused by
over-erased dummy memory.
0053 FIG.10 is a table showing a bias condition for a read
operation, two erase operations, an erase verify operation and
a program operation in a NAND flash memory device accord
ing to further embodiments of the present invention. Refer
ring to FIG. 10, a Voltage, e.g., 3V. applied to a dummy word
line DWL is lower than a voltage, e.g., 8V. applied to non
selected word line while a program operation is performed.
The dummy word line DWL is placed in a floating state
according to the first erase bias condition Erase 1 for the erase
operation. Furthermore, OV is supplied to the dummy word
line DWL according to the second erase bias condition Erase2
for the erase operation. The dummy memory cell is pro
grammed before or after erasing the memory cells.
0054. In the erase verification operation, the bit line BL is
pre-charged by applying Vbl (-0.5V) thereto. A power supply
voltage Vcc is applied to the string selection line SSL and the
ground selection line GSL. OV is applied to the common
source line CSL and all word lines WL. A predetermined
voltage Vread is applied to the dummy word line to turn on the
dummy memory cell.
0055. If all of memory cells in a block are erased, memory
cells have a negative threshold voltage Vith, e.g., -3V. How
ever, the dummy memory cell DC1 shown in FIG.7 may have
a positive threshold voltage, e.g., 0.5V, due to the effect of the
ground selection transistor ST2. Referring to FIG. 7, while
performing an erase operation, the ground selection line GSL
is placed in a floating state and an erase Voltage Vera of 18V
is applied to the P type substrate.
0056 Consequently the gate voltage of the ground selec
tion transistor ST2 increases to about 18V due to a capacitive
boosting effect formed between the gate and the P type sub
strate. The increased gate Voltage of the ground selection
transistor ST2 prevents electrons in a floating gate of the
dummy memory cell DC1 from going out to the channel.
Thus, the dummy memory cell DC1 can have a positive
threshold voltage.
0057. If the threshold voltage of the dummy memory cell
DC1 is higher than OV, even though memory cells
MC0-MC15 were erased, the erase verification operation

may fail. To turn on the dummy memory cell DC1 while
performing an erase verification operation, a turn-on Voltage
Vread higher than OV is applied to the dummy word line
DWL1.

0058 As described above, a NAND flash memory device
according to Some embodiments of the present invention
applies a Voltage to a dummy word line that is lower than a
voltage applied to non-selected word line. Therefore, the
length of the channel of selection transistor may be reduced
and program inhibit characteristics may be improved.
0059. In addition, a NAND flash memory device accord
ing to some embodiments of the present invention places a
dummy word line in a floating state while performing an erase
operation, or programs the dummy memory cell before or
after erasing memory cells So that over-erasing of the dummy
memory cell maybe prevented. Therefore, a NAND flash
memory device according to Some embodiments of the
present invention may prevent degradation of programming
and erasing characteristics caused by over-erased dummy
memory while performing a read operation, the program veri
fication operation and the erase Verification operation.
0060. It will be apparent to those skilled in the art that
various modifications and variations can be made in the

present invention. Thus, it is intended that the present inven
tion covers the modifications and variations of this invention

provided they come within the scope of the appended claims
and their equivalents.
What is claimed is:

1. A NAND flash memory device comprising:
a plurality of memory cells connected in series;
at least one dummy memory cell connected in series with
the plurality of memory cells;
a selection transistor connected in series with the dummy
memory cell and the plurality of memory cells; and
a control circuit configured to apply, during a program
operation, a first word line Voltage to non-selected ones
of the memory cells, a second word line Voltage greater
than the first word line voltage to a selected memory cell,
and a third word line voltage lower than the first word
line Voltage to the dummy memory cell.
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