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NONVOLATILE SEMICONDUCTOR MEMORY DEVICE

CROSS-REFERENCE TO RELATED APPLICATIONS

This application is based upon and claims the benefit
of priority from the prior U.S. Provisional Application
61/794,476, filed on March 15, 2013, the entire contents of

which are incorporated herein by reference.

BACKGROUND A

Field *G0ooo2:

Embodiments of the present invention relate to a
nonvolatile semiconductor memory device.
Description of the Related Art

Along with miniaturization of NAND type flash memory,
advances are being made in the study, commercial realization,
and soon, of amemorycellofplanar surface structure including
a charge storage layer of a floating gate, or the 1like, thinned
to 5 nm or less. However, because it is difficult in such
a case to short-circuit only the control gate and the charge
storage layer, considerationisbeinggiventoalsoconfiguring
the select gate by a transistor having a structure including
acharge storage layer similarly tothememorycell. Generally,
when a similar structure is adopted for the select gate and
the memory cell, it is often the case that the flash memory
is provided witﬁ a write/erase function to the select gate
and a threshold voltage of the select gate set. However, along

with miniaturization of the flash memory, variation in the

threshold voltage of the select gateafterwritealso increases.
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In this case, it is easy for excessive write, deficient write,
or the like, to occur, depending on a NAND cell unit, whereby

reliability of the flash memoxry is impaired.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view showing an overall configuration of a
nonvolatile semiconductor memory device according to a first
embodiment.

FIG. 2 is a view showing a configuration of a memory cell
array andperipheral circuits inthenonvolatile semiconductor
memory device according to the same embodiment.

FIG. 3Aisaviewshowinga threshold voltagedistribution
of a binary storage memory cell in the nonvolatile
semiconductor memory device according to the same embodiment.

FIG. 3Bis aviewshowing a thresholdvoltagedistribution
of a four-level storage memory cell in the nonvolatile
semiconductor memory device according to the same embodiment.

FIG. 4 is a view showing an operation waveform during
a select gate write operation in the nonvolatile semiconductor
memory device according to the same embodiment.

FIG. 5 is a view showing a threshold voltage distribution
of a source side select gate in the nonvolatile semiconductor
memory device according to the same embodiment.

FIG. 6 is a view showing a threshold voltage distribution
of a drain side select gate in the nonvolatile semiconductor
memory device according to the same embodiment.

FIG. 7 is a view showing a bias state of a NAND cell unit

during programmingtoadrain side dummycell inthe nonvolatile



Enbodi nents of the present invention relate to a nonvolatile sem conduct or
menory device. Description of the Related Art Along with mniaturization of
NAND type flash nmenory, 15 advances are being nade in the study, comerci al
realization, and so on, of a nenory cell of planar surface structure

i nckuding a charge storage |layer of a floating gate, or the like, thinned

to 5 nmor |ess. However, because it is difficult in such a case to
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15 unit during an erase operation in a nonvolatile semiconductor

memory device according to a second embodiment.

DETAILED DESCRIPTION

A nonvolatile semiconductor memory device according to

20 anembodiment comprises: amemorycell array includinga source
line, a plurality of bit lines,_and a plurality of NAND cell
units, the plurality of NAND cell units being each configured
from a source side select gate, a plurality of memory cells,

a drain side dummy cell, and a drain side select gate that

25 are connected in series between the source line and the bit
line, and the source side select gate, the plurality of memory
cells, the drain side dummy cell, and the drain side select

gate being each a transistor that has a control gate and a



20 nenory devi ce according to the sane enbodi nent. FIG 5is a view
showi ng a threshold voltage distribution of a source side select gate in
t he” nonmvol atil e sem conductor nenory device according to the sane

enbodi nment . FIG 6 is a view showing a threshol d vol tage
di stribution 25 of a drain side select gate in the nonvolatile
sem conduct or nenory device according to the sane enbodi nent. FIG 7
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connected to said drain side select gate and a verify operation
for judging whether said threshold voltage has reached a
certain value, until the threshold voltage of said drain side
dummy cell has reached the certain value.

15 A nonvolatile semiconductor memory device according to
embodiments is describedbelowwith reference to the drawings.
[First Embodiment]

First, anoverall configurationofaNANDtype flashmemory
(below, referred to simply as “flash memory”) serving as an

20 exampleof anonvolatile semiconductor memorydevice according
to a first embodiment is described.

FIG. 1 is a view showing the overall configuration of
the flash memory according to the present embodiment.
The flash memory comprises a NAND chip 10 and a controller

25 11 for controlling NAND chip 10. The NAND chip 10 comprises
a memory cell array 1, a row decoder/word line driver 2a and
column decoder 2b, a page buffer 3, a row address (RA) register

5a and column address (CA) register 5b, a logic control circuit



20 an enbodi nent conprises : a nenory cell array including a source line, a
plurality of bit lines, and a plurality of NAND cell units, the plurality
off NAND cell units being each configured froma source side select gate, a
plurality of nmenory cells, a drain side dummy cell, and a drain side select
gate that 25 are connected in series between the source line and the bit

| ine, and the source side select gate, the plurality of nmenory cells, the
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10 present embodiment may be also applied to a transistor having
a MONOS structure.

The row decoder/word line driver 2a drives the word line
and the select gate line of the memory cell array 1. The page
buffer 3 includes a one page portion sense amplifier and data

15 holding circuit, and performs read and write of data in the
memory cell array 1 in page units. A one page portion of read
data of the page buffer 3 is sequentially column selected by
the columndecoder 2btobeoutputtedtoanexternal I/0terminal
viathe I/0Obuffer 9. Writedata suppliedfromthe I/0terminal

20 1is selected one page at a time by the column decoder 2b to
be loaded into the page buffer 3. A row address signal and
a column address signal are inputted via the I/0 buffer 9 to
be transferred to the row decoder/word line driver 2a and the
column decoder 2b, respectively.

25 The row address register 5a holds an erase block address
during an erase operation, and holds a page address during
a write operation and a read operation. The column address

register 5b receives input of a lead column address required



First, an overall configuration of a NAND type flash nenory (bel ow,
referred to sinply as "flash nenory") serving as an 20 exanple of a
nonvol ati |l e sem conductor nenory device according to a first enbodinent is
described. FIG 1 is a view showi ng the overall configuration of the flash
menpry according to the present enbodinment. The flash nmenory conprises a
NAND chip 10 and a controller 25 11 for controlling NAND chip 10. The NAND
chip 10 cohpricsedng pénwritecldtabedpre, sharowtecvdéctwopdrstien dri ver 2a
and col um decgder 2b, a page buffer 3, Jrow address (RA) reg}ster Sa and
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sequence control circuit 7 controls the erase operation, the
15 read operation, or the write operation by contrglling the row
address register 5a, the column address register 5b, the row
decoder/word line driver 2a, and so on.
The high voltage generating circuit 8 is controlled by
the sequence control circuit 7 to generate a certain voltage
20 required in various kinds of operations.
The controller 11 executes cpntrol of write and read of
data under conditions appropriate to a current write state
of the NAND chip 10.
Next, the memory cell array 1 is described.
25 FIG. 2 is a view showing a configuration of the memory
cell array 1 and peripheral circuits in the flash memory
according to the present embodiment.

The memory cell array 1 includes, extending in a row
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DCD<0:1>, and a drain side select gate SGD. Note that in the
description of the present embodiment, there are two each of
each of the source side dummy word lines DLS, the drain side
dumnmy word lines DLD, the source side dummy cells DCS, and
the drain side dumxﬁy cells DCD, but the present embodiment
can be applied provided there is at least one of each of these.
Now, the select gates SGS and SGD, the dummy cells DCS<C:1>
and DCD<0:1>, and the memory cells MC<0:N-1> each have a
so-called planar surface cell structure configured from a
transistor comprising a thin film floating gate of thickness
5 nm or less. Normally, a transistor that is to be a select
gate has a throughhole formed in a gate insulating film between
the control gate and the floating gate. Doing sc causes the
control gate and the floating gate to be electrically
conducting, thereby allowing the transistor to be employed
similarly to an ordinary FET. However, when the floating gate

is thin film as in the select gates SGS and SGD of the present

embodiment, a through hole cannot be formed easily in the gate

er
510. Next,



cell array 1 and peripheral circuits in the flash nenory according to the
present enbodi nent. The nmenory cell array 1 includes, extending in a row
diirectiron, a source |line CELSRC, a source side select gate line SLS, two
source side dunmy word |ines DLS<0:1> N word lines W.<O: N-1>, two drain
side dummy word lines DLD<O: 1> and a drain side select gate |line SLD, and,
extending in a 5 colum direction, Mbit |lines BL<O: M 1> Connected between
t he sour ceinpnéatElSHE landuedehthe dangay of|derty olioag Whe X lioatdndAND cel |
unit 4. The NAND cell unit 4 includ connected in series fraoamthe source

[ ne CELSREE6" { MV Fne BT 2aSSbe7:4rube Coleet PLaRe” SE81°CRo sour ce
e, oY SRS BETG: Ly BRIy B MDD MOAERUE 5108
descri pti onsotet hey ppesgrdmmeimzodineeBe letheget ar eaftr eddhriofon/of £
5 control is performed by a gate voltage, similarly to the case
of a memory cell. 1In the present embodiment, the select gates
SGS and SGD are assumed to have such a planar surface cell
structure.

The source side select gate line SLS, the source side

10 dummy word lines DLS<0:1>, the word lines WL<0:N-1>, the drain
side dummy word lines DLD<0:1>, and the drain side select gate
line SLD are commonly connected to gates of the source side
select gate SGS, the sourée side dummy cells DCS<0:1>, the
memory cells MC<0:N-1>, the drain side dummy cells DCD<0:1>,

15 and the drain side select gate SGD, respectively, in the M
NAND cell units 4.

Now, the dummy word lines DLS<0:1> and DLD<0:1> and the
dummy cells DCS<0:1> and DCD<0:1> have a similar structure
to the word lines WL<n> (n=0~N-1) and the memory cells MC<n>.

20 Providing the dummy cells DCS<0:1> and DCD<0:1> in the NAND
cell unit 4 enables effects of gate induced drain leak current
received from the select gates SGS and SGD to be relieved,
whereby disturb tolerance of the memory cells MC<0,N-1>
disposed at both ends can be improved.

25 A range of the M memory cells MC<n> commonly connected
to one word line WL<n> (n=0~N-1) configures a page which is

the unit of read or write of batch data. Moreover, a range

dftheMNANDcellunitsalignedintherowdirectionconfigures



each of the source side dumy word lines DLS, the drain side dummry word

| ines DLD, the source side dumy cells DCS, and 15 the drain side dumy
cells DCD, but the present enbodi ment can be applied provided there is at

| east one of each of these. Now, the select gates SGS and SGD, the dummy
cells DCS<O 1> and DCD<O0: 1>, and the nenory cells MXO0: N 1> each have a
so-cal l ed planar surface cell structure configured froma 20 transistor
conpri si ngaacehi rbte¢imBlkoahilnl §atehofuniii onbssch amen dﬁﬂ%@taNornally, a

t t th to a sel ect e has t hrough hol e _forne n a gate
houl at 1 g Th G35 heeh CRRGTOMIY 6 19 B THET RBalt g 20t 65 1ol ng g0
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conducting, thereby allowi ng the"transistor to be enpl oyeg simlarly to an

ordi nary FE®. theweveumn whieredthienf.l oating gate is thin filmas in the sel ect
gat es SGS and SGD of the present
In addition, connected to one of the ends of the select
gate lines SLS and SLD, the dummy word lines DLS<0:1> and
DLD<0:1>, and the word lines Wi,<O:N—1> is the row decoder/word
line driver 2a. The select gate lines SLS and SLD, the dummy
word lines DLS<0:1> and DLD<0:1>, and the word lines WL<0:N-1>
10 are driven by the row decoder/word line driver 2a. Moreover,
connected to one of the ends of the bit lines BL<0:M-1> are
sense amplifiers SA<0:M-1>, respectively, of the page buffer
3.
Next, a correspondence between a threshold voltage
15 distribution and data of the memory cell MC is described.
FIGS. 3A and 3B are views showing a threshold voltage
distribution of the memory cell in the flash memory according
~to the present embodiment.
In the memory c¢ell MC, several threshold voltage
20 distributions are set in advance, and data is stored according
towhichdistribution the threshold voltage of the memory cell
MC belongs to.
For example, in the case where two-level data (one bit
percell) is stored in thememory cell MC, the threshold voltage
25 distributions corresponding to each data are as shown in FIG.
3A. B state where the threshold voltage is negative is data

*1” (erase state), and a state where the threshold voltage

ispositiveisdata™0”. Moreover, inthecasewhere four-level



enbodi nent, a through hole cannot be fornmed easily in the gate insulating
filmdue to the danger of destroying the floating gate. Therefore, when a
sel ect »gate having a planar surface cell structure is enployed, an
appropriate threshold voltage is set by programm ng the select gate, after
which on/off 5 control is performed by a gate voltage, simlarly to the
case of a nenory cell. In the present enbodi nent, the select gates SGS and

SGD are asgugRd(twb haives Peah cr1plyanar seofé@cen cald nfdnlowat weel Nbp source
side select gate line SLS, the source side 10 dunmy word |ines DLS<O: 1>,
the word | thessWkdvilisge distaihinhigne &Rdubmp  aovdCIdoraespepddng 1>, and
the drain side select gate |ine SLD are comonly_connegted tq gates of the
sour ce sidEos%ﬁiﬂnéaiﬁtgrgcgonﬁgeéouﬁ%@uéFHBeﬁu 4 | §%DCS<891>, t he

menory cel hgoMo<Q i 13¢.t DedrghBcoghds dummpecel s DCDs04: 131 cdg.and the
drain side select gate SGD, respectively, in the M NAND cell units 4.

Now, the dapsyriwatdidrisnesNBkS<the lthrasthoDHDe€) tdge ahicstitiduduenyERel | S
DCS<O 1> and DCD<Q 1> have a similar structure to the word |ines W<n>
(n=0-N-1) &fa@ neetiweorirediqlsl vekipge sba e bt ai nec PHe Blosk cEdfPes DCS<O
1> and EKIgoeé§€1i41ggu%AgANg EekH ugigLﬁ enabl es effects of gate induced
drain | eak®RUFFent” recei ve #ron1? € Select gates SGS and SGD to be

relieved, wherafuktdi shurbed®lPpeaneeonf the wrRwer yp&eht SodCsdaNtde di sposed
at both ends can be inproved. 25A range of the Mnenory cells MXn>

comonl y cenagetopdriad ioneoitadal phec WA mamofn=®IN- ¥ @onfldegorébed. page whi ch
is the unit of read or wite of batch data. Mreover, K a range,of the M NAND
cel I ulfl t sNaFe GhaE §he TeRA PBRFAF+ 2R A6 Yﬂ’F’rb‘iuPB&raEl‘&%PFSgFE)ERdBLK whi ch

oun’ PP Sl ol S R SLa LA TP gBLL 21y 1
are arranged tie tdwl ) WHt i S€6t LAA. SGD.

In the data read operation of the flash memory, an
unselected word line WL in the memory cell array 1 is applied

15 with a read voltage Vread at which an unselected memory cell
MC is conducting regardless of data. The dummy word lines
DLS and DLD are applied with the read voltage Vread at which
the dummy cells DCS and DCD are conducting. Moreover, the
select gate lines SLS and SLD are applied with select gate

20 voltages Vsgs and Vsgd at which the select gates SGS and SGD
are conducting.

Then, during a binary data read operation, a selected
word line WL connected to a selected memory cell MC is applied
with a voltage between the two threshold voltage distributions

25 (for example, a voltage 0 V). With this voltage application,
whether a current flows in the NAND cell unit 4 can be detected,
whereby data read is executed. On the other hand, during a

four-level data read operation, a value of the voltage applied

- 10 -



5In addition, connected to one of the ends of the select gate lines SLS and
SLD, the dumry word lines DLS<O :1> and DLD<O : 1>, and the word |lines W.<O0
:+N1>:is the row decoder/word line driver 2a. The select gate |lines SLS
and SLD, the dumy word lines DLS<O 1> and DLD<O : 1>, and the word |ines
W.<O N-1> 10 are driven by the row decoder/word |ine driver 2a. Moreover,
connected to one of the ends of the bit lines BL<O : M 1> are sense

anpl i fi erst8Alte sefedbed mogpekinia/BLyis oétt o rrageobdifert Bthéldour a
correspondence between a thrgshold,voltgge,lS distribuytion and data of the

menory ceIFyﬂﬁspgqﬂéﬁfpfﬁgdf tage digftEgbuisaonpgts € SGtERLTRNi ng a
threshol d vahtage di §Wo'ltﬁ'al§%g\gzl,°§R,t b CEQ{%J%e%eéAcH B }tFl% tfh!z%%*i&oriﬁnfr y

according to the 'present e ment . | e nmenory ce MC, severa

t hreshol d wolitage RAGtdisuEti bl OMheav €l Saie AR iadviadteweabdrdatagel, s st ored
according to which distribution the threshold voltage of the nenory cell MC
bel ongs>t oanfoFotkanplerlyas tiherease Whe?reivel SRepndabR- (die thet per

cell) is stored.in th nory,cell , the, threshold vaolta 5

i StTi but i GRETCAPTELPSRMT e do i it TP g SoHonT HEFESOaRY A state
where the hreshohd MldrRGeal suNegat kvewksiflaha Yo fde10ehase state) , and
a state where the threshold voltage data (two bits per cell) is stored in

t he menoryeaehl ofMCyottaeshdR) B&,t agd GRstributions ER, A B, and C

corresponding to each data are provided. Four types of data 11", "01",
"00", and "10" BYELRF Povht R oPGreheSE hidasAol ny'v&hﬁa@%l“ted word

10 1line WL is applied with a write voltage Vpgm (for example,
15v~20V). Moreover, thebit lineBL isprovidedwitha ground
voltage Vss, which is transferred to a channel of the selected
memory cell MC (below, referred to as “cell channel”) via the
conducting—rendereddrainsideselectgateSGD. At this time,

15 a large electric field is applied between the flocating gate
and the cell channel in the selected memory cell MC, whereby
electrons are injected from the cell channel into the floating
gate by FN tunneling. Inthecaseocfmulti-~level data storage,
the number of times of applications of the write voltage Vpgm

20 1is changed to adjust the amount of electrons injected into
the floating gate, thereby enabling a plﬁrality of threshold
voltage distributions to be provided.

During a write operation of data “1” (non-write), the
bitlineBLisprovidedwithabackbiasvoltageVdd (forexample,

25 2.5V), whichistransferred tothe cell channel of the selected
memory cell MC via the conducting-rendered drain side select
gate SGD. After the cell channel has been charged to a voltage

vdd-vth (Vth is the threshold voltage of the select gate),
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5 distributions. Now, the threshold voltage distribution ERis a negative
threshol d voltage state obtained by a block erase operation on the cell
block BLK. Next, the read operation, the wite operation, and the
erase operation of data of the menory cell MC are described. 10 Note that
t he, read operation and the wite operation described herein assune that an
appropriate threshold voltage is set in the select gates SGS and SCGD.

I n the dat hpedrileffedatiesnS@d angdeSEDP datramemdey -canduatt@ctwderngbyd | i ne W

in the ne ce rray.l.,is lied 15 wth read vol tage Vread at which
an unsel eg?'éé e ﬁjm é’I)éIl V@ ?%S%@nayéi?ﬂ LPEgHATCes s B At £25Fhe dunmy

~word linesePbs and Hd DeaberaRnld & 1Wnkhwi hes 1024 1val {208 MLad ik which the
dummy cells DCS and DCD are conducting. Moreoveéer, the select gate lines SLS
and SLD ar eocappbe etbgm,t hhseleddt chatee RGinvielragesa Yige amepo¥emd iall whi ch t he

sel ect gates SGS and SGD are conglucti.ngr; Then, during a binary data
read operafiP8nto LARACGHTE FOPBLENH MDD dhenésledted wordllddr e inenory cel |
MC is applie ith a_voltage bet n the two threshol d vol.tage

i stributi Basnosht ot thantre L ine B Vit e e 408 Ehge

applicatioplosnbehdefatie CUnEEAt rdd 0MB, ithet RemBAND-sel IMaiNiderh @aRabE
detected, whereby data read is executed. On the other hand, during a

four-level "d8ta read operation, a value of the voltage applied to the
selected word line W. is set, corresgondi ng to the four types of threshold

vol tage di stri bUtS BFRSHPPERR L L falameriuls  LF TRECTY 65476 FaGe AR BR
or CR pet wegnoeach, ofoil Bex! inesbol dnwolktage ghatitbullanpe Faenyal tage AR

is the | owest voltage, 5 and voltage val ues increase in or BR and CR.
In the foubylsexelindadld tkacdoaperiatesomn idaladtieqdhiesdienecuded 1hyiedet ecti ng

whether a current flows in the NAND cell unit 4 at each of voltages AR BR
and CR DuPLAg@nd REPtE gpaehe¢ierd eleldapboclo'BLE: he ¥, eend@prmdydnd0 |ine W

is applied_ with a wite voltage V (for_examl e, 15 V-20 . reover,
the bro i At bbBeted e ROTrbHRa ot (BgE SEanPia A Y52 anet or ted

to a channg) ©f At berged ehadwABARIBhL Bbho My &bl QWrakel erd edt@qas “cel l
channel ") via the conducting-rendered drain side select gate SG. At this

tinme, 1% aAbar geselectrnegdtsidthsesippld edlbetyredratich¢etdoatsitageyat e and
the cell channel .in the selected nenory cell MC, whereby el ectrons are
i nj ect ed fVFBATERECEEFPRERANE L1GR AR TS 5t Ah§Chat e by SPRIRGRREI i ng. In

the case of,Mulihah8¥6lddalbiu!syf A8 odiae BTSNy Gh oLl OF AgpRLI cati ons
pgm 20 ange ] us o)

of the wite voltage Is ¢ to ad t he anount el ectrons
injected i 8hos} he dinal vagi Hpbpersheseby RAdblrined & péaiadddy ehet hreshol d

vol tage distributions to be provided.

erase verify operation is performed as an operation for

20 checking whether all the memory cells MC of the NAND cell unit
4 have been erased to a negative threshold voltage or not.
Specifically, the erase verify operation provides a certain
voltage (for example, 0 V) to all word lines WL and detects
whether a current flows in the NAND cell unit 4 or not.

25 Next, threshold voltage setting in the select gates SGS
and SGD is described. |

The select gates SGS and SGD have a planar surface cell

structure similar to that of the memory cell MC. Therefore,
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During a wite operation of data "1" (non-wite) , the bit Iline BL is
provided with a back bias voltage vVdd ( for exanple, 25 2.5 V) , which is
transferred to the cell channel of the selected nenory cell MC via the
conducting-rendered drain side select gate SGD. After the cell channel has
beep charged to a voltage vdd-Vth (Vth is the threshold voltage of the
select gate) , the select gates SGS and SGD becone non-conducting, whereby
the cell chasheilliy, stk tbrasidlohtvolgagéatfethknsdlect gases & andf the
selected word line W. is applied with the wite voltage_Vpgm .the cel
channel un8€PgE@sPe seitey Fﬁe%%%ﬁtﬁnth%“@H‘é?WcFeéalpéEF%Y\}ea @deF?ﬁg with the

sel ect ed e gs lsltg%e td tl\'ll\"aE r:]Lnt'tp'x {)ﬁéyléué }negi:f&kggéagro%ga%ttlpgj ect ed into

thefloM|nggaH3

erase oper gtioa dﬁer@%ﬁ@n‘ Nahd@ rhlsasép SR dh bs ﬁi@ﬁl@h@gyl&llﬂ: pel | b| OCk
BLK units. The erase operation is perfornmed by setting all the word |ines

WL |ncI@dlngeherdmnﬁyummaﬁbbfn@geBbSldwwlDEDaaﬁtil@@k@ttb@S@éBPthock BLK
to 0V, and_a ositive boosted erase vol e Vera exanpl e, 18
V20 V) 108" B SR P nREre LrRE sy Lot SR agics Eie SPABAT 15 AS

result, ﬁﬁgéé'é’(% fa%6§89'&io \ﬁ%ltt gg@r§{:é‘tr?ol(nﬁd’lQ§1eb§E§£§)tH@%re§e@£ECtrons of
t he floatl g gate are discharged is obtained in“all nenory cells MC of the
sel ect ed cghtebl aclkiBYK. apft@sritdtes, tAne hiake veﬂtﬁgemperalhm iis performed

as required. The erase verify operation is perforned as an operation for 20
checki ng wﬁétlhé@riaFP durd ngehisy Y1 s P thie 51 ore NAND "cef FheRRMOIYhave been

erased thr hol.d vgl t.age not ecificall h erase
veri fy peFS??%n prOV|e egﬁa t-t:he""-r g’lonl%\%of)ﬂa%e(?f %%eexaei?Ct %‘ ?o all word
lines W apdidetgcy;s, whether a current flows in the NAND ceII unit 4 or

not. 25Next, threshold voltage setting in the select gates SGS and SGD i s
descri bed. The threshold voltage of the select gates SGS and SGD

is set by executing a later described select gate write
operation after execution of the erase operation on the cell
15 Dblock BLK.
First, the erase operation is executed. Now, the select
gate lines SLS and SLD, all the dummy word lines DLS and DLD,
and all the word lines WL in the selected cell block BLK are
applied with 0 Vv, and the P type well where the memory cell
20 array l is formed is applied with the erase voltage Vera. As
a result, an erase state where electrons of the floating gate
in the select gates SGS and SGD of the selected cell block
BLK are discharged is obtained.
Following this, the select gate write operation is
25 executed.
FIG. 4 is a view showing an operation waveform during
the select gate write operation in the flash memory according

to the present embodiment.
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The sel ect gates SGS and SGD have a planar surface cell structure simlar
to that of the nmenory cell MC. Therefore, basically, the threshold voltage
of+ fhe'select gates SGS and SGD can be set by creating in the nmenory cell
array 1 a simlar bias state to that in the previously nentioned read
operation, wite operation, and erase operation on the nenory cells MC. 5
However, in the case of threshold voltage setting in the select gates SGS
and SGD, sone iThemdlerti gatequiieel opsnedd onheeferecto gatseyri88Sodnd SGD do
not operate norpplly befqQre the sel ect gates haying agpr opriate threshold
vol tages. FRPE2Fs0R r‘f‘t"r‘lgrlﬁuFdeﬁfroi"hﬁttll’?g‘slti%tb‘f“etorfe PP TGPEAAEi on of the

menory 10 a the shol oltia 0 . el sis
setting up?sgkét%’;}rhtegt presghg?j Cqgo?]ftgaigleé/'oftl)t %gdsélt%fl%gtoggtrggggnd SAD is
set by exeqetep®Eashawerid@Icribednseheciugakesidé tselepergiieoonscalt er
execution of the erase operation on the cell 15 bl ock BLK . First, the
erase oper &tRIAPLANTERSCOR XR t I SEPR SSetaun atfd Q. Absng SVERALBLD, al |

t he dunmy word_|ines S agnd DLD, .an 11, .the rd_Lines, in the selected
co 1 bl oek SBrRe b 8 B 3 T 1B iy ndS oY BemuBi T diherdothe nemory
cel | 20 argayelsds, hau@e oy raRRkh§hbpdddt ilhe (eEasevahbagenera, As a
result, an erase state where electrons of the floating gate in the sel ect
gat es SGS Ahdas@i» ofernify spkeeetédncéesterp|SsclehBK aneF Ui scharogedhis

obt ai ned. . _ Follow ng this, the select gate wite operation is 25
execut ed. BF&lngside gdyrey SHowil G <dn - opBPHat i P WSt ImtgdrrigtPhe sel ect

gate hte i L e.flash, r di.ng e
enbod;l\{n%nt ?9995% gkl%%i%l é:(c:)t ﬁga%géﬁ%deq%%gr g??oﬁigae%%fgs%{a%%aggeri es of
oper at i onsacordh g sk f ro@rabyl easéivyeHd ABrekhal Progredgs RF eper ati on

(step Si shown in FIG 4) and a verify operation (step S2 shown in FIG 4)
on t he souttensisgieoxébandegard r8G8ition torapeahitd Yrys bper atloggoystep S3

shown in FI G , and a verif eration (step sho in FI 4) on the
Grain st dovEbHEk: T03PEoGAS  AAOEEPD: OFar AR E0er T GRSt Sheshown i n
FIG 4) and.g,yetify. operation (step S6 shown in FIG 4) on the drain side

dummy cell DCD<l>. Now, programm ng refers to
15 Steps S1 and 52 are configured to keep the threshold

voltage of the source side select gate SGS within a

comparatively broad range of from Vsgs_low (for example, O

V) to Vsgs (for example, 4 V). 1In the case of the source side

select gate SGS, margin of the threshold voltage can be set

20 broadly, since, in. the read operation and the write operation

of the memory cell MC, there is only control of whether to

render conducting or to render non-conducting all the source
side select gates SGS of the cell block BLK in a bkatch.

First, in the programming operation on the scurce side

25 select gate SGS of step 81, the source side select gate line

SLS is applied with the write voltage Vpgm (Vpgml shown in

FIG. 4), and all the dummy word lines DLS and DLD, all the

word lines WL, and the drain side select gate SGD are applied
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10 causing electrons to be injected into the floating gate of a transistor,
t hereby causing the threshold voltage of the transistor to undergo
transition to a positive side. Mreover, verify refers to judging the
threshol d voltage of the transistor. 15Steps Si and S2 are configured to
keep the threshold voltage of the source side select gate SGS within a
conparatively broad range of fromVsgs |low (for exanple, 0 V) to Vsgs (for
exanpl e, 4Vvith|la paes cadldagk Vhessoalr cehigindeldetbetdgate ®G3,s PaBgi n of the

t hreshol d voltage c be set 20 brqQadl since, in the read operation and
the wiite BBSrAPoRIGr CPRCTSNGY Fedarl MRe SMheng FE2oRI 3190 mEN6 ot whet her
to render i er - i || [ i de sel ect
ot eo S5 SPCpAgD ok Sppddet B! HROR SARNCINE As B TMleEeE O

operati on aatbhthessoUbEEi S datdpSehedougatkes SsSsefiest @atd sG4 e omour ce si de
sel ect gate line SLS is applied with the wite voltage Vpgm (Vpgm shown in
FIG 4)? afBeapittlHaedBinylacite Idupay ceBlakfSorpd BEP, ttHee WEMETYi nes W,

2t wh ch PP E ARG GBFI S DCS A9 BELECAI T iheRenoh) SHTEIRE. and the

drain sidecgel eategnded S B CONAUKL | NhrcEiss qeaas cel gakkorgst 0 be
injected into the floating gate of the source side select gate SGS from5

the bit |inedBktgves & herahaimioneltbstbE€Spanit D, sitdee menory cells MC, and
the drain side select gate SG. As a result, the threshold voltage of the
source side sel¥te 8BS PABRIHVELIE VPRSI EPRRL D ThdNFosf™We si de.

Not e t hat pﬁg§ a i t r i.nes DLS and
SO on ggedkggfiy eege/l%\l%%l %Ig%\eé%:?ﬁmﬂ?%% O?ﬁé’t gﬁn%&ogg% %%éy@ncg] lggeon are
conduct i NggukRRPeR11S IUE ah@ @Y dredré @chauatpag) hisveeVid hageequanrsuderi ng
that before execution of step Si, the erase operation has been executed,
causi ng t heotlg eshetid-ing vageaod - t BondaAnyice|thatDosSt amel execyiirns be 15 at
a negative yoltage,. then the du cel | s DCS and so on can be rendered
Conduct | ngobyBHEBE L oy SARBF yTARF 25 A9 BoenRo A T ISABSBES and so
on as showgy by, e fasNed1 4964 &6k khBeatiny BThG pds i <EXGHRIEpeHOVeVer,
given that due to sone kind of defect, the dumry 20 cells DCS and so on may
not have beem pevhedvkwddrased, théen Heheudtyme el DGs BES andbrseaan can be
rendered conducting nore reliably by the duimmy word |ines DLS and so on

bei ng appl PeF I eZ@dGrRIEuGLiR Gt SBREWRRE Y ARFH Y3290 YA hye dvpays.

Moreover, when NG PRMY BLYTLY &PaY NG IUYYnEell $n ot ted 1ine

vl in FIG. 4, for example. '
However, given that due to some kind of defect, the dummy
20 cells DCS and so on may not have been perfectly erased, then
the dummy cells DCS and so on can be rendered conducting more
reliably by the dummy word lines DLS and so on being applied

in advance with the somewhat high pass voltage Vpass.

Moreover, when the possibility that the dummy cells DCS
25 andsoonarenot conductingisalsoconsidered, then the source
line CELSRC need only be charged to the ground voltage Vss
in advance. This allows electrons to be injected into the

floatinggate of the source side select gate SGS from the source
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25 and so on are not conducting is. also considered, then the source |ine
CELSRC need only be charged to the ground voltage Vss in advance. This

al'l ows ‘el ectrons to be injected into the floating gate of the source side
select gate SGS fromthe source line CELSRC, even if the dunmmy cells DCS
and,so on are not conducti ng. Followng this, in the verify operation
on the source side select gate SGS of step S2, the source side select gate
5 line SLSlineapBl$RE wivelm & f| sherdymmy tcaldist E ¥B84sSP o Eder @9fonding to
a lower limt of the threshold voltage distribution of the source side

sel ect gat §°8B8CtEA al | the dummy word lines DLS and DLD and all the word

|ines W are applifd,uid hnkle (£30hyaldia0 Yosady: gAchl hedliaacsi de sel ect
10 gate SGD is applied wWth a select gate“voltage Vsgd. Then, detection of

whet her a etideesdlddtogatensthe fNANED i, thai doukr @y sthide $slqer batped by the
sense anplifier SA to execute data read. Note that, simlarly to step Si,
the readtl veRP&geLl¥r d&d aPplérdvyddhappllicw@rt ditHé HakhpSRor®dsiAeY DLS and

so on need gnl ¥ bS8 4P! 130¢ ab,uhi ghitpe dummy Gells, B and.sgeon are
conducti ng, hence is t reqU|re8 tobeta positive voltage. The Sunny cells

DCS and s0d4@Bte@pubfor @FICREGKARAUST H8G ORI Pyt&igny,yanadvi Rge0 V to the
dummy word lines DLS and so on 20 as shown by the dashed-dotted line v7 in

FIG 4, fodusranpbed INows PLSt aedeDhly ame@ldnsheovwerd kirges $@| ece gate SGS
having a b e YR 08 L3 AL R O A B Wi f 1AL se1cct
10 gate SGD is applied with a select gate voltage Vsgd. Then,
detection of whether a current flows in the NAND cell unit
4 or not is performed by the sense amplifier SA to execute
data read.
Note that, similarly to step S1, the read voltage Vread
15 or Vsgd applied to the dummy word lines DLS and so on need
only be a voltage at which the dummy cells DCS and so on are
conducting, hence is not requiréd to be a positive voltage.
The dumny cells DCS and so on can be rendered conducting even
by simply applying 0 V to the dummy word lines DLS and so on
20 as shown by the dashed-dotted 1line v7 in FIG. 4, for example.
Now, if there is even one source side select gate SGS
having a threshold voltage that falls below the lower limit
voltage Vsgs_low, then, as shown in FIG. 4, steps S1 and S2
are repeated again after stepping up the write voltage Vpgm.
25 This caseresults in anunnecessary programming being executed
even on the source side select gate SGS already having a

threshold voltage of at least Vsgs_low, but, as mentioned

previously, the maxrgin of the threshold voltage of the source
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vol tage Vsgs_low, then, as shown in FIG 4, steps Si and S2 are r
again after stepping up the wite voltage Vpgm 25 This case results in an
unnecessary programm ng bei ng executed even on the source side select gate
SGS al ready having a threshold voltage of at |east Vsgs_|ow, but,

ment i oned

previously, the margin of the threshold voltage of the

epeat ed

as
source

side select gate SGS is conparatively broad, hence, as shown in FIG 5,
t hreshol d ﬂéﬁ?aﬁJ@-Qﬁt ghtetHd sgureprariadd vedlyekrogrit &enSes anshbenkept

within a

t he

Vsgs_| ] S3 a he_t hr eshol d
Vol tageof PG &1 18 ST ER-REILEP  baTE o] SR 1Tt BhoT PomeRs
VEEYeQ@dSO%X%d%Ww@tﬂﬁne&(Q’%bg o oMl Youdtd fv%gsexaﬁpl e,

conpar at i

First, in the programm ng operation on thedrain side

sel ect

gat e SGD of st e S3epishe3damd rs45i deeseheethgat eollitageShD tites @pplined with

the wite

vol t age Vpg nB shown in 10 FIG 4) , and the sourc

sel ect at é1P? ﬁ@lsss q%teaggPﬁédwthﬁraugeﬁrém a &&F‘é’a%Fi"-&@éY paggow

t he dunmy
t he pass

e side
and al |

2

v}/)}? age Sﬁ}%q"}&%t[)l gﬁd lléoggg fl ne %%E?écaand Fﬁlei g?tWi th

line BL are chaa*:g@i,t antMe B hbSr HRAMSEP cﬁJe&%ﬁ:ﬁ@HSoﬁ&ﬁ@ dwiinnjsegked into

ing gate of the drain side select gate SG fromthe bit

i ne BL

directly ose1e©tnqa1rtee §§@r cé $tiem3 SGELERE drain WédgoaebeC%i@é:esélieet gat e

t he fl oat
SGS, all
result, t

t he_du DCD, and all the rd |ines W.
helPnte He\?’olwt‘&b"etB‘F ‘f’ﬁ’etedr"aﬁ]ﬁagledgpg’émg

20 a tI@nSFEGOW)thBBetIP@SAoHr\é% $188 s MUk Lhal PerYss £ ephieng are

i njected

15

20

25

into the floafing
with a select gate voltage Vsgs, and all the dummy word lines

DLS and DLD and all the word lines WL are applied with the

pass voltage Vpass. In addition, the source line CELSRC and

the bit line BL are charged to 0 V. This causes electrons
to be injected into the floating gate of the drain side sélect
gate SGD from the bit line BL directly or from the source line
CELSRC via the source side select gate SGS, all the dummy cells
DCS and DCD, and all the word lines WL. As a result, the
threshold voltage of the drain side select gate SGD undergoes
a transition to the positive side.

Note that becauseelectrons areinjectedintothe floating
gate of the drain side select gate SGD from the bit line BL
as described above, it is not necessarily required to render
conducting the source side select gate SGS. As shown by the
dashed-dotted line v2 in FIG. 4, the source side select gate
line SLS may be applied with a voltage lower than the threshold
voltage of the source side select gate SGS, for example, a

voltage of 0V, whereby the source side select gate is rendered

- 17 -
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gate of the drain side select gate SG fromthe bit line BL as descri bed
above, it is not necessarily required to render conducting the source side
sel ect '‘gate SGS. As shown by the 25 dashed-dotted line v2 in FIG 4, the
source side select gate line SLS may be applied with a voltage | ower than
the_threshold voltage of the source side select gate SGS, for exanple, a
vol tage of 0 V, whereby the source side select gate is rendered

non- conductppgcon@uehing cada, thin@@schessnoe ddd SRULCELBRE KESSRES

el ectrical di sconnected from¢the bit |ine BL d capacjtance of the
source |i ngg‘éﬁﬂ%ﬁcﬁ %%’C-J}focql(},é(ggﬁsﬁgng%%hgiﬁr%ggﬁglgi}%ﬁ Iaf(‘;Lbl""nglI ectron

i njection topbBecihoatdIngal i raOl 1 hBCHIHN ghdf E%BGE‘}: t?@ts%eﬁGD to be
performed. In addition, the effort of charging the sSoufce 1ine CELSRC to O

V can be sateatkcomes eadbsedverglddtirepni8ctidn k8 s olpasshdlgatebased on
the wite voltage VpgnR2 | ast applied to the source side select 10 gate |ine

SLS in %t epfsihe duiin pideipal pcspabe SEPdbRerl oA SLENEEHE18Bpl i ed Wi th
a wite voltage n8 which is lagwer than said i al e _Vpgn2. Since
the drain lstlB eefsecF]gtctOfgé: 8r%tf)qhtg"se tsﬁélrézgrrgl% r%ﬁ%&e¥8saf\ﬂeca§ogsce si de
select gatga9&®., Wite characteristics of the two are simlar to each
other. 15 In other words, enploying the wite voltage VpgnB8 which is | ower
than the wite Notaawge ,Vpgnetdrast,applisedlto ndwsidder,cbasedeorsghect gate

line SLS makes it possible to_avoid an over-witing-up of the_threshold
vol t age of WFﬁEedY%ftr?%q d& 9| ééftgﬁ?éﬁ% %o tBﬁp’F?@’é‘f?oﬁf‘%ﬁ sghe&kcessi ve

‘Q’Li)f/\g Y®! t 8980 20 NPGTs MPTRQUYEEs, Oy SIHRP a3 1R %1 R ThhaELYgd ShgR SI. as
SLD to be applied with a write voltage Vpgm3 which is lower
than said write voltage Vpgm2. Since the drain side select
gate SGD has the same structure as the source side select gate
SGS, write characteristicsof thetwoaresimilar toeachother.

15 1In other words, employing the write voltage Vpgm3 which is
lower than the write voltage Vpgm2 last applied to the source
side select gate line SLS makes it possible to avoid an
over-writing-up of the threshold voltage of the drain side
select gate due to application of an excessive write voltage

20 Vpgm.

Moreover, in step 3 too, similarly to step S1, as shown
by the dashed-dotted line v3 in FIG. 4, all the dummy word
lines DLS and DLD and all the word lines WL may be applied
with a voltage higher than the threshold voltage of the erase

25 state of all the dummy cells DCS and DCD and all the memory
cells MC, for example, a voltage of 0 V. This is because at
this time point of step S3, the threshold voltage of all the

_ dummy cells DCS and DCD and all the memory cells MC is still
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by the dashed-dotted Iine v3 in FIG 4, all the dumy word |lines DLS and
DLD and all the word lines W. may be applied with a voltage higher than the
t hreshol d voltage of the erase 25 state of all the dummy cells DOS and DOD
and all the nenory cells MC, for exanple, a voltage of O V. This is because
at this time point of step S3, the threshold voltage of all the dummy cells
DOS and DCD and all the nenory cells MCis still the erase state and the
dummy cel | $PBETaRee 5 vane &R e sermmy drledP €O ald 6P aigceay br Henderedgat e
voltage is 0 V. wever, houl d be noted that here too, simlarly to in
step Si, tﬁ8n§(ﬁﬁ§§n%§|"r3§‘ Jté%ﬁ%ﬁﬂ gé’oiﬁagﬁr%so Vreng‘é‘?’%%e{:’oﬁalf@t‘}lur]ra nor e
reliably 5pBynbbeq dEy neied thibnes: kb And 30 1QNsPeh Ngh apd ettt h the
pass vol t age Vpass. Following this,” in the verify operation on the
drai n sidecsélecRCand StCOrotastiep rEdderbe cimmiuctindemset eciligatig | i ne SLD
and the drain side dumry word line DLD<1.> are applied with 10 a | ower

linmt veltBYetRR S PR g nesnwPLa PV S§dOr i ng agpédéefviith tékown in

FIG 4) co p i t |ower Iimt of the threshold voltage
di stributi %%ggfg{}ﬁ{'ég%? a\?pnaasssl'de sel ect gate SGD, and the source side sel ect

gate SGS i s appréErbwiiddhthihe, salterd vgai £y ¥pktageoVsgsthaaadaahlsiiBe source
side dummy 15 word lines DLS , all the word lines W.,, and the drain side
dunmmy wor dskilaet DITeOSGRr ef apippn &d wihh diwin sddevobiage datead inghen,
detection Qf whether a current flows in NAND.cel |l unit 4 or not is

. h . .
per f or ned §§/Dt ERASEAARpT19S dpmay Wog| Lb’geglL?Lgfébsar%aaﬂhl%w&?éEcri bed
above gy gl s8Be ng?%GGHieg%é gﬁ&?ﬁ edly &/d8d Al QSHARSY Foydnd S2, it

is sufficient for steps S3 an 0" be performed one ting, even if there
is a drai nrebdecsively, gaben SEDFbavidngeer tdueshiing volat ageet hamital | s bel ow
the lower limt voltage Vsgd | ow
of the threshold voltage distribution of the drain side select
gate SGD, and the source side select gate SGS is applied with
the select gate voltage Végs, and all the source side duﬁmy
15 word lines DLS , all the word lines WL, and the drain side
dummy word line DLD<0> are applied with the read voltage Vread.
Then, detection of whether a current flows in the NAND cell
unit 4 or not is performed by the sense amplifier SA.
Although steps S3 and S4 described above may also be
20 executed repeatedly similarly to steps S1 and 82, it is
sufficient_for steps 33 and S4 to be performed one time, even
if there is a drain side select gate SGD having a threshold
voltage that falls below the lower limit voltage Vsgd low.
As touched on above, the drain side select gate SGD has
25 a margin of threshold voltage which is narrower than that of
the source side select gate SGS. This is because in the case

of the drain side select gate SGD, contrary to the source side

select gate SGS, it is required during the write operation
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As touched on above, the drain side select gate SGD has 25 a margi n of
threshol d voltage which is narrower than that of the source side select
gate SGS. This is because in the case of the drain side select gate SGD,
contrary to the source side select gate SGS, it is required during the
wite operation to sw tch conducting/non-conducting for each NAND cel |
unit 4 depending on the need or otherw se of programmng the nenory cells
MC. Asa regpgl syitc¢h sounelur:nesgha@wecrrsnctmmméorméecslh@iRHDvatJagle-ltbf sorre of
the drain side se|ect rglzﬁjes SCD i a desired val ue.

assuned t hAtSRENpHS i ?ﬁé’tthﬁrré’éﬁglcbf 96‘??5@}%‘“&%???6\%‘?&% of the
drain si decé?hg@fc gaﬁ§a§g3ut1%s ﬂng&ge%%(ﬁgﬁgéﬁgtﬂgt YRR& delsol gval ue (for

exanpl e, select gate voltage Vsgd = his case, even if, in
order to wvblieagater s8ime dfhehéidaiainss tite sellect gated 5cnd slfoSkBpics appl i ed
with the select gate voltage Vsgd, the threshold voltage is hi %her t han t he
sel ect fat EOVDdIdeEGE S USRI Uhendé theseraes hafe 28cPRRYT G&istEDhe not

suff|C|entI d As a re th eII channel of.the sel ected
menory cell }éﬁﬁsgag%ot QQagl?eths%lf SLBR\} ) e dral%lselc S %%%e%%ﬁngt be

sufficientkgphsd Bhastagp bﬁ&@e&ﬂ@gfabo@;ﬁﬂ)éhg 1qate W1dderselsasiedeyenmory cell
MC. In other words, this is a cause of wite deficiency occurring.

Conver sel y,seiLeCtsgaBe;umektatd@aNsadl owerSsKi rt Iof thhe taseshoiet vdl t age
distributign of the drain side se ect gate SA has fallen below a | ower

limit val udP(PEFCREPFE 2Bt V)07 FRStAFRIR&8€l® 8GLRACT193%° i'd Fesired to
peffOfﬂbnogw ste?-pﬁl‘[’k?édfc 1O tfléts%l"e% )ga é%o%&%@égamﬂé%h@e%h%‘idho' d a

potenti al he e annel of the s ected nofy cell MC, hence a

m st aken Wybleagé DatmigHer @daur SheldelsctCl@ae Fodtagdevahnyvachhkat the
threshol d voltage 25 distribution of the drain side select gate SG is
pr ef er abl y tberdiagar ederee beabgpd®l SEQ han ot fHcdehglo womgenai stribution

el oot gat BBt ENti T SPPUBELRE T8 TRAC T PRBCESUICA BFde sel ect
gate SGS, E@Hﬁ@tﬁogeke%ﬁ%rﬁ:@VZ'Gg@ S%'nﬁcétle%tr%nggén‘ﬁ%q t}efk%fch'ﬁ:'lrén%'lgie sel ect
gate SCGD in the sane i ndivi body end up with the sanme |evel
t hreshobd dngkrtbdtimto whet Alodbimpvarte obntharsy lectadsedmsoty @atlel t hat
MC. In other words, this is a cause of write deficiency
occurring. Conversely, it is assumed that a lower skirt of
the threshold voltage distribution of the drain side select
gate SGD has fallen below a lower limit value (for example,
20 0OV)., Inthiscase, even if it is desired to performnon-write
(write of data ™“1”), it becomes impossible to hold a potential
of the cell channel of the selected memory cell MC, hence a
mistaken write of data “0” occurs.
It is clear from the above that the threshold wvoltage
25 distribution of the drain side select gate SGD is preferably
configured more narrowly than the threshold voltage

distribution of the source side select gate SGS. However,

normally, thedrainside select gate SGDhas a similar structure

- 20 -



5 enploys a transistor not having a floating gate or that enploys a

transi stor having a through hole fornmed in an inter-gate insulating film
and so+on, the effect of variation-causing elenents, such as
characteristics of the floating gate or gate insulating film and so on, is
great. Furthernore, in the 10 case of the select gates SGS and SGD, precise
programming is not possible either, because, unlike in a wite operation on
t he menorytedihatMef thee soulreet s bt $18CE aate SGO,chemot tie spproyed.

DI ogr i rBLEh THE U 47 SoF it S GN® SEPANSE A T GBE SaPEBLKE. ar i n
si de_sel ecty93uas 13vk Bud1 B8y MHPGKBLK h8S Ad B3I or theBRE 09T amTi g i s

further executed in order to réscue a drain si sel ect gate SCGD having a

t hreshol d ypstmgeutiai width s NMelkewwehe doowekrlitd & sedlede,gdtwethdt eshol d 20
voltage of a drain side select gate SG that was in the upper_skirt of the
t hreshdl d W%%)g%a&iréplsisﬁw@ﬂtg’)@efe‘é@sa fheatppecatemn thal geploys In

vi ew of theste oints, (t ks difficult ta,keep the threshold voltage of all
the drain 3idé Saeot §aveld st BaiReRoss RYFT o &hd 05589

Accor di ngl ynsd e L senh, estpdignen; tHd lirzestthe WidiaR ishdeadsmy cel |l

DCD<| > di sposed adj acently to the drain side select gate SGD. Specifically,
a conpr ehembémantishr egbiokd chaglacdge istoAbsmighe idodt ang geitdeorseheet gate SGD

and the drain side du cell DCD<l> is kept to a desired value. Below, the
drain si del%%‘fjeabttmgfatfg%@wﬂc?%o‘?%g ‘tshé‘r&g?ii'n T S RnG - c Pl Dl > i s

sonet i yRes r n.. i r &4 I

ot o e et AR e P SRR PrRE e IS e
DCD<I > of motNpBsaellk eiiderd bavhgep uhldike s5hdewsetedpegalta ohGh | udged in
step $S4 to have a threshold voltage which is | ess than or equal to the

| ower |inmithgdtampgy £681VsYHa: | e ded ecdugadesoSehdaryFG® craASEtPdN to the
positive side. FI 6 is the threshold voltage distribution of the drain
si de sel ect™ &t SGD at a tine point of conpletion of step S4, and a NAND

cel | unit 4 haynggedl aho.shale SRl ech 9ot 86D Mok aJOWeD skinde side of
the threshol d vol tage 15 distribution indiéated by the arrowal in FIG 6

i S a tir getve oimdlheyepr, epentrpmoin@nm rnde drain #HdstseliawtsgepeSSGDit i s
required to change a hias state of the NAND cell unit 4 as in FIG 7 or

FIG 8, depetlitagIsh addcedadrsinrsisteneelifceddter FEpFbGrasiti RE°PoR the drain

side 20 dw&m¥.C%E|aD§£§£ff, when programming is further executed in
order to rescue a drain side select gate SGD having a threshold
voltage that falls below the lower limit value, the threshold
20 voltage of a drain side select gate SGD that was in the upper
skirt of the threshold voltage distribution exceeds the upper
limit wvalue.

In view of these points, it is difficult to keep the
thresholdvoltageof allthedrainside select gates SGDbetween

25 Vsgd_low and Vsgd.
Accordingly, the present embodiment utilizes the drain
side dummy cell DCD<1> disposed adjacently to the drain side

select gate SGD. Specifically, a comprehensive threshold
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As shown in FIGS. 7 and 8, in step 55, the drain side dumy word |ine
DLD<|I > is applied with the wite voltage Vpgm (Vpgm4 shown in FIG 4) , and
the select gate lines SLS and SLD are applied with the sel ect gate voltages
Vsgs and Vsgd, 25 and all the dummy word lines DLS and DLD and all the word
lines W. are applied with the pass voltage Vpass. In addition, the source
line CELSRC is charged to O V. Mdreover, as shown in FIG 7, in a NAND cell
unit 4 requbliage cpmbininwithg drrirmaide sedest i tupPly apd theddpris, the bit

line BL is ¢charged to V. This causes electrons to be injected into the
floating gﬁ’t%? ocﬂﬂ_ e < S&i RCEF b8 J(ﬁl#?ﬁPtcglo! aDEle’r’Segi‘éae]ﬁ?e‘ dﬁﬁiﬂwSi de sel ect
gate SGD, ag. id1di;eal &5k QElEBE g%h{&%@ i@Jcl‘u@liﬁthJdré%ﬂ éﬁﬁélhhmm{fhe

t hr eshol d vo?tage of the drain side dummy cell DCD<|l > undergoes a

transitioncédl theDqiOSiilsi gemstiiees referr@d theaotdrer aramicdtedsdshomn in FI G
8, in a NAND cell unit 4 not requiring programrng on the drain side dummy
cel | 1P DCPKEe seifchidatie #8PBL"i s charged to a back bias potential Vdd. In

this case, because,th in, side | ect 0 op-conducting, a
potential of tﬁllef'l (?EFchﬁgﬁar?e §(§1’ H?]% f rréals%%tsli%dgg%ﬁ%iw ocr%ISCIhQD@B%fIE is

mai nt ai neds; @ dux@iycated bypihe oar boMamD dol1FLEit84 WSrithg @sdkhini nj ection

of electrons 15 to the floating gate of the drain side dummy cell DCD<I|> is
not perforskde select mote E6AtjudgedtHowitby Shetedwved adshredhdide v4 in

FIG 4, the source_side select gate line SLS may be applied with a voltage

| over t han"PheP4hPBSABI'E VBPE 45&N0tT CABAS J LRe dio¥E 20 bt BB tg8fe SGS, for
exanpl & ayyohtage Qfy 0;Ysedh&S ﬁgﬁe‘j:?g SAWGE:kH] §§|t%(étR89§-E€i{r§ rendered

non-conducti hg: In this case, since the source |ine CELSRC becones

el ectri cal $ydeli seacneeét £6 fli®mMHrleahbild vobeaddt diktiapadichancetibé t he
source line CELSRC can no |onger be seen, it becones easier for electron 25
i nj ecti on gvaiheideogeilagt g@ate GGDt Ak rtding ppdet dafmpprpdletipeDRf > to be

f d. | i tion, ff f. ¢gh L he s, I LSRC 0
oer o o0 B L L0 KAFRLEEL s 378L3L5 4R S00Rl LA, LR Lo

V can be s , S t 9o, 243 dis dotted

line v5 ingkt& sdp 8hl at ReweRUE&Er8i deqdUBRY tWar dnkbBRS1 L Fodndgal | the
word lines"W. may be applied with a voltage higher than the threshold

vol t ages of di ser Brasiorstiatiécafedldy the mouncelsidedungyicel ksrPSS and al |
the menory cells MC, for exanple,
of the present programming.

First, in step S5, it is required to change a bias state
of the NAND cell unit 4 as in FIG. 7 or FIG. 8, depending on
necessity or otherwise of the programming on the drain side

20 dummy cell DCD<1>.

As shown in FIGS. 7 and 8, in step S5, the drain side
dummy word line DLD<1> is applied with the write voltage Vpgm
(Vpgm4 shown in FIG. 4), and the select gate lines SLS and
SLD are applied with the select gate voltages Vsgs and Vsgd,

25 and all the dummy word lines DLS and DLD and all the word lines
WL are applied with the pass voltage Vpass. 1In addition, the
source line CELSRC is charged to 0 V.

Moreover, as shownin FIG,., 7, inaNANDcellunit 4 requiring
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5 a voltage of O V. This is because at this tinme point of step S5, the
threshol d voltage of all the source side dumy cells DCS and all the nenory
cells MCis still the erase state and the dummy cells DCS and so on can be
rendered conducting. In this case, the drain side dumy word |ine DLD<OC>,
inviewof 10 a relationship with the adjacent word line W.<N-1>, is
applied in advance with a noderating voltage Vgp which is an internedi ate
vol t age bepwegmamhénpasstiveldrade pdssiuang cdledl REPKE>vdiheaget Vg as shown
by the dashed-dotted line v6 in FIG 4. 15Fallowing this, in the verify
operation & tRAeCHAEESE &od8 YunhPicefRrugRHI LTI Eepo e YHEGTS n si de

dumy word,l ine > A dr.ai i sel | e applied
W ih the | SEe FrE F T aavegas) Buf F R ek, fohfy 08 TPt "5
(Vsgd_| oWl vardeMs @daliaveidd espect igsdeyscphamnihaiEh€ed 2y dhe arawe t he
source side select gate SGS is applied with the select gate voltage Vsgs,
and al | 5t helsbuF@€ - s1 de AgunmesdE d tlieneBrepivpld ypltefe qforleldnfds W, and

the drain si,de du i DLD<O> are .appli.ed with the read _voltage
Vread. Thef* 8e‘€‘8§1@8‘€ﬁ)$%@?h‘€} ear%ﬁsr%rﬁrpafnls&&bwf’nt? ﬁéemﬁ%clevlel unit 25
4 is perforyygd by the sense anplifier SA. In this step S6 too, the drain

side dummy word |ine DLD<|I> and the drain side select gate line SLD are
applied with thenliherotlhem haud) t ageshown in FIG. 8, in a NAND cell

unit 4 not requiring programming on the drain side dummy cell
10 DCD<1>, the bit line BL is charged to a back bias potential
Vvdd. In this case, because the drain side select gate SGD
becomes non-conducting, a potential of the cell channel of
the drain side dummy cell DCD<1> is maintained, as indicated
by the arrow al in FIG. 8. As a result, injection of electrons
15 to the floating gate of the drain side dummy cell DCD<1> is
not performed.
Note that, as shown by the dashed-dotted line v4 in FIG.
4, the source side select gate line SLS may be applied with
a voltage lower than the threshold voltage of the source side
20 select gate SGS, for example, a voltage of 0 V, whereby the
source side select gate is rendered non-conducting. In this
case, since the source line CELSRC becomes electrically
disconnected fromthe bit line BL and capacitance of the source
line CELSRC canno longerbe seen, itbecomeseasier forelectron
25 injection to the floating gate of the drain side dummy cell
DCD<1> to be performed. In addition, the effort of charging
the source line CELSRC to 0 V can be saved.

Moreover, in step S5 too, as shown by the dashed-dotted
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Vsgd low, but this is for judging the conprehensive threshold voltage
conbining the drain side select gate SG and the drain side dummy cell
DED<I| >+ (assi sted drain side select gate SGD ) . Note that it is not
necessarily required for the lower |imt voltage Vsgd |Iow applied to the
drain side select gate 5 line SLD and the lower |limt voltage Vsgd_| ow2
applied to the drain side dummy word |ine DLD<|> to be the sane. However,
the | ower Llinetvidi &ge.Vsgkllowheapplhtred dicid kemdyavordildmesebdst gate SCD
in step S4 and the lower |imt voltage Vsgd_|ow applied to the drain side
sel ect gat 813@3 Y hhgt@ﬁdslalmmu@anges%&gw&swahbiaath@% higher
Simlarly, | J,m.t, vol.tage d low a ied t he drain side
dumy V\Drdtf‘?ﬁé:%%Lv%Lﬁefr}rgnldsYée)iptaé an %teﬁeer soem%?g{:?r?l tal\c}oﬁ}f‘%gﬁ’gu (S:Sd_| ow2
appl i ed tosthe dindyncel e pdgmiyg \wWande hé R ndelp<te1 1 M8t e SR xAHpl ebe set
substantially the same. This is because step S4 and step 15 S6 need to be
per f or ned andertadeeofdh®y .cohli ¢ iienbeaguse adcthad wme poanertf etepsage.

Now, if there is even one NAND cell _unit 4 where the threshol d_yoltage of
the assi st B0 it FREPaRO LeIVE0agat &F S0 el TRIRA SHAEHEFBEFLLFm

vol tage Vsggg! O ahhefhe dmionBe20s it EkGie s sct%%péra?é aﬁdaﬁ%fiaﬁ&e repeat ed

again after stepping up the wite voltage Vpgm Then, en a t he NAND

cel | unit StHe passuyt Bel Ve miclyandeicabh aan bBerdriteesidotshadtdiage drstri bution
of the drain side select gate SGD beconmes as in FIG 9. In other words, as
shown by tRei®dAsenefhardmidmapida dy@y gorghbins QUR<EShol @ Wi afe

distribution qf .the_assis drai,n_side sel.ect . Where.the

thresh@ d 35Ie3§5éoﬁgsl?§llft§§° eeF%%a?%%t VSﬁSﬁﬁnie%&vglggab%a@é’g&lfgow (for
exanpl e, 0i¥) RAGEE06H 3 t haRidd AR ihe aRPM& ddeviOWehikbhm s vaht age
Vsgd_I| ow. The above-descri bed séries of the ‘erase operation and

sel ect gat envwernedigger abildoagenadtiveeralthet pes sopltcegsi Ueaselaect tyat es SGCS
and the assisted drain side select gate SG to be witten up to the
desired t hPELHOIP N OFEatRI™ S ReETOTR & Yot PP S rndob St 1He T6adR of usi ng
the assistgg.drain side select gate SGD is described. Note that in the
case of the present enbodinent, the assisted drain side select gate SGD is

used when the teyiashahd stold,age the Jomery bpefat ivh bawde didid syakt age
Vsgd_| ow. Therefore, the wite
dummy cell DCD<1> of step 86, the drain side dummy word line
DLD<1> and the drain side select gate line SLD are applied
with the lower limit voltage Vsgd low of the drain side select
gate. SGD (Vsgd_lowl and Vsgd_low2, respectively, shown in FIG.
20 4), and the source side select gate SGS is applied with the
select gate voltage Vsgs, and all the source side dummy word
lines DLS , all the word lines WL, and the drain side dummy
word line DLD<0>areappliedwiththe readvoltageVread. Then,
detection of whether a current flows in the NAND cell unit
25 4 is performed by the sense amplifier SA. In this step S6
too, the drain side dummy word line DLD<1> and the drain side
select gate line SLD are applied with the lower limit voltage

Vsgd_low, but this is for judging the comprehensive threshold
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10 operation of data "0" that does not require the drain side select gate
SG to be set non-conducting is simlar to the case of not using the
assisted drain side select gate SGD , hence a description thereof is
omtted. FIGS. 10 and 11 are views showi ng bias states of the NAND 15 cel
unit 4 during the wite operation of data "0". FIG 10 is the bias state of
the NAND cell unit 4 having the desired threshold voltage by the drain side
sel ect gat ¥oStAgalcemdinand tHeEirdinisdda Stﬂle@’fsga’@% SEP arisethANDadel | unit 4

havi ng the d sired thr | d. val tage he ass a e.select 20
o S L8R iyt SR PEb S Beb TR e b adar sl Sf et Sale BF™ o e

sel ected word 'ma%%\@hakslepfélﬁa% WebBsbhes lﬁéagm%gaaggr\ﬁuﬂnlo@eg the
source side select gate line SLS I1s applie th 0V, all the dumy word

| i nes DLS andiblvdlaneeappdd ebwl dhplhed 2o passiradhtsige Mphsst gand the drain

side dummy word |line DLD<|> and the drain side select gate SCGD are applied
with the séiaetSigapadvdia dgesydgaiti voberie Vead_Law §@|H’r1é§dlti<h§h€ELSRC and

the bit line BL ar e charged t he | S ntial As shown
el 100%aRh, 1S BAICIE 1 D2 B8 SRR, bahe N Frosrer s

threshol d ygkt a@eebY ikhe dé@té‘?él\ﬁé%dse.bﬁqtalgﬁiﬂecﬁ@ E—h@r&aﬂmlsidéesm ts in.
the drain side dummy cell > where the threshold voltage is | ow being

conduct i ngsebatt thseSclr b atep 84 el Bue Lguee 1S@bt wedtegetegdhhewhol d
vol tage is_high beln% non-condycting. On the other hand, as shown in FIG
11, in the2PREEedft QeMW%éHdeuﬁ?%eﬁt IR §CPhen FE&Pr 88 Mt BRol d

VO'tagfobysgbesﬁﬁékéaggagiglehélgsﬁgele%&m9§5§1§Pthe GBS .M gsHhts in the

drain side select gate wher e
voltage Vsgd low2 applied to the drain side dummy word line

DLD<1> in step S4 and the lower limit voltage Vsgd_lowZ2 applied
to the drain side dummy word line DLD<1> in step S6 must be
set substantially the same. This is because step S4 and step

15 S6 need to be performed under the same conditions as an actual
environment of usage.

Now, i1f there is even one NAND cell unit 4 where the
threshold voltage of the assisted drain side select gate SGD’
falls below the lower limit voltage Vsgs low, then, as shown

20 in FIG. 4, steps 85 and S6 are repeated again after stepping
up the write voltage Vpgm. Then, when all the NAND cell units
4passtheverifyoperation, thethresholdvoltagedistribution
of the drain side select gate SGD becomes as in FIG. 9. 1In
other words, as shown by the outlined arrow al in FIG, 9, the

25 threshold voltage distribution of the assisted drain side
select gate SGD’ where the threshecld voltage has fallen below
the lower limit voltage Vsgd_low (for example, 0 V) undergoes

a transition to above the lower limit voltage Vsgd low.
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10 threshold voltage is | ow being conducting, but the drain side dummy cell
DCD<| > where the threshold voltage is high being non-conducting. However,
i n Wwhi chever case, the drain side dumry cell DCD<|> and the drain side

sel ect gate SCGD are non-conducting overall, hence the voltage of the cell
channel 15 of the selected nenory cell MC can be held, as indicated by the
arrow al in FIG 10 and the arrowal in FIG 11. As indicated above,

the read operatThm s dfiesaribedopertas @t ithet heasasepafatigimgnthe
assisted drain side select gate SCD are rrade possible nerely by creating a
simlar bi 88126t gakENtHEe ﬁa?rﬁ?l%@ne‘aé%s GfL rﬁﬂe B8¥he fhEes8dieSted drain

si de sel ect,gal,as O 0P LN NMRLELL U licOao PXCL Wlilos@BP!yd g the drain

si de dummy “ce > wtht same vo tage as t rain side select gate
line SLD. Netietthatipito ttiee chsd reld theephes&niortdpi nent, before 25
threshol d voltage setting of the select gates SGS and SGD, it is required
to perfdrmthe Ié¢>ats,etb©mrét:ia@@eesﬁttlhei@éihle Wkt BEKny fbewdisigtadso t he

menory cells MC. A cor when. the erase, o erf med on the
cel | bl ock 9BRK® $HEE ghé?‘dev%‘ﬂ? adé& SPETRPeD %’f’% ajf'i%*P Thd seD al so
attains thesgeasernd %tr@sell?%rn%fogﬁﬁlentt t%%%ﬂé%%d’@%e?ﬂl khat do1clhe present
enbodi nent, threshold voltage setting of the select gates SGS and SGD needs

to be perfglartredsewews ersese woper the orthréshdd d mdiltayediablooesr tthenpr esent
enbodi nment , by enpl oying the drain side_dummy cell adjacent to the drain
si de sel ecthgatl@wes d—r’rm&§s|V§t]1tr'1‘§enﬁ7r§ﬂé‘r_,1°€nabIT§§rFﬁ€rapp§Pénﬂ”rtlﬁFeshoI d

vol taggq of obe.digh 1, Sl Sekock, gateedo he ralaed, MBI amuA ggbar get of

t he progra ng on th rain si word li'ne > "can be sel ected

for each Nélélﬁ?e@el@at@lSGM,t&@@ceevaidraid@audhhae1dranmnsa;da:os%@ct gates
can be absorbed. In other words, the present enbodi nrent makes it possible

to provi decasson¥ glcdt mbensehhc:mﬁhmtt@d demwldm/lseéeMeg@t@@@m’nence of

m staken wite i s suppressed eyen when e g a select gate 15 having a
pl anar sur PSES%%I? g‘? R A% t:f]&fl?falfl g {’Tﬁjr‘éé?f& d vol tage setting of small

mar gi n. FIGS. 10 and 11 are views showing bias states of the NAND
15 cell unit 4 during the write operation of data “0”. FIG. 10
is the bias state of the NAND cell unit 4 having the desired
threshold voltage by the drain side select gate SGD alone,
and FIG. 11 is a bias state of the NAND cell unit 4 having
the desired thresholdvoltageby the assisteddrain side select

20 gate SGD'.
During the write operation of data “1” (non-write), the
selected word line WL is applied with the write voltage Vpgm,
and the source side select gate line SLS is applied with O
V, all the dummy word lines DLS and DLD are applied with the
25 pass voltage Vpass, and the drain side dummy word line DLD<1>
and the drain side select gate SGD are applied with the select
gate voltage Vsgd. In addition, the source line CELSRC and

the bit line BL are charged to the back bias potential vdd.
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[ Second Enbodi ment] In the case of the first enbodinent, it was required
to performthreshold voltage setting of the select gates SGS and 20 SGD
every erase operation on the cell block BLK. However, in this case, when
used in applications acconpani ed by frequent erase operations, setting of
the threshol d voltage of the select gates SGS and SGD is required each
time, hence processing tinme ends up becom ng proportionately | onger.

Mor eover, 25 f risqsdownr esrFI@. Gf0,t he the estws @fvbhea@?eND sakidesitabl e
because it hastens deterjoration of the select es SGS, and

Accor di ngl § PaYiegddwadetiiift MRRE SRR Y PHERIG LY RS RiRoF ¥4 %E&iﬁfﬁng an
erase oper t . th | ect
gatos S8 ORECREREIRE, i4s PAQEH: ShilpUIASIATRAN Sl <1 E RSt " o NAND

cell unit ¢hdueivhd thee SHAEE vepehagti Dd liow béend lcasluaenpyy wmacendi ng to the
present enbodi nent.
5 drain side select gate SGD where the threshold voltage is high

being non-conducting. On the other hand, as shown in FIG.
11, in the case of the NAND cell unit 4 having the desired
threshold voltage by the assisted drain side select gate SGD’/,
this results in the drain side select gate SGD where the

10 threshold voltage is low being conducting, but the drain side
dummy cell DCD<1> where the threshold voltage is high being
non-conducting. However, in whichever case, the drain side
dummy cell DCD<1> and the drain side select gate SGD are
non-conducting overall, hence the voltage of the cell channel

15 of the selected memory cell MC can be held, as indicated by
the arrow al in FIG. 10 and the arrow al in FIG. 11.

As indiceted above, the read operation and the write
operation in the case of using the assisted drain side select
gate SGD’ are made possible merely by creating a similar bias

20 state to that of the case of not using the assisted drain side
select gate SGD’ on the NAND cell unit 4, excluding applying
the drain side dummy cell DCD<1> with the same voltage as the
drain side select gate line SLD. '

Note that in the case of the present embodiment, before

25 threshold voltage setting of the select gates SGS and SGD,
it is required to perform the erase operation on the cell block
BLK including also the memory cells MC. Accordingly, when

the erase operation is performed on the cell block BLK, the
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5In the erase operation in the present enbodi nent, the select gate |ines
SLS and SLD are applied with the erase voltage Vera configuring an erase
prohi bit voltage, the dummy word |ines DLS<O> and DLD<|> are applied with a
vol tage Vera-a which is less than or equal to the erase voltage Vera
configuring 10 the erase prohibit voltage, the dummy word |Iines DLS<1> and
DLD<O> are applied with a voltage (Vera-a) /2 which is an internediate
potenti al beteskold veltebtagetMesalacarnght®Es\VsGanddaddDd aheowitdihenes W, are
applied with O V configuring an erase allow voltage. In addition, the P
type wel | #hRererase iéteenotexaiarear fiyshorsd ke pederstipblited i th t he

erase Vol L 898 Vel Lo TIlineRRUSER, SLEALI 903 cL00 D fialigpagct i amihe 1 oat [ ng

gate towar e ce annel” 'n e nmenory ere OW ng the
threshol d yattagesoind BepAIBY Yt 6 Blel pdF drndiee 66ty bR abkB&RIA%Eont ate. On

t he other hand, the sel ect

5 As indicated above, the present embodiment, by employing
the drain side dummy cell adjacent to the drain side select
gate in an assisting manner, enables the apparent threshold
voltage of the drain side select gate to be raised. Morecver,
a target of the programming on the drain side dummy word line
10 Di<l>canbe selected for each NANDcell unit 4, hence variation
inthedrainside select gates canbe absorbed. Inotherwords,
the present embodiment makes it possible to provide a
nonvolatile semiconductor memory device where occurrence of
mistakenwrite is suppressed even when employing a select gate
15 having a planar surface cell structure requiring threshold

voltage setting of small margin.

[Second Embodiment]

In the case of the first embodiment, it was required to
perform threshold voltage setting of the select gates SGS and
20 SGD every erase operation on the cell block BLK. However,
inthis case, whenusedinapplications accompaniedby frequent
erase operations, setting of the threshold voltage of the
select gates SGSand SGD is requiredeach time, hence processing
time ends up becoming proportionately longer. Moreover,
25 frequent rewrite of the threshold voltage is undesirable
because it hastens deterioration of the select gates SGS and

SGD. Accordingly, a second embodiment describes a flash

memory executing an erase operation on the cell block BLK
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20 gate lines SGS and SGD are applied with the sane erase voltage Vera as
the cell channel, hence electrons in the floating gate are not rel eased.
Mor eover, setting of an appropriate constant a.also in the drain side dumy
word |ine DLD<|> prevents rel ease of electrons fromthe floating gate from
taking place. 25 Note that the constant a is set to a value that while

avoi ding rel ease of electrons fromthe floating gate of the drain side
dumy cel | ub&Ssbmpambkd Dy teqazesiolfl ehtosebdak ydtdsisEsd andl sage bet ween t he
sel ect gates SGS and SGD and the word lines W, for exanple, the constant
ais set to zerBIGBYZsosPiiGY Phevsry ecbigatetatned SES%NP sepl and the
dumy word _|i.pnes < and_DLD<| > ar. i ] 20V, the dummy word

l i nes DLS<fr>llg%dd%3§’<%;h%re§a38[ﬂqeég%\}mgpﬂigﬁ%ﬁ%,glgﬁ%Q‘Fﬁlgr%@rcé:olrfingg W are 5
applied w th en¥. plbésnsalddddmdmlikes it possible to avoid rel ease of

el ectrons fromthe floating gate of the select gates SGS and SGD and t he
dunmmy ckl | DCS<@r.thébregever ppsrateon hign \tdlet pgesbet weerwdimerdgl €ébe gat e

lines SLS and SLD and the word | ines WL changes. in stages by 10 V at a
time, streS&lBEEIAEPAGES Pet AR ALPRE SRR ot & W%sgagﬁ °A%@98LD and t he

wor d | nesy\W,cat, P el LU derase prdfiddigatade 2DOVE, o AR G¥irAg the
erase operation of the present enbodi nent nmakes it possible™to avoid the

t hreshol d Yohtagesel>tdirl SEbert agaappat bdiwiithg toetefaverstawdichn ot her 15
words, in the case of enploying the erase operation of the present

embodi ment 1sske3$ fdasf orhedidt dshshd oA tage léraeheese|cent igardsdscs and
SGD described in the first. e di nent_.need only be.perf faor .the .
initia 8ongg i e 10 rsoh%s%éau‘é% tas%%’t :trrllﬁ of "the otrﬁlr égﬂ%?ggé/% >a8éldto becone

unnecessar pi,p<0> are applied with a voltage (Vera-a)/2 which is an

intermediate potential between the voltage Vera-o and 0 V,
and all the word lines WL are applied with 0 V configuring
an erase allow voltage. 1In addition, the P type well where
15 the memory cell array 1 is formed is applied with the erase
voltage Vera. This causes electrons to be released from the
floating gate toward the cell channel in the memory cell MC,
thereby allowing the threshold voltage of the memory cell MC
to be set to the erase state. On the other hand, the select
20 gate lines SGS and SGD are applied with the same erase voltage
Vera as the cell channel, hence electrons in the floating gate
are not released. Moreover, setting of an appropriate
constantoalsointhedrainside dummyword line DLD<1>prevents
release of electrons fromthe floating gate from taking place.
25 Note that the constant o is set to a value that while avoiding
release of electrons from the floating gate of the drain side
dummy cell DCS<1>, makes it possibletorelaxwithstandvoltage

between the select gates SGS and SGD and the word lines WL,
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20 Moreover, due to retention characteristics of the threshold voltage of
the select gates, it is sonetines better for the threshold voltage of the
sel’ect: gates to be periodically refreshed. In this case, it is only
required that normally the erase voltage described in the present

embodi nent is 25 performed, and that the erase voltage described in the
first enbodinment is perfornmed with a timng at which it is desired to
refresh theot esipakd vod cagetahttdhessediea gates. Blheo fdlimy tgefi gures
are exanpl es of several voltages. Voltage of Vpgm is from 15V to 20V.
Vpgn? is OGelectyakeghicres hbh avggfhD, opgrithe sumngvord B\ngoRef<Phan Vpgne.

0T om - 2940 G151 T E1 PRI TH O Yio B BB rPb PR BFRER - SVt o 2v,

preferabl y,f 5Bt Q- VapYWedh thendi bFer ence cRet wees TR Vet ages is 1V or
| ess, both voltages have substantially the sanme voltage. \Wen the

di f f er enceapel s rwitbho Ovyl. t afjelss iset@®iby nakéesst daptdiblel tagesohdve t he
same voltage. 10[ Wil e certajn enbodi nents of the inventions
o

O h
e boon SeLei bt blehssens A0 et SOHARD BEEN o5 ISt W bISHES of
| _hot, .1 nt d | i4m th f t i ti )
exarpl e onbye A0 oAb ROt ILERAGIoLp .t heuseong. of el pyent | ons

| ndeed, the nove s an e escri be rein m e enbodi ed

in a varietyledgdbbelebfik séLEdthghIBIE.N4ALL DEHAIMNIS Sh@Nhe BUBSL I t Ui ONS
and changes in the formof the methods and systens descri bed herein may be
made wi t holinee Warchangds om ttirgesphy i10 bfatt d iimev esit ¥ s ocTheraggonpanyi ng

clainms, and their \%&ivaients are_inte d tgﬁer such formﬁ,zo or
modi ficht i BREVE WG BCHEFT SRenT WP EhE S BP 286 T1E “SFG héPFhvent i ons.
What is clgingd, il JLiAcleavol atile sem conductor menory device,
conprising: a nenory cell array including a source line, a plurality 5 of
bit lines, and as phdi@dtdd abbvélANDptellingriteseride opleunaliohy fOth&AND cel |
units being each configured froma source side select gate, a plurality of
menory cel PEesenigeabrddpgat dimiae d&l posaiilen tgravpiditde §Breghof@t e t hat
are Connecégfital‘é’leg r’t: %sse eetcvt\:ec_:?a etglt?tés{)nufncgetlllé g%agggttart]g.blin th’?gr and the
source sid
15 words, in the case of employing the erase operation of the
present embodiment, setting of the threshold voltage of the
select gates SGS and SGD described in the first embodiment
need only be performed for the initial one time for subsequent
setting of the threshold voltage to become unnecessary.
20 Moreover, due to retention characteristics of the threshold
voltage of the select gates, it is sometimes better for the
threshold voltage of the select gates to be periodically
refreshed. In this case, it is only required that normally
the erase voltage described in the present embodiment is
25 performed, and that the erase voltage described in the first
embodiment is performed with a timing at which it is desired

to refresh the threshold voltage of the select gates.

The following figures are examples of several voltages.
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10 select gate, the plurality of nenory cells, the drain side dumy cell,
and the drain side select gate being each a transistor having a control

gate amd a charge storage |layer; and a wite/erase circuit
configured to execute a select gate 15 wite operation, the select gate
wite operation executing a programm ng operation for setting a

threshol d voltage of the drain side select gate and a verify operation for
j udgi ng whévheagsaifdVedmediiof towdbVaye 2RYs rermteds200cEY havheval ue, and,

when it is_judged hy the ver,if eratjon on_the drain,si sel ect gate
that the pﬁ#’%%%’?ﬁgﬂ‘ ol %%régdfs §a$§‘b?§=vnT§Y%l’ét ne_&PgB%t eqﬁ)%ﬁnﬁ reached
the certai pryahygroreReal @S %w%lmpgmommw OP&isalyl @Bwior setting
a threshold 25 voltage of e drain side dumry cell connected to said drain

si de sel ecisgatem sV aovew f yreperatliwrf foar Ovudgi hy. wheddaen ogai dist hr eshol d
vol tage has reached a certain value, until the threshold voltage of said

drai n st defaemmZVce? PVhar afeacemdd TR 0¥ AVn JHiamethe difference

between two voltages is 1V or less, both voltages have
substantially the same voltage. When the difference between
two voltages is 0.5V or less, both voltages have the same
voltage.

10 [Other]

While certain embodiments of the inventions have been
described, these embodiments have been presented by way of
example only, and are not intended to limit the scope of the
inventions. 1Indeed, the novel methods and systems described

15 hereinmaybeembodiedinavarietyofother forms; furthermore,
varicus omissions, substitutions and changes in the form of
the methods and systems described herein may be made without
departing fromthe spirit of theinventions. The accompanying
claims and their equivalents are intended to cover such forms

20 or modifications as would fall within the scope and spirit

of the inventions.
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2. The nonvol atil e sem conductor nenory device according to claim1l1, wherein
Sthe wite/erase circuit, during the verify operation on the drain side

sel ect ‘gate and the verify operation on the drain side dumy cell, applies
substantially the same gate voltage to the drain side select gate. 10 3. The
nonyol atil e sem conductor nenory device according to claim1, wherein

the wite/erase circuit, during the verify operation on the drain side

sel ect gat whanhdis heladerdd \isgperati on on the drain side dumy cell, applies
substantially the same gate 15 voltage to the drain side dumy cell. 4. The
nonvol atil e sem conductor nenory device according to claim1, wherein the

i tel orase ol TEULheotuEi N0 A A3 008 Ol LPaXTLLY Z0consiation on the

drain side sel e¢f gate and VEri operation € dummy

cell, applies subskapyicdiliyathgy SarRugdhe &eblage 1iad, hg gdraianisiyde sel ect
gate and the drain side dumy cell. 25 5. The nonvol atil e sem conduct or
menory Sevp€éidctioretingnd @ glwiahity ah&pAdDcell unithethe iptlayredase circuit,

for each one tine i
pr ogr ami naf%%ﬁ%}é&t Qﬁi?%léoeecfngg%g%h%éggi Lgx.png %@ome;(escou&recse tst:l!ge

select gate, a plurality of memory cells, a drain side dummy
cell, and a drain side select gate that are connected in series
between the source line and the bit line, and the source side
10 select gate, the plurality of memory cells, the drain side
dummy celi, and the drain side select gate being each a
transistor having a control gate and a charge storage layer;
and |
awrite/erase circuit configured to execute a select gate
15 write operation,
the select gate write operation
executing a programming operaticn for settingathreshold
voltage of the drain side select gate and a verify operation
for judging whether said threshold voltage has reached a
20 certain value, and,
when it is judged by the verify operation on the drain
side select gate that the threshold voltage of said drain side
select gate has not reached the certain value, repeatedly
executing a programming operation for setting a threshold
25 voltage of the drain side dummy cell connected to said drain
side select gate and a verify operation for judging whether
said threshold vo_ltage has reached a certain value, until the

threshold voltage of said drain side dummy cell has reached
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drain side select gate one tine only. 6. The nonvol atile semc
menory device according . to claiml1l, wherein 5the wite/erase ci

duri ng at
gate and t

| east one of the programm ng operation on the drain sid
he progranm ng operation on the drain side dumy cell,

onduct or
rcuit,

e sel ect
applies to

the source side select gate a gate voltage having a value which is | ower
than a threshold voltage of said source side 10 sel ect gate. 7.
nonvol ati | enhgeBkedathctprugenory devi ce according to claim 1, wherein the
witel/erase circuit 15executes an erase operation for setting a threshold

vol t age of
executes t

t t
5 e montol ot Tre ol attae: sPRhesRe S b e ek Oa b T Re T R

wher ei n
operati on,

the plurality of nenDry cells to an erase state, and
e select owi_ng.the erase oper

to ciBemWM | t@herase circuit, for each execution of the
executes the sel ect gate Mﬁlte operation. 9. The nonv

sem condluct or nem®mwyidevecesacdaradiing duoriclqithe lvemitfar eparation on

10

15

20

25

the drain side select gate and the verify operation on the
drain side dummy cell, applies substantially the same gate

voltage to the drain side select gate.

3. The nonvolatile semiconductor memory device according
to claim 1, wherein

the write/erase circuit, during the verify operétion on
the drain side select gate and the verify operation on the
drain side dummy cell, applies substantially the same gate

voltage to the drain side dummy cell.

4. The nonvolatile semiconductor memory device according
to claim 1, wherein
thewrite/erase circuit, during at least one of the verify
operationonthédrainsideselectgateandtheverifyoperation
on the drain side dummy cell, applies substantially the same
gate voltage to the drain side select gate and the drain side

dummy cell.

5. The nonvolatile semiconductor memory device according
to claim 1, wherein
the write/erase circuit, for each one time of the select

gate write program, executes the programming operation on the
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the wite/erase circuit executes an erase operation for setting a
threshol d voltage of the plurality of nenory cells to an erase state, and
during‘the erase operation, applies as a gate voltage 5 to the drain side
sel ect gate an erase prohibit voltage for prohibiting the threshold voltage
of {he drain side select gate frombeing set to the erase state, applies as
a gate voltage to the plurality of nenory cells an erase all ow vol tage for
al | owi ng adrhisshblid saldageyadfe he plimeabnly. of menory cells 10 to be set
to the erase state, and applies as a gate voltage to the drain side dummy
cell an internediate voltage between the erase prohibit voltage and the

erase al | oy Vol 406,001,130 o JHECARINAIA! (- Ro8GThEPNINCLOL gRry devi ce

accordi ng t airm wherern uni t” of the’menory
cell arraytbnghugdesip yhavaldty of the drain side dumy cells. 11
The nonvol atil e sem conductor nmenory device according 20 to claim1,

wher ei n5 thee wiited mmse clincwilt, during ehe lpregr anmi o Gperati on on

the drain side select gate, ,applies to the pJurality of nenor ells and
the drain BFAETATHHGY GHA 25150t o0 Vi1t 856 1k L3P B8 HRCShERCE IRIIE &PEhr eshol d

vol tage of p@Bgféﬁzﬁf"n%%p’%tx%ttgogf o dind BkHiAldide AhmA§RLY1 Coldpsiagd said
drain side dummy cell, "respectively. 12. The nonvol atil e sem conduct or
menory deviceetiae Gaudicegside sallaicth datehegats ddicagd hakehase vailneui t,
during the Erogranning

which is lower than a threshold voltage of said source side

10 select gate.

7. The nonvolatile semiconductor memory device according
to claim 1, wherein
the write/erase circuit
15 executes an erase operation for setting a threshold
voltage of the plurality of memory cells to an erase state,
and
executes the select gate write operation following the

erase operation.

20
8. The nonvolatile semiconductor memory device according
to claim 7, wherein |
the write/erase circuit, for each execution of the erase
‘operation, executes the select gate write operation.
25

9. The nonvolatile semiconductor memory device according
to claim 1, wherein

the write/erase circuit
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operation on the drain side dumry cell, applies to the plurality of nenory
cells a gate voltage which is higher than a threshold 5 voltage of an erase
state of said plurality of nmenory cells. 13. A nonvol atile sem conduct or
menory device, conprising: a nenory cell array including a source line, a
plurality of bit lines, and a plurality of NAND cell units, the plurality
10 of NAND cell units being each configured froma source side select gate,
a plurality of exemrtesdrd ssrasdraparsiida dommsetaling andreredhaild si de

sel ect gate that are connected in series between the source |line and the
bit line, ¥R4teAe SodhCerspraliley &k MgRPEY Tkl DIter ani¢52dT stéksry cel | s,
the drain s%ﬁe 15 dummy cell, and the drain side select gate being each a

transi stor ® at has a control gate and a charge storage layer; and a
wite/erase cirguinfane guhed &P LXELIH L adpIekBChsJAt St ivia taBer ati on,
20t he sel ect gate wite operation executing a progranmi ng operation

for setdingoathdrdshiol didel salgertofyatheas nrase prdbibét ectliymeefamd a verify

operation for_ judgjng whether said threshol d vol tage, has, reached a certain
oo it PRoRLPEELAE o T ahPa oV ML Gt Shot RES 48 il aRH o0kl ue.

executing g.0LegbADEiNg AISEAthoRLat sk, b iy asholdevahtage of the

drain side select gate and a verify operation for judgi'ng whether said
t hreshol d vel thgelhanliegchednanogerckeals malataseadlilovw voltadetiort 1S
judged by the verify operation on the drain side select gate that the
t hreshol d 2élpéed &f tRresharhvalspde ofctre Plyaréinnr hneneencrédst he

CertalTovakgebenggg%gpghg erase state, and applies as a gate voltage
to the drain side dummy cell an intermediate voltage between

the erase prohibit voltage and the erase allow voltage.

10. The nonvolatile semiconductor memory device according
15 to claim 1, wherein
the NAND cell unit of the memory cell array includes a

plurality of the drain side dummy cells.

11. The nonvolatile semiconductor memory device according

20 to claim 1, wherein
the write/erase circuit, during the programming
operation on the drain side select gate, applies to the
plurality of memory cells and the drain side dummy cell a gate
voltage which is higher than a threshold voltage of an erase
25 state of said plurality of memory cells and said drain side

dummy cell, respectively.

12. The nonvolatile semiconductor memory device according
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5 executing a programm ng operation for setting a threshold voltage of the
drain side dummy cell connected to said drain side select gate and a verify
operatiron for judging whether said threshold voltage has reached a certain
value, until the threshold voltage of said drain side dunmy cell has
reached 10 the certain value. 14. The nonvolatil e sem conductor nenory
device according to claim13, wherein the wite/erase circuit, during the
verify opetat cbaionl l5Here=idrai n si de sel ect gate and the verify operation
on the drain side dummy cell, applies substantially the sane gate voltage
to the drain sithe séidde/gapse  circuit, THRriRmvdi i IRFSEHEIRGuct or

menory devi ﬁ?rggfﬁﬁ dh19 .22 49 &I%aé 5{5;&@]0%‘2@[ g#)glies £ etksg 1‘{Yrriatlgtl§§r ase

circuit, daFTh everlfyroperalon 'nsi ect e and the
verify opepatreid rQncd e Q?@it@ B Oe IRV E ek hi iR 4186 sulbsleanbial |y the
sane gate voltage to the drain side dummy cell. 25 16. The nonvol atile
sem conducvoitagemiyadesfoee atetedbNgatid plara iy, ofheerdry cells.
thewite/erasecircuit, duringatl eastoneoftheverify operation on the drain
side select gate and the verify operation on the drain side dummy cell,

appl i es subst ant iahl¥1kbe: Sa gaka Kebkagend:q Lbg; L pidbabirds select gate

and the drain side dumry cell. The nonvol atil e sem conducCtor nenory

devi ce accordi ngmemoelyadahll3rrahemeilnding a soukrbe Mmiet, e4 @naseldiycuit
executes the programm ng operation on the drain side select gate one tine
only for oAE&PiF +imes ofnd Fep Setakit yaf HANP e lpppiianthe Pdurgdétionvol atil e

sem COPHUCEQerre\ildgxiigg k?‘ecicnoc_:}’ %iarc]:g E:gn ig‘&rngé‘%’ro\rlnmgrseci)unrce side
| select gate, a plurality of memory cells, a drain side dummy
cell,andaadrainsideéelectgatethatareconnectmﬂinseries
between the source line and the bit line, and the source side
select gate, the plurality of memory cells, the drain side
15 dummy cell, and the drain side select gate being each a
transistor that has a control gate and a charge storage layer;
and
awrite/erase circuit configured to execute a select gate
write operation,
20 the select gate write operatiocn
executing a programming operation for settingathreshold
voltage of the source side select gate and a verify operation
for judging whether said threshold voltage has reached a
certain value, until said threshold voltage has reached the
25 certain value,
executing a programming operation for settingathreshold
voltage of the drain side select gate and a verify operation

for judging whether said threshold voltage has reached a
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the wite/erase circuit, during the programm ng 15 operation on the source
side select gate, applies to the drain side select gate, the drain side

dunmy <cell, and the plurality of nmenory cells a gate voltage having a val ue
whicch is higher than a threshold voltage of said drain side select gate,
said drain side dummy cell, and said plurality of nenory cells, 20

respectively. 19. The nonvol atil e sem conductor nenory device according to
claim 13, whtkelm thkuew iarslrerase circuit, during the programm ng 25

operation on the source side selec ate,. applies,.to the drain_side select
gate, the drai nwei'éqndétdﬁmu‘g%ﬁcfEbyagiﬁgt‘ﬁeef’pﬁ&pgleir?fil8? ?T%f?g‘reydé?gllps a gate
vol tage hayifg <216@kus i £Bt sl RISV & tdyeshald Vet i AgeigE said
drain side select gate, said drain side dunmy cell, and said plurality of
menory cel kslecesgeicd iheed ynot rea2BedThee ncaviodiat it wynirepediietidy nenory

device according 5 to claim 13, wherein, the wite/erase circuit,
duri ng ¥ he®pPogt Brdi hPBPErETion GRSERBLER af I sitie 98 éctthggeboldpplies to

said drain_si el e a e,V i i t gate
vol t age apgﬁlig%g%oofteﬁéeggjarlcnesglg ed%ngl}i}egtg%\géeﬁ%udrt?e#gg%gﬁgeaﬁ%ég?gar anmm ng
operation gnaéha: 1My gatsi e sehveetirgadaration for judging whether

said threshold voltage has reached a certain value, until the

threshold voltage of said drain side dummy cell has reached

10 the certain wvalue.

14. The nonvolatile semiconductor memory device according
to claim 13, wherein
the write/erase circuit, during the verify operation on
15 the drain side select gate and the verify operation on the
drain side dummy cell, applies substantially the same gate

voltage to the ‘drain side select gate.

15. The nonvolatile semiconductor memory device according
20 to claim 13, wherein
the write/erase circuit, during the verify operation on
the drain side select gate and the verify operation on the
drain side dummy cell, applies substantially the same gate
voltage to the drain side dummy cell.
25
16. The nonvolatile semiconductor memory device according
to claim 13, wherein

thewrite/erasecircuit,duringatleéstoneoftheverify
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"operationonthedrainside select gate and the verifyoperation

on the drain side dummy cell, applies substantially the same
gate voltage to the drain side select gate and the drain side

dummy cell.

17. The nonvolatile semiconductor memory device according
to claim 13, wherein

the write/erase circuit executes the programming
operation on the drain side select gate one time only for one

time of the select gate write program.

18. The nonvolatile semiconductor memory device according
to claim 13, wherein

the write/erase circuit, during the programming
operation.on'the source side select gate, applies to the drain
side select gate, the drain side dummy cell, and the plurality
of memory cells a gate voltage having a value which is higher
than a threshold voltage of said drain side select gate, said
drain side dummy cell, and said plurality of memory cells,

respectively.

19. The nonvolatile semiconductor memory device according
to claim 13, wherein

the write/erase circuit, during the programming
operation on the source side select gate, applies to the drain
side select gate, the drain side dummy cell, and the plurality
of memory cells a gate voltage having a value which is lower

than a threshold voltage of said drain side select gate, said
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drain side dummy cell, and said plurality of memory cells,

respectively.

20. The nonvolatile semiconductor memory device according
to claim 13, wherein

the write/erase circuit, during the programming
operation on the drain side select gate, applies to said drain
side select gate a gate voltage which is lower than a gate
voltage applied to the source side select gate during the

programming operation on the source side select gate.
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