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3D FLASH MEMORY DEVICE HAVING In another embodiment , a method of operating a three 
DIFFERENT DUMMY WORD LINES dimensional ( 3D ) flash memory device is provided , wherein 

UTILIZED DURING ERASE OPERATIONS the 3D flash memory includes a plurality of cell strings 
arranged in a direction perpendicular to a substrate , and the 

5 method comprises ; during a program operation , using a first Matter enclosed in heavy brackets [ ] appears in the dummy word line comprising a first number of word lines original patent but forms no part of this reissue specifica disposed between a ground select line and a lowermost main tion ; matter printed in italics indicates the additions word line , and using a second dummy word line comprising made by reissue ; a claim printed with strikethrough a second number of word lines different from the first 
indicates that the claim was canceled , disclaimed , or held 10 number and disposed between a string select line and an invalid by a prior post - patent action or proceeding . uppermost main word line to reduce an electric field differ 

ence ( Es - Eg ) between a first electric field ( Es ) existing CROSS - REFERENCE TO RELATED between a boosted channel of a program inhibit cell and a bit APPLICATIONS line , and a second electric field ( Eg ) existing between the 
boosted channel and a common source line . This is a Reissue Application of U.S. application Ser . No. 

15 / 978,230 , filed on May 14 , 2018 , which issued as U.S. Pat . In yet another embodiment , a data storage device is 
No. 10,224,105 on Mar. 5 , 2019 , and which is a Continuation provided . The data storage device includes a memory con 

troller that controls a three - dimensional ( 3D ) flash memory of U.S. application Ser . No. 15 / 609,761 , filed May 31 , 2017 , 
now U.S. Pat . No. 9,984,753 issued on May 29 , 2018 , which 20 having a plurality of cell strings arranged in a direction 
is a Continuation of U.S. application Ser . No. 15 / 210,628 , perpendicular to a substrate . The 3D flash memory com 
filed Jul . 14 , 2016 , now U.S. Pat . No. 9,697,901 issued on prises ; a first cell string connected between a bit line and a 
Jul . 4 , 2017 , which is a Continuation of U.S. application Ser . line and including a program cell , a second 
No. 14 / 945,354 , filed Nov. 18 , 2015 , which is a Continua- cell string connected between the bit line and the common 
tion of U.S. application Ser . No. 14 / 162,905 , filed Jan. 24 , 25 source line and including a program inhibit cell connected to 
2014 , now U.S. Pat . No. 9,812,206 issued on Nov. 7 , 2017 , the same word line as the program cell , a first string select 
which makes a claim of priority under 35 U.S.C. $ 119 to line that selects the first cell string and a second string select 
Korean Patent Application No. 10-2013-0053212 filed May line that selects the second cell string , a first dummy word 
10 , 2013 , the subject matter of which is hereby incorporated line disposed between a ground select line and a lowermost 
by reference . 30 main word line , and a second dummy word line having a 

different word line configuration than the first dummy word 
BACKGROUND line and disposed between the first and second string select 

lines and an uppermost main word line . 
The present inventive concept relates generally to semi 

conductor memory devices , and more particularly , to a three 35 BRIEF DESCRIPTION OF THE DRAWINGS 
dimensional ( 3D ) flash memory devices and data storage 
devices including same . Certain embodiments of the inventive concept are 

The continuing integration of flash memory provides the described hereafter with reference to the accompanying 
superior performance and cost competitiveness required by drawings . 
contemporary users . There are limits to the level of 40 FIG . 1 is a block diagram illustrating a storage device in 
increased integration that may be achieved by flash memory accordance with some exemplary embodiments of the inven 
having two - dimensional ( 2D ) structures . To overcome such tive concept . 
limits , 3D flash memory is used with increasing frequency FIG . 2 is a block diagram illustrating a flash memory 
in many applications . However , the use of 3D flash memory illustrated in FIG . 1 as an illustration . 
is not without its problems including increased program FIG . 3 is a perspective view illustrating a three - dimen 
disturbance effects . sional ( 3D ) structure of a memory block BLK1 illustrated in 

FIG . 2 as an illustration . 
SUMMARY FIG . 4 is an equivalent circuit diagram of the memory 

block BLK1 illustrated in FIG . 3 . 
Embodiments of the inventive concept provide a three- 50 FIG . 5 is a circuit diagram illustrating a memory block of 

dimensional flash memory . a two - dimensional ( 2D ) flash memory as an illustration . 
In one embodiment , a three - dimensional ( 3D ) flash FIG . 6 is a circuit diagram illustrating a program bias 

memory device is provided having a plurality of cell strings condition of the two - dimensional ( 2D ) flash memory illus 
arranged in a direction perpendicular to a substrate . The 3D trated in FIG . 5 as an illustration . 
flash memory comprises ; a first cell string connected 55 FIG . 7 is a drawing describing a boosted level of a cell 
between a bit line and a common source line and including string including a program inhibit cell Q in a two - dimen 
a program cell , a second cell string connected between the sional ( 2D ) flash memory . 
bit line and the common source line and including a program FIG . 8 is a circuit diagram illustrating a program bias 
inhibit cell connected to the same word line as the program condition of the three - dimensional ( 3D ) flash memory illus 
cell , a first string select line that selects the first cell string 60 trated in FIG . 4 . 
and a second string select line that selects the second cell FIGS . 9 and 10 are drawings illustrating a bias condition 
string , a first dummy word line disposed between a ground of a program inhibit cell C connected to a first bit line BL1 
select line and a lowermost main word line , and a second of FIG . 8 . 
dummy word line having a different word line configuration FIGS . 11 , 12 and 13 are schematic views illustrating a 
than the first dummy word line and disposed between the 65 word line structure of a three - dimensional ( 3D ) flash 
first and second string select lines and an uppermost main memory in accordance with some exemplary embodiments 
word line . of the inventive concept . 

45 
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FIG . 14 is a block diagram illustrating another embodi- FIG . 2 is a block diagram further illustrating in one 
ment of the flash memory illustrated in FIG . 1 . example the flash memory 1100 of FIG . 1. Referring to FIG . 

FIG . 15 is a schematic view illustrating a word line 2 , the flash memory 1100 includes a memory cell array 1110 , 
structure of the three - dimensional ( 3D ) flash memory illus- an address decoder 1120 , a page buffer circuit 1130 , a data 
trated in FIG . 14 . 5 input / output circuit 1140 , a voltage generator 1150 and 
FIG . 16 is a graph illustrating an example of a voltage control logic 1160 . 

level of a dummy word line when an erase operation of a The memory cell array 1110 includes a plurality of 
three - dimensional ( 3D ) flash memory is performed . memory blocks BLK1 - BLKz . Each memory block may 
FIG . 17 is a graph illustrating an example of a voltage have a three - dimensional ( 3D , vertical ) structure , or a two 

level of a dummy word line when an erase operation of the 10 dimensional ( 2D , horizontal ) structure . In this context , 2D 
three - dimensional ( 3D ) flash memory illustrated in FIG . 15 structures are characterized by memory blocks cells dis 
is performed . posed principally in ( X - Y ) directions parallel to a supporting 
FIG . 18 is a block diagram illustrating an example of substrate , whereas 3D structures are characterized by mul 

applying the data storage device in accordance with some tiple 2D memory blocks being vertically stacked in a ( 2 ) 
exemplary embodiments of the inventive concept to a 15 direction orthogonal to the substrate . 

Each memory block is commonly divided into a plurality 
FIG . 19 is a block diagram illustrating an example of of pages , wherein each respective page includes a plurality 

applying the data storage device in accordance with some of memory cells commonly connected to a word line . Thus , 
exemplary embodiments of the inventive concept to a solid a set of memory cells connected to a common word line may 
state drive ( SSD ) . 20 be programmed or read at the same time in a page unit . In 
FIG . 20 is a block diagram illustrating a constitution of contrast , all of the memory cells in a memory block of the 

the SSD controller illustrated in FIG . 19 as an illustration . flash memory 1100 may be erased in a block unit . 
FIG . 21 is a block diagram illustrating an example that the Each memory cell may be used to store one or more data 

data storage device in accordance with some exemplary bits . A memory cell configured to store only one bit is 
embodiments of the inventive concept is embodied by an 25 referred to as a single - level cell ( SLC ) or a single bit cell . A 
electronic device . memory cell configured to can store two or more bits is 

referred to as a multi - level cell ( MLC ) or a multi bit cell . 
DETAILED DESCRIPTION OF EMBODIMENTS The address decoder 1120 is connected to the memory cell 

array 1110 via one or more select line ( s ) ( e.g. , string 
Embodiments of inventive concept will now be described 30 select - SSL , ground line select — GSL ) and a plurality of 

in some additional detail with reference to the accompany- word lines WLs . The address decoder 1120 receives a word 
ing drawings . The inventive concept may , however , be line voltage VWL from the voltage generator 1150 and is 
embodied in many different forms and should not be con- controlled by the control logic 1160. The address decoder 
strued as being limited to only the illustrated embodiments . 1120 selects a " selected word line ” from among the plurality 
Rather , these embodiments are provided so that this disclo- 35 of word lines during a read and program operations . Thus , 
sure will be thorough and complete , and will fully convey a defined program voltage or read voltage is provided to a 
the scope of the inventive concept to those skilled in the art . selected word line to perform a program operation or a read 
Throughout the written description and drawings , like ref- operation . 
erence numbers and labels are used to denote like or similar The page buffer circuit 1130 is connected to the memory 
elements . 40 cell array 1110 via a plurality of bit lines BLs . In certain 
FIG . 1 is a general block diagram illustrating a storage embodiments , the page buffer circuit 1130 may include a 

device in accordance with certain embodiments of the plurality of page buffers ( not shown in FIG . 2 ) , where at 
inventive concept . Referring to FIG . 1 , a data storage device least one bit line is connected to each page buffer . The page 
1000 includes a flash memory 1100 and a memory controller buffer circuit 1130 may be used to temporarily store program 
1200. In the description that follows , it is assumed that the 45 data or data read from a selected page during program and 
data storage device 1000 is implemented from at least one read operations . 
data storage medium ( e.g. , a memory card , USB memory The data input / output ( 1/0 ) circuit 1140 is internally 
device , solid - state drive ( SSD ) , etc. ) including flash connected to the page buffer circuit 1130 via a data line and 
memory . is externally connected to the memory controller 1200 of 
As will be conventionally appreciated , the flash memory 50 FIG . 1 via an I / O line . The data 1/0 circuit 1140 receives 

1100 is able to perform erase , write and / or read operation ( s ) program data from the memory controller 1200 during a 
under the control of the memory controller 1200. To achieve program operation and provides read data to the memory 
this , the flash memory 1100 will generally receive a com- controller 1200 as the result of a read operation . 
mand CMD , an address ADDR and / or data DATA via an The voltage generator 1150 receives a power supply 
arrangement of an input / output ( I / O ) line ( s ) and / or bus ( es ) . 55 voltage PWR ( e.g. , Vcc ) from the memory controller 1200 
The flash memory 1100 may further receive one or more and generates a word line voltage VWL needed to read or 
power supply voltage ( s ) PWR via power supply line ( s ) , as write data . The word line voltage VWL is provided to the 
well as one or more control signal ( s ) CTRL via designated address decoder 1120. The voltage generator 1150 may be 
control line ( s ) . Hereafter , these one or more signals will be used to generate a high voltage ( HV ) having a level higher 
referred to in the singular for descriptive clarity , but recog- 60 than the power supply voltage Vcc . The high voltage ( HV ) 
nizing that more than one power signal and / or control signal may be used as a program voltage Vpgm or a pass voltage 
may be present . Those skilled in the art will recognize , for 
example , that the control signal CTRL indicated in FIG . 1 In certain embodiments , the voltage generator 1150 may 
may include a command latch enable ( CLE ) signal , an include a Vpgm generator 1151 , a Vpass generator 1152 and 
address latch enable ( ALE ) signal , one or more chip enable 65 a Vsl generator 1153. The Vpgm generator 1151 may be 
( nCE ) signal ( s ) , one or more write enable signal ( s ) ( nWE ) , used to generate a program voltage Vpgm being provided to 
and / or one or more read enable signal ( s ) ( nRE ) . a select word line when a program operation is performed . 

a 
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The program voltage Vpgm may be incrementally increased this regard , dummy word line may be referred to in the 
by programming loop during iteratively performed program singular or in combination , and may have different structures 
operations . The Vpass generator 1152 may be used to and layout arrangements . 
generate a pass voltage Vpass being provided to a select or FIG . 4 is an equivalent circuit diagram for the memory 
unselect word line during certain program operations . The 5 block BLK1 of FIG . 3. Referring to FIG . 4 , NAND strings 
pass voltage Vpass is usually maintained at a constant level NS11 - NS33 are connected to one another between a com 
even across a sequence of programming loops . The Vsl mon source line CSL and bit lines BL1 - BL3 . Each NAND 
generator 1153 may be used to generate a select line voltage string ( e.g. , NS11 ) includes a ground select transistor GST , 
being provided to a string select line SSL or a ground select a plurality of memory cells MC1 - MC8 and a string select 
line GSL . 10 transistor SST . The NAND string may be called a cell string . 

The control logic 1160 may be used to control program , A string select transistor SST is connected to a string 
read and erase operations of the flash memory 1100 in select line SSL . The string select line SSL is divided into first 
response to a received address ADDR and control signal through third string select lines SSL1 - SSL3 . The plurality 
CTRL . During a program operation , the control logic 1160 of memory cells MC1 - MC8 is connected to respective word 
controls the application of the program voltage Vpgm to a 15 lines WL1 - WL8 . Word lines having a same height are 
selected word line via the address decoder 1120 , and the connected in common . A ground select transistor GST is 
provision of program data ( e.g. , page data ) via the page connected to a ground select line GSL . A string select 
buffer circuit 1130 and data I / O circuit 1140 . transistor SST is connected to a bit line BL and a ground 
FIG . 3 is a perspective view further illustrating in one select transistor GST is connected to a common source line 

example a 3D structure for the memory block BLK1 of FIG . 20 CSL . 
2. Referring to FIG . 3 , the memory block BLK1 is formed Referring to FIG . 4 , each memory cell MC of the memory 
in a direction perpendicular to a substrate SUB . An n + block BLK1 may be either a “ main memory cell MMC ” or 
doping region is formed in the substrate SUB . A gate a “ dummy memory cell DMC ” , where a dummy memo 
electrode layer and an insulating layer are alternately cell DMC is connected to the dummy word line DWL and 
stacked on the substrate SUB . 25 the main memory cells MMC are connected to the main 
An information storage layer can be formed between the word lines WL2 - WL6 ( main word lines MWL as shown in 

gate electrode layer and the insulating layer . The information FIG . 3 ) . Thus , as shown in FIG . 4 , a first dummy memory 
storage layer may be constituted by a tunnel storage layer , a cell DMC1 is the first memory cell MC1 connected between 
charge storage layer and a blocking insulating layer . the ground select transistor GST and a string of main 

If patterning the gate electrode layer and the insulating 30 memory cells MMC , and a second dummy memory cell 
layer in a vertical direction , a pillar of a V shape is formed . DMC2 is a combination of the seventh memory cell MC7 
The pillar passes through the gate electrode layer and the and the eighth memory cell MC8 connected between the 
insulating layer to be connected to the substrate SUB . The string select transistor SST and the string of main memory 
inside of the pillar is a filling dielectric pattern and may be cells MMC . 
constituted by an insulating material such as silicon oxide . 35 The three - dimensional flash memory 1100 variously illus 
The outside of the pillar is a vertical active pattern and may trated in FIGS . 2 , 3 and 4 is able to reduce the possibility of 
be constituted by a channel semiconductor . program disturbances , and thereby increase the overall data 

The gate electrode layer of the memory block BLK1 can reliability of the constituent memory device by providing for 
be connected to a ground select line GSL , a plurality of word each NAND string ( NS ) of memory cells with both a first 
lines WL1 - WLn and a string select line SSL . The pillar of 40 dummy memory cell DMC1 and a second dummy memory 
the memory block BLK1 can be connected to a plurality of cell DMC2 having different respective " dummy memory 
bit lines BL1 - BL3 . In FIG . 3 , one memory block BLK1 has cell configurations ” . In the illustrated embodiments of FIGS . 
two select lines ( GSL , SSL ) , eight word lines WL1 - WL8 3 and 4 these different memory cell configurations include a 
and three bit lines BL1 - BL3 , but these numbers are merely single dummy memory cell DMC1 arrangement and a 
one example of many different configurations contemplated 45 multiple dummy memory cell DMC2 arrangement as 
by the inventive concept . examples . 

The collection of word lines WL1 - WL8 shown in the FIG . 5 is a circuit diagram further illustrating in one 
memory block BLK1 of FIG . 3 includes at least one main example a memory block of a 2D flash memory . The 2D 
word line MWL ( which may be any of word lines flash memory has a cell string structure in common with the 
WL2 ~ WL6 as shown ) and at least one dummy word line 50 3D flash memory of FIG . 4. Here , the 2D flash memory is 
DWL . The dummy word line DWL is included as a means assumed to include “ m'cell strings connected to first through 
of protecting the main word line MWL from noise , and as a m?h bit lines BL1 - BLm , respectively . 
means of improving the fabrication uniformity of memory Referring to FIG . 5 , a " cell string ” connected to a first bit 
cells connected to the main word line MWL . Thus , in the line BL1 includes a string select transistor SST connected to 
illustrated example of FIG . 3 , a first dummy word line 55 a string select line SSL , a plurality of memory cells 
DWL1 is disposed between the ground select line GSL and MC1 - MCn connected a plurality of word lines 
a “ lowest " main word line MWL ( WL2 ) and a second WL1 - WLn and a ground select transistor GST connected to 
dummy word line DWL2 is disposed between the string a ground select line GSL . The string select transistor SST is 
select line SSL and a “ highest ” main word line MWL connected to the bit line BL1 and the ground select transistor 
( WL6 ) . In this context , the terms lowest and highest are 60 GST is connected to a common source line CSL . 
arbitrary designation made for respective word lines dis- FIG . 6 is a circuit diagram illustrating in one example a 
posed at vertical locations relative to the substrate SUB . program bias condition for the 2D flash memory of FIG . 5 . 

Thus , in the illustrated embodiment of FIG . 3 , the first Referring to FIG . 6 , during a program operation , OV is 
dummy word line DWL1 is really a lowest overall fabricated applied to a memory cell being programmed ( hereinafter , 
word line WL1 and the second dummy word line DWL2 is 65 " program cell ” —P ) and a power supply voltage Vcc is 
a combination of the two highest overall fabricated word applied to memory cells bit not being programmed ( herein 
lines WL7 and WL8 traversing the memory block BLK1 . In after , “ program inhibit cell ” _Q ) . A bit line connected to the 
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program cell P is referred to as a “ program bit line ” BLpgm inhibit cell , excessive program disturbance effects do not 
and a bit line connected to the program inhibit cell Q is occur in the specific direction SSL or GSL . 
referred to as a “ program inhibit bit line ” BLinh . Of further note , a dummy word line can also have a 

During the program operation , the power supply voltage symmetric structure in order to protect a word line and 
Vcc is applied to the string select line SSL and OV is applied 5 improve memory cell pattern uniformity . However , as illus 
to the ground select line GSL . A voltage ( e.g. , Vcc ) higher trated in FIG . 7 , the respective dummy memory cell con 
than OV may be applied to the common source line CSL . A figurations associated with the first and second dummy word 
program voltage ( e.g. , Vpgm = 18V ) may then be applied to lines DWL1 and DWL2 of the 2D flash memory may be the 
a selected word line ( here , assumed to be “ WL2 ” ) and a pass same for the ground select line GSL and string select line 
voltage ( e.g. , Vpass = 8V ) is applied to non - selected word SSL , respectively . That is , in the illustrated example of FIG . 
lines WLs . The pass voltage ( e.g. , Vpass = 8V ) may also be 7 , the first dummy word line DWL1 is configured from a first 
applied to the dummy word lines DWL1 and DWL2 con ( lowermost ) word line WL1 while the second dummy word 
nected to the corresponding dummy memory cells enclosed line DWL2 is configured from an nth ( uppermost ) word line 
in the dotted - line boxes . In the embodiment shown in FIG . 15 line DWL1 , and word line WLn may be characterized as WLn . Word line WL1 may be characterized as dummy word 
6 , word line WL1 may be characterized as dummy word line dummy word line DWL2 . DWL1 , word line WLn may be characterized as dummy An electric field between a boosted channel of the main word line DWL2 , and the dotted - line boxes may be consid word line MWL and the program inhibit bit line BLinh , or ered as corresponding to dummy memory cells . between the boosted channel of the main word line MWL 
Under these program bias conditions , the program voltage 20 and the common source line CSL may be expressed as : 

Vpgm is applied to the gate of the program cell P and a 
channel voltage of OV is defined such that a strong electric 
field is formed between the gate of the program cell P and Vb – Vcc 
the channel . At this time , electrons in the channel of the Es = Eg = ( k + 1 ) d 
program cell P are injected into a floating gate of the 25 
program cell P according to the well understood F - N tun Here , “ k ” is a number of first or second dummy word neling effects . line ( s ) ( DWL1 , DWL2 ) . Assuming that the number of the When the program voltage Vpgm is applied to the gate of first dummy word line DWL1 and the number of the second the program inhibit cell Q , since a channel of the program inhibit cell Q is in a floating state , a channel voltage rises to 30 dummy word line DWL2 is the same ( i.e. , 1 ) , the foregoing relationship becomes : a boosted level Vb ( about 8V ) by a capacitive boosted effect 
formed between the gate and the channel . Since an electric 
field sufficient to cause F - N tunneling is not formed between 
the gate of the program inhibit cell Q and the channel of the Es = Eg = 
program inhibit cell Q , the program inhibit cell Q is not 
programmed . 

FIG . 7 is a conceptual illustration of a memory cell string As described above , in a 2D flash memory , an electric 
field difference between the two select lines SSL and GSL and further described a boosted level of the cell string does not exist on the basis of the boosted channel of the including the program inhibit cell Q of the 2D flash memory 

of FIGS . 5 and 6. Referring to FIG . 7 , during the program 40 program inhibit cell , and excessive program disturbance 
operation , the program inhibit bit line BLinh and common effects do not occur in the specific direction SSL or GSL . 
source line CSL have the power supply voltage Vcc applied However , in a 3D flash memory , due to the very different 
and a channel is boosted to level Vb . nature of its structure , an electric filed difference between 

the two select lines SSL and GSL exists on the basis of the Assuming that the length of a memory cell is expressed as 
“ d ” , and the electric field between the channel and the 45 boosted channel of the program inhibit cell , and excessive 
program inhibit bit line BLinh is expressed “ Es ” , the fol program disturbance effects may occur in the specific direc 

tion SSL or GSL . lowing relationship emerges : 
To reduce the likelihood of program disturbance effects , 

certain 3D flash memories designed in accordance with 
Vb – Vcc 50 embodiments of the inventive concept include at least one 

first dummy word line DWL1 adjacent to the ground select 
line GSL and at least one second dummy word line DWL2 
adjacent to the string select line SSL , wherein the first Expressing an electric field between the channel and the dummy word line DWL1 and second dummy word line common source line CSL as “ Eg ” the following relationship 55 DWLZ have different dummy memory cell configurations . 

emerges : FIG . 8 is a circuit diagram illustrating in one example 
program bias conditions for the 3D flash memory of FIG . 4 . 
In FIG . 8 , cell strings NS11 and NS21 are connected to a first Vb - Vcc Eg = bit line BL1 and cell strings NS12 and NS22 are connected 

60 to a second bit line BL2 . 
The first bit line BL1 is a program bit line BLpgm to 

Now , assuming that “ Es ” is equal to “ Eg ” , the 2D flash which OV is applied and the second bit line BL2 is a program 
memory will have a symmetrical voltage level in a direction inhibit line BLinh to which a power supply voltage Vcc is 
of the ground select line GSL and string select line SSL on applied . If it is assumed that the cell string NS21 is selected 
the basis of a channel having the boosted level Vb . Since the 65 during a program operation , OV is applied to a first string 
2D flash memory during a program operation has a sym- select line SSL1 and a power supply voltage Vcc is applied 
metrical bias voltage level on the basis of the program- to a second string select line SSL2 . 

Vb - Vcc 
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Under these program bias conditions , 18V is applied to Further assuming an electric field “ Eg ” between the 
the gate of a memory cell “ A ” having a channel voltage of channel of the main word line MWL and the common source 
OV . Since a strong electric field is formed between the gate line CSL , it follows that : 
of memory cell A and its channel , memory cell A will be 
programmed . However , since the respective channels of 
memory cells “ B ” , “ C ” and “ D ” are in a floating state , the Vb - Vcc 
channel voltage rises to a boosted level Vb ( about 8V ) and Eg = 
the memory cells B , C and D will not be programmed . 

In FIG . 8 , the program inhibit cells B and D are connected 
to the second bit line BL2 having a channel boosted level or Referring to FIG . 9 and the preceding two ( 2 ) relation 
approximate to that of the cell string described in the 2D ships , an electric field difference between “ Es ” and “ Eg ” 
flash memory of FIG . 7. Since the 3D flash memory during may be expressed as : 
a program operation will have a symmetrical voltage level 
on the basis of a boosted channel of the program inhibit cells 
B and D , an electric field difference between the boosted Vb -0 Vb – Vec 
channel and the bit line BL2 , or between the boosted channel 15 Es - Eg = 
and the common source line CSL almost does not exist . 

Hence , the program inhibit cell C connected to the first bit 
The above described electric field difference occurs line BL1_unlike the 2D flash memory of FIG . 7 — has an 

asymmetrical voltage level during the illustrated program because unlike the 2D flash memory , there is a case that OV 
operation . Thus , during the program operation , OV is applied 20 is applied to the first bit line BL1 connected to the program 
to the first bit line BL1 and a power supply voltage Vcc is inhibit cell C. That is , this is because the cell string NS11 
applied to the common source line CSL . Since the cell string including the program inhibit cell C exists in the first bit line NS11 has an asymmetrical voltage level on the basis of the BL1 . Accordingly , a 3D flash memory has asymmetrical 
boosted channel , an electric field difference occurs between voltage level on the basis of the boosted channel during a the boosted channel and the first bit line BL1 , or between the program operation , and thereby excessive program distur boosted channel and the common source line CSL . Due to 
this electric field difference , in the cell string NS11 , exces bance may occur in a specific direction GSL or SSL . 

Referring to FIG . 10 , it is again assumed that the first sive program disturbance effects may occur in the specific dummy word line DWL1 includes only the first word line direction GSL or SSL . 
FIGS . 9 and 10 are respective conceptual illustrations WL1 . However , the second dummy word line DWL2 is now 

further describing the channel boosted level of the cell string 30 assumed to include the seventh and eighth word lines WL7 
NS11 of FIG . 8 connected to the first bit line BL1 , and the and WL8 . Word line WL1 may be characterized as dummy 
electric fields Es and Eg in the direction of the two select word line DWL1 , and word lines WL7 and WL8 may be 
lines GSL and SSL . FIG . 9 illustrates a case wherein a commonly connected and characterized as dummy word line 
number of word lines forming the first dummy word line DWL2 . These different “ dummy word line configurations ” 
DWL1 is the same as a number of word lines forming the 35 inherently result in different dummy memory cell configu 
second dummy word line DWL2 . That is , FIG . 9 illustrates rations as the first dummy word line connects only a single 
a case wherein the same dummy memory cell configuration dummy memory cell per cell string while the second dummy 
is used to implement both first and second dummy word word line connects two dummy memory cells per cell string . 
lines DWL1 and DWL2 . In contrast , FIG . 10 illustrates a As noted in the working example , the main word lines 
case wherein a number of word lines used to implement the 40 MWLs include second through sixth word lines WL2 ~ WL6 . 
first dummy word line DWL1 is different from a number of In this case , an electric field “ Es ” between a channel of the 
word lines used to implement the second dummy word line main word line MWL and the first bit line BL1 may be 
DWL2 . expressed as : 

Referring to FIG . 9 , the first dummy word line DWL1 
includes only a first word line WL1 , the second dummy 

Vb - 0 word line DWL2 includes only an eighth word line WL8 . 
Word line WL1 may be characterized as dummy word line 
DWL1 , and word line WL8 may be characterized as dummy 
word line DWL2 . Thus , the main word lines MWL include An electric field “ Eg ” between a channel of the main word 
the second through seventh word lines WL2 - WL7 . The line MWL and the common source line CSL may be 
program inhibit cell C is assumed to be a memory cell expressed as : 
connected to the fifth word line WL5 . 

During a program operation , OV is applied to the first bit 
line BL1 and a power supply voltage Vcc is applied to the Vb – Vcc Eg = common source line CSL . When a program voltage Vpgm is 
applied to the selected word line WL5 , a channel voltage 
becomes a boosted level Vb . Referring to FIG . 10 and the two preceding relationships , As previously described , if the length of a memory cell is an electric field difference between “ Es ” and “ Eg " may be “ d ” , and an electric field between the channel of the main expressed as : word line MWL and the first bit line BL1 is “ Es ” , the 60 
following relationship emerges : 

- Vec 
Es - Eg = 
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Upon comparing this result with results above related to 
FIG . 9 , the provision different dummy word line configu 
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rations for the first and second dummy word lines DWL1 The memory cell array 2110 includes a plurality of 
and DWL2 enables a Vb / 6d reduction in the electric filed memory blocks BLK1 - BLKz having a 3D structure . The 
difference between “ Es ” and “ Eg ” . address decoder 2120 is connected to the memory 

Hence , 3D flash memories in accordance with embodi- 2110 through a string select line SSL , a ground select line 
ments of the inventive concept , such as the one illustrated in 5 GSL , main word lines MWLs and dummy word lines 
FIG . 10 , can reduce the likelihood of program disturbance DWLs . The page buffer circuit 2130 is connected to the 
effects due to an electric field difference by ensuring that a memory cell array 2110 through bit lines BLs . The data 
first dummy word line DWL1 configuration is different from input / output circuit 2140 is connected to the page buffer 
a second dummy word line DWL2 configuration . circuit 2130 through a data line DL . The control logic 2160 
FIGS . 11 , 12 and 13 are respective schematic views 10 can control program , read and erase operations of the flash 

illustrating possible dummy word line configurations that memory 2100 using a command CMD , an address ADDR 
and a control signal CTRL . may be used in 3D flash memory in accordance with The voltage generator 2150 can include Vers generator embodiments of the inventive concept . 2151 , a Vmwl generator 2152 , a Vdwl generator 2153 and Referring to FIG . 11 , a single ( first ) dummy word line 15 a Vsl generator 2154. The Vers 2151 generates an erase DWL1 is disposed between a ground select line GSL and a voltage and provides the erase voltage to a channel through 

first main word line MWL1 , while adjacent , twin - dummy a substrate SUB when an erase operation is performed . The 
word lines DWL2 and DWL3 are disposed between string Vmwl 2152 generates a main word line voltage Vmwl being 
select lines SSL1 - SSL3 and a nth main word line MWLn . provided to the main word line MWL when an erase 
In certain embodiments of the inventive concept , an electric 20 operation is performed . The Vdwl generator 2153 generates 
field difference may be reduced and program disturbance a dummy word line voltage Vdwl being provided to the 
effects reduced by providing one number of individual dummy word line DWL when an erase operation is per 
dummy word lines at the string select line SSL end ( or side ) formed . The Vsl generator 2154 generates a select line 
of a memory cell array and a different number of individual voltage Vsl being provided to the string select line SSL or 
dummy word lines at the ground select line GSL end ( or 25 the ground select line GSL . 
side ) of the memory cell array . Here , “ individual ” dummy FIG . 15 is a schematic view illustrating in one example a 
word lines are distinct from “ grouped ” or commonly con- word line configuration for the 3D flash memory of FIG . 14 . 
nected dummy word lines in a 3D flash memory . Referring to FIG . 15 , a first dummy word line DWLI , 

Referring to FIG . 12 , a first separation “ length ” ( L ) inclusive of a first number of dummy word lines 
between the ground select line GSL and a first dummy word 30 DWL11 - DWL1x , is disposed between the ground select 
line DWL1 is assumed to be “ L1 ” while a second separation line GSL and a first main word line MWL1 , and a second 
length between the string select line SSL and a second dummy word line DWL2 , inclusive of a second number of 
dummy word line DWL2 is assumed to be “ L2 ” , where L2 dummy word lines DWL21 - DWL2y , is disposed between 
is greater than the L1 . This exemplary arrangement of string select lines SSL1 - SSL3 and nth main word line 
dummy word lines to respective selection lines is another 35 MWLn , wherein the first number and the second number are 
way of providing “ different dummy word line configura- different . 
tions ” . Thus , certain 3D flash memory in accordance with As illustrated in FIG . 15 , the 3D flash memory 2100 may 
embodiments of the inventive concept may reduce an elec- include multiple individual ( or grouped ) word lines in each 
tric field difference by providing different separation lengths of the first and second dummy word lines DWL1 and 
between respective dummy word lines and corresponding 40 DWL2 . In such cases , the 3D flash memory 2100 may 
selection lines ( e.g. , SSL and GSL ) . increase an erase speed for main memory cells and alleviates 

Referring to FIG . 13 , a first fabricated line " width ” ( W ) stress of the dummy memory cell due to a repeated erase 
for a first dummy word line DWL1 is assumed to be “ W1 ” , operation by controlling the dummy word line voltage Vdwl 
and a second width for a second dummy word line DWL2 being provided to each dummy word line DWL when an 
is assumed to be “ W2 ” , where W2 is greater than W1 . Here 45 erase operation is performed . 
again , different dummy word line configurations result . FIG . 16 is a graph illustrating an example of a voltage 

According to the various “ different word line configura- level of a dummy word line during an erase operation 
tions ” for 3D flash memory illustrated in FIGS . 11 , 12 and performed by the 3D flash memory of FIG . 15. In FIG . 16 , 
13 , an electric field difference occurring in a direction of the the vertical axis and the horizontal axis respectively show 
select lines GSL and SSL can be reduced . The inventive 50 voltage V and time T. Referring to FIG . 16 , the first dummy 
concept can reduce the electric field difference occurring in word line DWL1 is located between the ground select line 
both directions and program disturbance due to an electric GSL and the first main word line MWL1 and the second 
field difference by making a length between the main word dummy word line DWL2 is located between the string select 
line MWL and a bit line BL long . line SSL and the nth main word line MWLn . 
3D flash memory in accordance with certain embodiments 55 Generally , a 3D flash memory has to be floated to erase a 

of the inventive concept can reduce an electric field differ- dummy memory cell together with a main memory cell or 
ence by controlling the voltage applied to the common not to erase a dummy memory cell when an erase operation 
source line CSL . That is , the 3D flash memory can reduce an is performed . A 3D flash memory can make a dummy word 
electric field difference occurring in both directions by line voltage become a floating level from OV according to a 
applying a voltage lower than the power supply voltage Vcc 60 specific erase voltage to induce an erase bias into a channel 
to the common source line CSL . A 3D flash memory can apply a voltage to the dummy word 

FIG . 14 is a block diagram illustrating another embodi- line DWL at a distance of time T. An effect equivalent to 
ment of the flash memory illustrated in FIG . 1. Referring to applying a constant voltage can be obtained by controlling 
FIG . 14 , a flash memory 2100 includes a memory cell array a floating time according to a delay time . 
2110 , an address decoder 2120 , a page buffer circuit 2130 , 65 Referring to FIG . 16 , a voltage of OV is applied to the 
a data input / output circuit 2140 , a voltage generator 2150 main word lines MWL1 - MWLn ( also indicated in the graph 
and control logic 2160 . as MWL < n : 1 > ) at t0 during an erase operation . A voltage V1 
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is applied to the ground select line GSL and the first dummy state drive ( SSD ) . Referring to FIG . 19 , a SSD system 4000 
word line DWL1 at t1 . The V1 is higher than OV and lower includes a host 4100 and a SSD 4200 . 
than V2 . An erase voltage Vers having V2 is applied to the The SSD 4200 exchanges a signal with the host 4100 
substrate SUB , the string select line SSL and the second through a signal connector 4211 and receives power through 
dummy word line DWL2 . a power connector 4221. The SSD 4200 may include a 
FIG . 17 is a graph illustrating an example of a voltage plurality of flash memories 4201-420n ( NVM_1 - NVM_n ) , 

level of a dummy word line at various times T during an a SSD controller 4210 and an auxiliary power supply 4220 . 
erase operation performed by the 3D flash memory illus- The flash memories 4201-420n are used as a storage 
trated of FIG . 15. Referring to FIG . 17 , x number of first medium of the SSD 4200. A nonvolatile memory device 
dummy word lines DWL11 - DWL1x are located between 10 such as PRAM , a MRAM , a ReRAM , a FRAM , etc. besides 
the ground select line GSL and the first main word line the flash memory can be used as a storage medium of the 
MWL1 and y number of second dummy word lines SSD 4200. The flash memories 4201 ~ 420n can be connected 
DWL21 - DWL2y are located between the string select line to the SSD controller 4210 through a plurality of channels 
SSL and the nth main word line MWLn . CH1 - CHn . One or more flash memories can be connected 

Referring to FIG . 17 , a voltage of OV is applied to the 15 to each channel . Flash memories connected to each channel 
main word lines MWL1 - MWLn ( also indicated in the graph can be connected to a same data bus . 
as MWL < n : 1 > ) at t0 during an erase operation . A delayed The SSD controller 4210 exchanges a signal SGL with the 
scheme of making a dummy word line voltage become a host 4100 through the signal connector 4211. The signal 
floating level V1 at ta from OV is used in a dummy word line SGL includes a command , an address , data , etc. The SSD 
DWL11 adjacent to the ground select line GSL . The 3D flash 20 controller 4210 writes data in a corresponding flash memory 
memory easily provides the erase voltage Vers to a channel or reads data from a corresponding flash memory according 
using the delayed scheme . The erase voltage Vers is pro- to a command of the host 4100 . 
vided to a dummy word line DWL2y adjacent to the string The auxiliary power supply 4220 is connected to the host 
select line SSL . 4100 through the power connector 4221. The auxiliary 
A voltage Va having an offset value with respect to the 25 power supply 4220 can receive power from the host 4100 to 

erase voltage Vers is applied to inner dummy word lines charge it . The auxiliary power supply 4220 can be located 
DWL1x and DWL21 adjacent to the main word lines inside or outside the SSD 4200. For example , the auxiliary 
MWL1 - MWLn . The 3D flash memory may increase erase power supply 4220 is located on a main board and can 
speed in the adjacent main memory cell by providing a provide auxiliary power to the SSD 4200 . 
voltage Va using the delayed scheme . The Va is higher than 30 FIG . 20 is a block diagram illustrating a constitution of 
the V1 and lower than the V2 . Thus , the 3D flash memory the SSD controller 4210 illustrated in FIG . 19 as an illus 
can alleviate stress of the dummy memory cell due to tration . Referring to FIG . 20 , the SSD controller 4210 
repeated erase operations and guarantees a greater possible includes a NVM interface ( IF ) 4211 , a host interface ( IF ) 
number of P / E cycles . 4212 , an ECC circuit 4213 , a central processing unit ( CPU ) 

The data storage device in accordance with embodiments 35 4214 and a buffer memory 4215 . 
of the inventive concept may be applied to various types of The NVM interface 4211 scatters data transmitted from 
products . The data storage device can be embodied by not the buffer memory 4215 to channels CH1 - CHn . The NVM 
only electronic devices such as a personal computer , a digital interface 4211 transmits data read from the flash memories 
camera , a camcorder , a cellular phone , a MP3 , a PMP , a PSP , 4201-420n to the buffer memory 4215. The NVM interface 
a PDA , etc. but also storage devices such as a memory card , 40 4211 can use an interface method of the flash memory . That 
a USB memory , a solid state drive ( SSD ) , etc. is , the SSD controller 4210 can perform a program , read or 
FIG . 18 is a block diagram illustrating an example of erase operation according to an interface method of the flash 

applying the data storage device in accordance with some memory . 
exemplary embodiments of the inventive concept to a The host interface 4212 corresponds to a protocol of the 
memory card . A memory card system 3000 includes a host 45 host 4100 to provide an interfacing with the SSD 4200. The 
3100 and a memory card 3200. The host 3100 includes a host interface 4212 can communicate with the host 4100 
host controller 3110 and a host connection unit ( Host CNT ) using a USB ( universal serial bus ) , a SCSI ( small computer 
3120. The memory card 3200 includes a card connection small interface ) , a PCI express , an ATA , a PATA ( parallel 
unit ( Card CNT ) 3210 , a card controller 3220 and a flash ATA ) , a SATA ( serial ATA ) , a SAS ( serial attached SCSI ) , 
memory 3230. The flash memory 3230 is embodied by the 50 etc. The host interface 4212 can perform a function of a disk 
3D flash memory described above . emulation supporting so that the host 4100 recognizes the 

The host 3100 writes data in the memory card 3200 or SSD 4200 as a hard disk drive ( HDD ) . 
reads data stored in the memory card 3200. The host The ECC circuit 4213 generates an error correction code 
controller 3110 transmits a command ( e.g. , a write com- ECC using data being transmitted to the flash memories 
mand ) , a clock signal CLK generated from a clock generator 55 4201-420n . The generated error correction code ECC is 
in the host 3100 and data DAT to the memory card 3200 stored in a spare area of the flash memories 4201-420n . The 
through the host connection unit 3120 . ECC circuit 4213 detects an error of data read from the flash 

The card controller 3220 stores data in the flash memory memories 4201 ~ 420n . If the detected error is within a 
3230 in synchronization with a clock signal CLK generated correction capacity , the ECC circuit 4213 corrects the 
from a clock generator in the card controller 3220 in 60 detected error . 
response to a write command received through the card The central processing unit 4214 analyzes and processes 
connection unit 3210. The flash memory 3230 stores data a signal SGL received from the host 4100. The central 
transmitted from the host 3100. In the case that the host 3100 processing unit 4214 controls the host 4100 or the flash 
is a digital camera , the flash memory stores image data . memories 4201-420n through the host interface 4212 or the 
FIG . 19 is a block diagram illustrating an example of 65 NVM interface 4211. The central processing unit 4214 

applying the data storage device in accordance with some controls the flash memories 4201-420n according to a 
exemplary embodiments of the inventive concept to a solid firmware for driving the SSD 4200 . 
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The buffer memory 4215 temporarily stores write data sistor , and a fourth voltage to a fourth dummy word line a 
being provided from the host 4100 or data read from the connected to the fourth dummy transistor during an 
flash memories 4201-420n . The buffer memory 4215 can erase operation ; and 
store meta data or cache data to be stored in the flash a word line voltage generator configured to apply a fifth 
memories 4201-420n . When a sudden power off operation 5 voltage to a plurality of main word lines connected to 
is performed , meta data or cache data stored in the buffer the plurality of memory cells respectively during the 
memory 4215 is stored in the flash memories 4201-420n . erase operation , 
The buffer memory 4215 may include a DRAM , a SRAM , wherein the second dummy transistor and the third 
etc. dummy transistor are disposed between the first FIG . 21 is a block diagram illustrating an example that the 10 dummy transistor and the fourth dummy transistor , the data storage device in accordance with some exemplary 
embodiments of the inventive concept is embodied by an second voltage and the third voltage are the same , and 
electronic device . An electronic device 5000 can be embod the second voltage is different from the first voltage and 

the fourth voltage . ] ied by a personal computer ( PC ) or a portable electronic 
device such as a notebook computer , a cellular phone , a 15 [ 2. The 3D flash memory device of claim 1 , wherein the 
personal digital assistant ( PDA ) and a camera . first dummy transistor is adjacent to the string select tran 

Referring to FIG . 21 , the electronic device 5000 includes sistor , the plurality of memory cells is disposed between the 
a memory system 5100 , a power supply 5200 , an auxiliary second dummy transistor and the third dummy transistor , 
power supply 5250 , a central processing unit ( CPU ) 5300 , a and the fourth dummy transistor is adjacent to the ground 
RAM 5400 and a user interface 5500. The memory system 20 select transistor . ] 
5100 includes a flash memory 5110 and a memory controller [ 3. The 3D flash memory device of claim 1 , further 
5120 . comprising : 
A 3D flash memory device in accordance with some an erase voltage generator configured to provide an erase 

exemplary embodiments of the inventive concept has a voltage to the substrate during the erase operation . ] 
structure such that dummy word lines located adjacent to a 25 [ 4. The 3D flash memory device of claim 1 , wherein the 
string select line and dummy word lines located adjacent to string select transistor , the first and second dummy transis 
a ground select line are asymmetric . According to the tors , the plurality of memory cells , the third and fourth 
inventive concept , when a program operation is performed , dummy transistors and the ground select transistor of each of 
an electric field difference ( Es - Eg ) between an electric field the cell strings share a channel perpendicular to the sub 
Es between a boosted channel of a program inhibit cell and 30 strate . ] 
a bit line and an electric field Eg between the boosted [ 5. The 3D flash memory device of claim 1 , wherein 
channel and a common source line can be reduced and memory cells having a same height from the substrate share 
thereby program disturbance can be reduced . a main word line among the plurality of main word lines . ] 
As has been noted above , the terms “ uppermost ” and [ 6. The 3D flash memory device of claim 1 , wherein the 

“ lowermost ” word lines among a plurality of word lines are 35 second voltage is lower than the first voltage . ] 
arbitrary terms intended to define opposite ends ( e.g. , ver- [ 7. The 3D flash memory device of claim 6 , wherein the 
tical ends ) of a 3D memory cell array . However , these terms word line voltage generator is configured to apply a sixth 
should not be read and interrupted in an overly literal voltage that is higher than the second voltage to a string 
manner , recognizing that “ upper ” and “ lower ” are relative select line connected to the string select transistor . ] 
terms drawn to an arbitrary assumption of “ up ” and “ down ” . 40 [ 8. The 3D flash memory device of claim 1 , wherein the 
Further , recognizing that semiconductor memory devices fourth voltage is applied after the second voltage is applied . ] 
may be fabricated in many different orientations relative to [ 9. The 3D flash memory device of claim 1 , further 
one or more substrates , those skilled in the art will under- comprising : 
stand the terms “ uppermost ” and “ lowermost ” as merely a fifth dummy transistor that is located between the first 
designating different word lines disposed as opposing sides 45 dummy transistor and the second dummy transistor . ] 
of a memory cell array . [ 10. A method of performing an erase operation of a 

Having described certain embodiments of the inventive three - dimensional ( 3D ) flash memory device , the 3D flash 
concept , it is further noted that it is readily apparent to those memory device comprising a plurality of cell strings , each of 
of reasonable skill in the art that various modifications may the plurality of cell strings including a string select transis 
be made without departing from the scope of the inventive 50 tor , first and second dummy transistors , a plurality of 
concept as defined by the appended claims . memory cells , third and fourth dummy transistors and a 

ground select transistor stacked in a direction perpendicular 
What is claimed is : to a substrate , the second dummy transistor and the third 
[ 1. A three - dimensional ( 3D ) flash memory device com- dummy transistor disposed between the first dummy tran 

prising : 55 sistor and the fourth dummy transistor , the method compris 
a plurality of cell strings arranged , each of the plurality of ing : 

cell strings including a string select transistor , first and applying an erase voltage to the substrate ; 
second dummy transistors , a plurality of memory cells , applying a first voltage to a first dummy word line 
third and fourth dummy transistors and a ground select connected to the first dummy transistor ; 
transistor stacked in a direction perpendicular to a 60 applying a second voltage to a second dummy word line 
substrate ; connected to the second dummy transistor ; 

a dummy word line voltage generator configured to applying a third voltage to a third dummy word line 
provide a first voltage to a first dummy word line connected to the third dummy transistor ; 
connected to the first dummy transistor , a second applying a fourth voltage to a fourth dummy word line 
voltage to a second dummy word line connected to the 65 connected to the fourth dummy transistor ; and 
second dummy transistor , a third voltage to a third applying a fifth voltage to a plurality of main word lines 
dummy word line connected to the third dummy tran- connected to the plurality of memory cells , 
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wherein the second voltage and the third voltage are the strings arranged in different columns are connected to dif 
same , and the second voltage is different from the first ferent bit lines in each of the plurality of memory blocks , and 
voltage and the fourth voltage . ] string select transistors in cell strings among the plurality 

[ 11. The method of claim 10 , wherein the first dummy of cell strings arranged in a same column are connected 
transistor is adjacent to the string select transistor , the 5 to a same bit line in each of the plurality of memory 
plurality of memory cells is disposed between the second blocks . ] 
dummy transistor and the third dummy transistor , and the [ 19. The data storage device of claim 16 , 
fourth dummy transistor is adjacent to the ground select wherein the first dummy transistor is adjacent to the string 
transistor . ] select transistor , the plurality of memory cells is dis 

[ 12. The method of claim 11 , wherein the second voltage posed between the second dummy transistor and the 
is lower than the first voltage . ] third dummy transistor , and the fourth dummy transis 

tor is adjacent to the ground select transistor , [ 13. The method of claim 12 , further comprising : wherein the second voltage is lower than the first voltage . ] applying a sixth voltage that is higher than the second [ 20. The data storage device of claim 16 , voltage to a string select line connected to the string wherein the word line voltage generator is configured to select transistor . ] apply a sixth voltage that is higher than the second 
[ 14. The method of claim 13 , further comprising : voltage to a string select line connected to the string 
applying a seventh voltage to a fifth dummy word line select transistor . ] 

connected to a fifth dummy transistor , wherein the fifth 21. A three - dimensional ( 3D ) flash memory device com 
dummy transistor is located between the first dummy 20 prising : 
transistor and the second dummy transistor . ] a plurality of cell strings , a cell string of the plurality of 

[ 15. The method of claim 14 , wherein the fourth voltage cell strings being connected between a common source 
is applied after the second voltage is applied . ] line and a bit line and including a ground select 

[ 16. A data storage device comprising : transistor , at least one first dummy memory cell , a 
a three - dimensional ( 3D ) flash memory device compris- 25 plurality of memory cells , at least two second dummy 

ing a plurality of memory blocks , each of the plurality memory cells and a string select transistor being 
of memory blocks including a plurality of cell strings , sequentially stacked along a direction perpendicular to 
each of the plurality of cell strings including a string a substrate ; 
select transistor , first and second dummy transistors , a wherein the ground select transistor is connected to a 
plurality of memory cells , third and fourth dummy 30 ground select line , the at least one first dummy memory 
transistors and a ground select transistor stacked in a cell is connected to at least one first dummy word line , 
direction perpendicular to a substrate ; and the plurality of memory cells are connected to a plu 

a controller configured transmit an erase command and rality of word lines respectively , the at least two second 
an address indicating a selected memory block among dummy memory cells are connected to at least two 
the plurality of memory blocks to the 3D flash memory 35 second dummy word lines respectively , the string select 
device , transistor is connected to a string select line , 

wherein the 3D flash memory device further comprises : wherein the ground select transistor is adjacent to the 
a dummy word line voltage generator configured to substrate and the string select transistor is adjacent to 

provide a first voltage to a first dummy word line the bit line , 
connected to the first dummy transistor , a second 40 wherein the at least one first dummy word line is disposed 
voltage to a second dummy word line connected to the between the ground select line and the plurality of word 
second dummy transistor , a third voltage to a third lines and adjacent to lowermost word line of the 
dummy word line connected to the third dummy tran- plurality of word lines , the at least two second dummy 
sistor , and a fourth voltage to a fourth dummy word line word lines is disposed between the string select line and 
connected to the fourth dummy transistor during an 45 the plurality of word lines and adjacent to uppermost 
erase operation ; and word line of the plurality of word lines , 

a word line voltage generator configured to apply a fifth wherein a first separation length between the ground 
voltage to a plurality of main word lines connected to select line and the at least one first dummy word line is 
the plurality of memory cells respectively during the different from a second separation length between the 
erase operation , string select line and one second dummy word line , 

wherein the second dummy transistor and the third among the at least two second dummy word lines , most 
dummy transistor are disposed between the first adjacent to the string select line , and 
dummy transistor and the fourth dummy transistor , the wherein a third separation length between the ground 
second voltage and the third voltage are the same , and select line and a first word line , among the plurality of 
the second voltage is different from the first voltage and 55 word lines , most adjacent to the ground select line is 
the fourth voltage . ] different from a fourth separation length between the 

[ 17. The data storage device of claim 16 , wherein string string select line and a second word line , among the 
select transistors in cell strings among the plurality of cell plurality of word lines , most adjacent to the string 
strings arranged in different rows are connected to different select line , 
string select lines in each of the plurality of memory blocks , 60 a dummy word line voltage generator configured to 
and provide at least one first voltage to the at least one first 

string select transistors in cell strings among the plurality dummy word line and provide at least two second 
of cell strings arranged in a same row are connected to voltages to the at least two second dummy word lines 
a same string select line in each of the plurality of during an erase operation ; 
memory blocks . ] a word line voltage generator configured to apply third 

[ 18. The data storage device of claim 16 , wherein string voltages to the plurality of word lines during the erase 
select transistors in cell strings among the plurality of cell operation . 
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22. The 3D flash memory device of claim 21 , further wherein the ground select transistor is connected to a 
comprising : ground select line , the at least one first dummy memory 

an erase voltage generator configured to generate an cell is connected to at least one first dummy word line , 
erase voltage applied to the substrate during the erase the plurality of memory cells are connected to a plu 
operation ; rality of word lines respectively , the at least two second 

a select line voltage generator configured to generate a dummy memory cells are connected to at least two 
string select line voltage applied to the string select line second dummy word lines respectively , the string select 
and a ground select line voltage applied to the ground transistor is connected to a string select line , 
select line ; wherein the ground select transistor is adjacent to the 

a program voltage generator configured to generate a substrate and the string select transistor is adjacent to 
program voltage applied to a select word line among the bit line , 
the plurality of word lines during a program operation ; wherein the at least one first dummy word line is disposed 
and between the ground select line and the plurality of word 

a pass voltage generator configured to generate pass lines and adjacent to lowermost word line of the 
voltages applied to the plurality of word lines during plurality of word lines , the at least two second dummy 
the program operation . word lines is disposed between the string select line and 

23. The 3D flash memory device of claim 21 , further the plurality of word lines and adjacent to uppermost 
comprising : word line of the plurality of word lines , 

a control logic circuit configured to receive a command 20 wherein a first separation length between the ground 
and an address via an arrangement of input and output select line and the at least one first dummy word line is 
lines and receive a control signal via designated con- different from a second separation length between the 
trol lines from an external device ; string select line and one second dummy word line , 

a data input and output circuit configured to receive or among the at least two second dummy word lines , most 
output data via the arrangement of input and output 25 adjacent to the string select line , and 
lines from or to the external device ; wherein a third separation length between the ground 

a page buffer circuit connected to the plurality of cell select line and a first word line , among the plurality of 
strings via a plurality of bit lines and configured to word lines , most adjacent to the ground select line is 
receive or output the data from or to the data input and different from a fourth separation length between the 
output circuit , and temporarily store the data to be 30 string select line and a second word line , among the 
programmed to or the data read from selected memory plurality of word lines , most adjacent to the string 
cells of the plurality of cell strings during a program or select line ; 
read operation ; and a dummy word line voltage generator configured to 

an address decoder connected to the plurality of word provide at least one first voltage to the at least one first 
lines , the at least one first dummy word line and the at 35 dummy word line and provide at least two second 
least two second dummy word line , configured to voltages to the at least two second dummy word lines 
receive the at least one first voltage and the at least two during a program operation ; 
second voltages from the dummy word line voltage a word line voltage generator configured to receive a 
generator and the third voltages from the word line power supply voltage via power supply lines from an 
voltage generator , and configured to apply the at least 40 external device and provide third voltages to the plu 
one first voltage to the at least one first dummy word rality of word lines during the program operation . 
line , apply the at least two second voltage to the at least 26. The 3D flash memory device of claim 25 , further 
two dummy word lines , and apply the third voltages to comprising : 
the plurality of word lines during the erase operation a control logic circuit configured to receive a command 
under a control of the control logic circuit , and an address via an arrangement of input and output 

wherein the dummy word line voltage generator is con lines and receive a control signal via designated con 
figured to receive a power supply voltage via power trol lines from the external device ; 
supply lines from the external device and generate the a data input and output circuit configured to receive or 
at least one first voltages and the at least two second output data via the arrangement of input and output 
voltage from the power supply voltage , lines from or to the external device ; 

wherein the word line voltage generator is configured to a page buffer circuit connected to the plurality of cell 
receive the power supply voltage via the power supply strings via a plurality of bit lines and configured to 
lines from the external device and generate the third receive or output the data from or to the data input and 
voltages from the power supply voltage . output circuit , and temporarily store the data to be 

24. The 3D flash memory device of claim 21 , wherein the 55 programmed to or the data read from selected memory 
at least two second voltages are different each other during cells of the plurality of cell strings during a program or 
the erase operation . read operation ; 

25. A three - dimensional ( 3D ) flash memory device com- an address decoder connected to the plurality of word 
prising : lines , the at least one first dummy word line and the at 

a plurality of cell strings , a cell string of the plurality of 60 least two second dummy word line , configured to 
cell strings being connected between a common source receive the at least one first voltage and the at least two 
line and a bit line and including a ground select second voltages from the dummy word line voltage 
transistor , at least one first dummy memory cell , a generator and the third voltages from the word line 
plurality of memory cells , at least two second dummy voltage generator , and configured to apply the at least 
memory cells and a string select transistor being 65 one first voltage to the at least one first dummy word 
sequentially stacked along a direction perpendicular to line , apply the at least two second voltage to the at least 
a substrate ; two dummy word lines , and apply the third voltages to 
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the plurality of word lines during the program opera- wherein a third separation length between the ground 
tion under a control of the control logic circuit ; select line and a first word line , among the plurality of 

an erase voltage generator configured to receive the word lines , most adjacent to the ground select line is 
power supply voltage via the power supply lines from different from a fourth separation length between the 
the external device and generate an erase voltage string select line and a second word line , among the 
applied to the substrate from the power supply voltage plurality of word lines , most adjacent to the string 

select line , during an erase operation ; and 
a select line voltage generator configured to receive the a dummy word line voltage generator configured to 
power supply voltage via the power supply lines from provide at least one first voltage to the at least one first 
the external device and generate a string select line dummy word line and provide at least two second 

voltages to the at least two second dummy word lines voltage applied to the string select line and a ground during an erase operation ; select line voltage applied to the ground select line from a word line voltage generator configured to apply third the power supply voltage , voltages to the plurality of word lines during the erase wherein the third voltage includes a program voltage and operation , pass voltages , wherein the dummy word line voltage generator is further wherein the word line voltage generator comprises : configured to provide at least one fourth voltage to the a program voltage generator configured to receive the at least one first dummy word line and provide at least 
power supply voltage via the power supply lines from two fifth voltages to the at least two second dummy 
the external device and generate the program volt- 20 word lines during a program operation , and 
age applied to a select word line among the plurality wherein the word line voltage generator is further con 
of word lines from the power supply voltage during figured to apply a sixth voltages to the plurality of word 
the program operation ; and lines during the program operation . 

a pass voltage generator configured to receive the 29. The 3D flash memory device of claim 28 , further 
power supply voltage via the power supply lines from 25 comprising : 
the external device and generate the pass voltages a control logic circuit configured to receive a command 
applied to the plurality of word lines from the power and an address via an arrangement of input and output 
supply voltage during the program operation . lines and receive a control signal via designated con 

27. The 3D flash memory device of claim 26 , wherein the trol lines from an external device ; 
at least two second voltages are different each other during 30 a data input and output circuit configured to receive or 
the erase operation , output data via the arrangement of input and output 

wherein the program voltage and the pass voltage are lines from or to the external device ; 
high voltages higher than the power supply voltage . a page buffer circuit connected to the plurality of cell 

28. A three - dimensional ( 3D ) flash memory device com strings via a plurality of bit lines and configured to 
prising : receive or output the data from or to the data input and 

a plurality of cell strings , a cell string of the plurality of output circuit , and temporarily store the data to be 
cell strings being connected between a common source programmed to or the data read from selected memory 
line and a bit line and including a ground select cells of the plurality of cell strings during a program or 
transistor , at least one first dummy memory cell , a read operation ; 
plurality of memory cells , at least two second dummy 40 an address decoder connected to the plurality of word 
memory cells and a string select transistor being lines , the at least one first dummy word line and the at 
sequentially stacked along a direction perpendicular to least two second dummy word line , configured to 
a substrate ; receive the at least one first voltage and the at least two 

wherein the ground select transistor is connected to a second voltages from the dummy word line voltage 
ground select line , the at least one first dummy memory 45 generator and the third voltages from the word line 
cell is connected to at least one first dummy word line , voltage generator , and configured to apply the at least 
the plurality of memory cells are connected to a plu- one first voltage to the at least one first dummy word 
rality of word lines respectively , the at least two second line , apply the at least two second voltage to the at least 
dummy memory cells are connected to at least two two dummy word lines , and apply the third voltages to 
second dummy word lines respectively , the string select 50 the plurality of word lines during the erase operation 
transistor is connected to a string select line , under a control of the control logic circuit ; 

wherein the ground select transistor is adjacent to the an erase voltage generator configured to receive a power 
substrate and the string select transistor is adjacent to supply voltage via power supply lines from the external 
the bit line , device and generate an erase voltage applied to the 

wherein the at least one first dummy word line is disposed 55 substrate from the power supply voltage during the 
between the ground select line and the plurality of word erase operation ; and 
lines and adjacent to lowermost word line of the a select line voltage generator configured to receive the 
plurality of word lines , the at least two second dummy power supply voltage via the power supply lines from 
word lines is disposed between the string select line and the external device and generate a string select line 
the plurality of word lines and adjacent to uppermost 60 voltage applied to the string select line and a ground 
word line of the plurality of word lines , select line voltage applied to the ground select line from 

wherein a first separation length between the ground the power supply voltage , 
select line and the at least one first dummy word line is wherein the address decoder is further configured to 
different from a second separation length between the receive the at least one fourth voltage and the at least 
string select line and one second dummy word line , 65 two fifth voltages from the dummy word line voltage 
among the at least two second dummy word lines , most generator and the sixth voltages from the word line 
adjacent to the string select line , and voltage generator , and configured to apply the at least 
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one fourth voltage to the at least one first dummy word 33. The method of claim 32 , wherein the fifth voltage is 
line , apply the at least two fifth voltage to the at least applied after the erase voltage is applied to the substrate . 
two dummy word lines , and apply the sixth voltages to 34. The method of claim 31 , wherein the string select 
the plurality of word lines during the program opera- transistor , the first and second dummy transistors , the plu 
tion under the control of the control logic circuit , 5 rality of memory cells , the third and fourth dummy transis 

wherein the sixth voltages includes a program voltage and tors and the ground select transistor of each of the cell 
pass voltages , strings share a channel perpendicular to the substrate . 

wherein the word line voltage generator comprises : 35. The method of claim 30 , wherein memory cells having 
a program voltage generator configured to receive the a same height from the substrate share a main word line 
power supply voltage via the power supply lines from 10 among a plurality of main word lines . 
the external device and generate the program volt- 36. The method of claim 30 , wherein the third voltage is 
age applied to a select word line among the plurality lower than the second voltage . 
of word lines from the power supply voltage during 37. The method of claim 30 , further comprising : 
the program operation ; and applying a sixth voltage that is higher than the second 

a pass voltage generator configured to receive the 15 voltage to string select lines connected to string select 
power supply voltage via the power supply lines from transistors of the plurality of cell strings , each string 
the external device and generate the pass voltage select transistor being above the first dummy transistor 
applied to the plurality of word lines from the power in each cell string in the direction perpendicular to the 
supply voltage during the program operation , substrate . 

wherein the at least two second voltages are different each 20 38. The method of claim 30 , further comprising : 
other during the erase operation , applying a sixth voltage to a fifth dummy word line 

wherein the program voltage and the pass voltage are connected to a fifth dummy memory cells of the plu 
high voltages higher than the power supply voltage . rality of cell strings , each fifth dummy transistor being 

30. A method of erasing a three - dimensional ( 3D ) flash located between the first dummy transistor and the 
memory device comprising a plurality of cell strings and a 25 second dummy transistor in the direction perpendicular 
voltage generator , the method comprising : to the substrate . 

applying , by the voltage generator , a first voltage to word 39. A method of performing an operation of a three 
lines connected to a plurality of memory cells of the dimensional ( 3D ) flash memory device comprising a plural 
plurality of cell strings , each cell string comprising a ity of cell strings and a voltage generator , the method 
set of memory cells , from among the plurality of 30 comprising : 
memory cells , stacked in a direction perpendicular to a applying , by the voltage generator , at least one first 
substrate ; voltage to at least one first dummy word line ; 

applying , by the voltage generator , a second voltage to a applying , by the voltage generator , at least vo second 
first dummy word line connected to first dummy tran- voltages to at least two second dummy word lines 
sistors of the plurality of cell strings , each first dummy 35 respectively ; and 
transistor being above the set of the memory cells in applying , by the voltage generator , a plurality of third 
each cell string in the direction perpendicular to the voltages to a plurality of word lines respectively , 
substrate ; wherein the 3D flash memory device comprises a plurality 

applying , by the voltage generator , a third voltage to a of cell strings , a cell string of the plurality of cell 
second dummy word line connected to second dummy 40 strings being connected between a common source line 
transistors of the plurality of cell strings , each second and a bit line and including a ground select transistor , 
dummy transistor being between the first dummy tran- at least one first dummy memory cell , a plurality of 
sistor and the set of the memory cells in each cell string memory cells , at least two second dummy memory cells 
in the direction perpendicular to the substrate ; and a string select transistor being sequentially stacked 

applying , by the voltage generator , a fourth voltage to a 45 along a direction perpendicular to a substrate , 
third dummy word line connected to third dummy wherein the ground select transistor is connected to a 
transistors of the plurality of cell strings , each third ground select line , the at least one first dummy memory 
dummy transistor being between the set of the memory cell is connected to the at least one first dummy word 
cells and the substrate in each cell string in the line , the plurality of memory cells are connected to the 
direction perpendicular to the substrate ; plurality of word lines respectively , the at least two 

applying , by the voltage generator , a fifth voltage to a second dummy memory cells are connected to the at 
fourth dummy word line connected to fourth dummy least two second dummy word lines respectively , the 
transistors of the plurality of cell strings , each third string select transistor is connected to a string select 
dummy transistor being between the third dummy tran line , 
sistor and the substrate in each cell string in the 55 wherein the ground select transistor is adjacent to the 
direction perpendicular to the substrate , substrate and the string select transistor is adjacent to 

wherein the third voltage is different from the second the bit line , 
voltage . wherein the at least one first dummy word line is disposed 

31. The method of claim 30 , wherein a string select between the ground select line and the plurality of word 
transistor is above the first dummy transistor in the direction 60 lines and adjacent to lowermost word line of the 
perpendicular to the substrate , and a ground select transis- plurality of word lines , the at least two second dummy 
tor is between the fourth dummy transistor and the substrate word lines is disposed between the string select line and 
in each cell string in the direction perpendicular to the the plurality of word lines and adjacent to uppermost 
substrate . word line of the plurality of word lines , 

32. The method of claim 30 , further comprising : wherein a first separation length between the ground 
applying an erase voltage to the substrate during an erase select line and the at least one first dummy word line is 

operation . different from a second separation length between the 
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string select line and one second dummy word line , plurality of third voltages to the plurality of word lines 
among the at least two second dummy word lines , most under a control of the control logic circuit , 
adjacent to the string select line , and wherein the voltage generator comprises : 

wherein a third separation length between the ground an erase voltage generator configured to receive a 
select line and a first word line , among the plurality of 5 power supply voltage via power supply lines from the 

external device and generate an word lines , most adjacent to the ground select line is erase voltage 
applied to the substrate from the power supply different from a fourth separation length between the voltage during an erase operation ; 

string select line and a second word line , among the a word line voltage generator configured to receive the 
plurality of word lines , most adjacent to the string power supply voltage via power supply lines from the 
select line . external device and generate the plurality of third 

40. The method of claim 39 , wherein the 3D flash memory voltages from the power supply voltage ; 
further comprises : a dummy word line voltage generator configured to 

a control logic circuit configured to receive a command receive the power supply voltage via the power 
and an address via an arrangement of input and output supply lines from the external device and generate 
lines and receive a control signal via designated con the at least one first voltage and the at least two 

second voltages from the power supply voltage ; trol lines from an external device ; 
a data input and output circuit configured to receive or a select line voltage generator configured to receive the 

output data via the arrangement of input and output power supply voltage via the power supply lines from 
lines from or to the external device ; the external device and generate a string select line 

a page buffer circuit connected to the plurality of cell voltage applied to the string select line and a ground 
strings via a plurality of bit lines and configured to select line voltage applied to the ground select line 
receive or output the data from or to the data input and from the power supply voltage , 
output circuit , and temporarily store the data to be a program voltage generator configured to receive the 
programmed to or the data read from selected memory power supply voltage via the power supply lines from 

the external device and generate a program voltage cells of the plurality of cell strings during a program or 
read operation ; applied to a select word line among the plurality of 

an address decoder connected to the plurality of word word lines during from the power supply voltage a 
lines , the at least one first dummy word line and the at program operation ; and 
least two second dummy word line , configured to a pass voltage generator configured to receive the 
receive the at least one first voltage and the at least two power supply voltage via the power supply lines from 

the external device and generate a pass voltage second voltages from the dummy word line voltage 
generator and the plurality of third voltages from the applied to the plurality of word lines from the power 
word line voltage generator , and configured to apply supply voltage during the program operation , 
the at least one first voltage to the at least one first 35 wherein the program voltage and the pass voltage are 
dummy word line , apply the at least two second voltage high voltages higher than the power supply voltage . 
to the at least two dummy word lines , and apply the 
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