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10 ' FIELD
Embodiments described herein relate generally to a
nonvolatile semiconductor memory device and a method for

manufacturing the same.

15 BACKGROUND
Description of the Related Art
NAND type flash memories are known as electrically
rewritable and highly integrable nonvolatile semiconductor
memory devices. Memory transistors of conventional NAND type
90 flash memories have a stacked-gate structure in which a charge
accumulation layer (floating gate) and a control gate.are
stacked via an insulation film. A NAND cell unit is configured
by a plurality of memory transistors connected in series in a
column direction with adjoining ones sharing their.source and
25 drain, and select gate transistors provided at the ends of the
column of memory transistors. One end of the NAND cell unit
is connected to abit line, and the other end thereof is connected

to a source line. A memory cell array is configured by NAND
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NAND type flash nmenories are known as electrically rewitable and highly

i ntegrabl e nonvol atil e sem conduct or nenory devices. Menory transistors of
conventional NAND type 20 flash menories have a stacked-gate structure in
whi ch a charge accunul ation |ayer (floating gate) and a control gate are
stacked via an insulation film A NAND cell unit is configured by a
pluraliteell urdnor prireagstdsiora medrmiett edANR setl esnits @rgeing®d direction
wi t h adj oi ni ng ones sharing their source and 25 drain, and select gate
transi starowpdbyedetbmirehee baasedfta g cBPNRMTHL ReREKY tTRMSPSESrs. One
end of the NAND cell wunit is connected to a.bit |line, and the other end '

thereof 95 TRHPEEITRF] RO F T iHE 2TRSTe oy e lSeMsr F8Y PESconfi gured by
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e control gates 5 0

l'ine,” and nory transistors arranged in the sane

row constifat e g WpKdnbihBey YWheRs N\ ferDrard Icansiett@bs 1Al S c0aweRt @d in
series in a NAND cell unit; the nunber of word lines included in one NAND
cell bl ogkNDScél 1 Mmiitat ihiezatinbsrod f twer NANRetsy pacihidsl henmord é@NPas 10
reduced the gate length and the interval between adjoining transistors,

whi ch hasebt obgbtkabsuf. vari ous probl enms descri bed bel ow. For exanpl e,
these problens are (a) reduction in drain current controllability based on
an electric fi¥leigturizatiom rof g AR 19 ddeeds SR ri&sasiesi ¢

capaci tance between 15 ad%oining?gﬁtes . t. channe|. ef f.ect (SCE)
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dat a retenglon characteristics due to a significant reduction in the nunber

of el ect poR$chhatopdRobeaBeeuryl BEEEdI Bnt Be €hacgei aceiund adf arthd ayer (the
nunber of electrons per bit) , etc. Hence, conventional NAND type flash

menori eschateoal gasé dieachednthea?s physircalidiimicepetitencathrtiweti on, with
a significantly narrowed witing/erasing wi ndow of the nmenory cells.
15 adjoining gates, etc., short channel effect (SCE), etc., (b)
increase in an interference effect between adjoining gates, (c)
increase in a leak current between adjoining electrodes, (d)
leaning or collapsing of patterns during fabrication of the
gates because of an increasing aspect ratio of the gate
20 electrodes, (e) deterioration of data retention
characteristics due to a significant reduction in the number
of electfons that can be accumulated in the charge accumulation
layer (the number of electrons per bit), etc. Hence,
conventional NAND type flash memories have almost reached the
25 physical limit of miniaturization, with a significantly
narrowed writing/erasing window of the memory cells.

“Three-dimensionally stacked” memories, in which memory

cell transistors are stacked sterically to form many layers,



"Three-di mensional | y stacked” nmenories, in which nmenory cell transistors
are_stacked sterically to formmany |ayers, are considered to be the nmain
mat hod, for future integration. Specifically, a structure in which nitride
filmtrap type (SONOCS, MONOS) cells are stacked is proposed in nany papers,

etc. The nitride fiImtrag tgﬁe cell structure has a nerit in _that it 5 can
be nanuf@E? FAE (EARTEKED) Pea ?y‘f‘ab%tmﬂl%o‘irag%? S MitE IR s er asi ng
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nmenory ce s I’UC]T ur e FOI’ accunmul a |n8 char ges | F’oatl ng gate

el ectrodg; { 5; Qi f£4 Gyl tPpRuiactuserandustagks barause id dras ar ES (Etch
Back) stlst{é]t'st?% f|inﬁllflwhtitrca:%parg;(g%nt r ol gatre elllect roge and an lI PD film

(1 ntey-Pehydad ehacrarbeutebm oradibed)nkas108t ebihsidsainbAgriptsh e e sprovi ded
not only over the upper surface of the floating gate el ectrode but al so
over thetkatleissréncetng heracdctferi securamy dethr ineEqyoviem (coupl ing rati o)
of the control gate electrode. Further, according to one nethod for

i ncr easi ajaraeteviptim@neaprporen Wraleithpgewp dma Heé o0 1ngi $3 ¥R)/teiPSsi ng

w ndow of the nmenory cells, it is necessary to increase the thickness of
the floaffhy Rpfadiss eEtiictBatREReer FaPPIN R T LkMes S oF e A W6kt i ng gat e
el ectrode.is increased in the ES structure in which the IPD filmand the
control gét“@'el ectrode are stacked above the floating gate el ectrode, the

25 wyd line ig, pﬂpes%n%e&tl ng.ﬁ}i ?g\% ggmggggggg%hﬁ@égﬁﬁ ec#aagé. OQ{Q?S

increased, exposing the pro ( escri ove. ore, i's not
easy to pEpLPVE-d e s¢QURLLRE &t IRcuBNGRindScRafges iSt EHEt I H0{g securing

coupling rati o

gate electrode is difficult to manufacture and stack, because
it has an EB (Etch Back) structure in which a control gate
electrode and an IPD film (Inter-Poly-Dielectric film or

15 inter-gate insulating film) are provided not only over the upper
surface of the floating gate electrode but also o?er the side
surfaces thereof for securing a drive power (coupling ratio)
ofthecontrolgateelectrode._Further,accordingtoonen@thod
for increasing the coupling ratio in order to widen the

20 writing/erasing window of the memory cells, it is necessary to
increase the thickness of the floating gate electrode. However,
if the thickness of the floating gate electrode is increased
in the EB structure in which the IPD film and the control gate
electrode are stacked above the floating gate electrode, the

25 word line is consequently raised upward and the aspect ratio
is increased, exposing the problem (d) described above.

Therefore, it is not easy to improve the coupling ratio.

Hence, as a cell structure for securing coupling ratio



W thout extrene difficulty of manufacture, other than the stacked gate
structure, the follow ng structure has already been proposed. That is, in
this structure, each control gate electrode is enbedded between floating
gates via an inter-gate 5 insulating filmsuch that the control gate

el ectrode extends along the word line direction. This structure secures the
coupl i ngwidtdwt xtrams iy itheydtemti alarffactwnai mfhedr gdancé&he t hr ough
the control gate el ectrodes on both sides of the target cell. 10However, as
for thesetaehed oated ISETUGHHAS SNRKiTg AHAH faC S Mgise &1FEAEYse in the

nunber of manufacturjng _steps, and it is _hence difficult to reduce the bit
cost \Ahi?%efér%ﬁﬂﬂ%gedan FEéFe%ée h WHe é&ﬁucg?élﬁ&ci ?905%‘3“‘%%" %a(:%r?ced with

th t .. Si npl t i i 2C L .y _b Rl 15
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numbey O;n%ﬁygﬁfn?‘éﬁ%fr@ s'{ﬁqp%htahﬁatthﬁah@oﬁm:-bfﬂk%éﬁéi 0146t S e wharyd he

nunber o ayers arge, leading to a high bit cost. Therefore, in the

cell stryctyperseekdRg Bisdrdike i st ackinig svrehjeet skrarea phacti cal
standpoint iS 20 to restrict the nunber of steps and the cost. BRI EF

DESCRI PTt&hb OFn d H tDRAYY N@S sking. tHe pstanperdpetta wel dirmgramgshowing a
menory cell array structure of a nonvol atil e sem conduct or nenory

devi ce 28hacughdigcontackigate erpedirpess, on both sfpdgs of fhegarget
cross-sectional diagramshowi ng the nenory cell array structure seen froma
GC direcfPbh: Figs. 3A, 3B, and 3C are cross-sectional diagrams of Fig. 2
take?o along | lgggeée-é a's ?&)? tHes?engne%bgy cells, simply stacking them

means a simple increase in the number of manufacturing steps,
and it is hence difficult to reduce the bit cost while ensuring
an increase in the cell capacity that is balanced with the cost
increase. Simple stacking is effective only by a bit cost
15 shrink ratio = 1/the number of stacked layers, i.e., the

division by the number of layers, which means that the shrink
ratio is small when the number of layers is large, leading to
a high bit cost. Therefore, in the cell structure seeking a
shrink by stacking, an object from a practical standpoint is

20 to restrict the number of steps and the cost.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a perspective diagram showing amemory cell array
structure of a nonvolatile semiconductor memory device
25 according to a first embodiment.
Fig. 2 is a cross-sectional diagram showing the memory
cell array structure seen from a GC direction.

Figs. 3A, 3B, and 3C are cross-sectional diagrams of Fig.



Fig. 4 is an equivalent circuit diagramof the nenory cell array.
Fig. 5is a cross-sectional diagramshowing a step of 5 nmanufacturing the

menory, cell array. Fig. 6 is a cross-sectional diagramshow ng a
step of manufacturing the nmenory cell array. Fig. 7is a

cross-sectional diagram show ng a step of manufacturing the nenory cell
array. 1DFiaken dkong crigwes Feth'i ortBdi a&fﬁ%rﬁ%ow ng a step of

manuf acturing the nenory cel] array Cr 0Ss- Se(itl onal

di agr am show rg-% ét%aﬁfe%ﬁ{ﬁ]ﬁ%?ﬁﬁﬁuﬂﬁémoée‘me BEPQYY c©

Fig. 10 is_a cross-sectional diagramshow ng a step of 15 manufacturing the
menory cetthrray. Fig. 11 is a cross-sectional diagram shovm' ng a

step of ma_nuf ZEIC %‘“ Ny d f‘ge ég?d‘gg-ysé:ceé10185:{]T acharﬁﬁam shovﬁ.ng; al%tle

Cross-section I agramshow ng a step o acturing the me ry cel |

array, 205 @raddutsnd @E@%%eﬁ@ﬁtz'@é@i s 8gy am showi ng a step of
manuf acturing the nenory cell array.

Fig. 6 is a cross-sectional diagram showing a step of
manufacturing the memory cell array.

Fig. 7 is a cross-sectional diagram showing a step of
manufacturing the memory cell array.

10 Fig. 8 is a cross-sectional diagram showing a step of
manufacturing the memory cell array.

Fig. 9 is a cross-sectional diagram showing a step of
manufacturing the memory cell array.

Fig. 10 is a cross-sectional diagram showing a step of
15 manufacturing the memory cell array.

Fig. 11 is a cross-sectional diagram showing a step of
manufacturing the memory cell array.

Fig. 12 is a cross-sectional diagram showing a step of
manufacturing the memory cell array.

20 Fig. 13 i§ a cross-sectional diagram showing a step of
manufacturing the memory cell array.

Fig. 14 is a cross-sectional diagram showing a step of
manufacturing the memory cell array.

| Fig. 15 is a cross-sectional diagram showing a step of
25 manufacturing the memory cell array.

Fig. 16 is a cross-sectional diagram showing a step of
manufacturing the memory cell array.

Fig. 17 is a cross-sectional diagram showlng a step of



Fig. 14 is a cross-sectional diagramshow ng a step of manufacturing the
menory cell array. Fig. 15 is a cross-sectional diagram
showi ng a step of 25 manufacturing the nenory cell array. Fig. 16 is
a cross-sectional diagramshowi ng a step of manufacturing the nenory cell
array. Fig. 17 is a cross-sectional_ _diagramshowi ng a step of
manuf ac MATUIR AtV imshdhe @Emoy Gkl array. Fig. 18 is a cross-sectional
di agram show QFQ a step of manufacturin smhﬁ nmenory .cell array.

r

Fig. 19 i isl a ¢ridssiSedfi BnﬁFOEFéS?SHQﬁﬁ AT TP PP r?ar‘%‘tegcf)&ri ng the
menory ce rray., - Fig. 201 - i | di i

Step of TR T ¥ TR, G Sy, o e e e
perspective d'p’v}% aMgs %"“angr%g‘i%&féﬁﬁkh Al g¥amt st e Plsdgepvol atile

sem conduct or ry device according to a second enbodi nent.

Fi g. 522 f$n 8 £508STSE R ONRdmsh posaim shomiyng the memory cell array seen
froma GC direction. Figs. 23A 23B, and 230 are cross-sectional

di agrans of Fighg.2 Aaken aakengsHiskes ibnAl, dBaBramasidowCi Gy . a IBfpyof24 is a
cross-sectional diagram showi ng a step of
manufacturing the memory cell array.
Fig. 21 is a perspective diagram showing a memory cell
array structure of a nonvolatile semiconductor memory device
10 according to a second embodiment.
Fig. 22 is a cross-sectional diagram showing the memory
cell array seen from a GC direction.
Figs. 23A, 23B, and 23C are cross-sectional diagrams of
Fig. 2 taken along lines A-A’, B-B’, and C-C’.
15 Fig. 24 is a cross-sectional diagram showing a step of
manufacturing the memory cell array.
Fig. 25 is a cross-sectional diagram showing a step of
manufacturing the memory cell array.
Fig. 26 is a cross-sectional diagram showing a step of
20 manufacturing the memory cell array.
Fig. 27 is a cross-sectional diagram showing a step of
manufacturing the memory cell array.
Fig. 28 is a cross-sectional diagram showing a step of
manufacturing the memory cell array.
25 Fig. 29 is a cross-sectional diagram showing a step of
manufacturing the memory cell array.
Fig. 30 is a cross-sectional diagram showing a step of

manufacturing the memory cell array.



manuf acturing the menory cell array. Fig. 25 is a cross-sectional

di agram showi ng a step of manufacturing the nenory cell array.

Fi.g. 26 is a cross-sectional diagramshowi ng a step of 20 manufacturing the
menory cell array. Fig. 27 is a cross-sectional diagramshow ng a

step of manufacturing the nmenory cell| array. Fig. 28 is a
cross- sect i ondliodi 3dr Af 3heWPRY™ BSEEPR & C#E?rﬁﬁaé‘btsﬁroiwﬁ % ReShEROPY cel |

AN a0 T P CHE TSI GOt L 20227~ g. 30 s a o 65e- sect | onal
0 201 am ShOW 10 2 S50t EPRLECLUEL A NR SEI KRR Bhep o,
menory Gell, Arfayeing the Fidho3? dedl 12 &Q8s- sectional di agram showi ng a
step of ‘manufacturi ngg tkhe rrerm% cell array. 5Fig. 33 is a cross-sectional
di agrzam showi ng & sfep sob BRBYEaskUtiBPal heisgra ysalingr ayep of
manufacturing the memory cell array.
Fig. 34 is a cross-sectional diagram showing a step of
manufacturing the memory cell array.
Fig. 35 is a cross-sectional diagram showing a step of
10 manufacturing the memory cell array.
Fig. 36 is a cross-sectional diagram showing a step of
" manufacturing the memory cell array.
Fig. 37 is a cross-sectional diagram showing a step of
manufacturing the memory cell array.
15 Fig. 38 is a cross-sectional diagram showing a step of
manufacturing the memory cell array.
Fig. 39 is a cross-sectional diagram showing a step of
manufacturing the memory cell array.
Fig. 40 is a cross-sectional diagram showing a step of
20 manufacturing the memory cell array.
Fig. 41 is a cross-sectional diagram showing a step of
manufacturing the memory cell'array.
Fig. 42 is a perspective diagram showing a memory cell
array structure of a nonvolatile semiconductor memory device
25 according to a third embodiment.
Fig. 43 is a diagram showing a memory cell array structure

of a NAND type flash memory according to a comparative example.

Fig 44 is an equivalent circuit diagram of the memory cell



Fig. 34 is a cross-sectional diagramshowing a step of manufacturing the

menory cell array. Fig. 35 is a cross-sectional diagram show ng
a.step, of 10 manufacturing the nenory cell array. Fig. 36 is a
cross-sectional diagramshowing a step of manufacturing the nenory cel
array. Fig. 37 is a cross-sectional diagramshow ng a step of

manuf actariayyof HEhaBANP\ vinsl flash apmorymecondingty @F%§§m§éé?FbH§I di agram
showi ng a step of manufacturing the nenory cell array. Fig. 39 is a
Cross- se¥X3Wne’ - di agram showi ng a step of manufacturing the nenory cel
array. Fig. 40 is a cross-sectional diagramshow ng a step of

20 manufacturing the nenory cell array. Fig. 41 is a cross-sectiona

di agram showi ng a step of ”BEHR?EEﬁrbﬂgcﬁhﬁTf@ﬁDry cell array.

Fig. 42 is a perspective diagram showm ng a nmenory cell array structure of a

nonvgl atile s rFoQﬂz%Li%tt%e”%@R&}éoHeMtﬁsr%ﬁeﬁgﬁpr&aﬂg:é Qckdriiing esbodi ment.
Fig. 43 is a diagramshowng a nenory cell array structure of a NAND type

flash mesmrehreaeditngnt Dude s eNPar et inemoaxaopl e.afiay 44yes, an fequitval ent
circuit diagramof the nmenory cel
insulating layer formed above the first memory cell array layer,
and a second memory cell arféy layer formed above the first .
insulating layer. The first memory cell array layer includes
10 first NAND cell units each including a plurality of first memory
cells connected in series in a first direction. The first
. memory cell includes a first semiconductor layer, a first gate
insulatingfilmformedabovethefirstsemiconductorlayer,and
a first charge accumulation layer formed above the first gate
15 insulating film. The second memory cell array layer includes
second NAND cell units each including a plurality of second
memory cells connected in series in the first direction. The
second memory cell includes a second charge accumulation layer,
a second gate insulating film formed above the second charge
20 accumulation layer, and a second semiconductor layer formed
above the second gate insulating film. Control gate are formed
on the first-direction both sides of the first and second charge
accumulation layers which are positioned the latter above the
former via the first insulating layer, with an inter-gate
25 insulating filmprovided between the control gate and the charge
accumulation layers. The control gates extend in a second
direction perpendicular to the first direction.

The embodiment will now be explained with reference to



array of the NAND type flash nmenory according to the conparative exanpl e.
DETAI LED DESCRI PTI ON 5A nonvol ati|l e sem conductor nenory devi ce according
ta an enbodi nent includes a first nenory cell array |layer, a first
insulating |ayer fornmed above the first nenory cell array |ayer, and a
second nmenory cell array |ayer forned above the first insulating |ayer. The
first neror etoeldhetr dopwliager i ncl udes 10 first NAND cell units each

including a plurality of first menory cells connected in series in a first
di rection. ThdBasist Memesyy Cedll ArpaludesugtiFest seni conductor |ayer, a

first gate insulating filmfqrnmed above.the first,seniconductor layer, and
a first charg@HQEutatsst §T5r %aifﬁoeépiﬁén?& Sy fgllinsul ating

film Th dr Ll ' . it
each | noTRITG S prur TS op% Ebnn Hdhory s BEa e o' i
the firsi,dif Al%ilEh%eﬁﬁgeﬂquE%B?rmeﬁ@ky 3861 sdesc & secand « haege

accunul ation Tayer, a second gate insulating filmforned above the second

charge 20-acemmuilmtdPindrdy eri11amé &:gacankaen conductor |ayer forned above
the second gate insulating film Control gate are fornmed on the

first-directi gs hotdelsi deswafturike floirr st carrd nge cong 1éhgr petaeennal at i on

| ayers which are positioned the |latter above the fornmer via the first

i nsul at | Agoaayey gatie Hchargat eecigarbaRbon nadet) Agdf 8| PePF e d8F et ween
the control gate and the charge accunul ati on |ayers. The control gates
extend i Bhe ReRYHE GMPOSLMEAtpREpEHY Clicaf tEGKEREIRFPSELERTEEET SHE The
enbodi ment will now be explained with reference to _the. attach raw ngs.
[Basﬂh N@n@??eC%W¥u9ﬁ9Eﬁ/%ﬁlﬁ&ﬁ? rgfntroﬁ gages are embvdgﬁé é%‘%%ﬂ%

sides of a floating gate to let the floating gate couple with
. the control gates on both sides thereof.

Fig. 43 is a diagram showing the structure of a memory

cell array 1 of a NAND type flash memory according to a
15 comparative example which employs this structure. Fig. 44 is
a circuit diagram of this memory cell array 1.

A memory cell array 50 includes a plurality of NAND cell
units NU each including: a NAND string configured by M number
of electrically-rewritable nonvolatile memory cells MCq to MCu-a

20 connected in series; and select gate transistors S1 and S2
connected to both ends of the NAND string; One end of the NAND
cell unit NU (that is on the select gate transistor S1 side)
is connected to a bit line BL, and the other end thereof (that
is on the select gate transistor S2 side) is connected to a common

25 source line CELSRC. The gate electrodes of the select gate
transistors S1 and S2 are connected to select gate lines SGD
and SGS. The control gate electrodes provided on both sides

of the memory cells MCy to MCy-; are connected to word lines Wiy



Before a first enbodinent will be explained, a nenory cell structure of a
NAND type flash nmenory which forns the basis of 5 the nonvolatile

sam conduct or nenory device according to the present enbodi nent will be
expl ai ned. As a cell structure for securing coupling between a
floating gate (charge accunul ation | ayer) and a control gate, the present
embodi nér®t Whas erpteatieedtvack8fiegat b 1stasc Bhrarp gorigchegat e SELUEEUre in

whi ch control gates are enbedded at both . sides of floatin te.to let
the fl oaMg fdectdbupte %tﬁn@‘ﬁélec‘eﬁ%f}l gﬁ_ﬂ&éﬂ@s@ Bﬂ%ﬁ‘étaﬁl%s?kb%§%?ﬁ8%of. Fi g.

43 is a diiagram shogwing th tructure of a r e : f .a NAND
type fl &8 SendSy g%ogaijn G?oarae fbonéloer%)taerdaﬁgcg %&‘grép%%oa&véf?)éﬁ%g%ﬁ'fcoys this
structur Fig. 44 is a circuit diagramof this nmenory cell array 1.

A menory cell array 50 includes a plurality of NAND cell units NU each

incl yding: a NAND St 140G GaRH QWRd P Meic tabrelec kbugakky ahawr i t abl e
nonvol atile nenory cells MO to MCm 1 20 connected in series; and sel ect

gate transd sty HosardsS2ossnneat £Agtithdatdmeandeeaf st he NI ogtm=idng. One

end of the NAND cell unit NU (that is on the select gate transistor Si

si de) isicanpetypd wed la5Bi formeed IBLa ses tiet ot hdiloghd noheaeed (HHat is on

the select gate transistor S2 si dei is connected to a_comon_25 squrce |ine
CELSRC. Thexmatferalescebodestbe vael st atiia gagater aRsrsebiRd S Hhd3s2 are

connected to select gate |ines SG and SGS...The contr at e el ectrodes
provi dedt SRC BRI BT e aoftutwlﬂéﬁf’ruaaéélnigs fef -t o }Rb{io%%@% fifnéct ed to
MquKJingf %ﬁ%%tion as charge accumulation layers. Control gates (CG)
56 are formed on both sides of the floating electrodes 54 via
an inter-gate insulating film (IPD) 55. The control gates 56
constitute the word lines WL. The select gate transistors Sl
and S2 have select gates 57 above the well 51 via the gate
15 insulating film 53. The select gates 57 constitute the select
gate lines SGS and SGD. The memory cells MC and the select gate
transistors S1 and S2 are NAND-connected such that adjoining
ones share their drain and source.
In the case of 1 bit/cell where data of 1 bit is stored
20 in one memory cell MC, data of 1 page is stored in the memory
cells MC formed along a pair of word lines WL perpendicular to
a NAND cell unit NU. In the case of 2 bits/cell where data of
2 bits is stored in one memory cell MC, data of 2 pages (an upper
page UPPER and a lower page LOWER) is stored in the memory cells
25 MC formed along a word line WL.
One block BLK includes a plurality of NAND cell units NU
that share word lines WL. One block BLK forms a unit of data

erasing operation. In one memory cell array 1, the number of

10



to Wem respectively. The bit lines BL are connected to a sense anplifier
circuit 60, and the word lines W.0 to Wm and the select gate |ines SG and
SGS arge connected to a row decoder circuit 70. 5n type diffusion |layers 52
to function as sources and drains of MOSFETs constituting the nenory cells
MC are formed in a p-type well 51 fornmed in a substrate. Floating gates
(FG 54ware fonsediabovenehblaekl BBY iF ¥+td,gake TRl (UWsiyofi PAYS3
functioning as a tunnel insulating film The floating atesﬁig 34 function
as char & aveubbidakiioh M<@yar8 Paaeroin faresaperyt 56" Qe tdr W bot h
sides of the floati el ectrodes 54 via an inter-gate insulating film(IPD)
55. Thecﬁﬁﬁtﬁﬁibbéig%)BG constitute the word lines W.. The sel ect gate
transistors Si, {%ﬁ%wggt%ﬁeda?@%gﬁt&%t %:?i%anb@gﬁgé@qnée@iﬂy 2Liviacy he gate

15 insul ating e Sé gates 5/ constitute the select gate lines
SGS ﬁlgﬂlDt_?h@voI}BngEMe RIS Moo ands tHheo 8 @R et s f@d € olframsifsbat sn§l and S2
co

are nnect €éd such that adj 0ining ones share their drain and source.
In the case of ik bhtiegldo akere adaternfiry bblthgestaoredt20r cononelmenory
cell MC,~“data of 1 page is stored in the nenory cells MC fornmed al ong a
pair of gwrek lsianea Yie pENEreildubar tt U AN tcEb| alingrnake Loy £RE case of
2 bits/cell where data of 2 bits is stored in one nenory cell M, .data of 2
pages (amigippeltpags WPPER derreesowenaFEgRoEDREYS o E%%rwq Fethe menory
cells 25 MC formed along a word line W One quicg ELK ngludes a
pl ur al i t§76% NNANE EBPFCRHIREE QD & RAE ~SHAT S SR FETPEN &S\ TR O 88k ELK
forms, a unjt _of data erasjng operation. In one nmenory cell array 1, the
nunb®r of Frhbrd FTIREEWS1Hh one bl ock BLK is Mrl, and the number of pages

in one block i f@gﬁﬂﬁﬁkéﬁﬁﬁghﬂﬁ the case of two bits/cell (in case of M=

64) . Wien witing data info a witing target nmenory cell MC, 5 the voltage

of the control gafes, %6 on boidy sidascizd haddealing gatiecds i s raised to
a certain witing voltage, and other control gates 56 in the NAND cell unit

NU are sghpbbaimeéhernate | ow and hi gh vol tages whi ch decrease toward both
ends of the NAND cell unit NU, to thereby prevent non-sel ected nenory cells
from bei ng Next, the memory cell array structure according to the
15 first embodiment will be explained.
Fig. 1 is a perspective diagram of the memory cell array
structure according to the first embodiment. Fig. 2 is a
cross-sectional diagram of Fig. 1 seen from the GC (gate)
direction. Figs.3arecross—sectionaldiagramsofFig.2taken
20 along lines A-A’, B-B’, and C-C/ and seen from the AA (active
area) direction of Fig. 1. Note that the drawings are
illustrated with some compohents omitted, in order to make the
internal structure visible.
In this memory cell array structure, memory cell arrays
25 shown in Fig. 43 are stacked head-to-head, and control gates
are shared by these upper and lower memory cell array layers.

That is, as shown in Fig. 1, a lower first semiconductor

layer 11 and an upper second semiconductor layer 21 to
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10 witten erroneously. [First Enbodi nment] [ Menory Cell Array
Structure according to Fist Enbodi nent] Next, the nmenory cell
array structure according to the 15 first enbodiment will be explained.

Fig. 1 is a perspective diagramof the nenory cell array structure
according to the first enbodinment. Fig. 2 is a cross-sectional diagram of
Fig. 1 seemstiomé¢ hheodd® gat efomh raErironls R pdvadedc pbsy¥esant i onal
diagranms of Fig. 2 taken 20 along lines A-A" , B-B and CG-C and seen
flrlomtheiwil\u%@timg@aaeeép,d@m@mww theg, Q.fwtef@ﬁ%”ﬁ%§a&rea\}ﬁngs are
illustrated with sone conponents aomtted, in order to e the internal
structurécbiigg%liéqcumulatnl})on layqy g £aG8nbP§ EBP‘FrasrUr%cset P&cf:g‘ e, nenory

cell arrays 25 shown jn Fig, 43 are_stacked ad-to-t rol gates
are shar gér% S ra%%ly?]é\?\!;é‘rv?’r%r?or%réel unanreﬂagg a%/aef:ggg %%g%“ is, as
shown. i n Ei 1 I r,fi ] uct or, | - pper second
sem%ondﬁ%%gﬁtl g?/g? g}f&t%&%% s?%)tcgf%o% esat%élﬁl}%]fcl%%ﬁgps%arg provi ded
above an(EH§ﬁé?ta{c§'@Jr@ﬂ5&%i% 189drbetyeens s bemneal biié stsufdraati g taat e 13
(charge accu ation layer) to face the upper surface of the first

sem condyetendl ayeicddditeon Tdyet Awnmel al ssubati tigniél mrsulfatisty gat e
insulating film 12 and a second floating gate (charge accunul ati on | ayer)
23 to fafélmh¢skouvrd saté aoeswfattiteg fddend 22erireontiacked thidrtIrrvia a
second tunnel insulating film(second gate insulating filn, 22 are stacked
the | atteboxbovie tharmfesy vée @iz NSt liandmidat PRET | Byer 28115 AL S8 ¢l ear

10 fromthe A-A’ cross section of Fig. 3A, the semiconductor layers

11 or 21, the tunnel insulating films 12 or 22, and the floating
gates 13 or 23 are insulated and isolated from each other in
the GC direction (second direction) via element isolating
insulatiﬁg films 15 or 25 extending in the AA direction (first
15 direction). |
A plurality of stacks of floating gates 13 and 23 are
formed at certain intervals in the AA direction along the
semiconductor layeré 11 and 21 so as to form a NAND array.
Control gates 33 extending in the GC direction are formed on
20 AA-direction both sides of each stack of floating gates 13 and
23 via an inter-gate insulating film (IPD: Inter-Poly
Dielectric film) 32. The control gate 33 is provided commonly
for the lower and upper floating gates 13 and 23 so as to couple
with these floating gates 13 and 23 from their side. A mask
25 material 33m is provided between the control gate 33 and the
second tunnel insulating film 22. The lower first
semiconductor layer 11, the first tunnel insulating film 12,

the first floating gate 13, the inter-gate insulating film 32,

12



10 fronmthe A-A cross section of Fig. 3A, the sem conductor |layers 11 or

21, the tunnel insulating films 12 or 22, and the floating gates 13 or 23
are insulated and isolated fromeach other in the GC direction (second
direction) via elenment isolating insulating filnms 15 or 25 extending in the
AA direction (first 15 direction). A plurality of stacks of floating
gates 13arahdH23 canerbdrgedeat3Temeainclidedvat e coRd LARTAAS8t Pén al ong

the sem conductor layers 11 and 21 so as to forn1%w%AND arraé. Contro
gat es 3% domerdfhgst manrryecediridet i of Rer BPPSF SE B 86MARCHFHEEPF on bot h

i des of h stack of floafi tes 13 and 23] inter-

Tnsulati HIAT 1 (1P SRR POTYTS SSERATCTE iy R332 THESCBREPBE gate 33

i i ded Ly, f ! | 23

Lo Doupl BRFEIT R ity Bhpes Hhenphetr R A ONAS 13 AT 28 28 °°
mat ery al c§§?l}{>% o%t%\é';rﬁgd?Pgti‘?mr&ée@eiﬁ%é Qordatb@radiandot hey seperd. t unnel

i nsul ating ower first sem conductor |ayer 11, the first

tunnel igsybali A8mbiynedy Mde first floating gate 13, the inter-gate
insulating film32, “and the control gates 33 are included in the

configuration ofreat |selerctf jases nedrang sebbniiGle 1l efie gapper 2o rm
sem conductor |ayer 21, the second tunnel insulatin%'filn122, t he second
f1 oati ngsgheet B te heanpteroxmbaliansubai R 32 haBg SZnare Be oY 1666k r of

gates 33 are included in the configuration of an_upper second nory cel
MC2. at pow?g@n%@ld@&lr@ﬂ%§h%c%ﬁr%&ﬁﬁ?%gﬁe‘éﬁlaﬁt%‘é@ 9@0{% rm

| i Sl d S12, 1 d i
051 10 onetaay b At Oet ROy Rl 35 AR derroastal SEHEF oth ends
of the art §P%?ge§2hl?g%ef%§€:§%t%fs {Laati vg Hal 85,4347 23, The selwect gates

16 and 26" t atter above the fornmer via the first insulating

layer 31,nand face he sepi eopduciQeul ayens 1dyand Rl i dhee timnel
insulating filns 12 and 22 respectively. First select gate lines 17

ext endi ngek3 condulte 0LCL &Y ¢ estliloanarzl erthedded urmetlhénsut stisel Ectmygat es 16,
and second sel ect gate lines 27 and mask materials 27mextending in the GC
di r ect i on2aseadebberkhskdtnitdiley se€ondtse¢bett @ittes 126esThe eiendinghte |ine
17 and the select gate line 27 are insul ated and isolated fromeach ot her
vi a 35 sedenthenealditiany gy ere3anbedred |ignehef F¥stt RENBCEePREEAI 1o NUL

i ncl udes | ower NAND- connect ed _nenory_ cel ls 1 End.tgezgeleqéd%§te

transi st 3¢ SEFORASSISEL GREF & 11EFsE’ RBATHYS TBRFCEIFaY A/BVeF "90°1 eI udes a

e AR 5 Y Erb e 06 A0SR 40 S0Pt gt on- A

The select gate line 17 and the select gate line 27 are insulated
and isolated from each other via a second insulating layer 34.

20 A lower first NAND cell unit NUl includes lower
NAND-connected memory cells MCl and the select gate transistors.
S11 and S21, and a first memory cell array layer 10 includes
a plurality of NAND cell units NUl which are arranged in the
GC direction. An upper second NAND cell unit NU2 includes the

25 upper NAND-connected memory cells MCZ2 and the select gate
transistors S12 and S22, and a second memory cell array layer

20 includes a plurality of NAND cell units NU2 which are arranged

in the GC direction.
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25 upper NAND-connected nmenory cells MC2 and the select gate transistors
S12 and S22, and a second nenory cell array layer 20 includes a plurality
of. NAND cel | units NU2 which are arranged in the GC direction. A
bit line contact 35 shared between the NAND cell units NU1 and NU2 and
extending vertically to connect to an unillustrated bit line is formed in

t he sem condudtbit |ldyer sontaghd3 2 shareshbetngenf thddA¥INDSé| PnifkFt s NUL
and NU2. A source 5 line contact 36 shared between the NAND cell units NUl
and NU2 MiHd anét Wi Rgdy EFERRSLRY FEXELRALLY T8 SAMDRFFI BSt73ted source |ine

'NZNE"LZﬁ?m{;EaL{{‘ﬁﬁ%%%ﬁ"@d S St e e T oA s 7o S P RehE e S end of
the Contr gl r‘teagllqdaofsgiigq\fA[\gﬁégli'leftgeN@ %%%CISU§8 IASSI) Eg@d at an
ect ga an

end of t% i nes ccor Ing to t e above

conf '59urﬂﬂé>g,ontta%tfi-a@aéﬂa&%c%te%e%% Ohe MEIND e@hhyusof s eRpoRGicnguIENDr Y
cells MC1 an | ower and upper NAND cell units NU1L and NU2 are

si mul t angeuehy ek dii wart tya Coppbi aeniédth tiohen warid listes tWd eouboth si des
to be connected to a common bit line, as their equivalent circuit is shown

in Fig. Eanémscmnﬁ&asintﬂhﬁsemieQMdgat@rﬂaanssgtbastlnatdﬂSQQtaﬁé provi ded
i ndependently for the | ower and upper bit |lines, and can selectively
acti vat eentheoNAND d@ND ggild Moiter NPd NEJQ W2 ei Fhatorshd 1p&i fgNsaFEct ed. As

can be understood fromthe above, the ent embodi nent | oys. a net hod
for execdl ifgfRFRERAF BY 928 STngReHe EF‘E? g%) &R ?I?Fitrg) %Gﬁﬁes 13 and

23 t hrough the contr I ates 33 on both Sld f t i.ng s 13 and

th ﬂ%ﬂ%e CoE- té% ngF %85@ cdueh & ql Qﬁ) %g%u}gﬂgg t hat of
the floating, gaéﬁhtype cells of the conparatlve exanple that is difficult
to manufactGre erefore, the present enbodinent is less difficult to

manuf acture, afkhdhiisd eslimesrdveetdnfiguration, the floating gates
23 of vertically corresponding memory cells MC1l and MC2 of the
lower and upper NAND cell units NUl and NU2 are simultaneously
15 driven by coupling with the word lines WL on both sides to be
connected to a common bit line, as their equivalent circuit is
shown in Fig. 4. 1In contrast, the select gate transistors Sl1
to S22 are provided independently for the lower and upper bit
lines, and can selectively activate the NAND cell unit NU1l or
20 NU2 by either one being selected.

As can be understood from the above, the present
embodiment employs a method for executing writing by raising
the potential of the floating gates 13 and 23 through the control
gates 33 on both sides of the floating gates 13 and 23, and hence

25 does not have such an EB (Etch Back) structure as that of the
floating gate type cells of the comparative example that is
difficult to manufacture. Therefore,_ the present embodiment

is less difficult to manufacture, and thus realizes a cell

14



structure that is suitable for stacking. When a hi gher coupling
ratio is needed to widen the witing/erasing window of the nmenory cells M
it. is necessary to increase the thickness of the floating gate. According
to 5 the present enbodi ment, the control gates 33 are provided on both
sides of the floatin% gates,lS ﬁnd 23 via the inter-gate insulating film
32, and SHECEMESt PRG Cgate SHAGAPRE éSﬁtFGFcéépg'are not provided in a
stacked structure. Therefore, thickeni of the floating.gate js easy, and
t he coupling ﬁg?Poac ﬁggsrlﬁbPﬁg%Baséagg i 8 Pﬁ%dﬁgréolgﬁ%% a?%énaintained

at a lO‘Q«’rﬂ%ﬂﬁgt/'er-ggii%gtx?iﬁggg%@gﬁguﬁeﬂ:@f the 1y pl em afs packeen.|eani ng

and col l'apsin etc. I ng rication of the gates. As regards the bit
cost prab) err-tagscbesause; tihee y0rgE khees1bak ihhegapder aerldratiandtbower

cells can be manufactured sinmultaneously as will 15 be shown in the
fol | gwi ~nhoprekattuenbgdiewt ,i thescpessobl gates rElune previdebebnof steps
and to reduce critical l|ithography steps of which unit process price is

hi gh, mekitigsitiepos$i bhe floaEisig igetteashé 3brndcdstvidHdaree intke-gekact ure
proposed here is advantageous for the various problens of stacking.

20[ Met hddrsude thesu £ aéhud £ nge vk rbeyf ber T 1 ragt Serdct e €Addsr dPR§St o Fi r st
Enbodi ment] Next, g nethod for manufacturing the nepor Ll - arra
accordiﬁﬁ“%BOFﬁ%xb?égﬁhfnéh%%ﬂ?ﬁ%ﬁ?tﬁppﬁuﬁé'exﬂpﬁfﬁggFgFﬁséFFepﬁgﬁe are
sonme conceivable var.i ations r.egarding 25 the forpmation. Qf . i phera
circuit Ortggt:%en. er%righega_f oF 1At i oans_yi's a_c%j 5 _eulﬁ?u I Iﬁn%oﬁ%s?ﬁgs?(rgét g@ it is
necegsary, &, S, hﬁ%epﬁlflie/%&'li?l'erscé'l:ésmziirﬁil_salﬁiné% atthhs1 4} BRpektk .is al so

possi bl e to sinultaneous formthe nmenory ce arrays
This is advantageous for the problem of pattern leaning and
collapsing, etc. during fabrication of the gates. As regards
the bit cost problem too, because the word lines for the upper
cells and lower cells can be manufactured simultaneously as will
15 be shown in the following manufacturing flow, it is possible
to reduce the number of steps and to reduce critical lithography
steps of which unit process price is high, making it possible
to restrict the bit cost. Hence, the structure proposed here
is advantageous for the various problems of stacking.
20 [Method for Manufacturing Memory Cell Array Structure
according to First Embodiment]
Next, a method for manufacturing the memory cell array
according to the present embodiment will be explained.
First, there are some conceivable variations regarding
25 the formation of a peripheral circuit region. When the
formation is on a bulk silicon substrate, it is necessary to
form the peripheral circuits first. At this time, it is also

possible to simultaneously form the memory cell arrays

15



according to the present enbodi ment on the bulk silicon substrate. In the
present enbodi ment, the NAND cell units NUL and NU2 are provided
sterically. Hence, an exanple of formng NAND cell - units NUL and NU2 above
a silicon substrate will be 5 explained. The nethod for form ng peripheral
circuit transistors is the sanme as an ordinary nethod, That is, first, a
channel acsoreiimed tabdhe RreisEnEorMORdfERte ONTHER, bﬁékesb%Pﬁ%nfllns (both a

L Vol t de fil d a h Volt b th

ST von Ssstosts | FROMS gresen i@gaa? g@?“ﬂ}%hé@nﬁgﬁ RS tor
AA t f t. t STI h

af t fa?ct It‘_f‘\é/ldsgpga ]é%otﬂr?%slldgal ?é%ﬁgggrg ma ial g}?&&ifﬁaﬁ?%@gép '?inon is
stacked, iy eladt Lades goe gmea 2S5 g1 Y8k | sl Ald naIfi ban s

for this, a source/drain diffusion layer is 15 fornmed, an

i nt eg- G%Aﬁl%l»ﬂrféd ngrhil feksoanbeddedrmang pem@néfa;eciﬁc@ianarl zed.
After the peripheral circuits are formed, the memory cell array according

to the preseilsteIMOdsNENd shmef 0% rmdoaslhbeyrmemm:rd yi Dgatayer fiEsg, 5 to
Fig. 20 are diagrans show ng the 20 nethod for manufacturing the nenory
cel | arreaghanoel dinformetdoyees eritl iqwsosiipenrate. Then,Fyzie oxagdeshown in
Fig. 5 an insulating |ayer 30A made of_ $102 is formed above an

uni | | ustiigimes §3iqtihcénL§Ub‘é@1=%¥%e Odﬁdieaﬁd\ﬂ@ fRen? B9 VL T8ER CFRdEct or

| ayer 11Arrade of I|con i,rst tunn nsul_ating film (gate
i n}s/ul at i g™ 135 £ 1fp é‘b<9f"es ? Sé 48"+ ?nggf?tﬁti r?g‘ed’dtg@ t&rmggg | ayer

13A Iréradi%q{ Opolé/cs%rlé on. are ﬁ&a?sbqgg_%tselq_glt%lntfoq} IPFA ‘Qg%lfvler %tre%gm conduct or

I aye1 econe c‘?ﬁanne asi cal pol'ysilicon, but

my be nadenofs SPnoel vl ITéd | Isom 1l %rtea%hpaesgakm@@boebmt aferusi ng
pol ysilicon tor the channel (‘body) so as to forman SO structure, it

becones wnegessiEych @.sfﬂrlrmeaﬂ SHadumbbersal ifeanccsubat eatfeyrmaticn real i zes
a cell structure 5 that is nore suitable for stacking. Since formation of

t he tunned sitrsWeat,i BQ eflicdcnrb2Asi sre dorimed , cand aboide whel sierdwdeidust or | ayer
élA made of polysilicon, it is done by usi n? not alt her rlral Iz oxi di zed film
ut a CVDLlChHenmfoamedaporf Depddiits ,of)Soures/ M AddhueiraybyERpdsi ti on)

oxide f IJlfcgnrmed an inter-GC insulating film is embedded, and the surface
is planarized.

After the peripheral circuits are formed, the memory cell
array according to the present embodiment is formed as their
overlying layer. Fig. 5 to Fig. 20 are diagrams showing the

20 method for manufacturing the memory cell array according to the
present embodiment.

First, as shown in Fig. 5, an insulating layer 30A made
of 810, is formed above an unillustrated silicon substrate, and
above them, a first semiconductor layer 11Amade of polysilicon,

25 a first tunnel insulating film (gate insulating film) 12A made
of 8i0,, and a first floating gate forming layer 13A made of

polysilicon are stacked sequentially. The first semiconductor

layer 11A to become a channel (body) 1is basically made of
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10 Note that although the first sem conductor |ayer 11A is provided by film
formation as described above, it may instead be a silicon substrate as it

is. After the layers up to the first floating gate form ng |ayer 13A
are formed, nmask materials 41 and 42 for AA pattern 15 formation nmade of,
e.g. , SiNand Si02 are patterned onto the first floating -gate formng

| ayer 13A&1yRIiE i(RegcbiuzembynbEt nhiagyf usdmect et arasid 1#cdy-i al8 Bl and 42 i s
carried out to selectively etch the stack of layers to the bottgm of the

i nsul at ioRedeneemBodi nent ok FEEEE POlFEHeSORo Y hEPBIRAFEITh (HRIBL AA
pattern as shown in Fig, 6. As a result, a first floatin te f]%m' ng

| ayer 138 38 EPrERry&eSPAsTFaEFhgtsi Ivh ??Fogefi?%?e%%?ﬁ%%& or"l ayer 11,
and an ins ting,layer. 30 ar orped. ., . i ig. 7,

t he trerﬂa_c,rhgi?fj_tﬂ %Ea ytIre AR ng?gghw ()lrcrl?la)fle%lrlbgér(é_eafl@?]lfeg(e%f%{?ggfi r st

el engnt Ji,Sol afd ng, 25 d nsulyatd ng, | anere s 4radg; 9fe Sk82maeish thenthe

pl anari zation is carried out by CMP (Chem cal Mechani cal Polishing) using

the pol ysidd&om £ QETd dichd her i rsia foatdrg egaicaitf @beiveg thayer 13B as the
stopper. Then, the upper surface of the first elenent isolating insulating
| ayer 15:émiSetdbetcdk by yvetrcil bhaakie ddepdlyaslshomn litni Fidgnedyy asthgst
insulating layer 31 for isolating the upper layer fromthe |ower |ayer is
formed aboweattieefiakty-edximbited sbi ki mypt s @VA i (¥pemayad YSP&Ad the first
floating 5 gate formng layer 13B, and a second floatin 9 te formng | ayer
23A madeD@popbt el i eored LERr MerEboVE ¥SHe HSRT G g?t’ﬁ ﬁ& FayBr 31.

Then, h [ ig. 9, . i al 3 and-44 f GC f [
maad0of NEUG thall R LS 6BCoh e Fat Pl Hat 10, Ohi Eha KoEoAd ARt ng gat e

formng | ayer 23A Then, _as.s | ' Q, : | AYi8rSnl S

sel ect | \)%Yﬁéf‘bg%ﬁm?%l?%g%t%%gg%%ga Eg%éljﬁl %%ﬁﬁ&?%%%ﬁf% m°12 by R E using

t he mSksﬁﬁéﬁggﬁésaé?"@nﬁsfl‘l’ to formsecond trenches and thereby formthe
pattern. aresult, a first oatin ate 13, a second 15 oatin

GC fi fl ing ¢ d fl i ng

gate forming | gyeer 23k @jdrsStusaleehegatestofMbagihqyeatd @armamd a second
select gate formng | ayer 26A are fornmed. It is preferable that this GC
pattern feyentidn doee darmnieeld owtskbypagareéthi iy gordbdéssohald mptaaringh
selectivity toward the tunnel insulating film12 of the |ower |ayer and

t hatld hefbrmst 120 sadecohduet oF . I%li,flﬂarar!l_cg T2t eS| BREEC TGO rfdte et ched.

first floating gate forming layer 13A. RIE (Reactive Ion
Etching) using the mask materials 41 and 42 is carried out to
selectively etch the stack of layers to the bottom of the
insulating layer 30A to form first trenches to thereby form the
20 AA pattern as shown in Fig. 6. As a result, a first floating
gate forming layer 13B, a first gate insulating film12, a first
semiconductor layer 11, and an insulating layer 30 are formed.
Nex*, as shown in Fig. 7, the trenches formed by the AA
pattern formation are filled with a first element isclating
95 insulating layer 15 made of 8iO;, and then planarization is
carried out by CMP (Chemical Mechanical Polishing) using the
polysilicon forming the first floating gate forming layer 13B

as the stopper. Then, the upper surface of the first element
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Then, as shown in Fig. 11, after -an inter-gate insulating film (I1PD) 32
made of Si02 is fornmed, the trenches of the GC pattern are filled with a
contro] gate fornming layer 33A. The control gate formng | ayer 33A may be
made of polysilicon or 25 netal (W etc. ) Next, as shown in Fig. 12,
the control gate formng layer 33A is etched back by RIE to form contr ol
gat es 33isdllkgnn@snshdaning Fayger 13 ia saiskars byi et cBdacind ¥ex¥nsul ating
layer 39 made of a CVD oxide film a coated oxide film or the |like are
enbeddeeaalsdwent ha Ebat rdl HiEst33nsuAYtiRG 1YY st OSur Pacet 139

pl anarized by CVMP_using_the nmask 43 made of, SIN as a .sto r. After this,
in orderth® UpHER tA¥eEefBeR Gkt &OFBF M5 llsa§8F§e?69§%‘ﬁ%Q‘§§Afhﬁﬁ€

fe;fé‘{‘i‘afLé’iére%?%%“s(oé{‘%l#w‘io;%tu‘é%t&%ﬁy?gff%ﬁ% G Ve BT R Che
| K€.g AZ%{‘%& %g%kngpgﬁféf 19at E‘aJH gNChes dlffo i ¢h gra%lécfbﬂﬁ\éﬁé_}Bleébe first

sel ect a second sel'ect gate forning |ayer and the 10

first inssd atd g d @y 3k 18l nf 9snedrmsd sdlwe ithdiff.rsk4.insulatingNext, as
shown in Fig. 15, in order to formselect gaze transistors Sl to S22

i ndependeayéy $0r |ower cells and upper cells, a first select gate line 17,
a second insulating |layer 34, and a second select gate |line 27 are
sequential |y fHrered a5 showrhdns&liget O games k resfediesa hy A hyandeddat Pig
enbeddi ng and etch back. The select gate lines 17 and 27 may be de of
pol ysi | | €orpasrt amst Sorpatiencnydeiqle €nE - cohtl NGRS R%&ﬁriﬂﬁ ul ating
film39A is enbedded in . the etched-hack, portion ?]fi th s%coarl]é:l S&Lﬂ%ﬁ gate
|i nel®7, °Bha HireS appRs tI09 $§ ARTRARY i WYRtaf thy 2011 B I's

pl anari zed usi.,ng t.he i 4 p i 6A, 16B,
and 160 éPepi‘%qu%' %Q%S%t%ce]g%fﬁg%@%?ﬁ SE %%%gétggié:%?o%éhaendg tgjsg-h C%' cross

section Fi.g. - t tg4 i1k R, R_R&ri zation
eép b9 5§éb§s§j§/§§ i MehYar Nextsids Show Rk Riding fhephd

is carried out using the second floating gate form ng | ayer 233
or the cppteok 193t £333h@x4,hecstoppadacat taetetesdahtntied rémsdloatd ng film

(gate insulating film 22A nade of Si 02 and a second sem conductor | ayer
21A madetat @Dpsiteireon Asex sequent isafiyst floating gate 13, a second
15 floating gate forming layer 23B, a first select gate forming
layer 16A, and a second select gate forming layer 26A are formed.
It is preferable that this GC pattern formation be carried out
by an etching process having a high selectivity toward the
tunnel insulating film 12 of the .lower layer and that the first
20 semiconductor layer 11 of the lower layer be not etched.
Then, as shown in Fig. 11, after an inter-gate insulating
film (IPD) 32 made of Si0, is formed, the trenches of the GC
pattern are filled with a control gate forming layer 33A. The
control gate forming layer 33A may be made of polysilicon or
25 metal (W, etc.)
Next, as shown in Fig. 12, the control gate forming iayer

33A is etched back by RIE to form control gates 33. Then, as

shown in Fig. 13, a mask material 33m and an insulating layer
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formed above the planarized surface. Figs. 18A, 18B, and 18C are an A-A
cross section, a B-B' cross section, and a CGC cross section of Fig. 17
respectively. Then, as shown in Fig. 19, in order to formAA pattern 5 into
t he second sem conductor |ayer 21A, the second tunnel insulating film 22A,
the second floating gate form ng |ayer 23B, and the second sel ect gate
form ng Baymadeest of e cupper fl1kyera cpakesk oracer falmaso¥ grheaA ikt t er n
formation nade of SiNis patterned onto the second sem conductor |ayer 21A,

and Rl E P&Ee16mMPsAAREdaBaYSt BNE gFIR TR AR TRR toim 3 tHE SRPF IR hi rd
trenches. This AA paitern formati i.s,carr.ied oyt ~an _et chi Nr ocess
havi ng a SHi 3:?%&82? W?V%%‘i{/@r}’db@ﬁeﬁﬁ’h@ﬂ ?rtlé? él}alsgi égg?%ggnﬁgg%%g agsnd the
cont rol te 33 d.th t . i Figs... 20A, 20B,
ond 0c SAEREN RIS SENEL 1A B A B LA KOBEKe HiRnd 00

crosssseqti Q8 o gl gnal9cheaREct + 484 Vst Jhs osghast hivsi Stedk rd ey sesond
floating gate 23 is forned, and the second tunnel insulating film 22 and

t he secoraéo%@@zceégy@ﬁprsél@mrggﬂe arrerfoweredqgseviieht gred W Etctitey second
floating gate 23. 20Then, a second el enent isolating insulating |ayer 25
(Fi gs. 3)iriterepbegdedennhtbhate foches bof Riherupped ikayerAAA pastkrn.
Finally, through-holes are fornmed in end portions of the sem conductor

| ayers 1Bedtt2gateohrentheatldd 38ighdrearkcdowatt® thgesitstaddleF to form

contacts 35 to 38 and thereby 25 conplete two nenory cell array |ayers 10
and 20. T arabeFRBPUPt & RECEBALSRIEBIAES §8r%9gbﬁa%%?f§ F‘Bén?h tal (W

etc. , &tc.. whic r.e used co nly. -Accor.ding hj odi yrent, since
t he Ah patitérn Y %ﬁﬁ@dﬁiaﬁetrhgﬁj?%ﬁérffjg?gé %\lgrgli‘g‘f’ﬁgogt?iﬁgggajfg?l?) and in
t he upper | ayer co i te,23 J rente St the-first

floating gate P:?%(gcridgtgh;eﬂlg@olgg Eglﬁdatllghgggaﬁéézg terﬁqg‘]fﬁtrhggg%éggl J?ﬁn@;éd in the

CC di r ecty thsHovwave s 11hh $oW L haasdndé ey ddie1eperaid ons becauseet hey are
different nenory cells MCL and MC2. In contrast, any m salignment

bet ween the fdr st filkeat sagegatmttlland Lthe £hauwld dhsthetfingsiayer

sem conductor |ayer 11 or between the second floating gate 23 and the
channel of4t ndecordoh@ seleconuhict orinayer 2k weahgngieatlyfparedence t he
operations of the nenory cells MCL or MX2. In this regard, according to the
menorkp celn ther a9leck Wt Brefche lgPRE HeRGAddigBRPC A hed s ptch

sem conductor layer 11, the first tunnel jnsulating film1l and the first
f1oating %%lgf}é 1 5%]1%01[- Sa&e lljéﬁfesrilzraéld b?mayabe m%de oi:mpo%ySL?Llcon

or metal (W, etc.) like the control gate 33. A cap insulating
film 39A is embedded in the etched-back portion of the second
select gate line 27, and the upper surface of the cap insulating
20 film 39A is planarized by CMP using the mask material 43 as a
stopper. Figs. 16A, 16B, and 16C are an A-A’ cross section,
a B-B’ cross section, and a C-C’ cross section of Fig. 15
respectively.
Next, as shown in Fig. 17, planarization is carried out
25 by CMP using the second floating gate forming layer 23B or the
control gate 33 as the stopoer, and a second tunnel insulating
film (gate insulating film) 22A made of Si0O; and a second

semiconductor layer 21A made of polysilicon are sequentially
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15 simul taneously subjected to AA pattern formation, and the second

sem conduct or | ayer 21, the second tunnel insulating film22, and the
second . floating gate 23 of the upper layer are sinultaneously subjected to
AA pattern formation. Hence, it is possible to prevent m salignment between
the.menory cells 20 MC1 or M2 and the channel of the sem conductor |ayer
11 or 2iféormedcbdvayehe Jlenaf bzed suwfamawr Figsl | $8BMCIL&hd aud2 18&n oper at e
wi t hout fault. Furt hernore, according to the present enbodi nent, it

i s possidteancdghorreas e timiuf ac R | AHOPP GEEId PecB & tHe £5°E6nt r ol
gates 33 are shared between the | ower. and upper nenory cells MC1 and M2,
and the $RPeFOR SfrFighd th&d 9SG YV are sinul taneously subjected to GC

pattern formatjon. [Second Enbodinen . l\/bf“rq_r |1 Array
Structure accoil'tﬁrhg 250 SS8¢BnA EnDYdi ﬁ'réhtlﬁ1 order JCI\Iexot 1&’5@ r%cr-frglell array
strucd urle?@gc&g ' 0940y € ﬁﬁz%qudd e |l he I Rednei 9. 21 s
a perspective diagram of the menory cell array structure according to the
second efhogi BN ¢ £11KiIPA 28k SR HOBSo8€Chd gRak fHRgiraM 8feFi2gn,21 seen
fromthe GC direction. Figs. 23 are cross-sectional diagrans of Fig. 22

t aken al 9ng dHaNeschnd'seleBtBiate ddnEnG 1andr LsEnof rtom thpeAAadierect i on of
Fig. 21. 10The present enbodinent is different fromthe first enbodinent in
that it sompsksestémdal adferfonr g qvat f¢watforgnafdias @ieamf 2dNdde of

pol ysilicon as the upper |ayer floating gate (charge _accunul ation |ayer)
“and t wo- baybesrded vl thel 8EEOREL BYNDEORAYCHBL e o 1pol §R7 1 R orSas t he
upper | ayer second 15 sel ect odi nent, the

te. I the fi
uppel0 suFpaEeSEfothee §8€6‘n@%g‘%é§ﬁttg%ﬁrétﬁtﬁ%r(ﬁb§’e #@%E}gﬁat&esn% % 'second
t | [ i fil 2. He . flat i f i 1 bet
the seconbiedthdtberand FormiEhss 18 i dd bEE ISy 8 BRE AL b QUG beteen

having a high selectivity toward the mask materials 27m and 33m,

and the control gate 33 and the select gate line 27 are not etched.
Figs. 20A, 20B, and 20C are an A-A’ cross section, a B-B’ cross

15 section, and a C-C’ cross section of Fig. 19 respectively.
Through this step, the second floating gate 23 is formed, and
the second tunnel insulating fiim 22 and the second
semiconductor layer 21 are formed self-aligned with the second
floating gate 23.

20 Then, a second element isoclating insulating layer 25
(Figs. 3) is embedded in the trenches of the upper layer AA
pattern. Finally, through-holes are formed in end portions of
the semiconductor layers 11 and 21, control gates 33 and select
gate lines 17 and 27 to form contacts 35 to 38 and thereby

25 complete two memory cell array layers 10 and 20. The material
of the contacts 35 to 38 may be polysilicon, metal (W, etc.),
etc. which are used commonly.

According to this embodiment, since the AA pattern is
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20 22, and there m ght be produced di spersion between the characteristic of
the I ower select gate transistor SI| or S21 and that of the upper sel ect )
gate transistor S12 or S22. According to the present enbodi nent,
since the second select gate 28 nade of polysilicon is interposed between
the 25 second select gate line 27 and the second tunnel insulating film 22,
it beconfesrmeakierthieol oe ntlaive nt Hier seddvd timgnea t ¢ Asand ilAg-s LRPSD flat and
to reduce di spersion between the characteristic of the |ower Eel ect gate

transi stiavesi seepng2fiilapbingaga®? 1het dppérrseretimipdd t*nstEfbr S12 or

. S22. Met hod faor. Manufacturin ry.Cell Arr Structure accordin
to Secon%lc@r?%&ﬂ ke 13 and tﬁ!@e%’%"‘%‘%@&% gﬁ&ﬁu?éicpﬁlgﬁﬁgg%e mem)r;/ °
cell array 5 structure a rdi .q_t he t I b

expl ai né?jl?lsasllgneé:ﬁpg&%jﬁfglﬁggﬁtl%f’ar%g"(r?ilgggghrrs sog\%mﬂﬁg?%llﬁg?%od f or

manufactyrd %e&{%ﬁti%m@ﬁaﬁglal tﬁég@r@%@@ﬂ&ﬁ Rlehe%%/pééﬁéltmqnﬁﬁféi ment .

The process e present nethod up to the AA 10 paftern formation is
substantyy@ |y the same as the steps of Fig. 5 to Fig. 7 of the first
enbodi ment. Hence, a detailed explanation will not be given about this
process. The mresentresbedimentisiad idinfreertenetweemtthieef £ s5tf lo@ddionent in
that the select gate lines 17 and 27 of the select gate transistors S11 15
to S12 agzte flir aed beé wearge batt éha fbrpatdgn.conductomaiey, Lbrce t he
process up to the AA pattern formation_into the | ower I(%;[/ghehas been

conpl et eee arRER ko gritd ERAELBAHRES RAVEDERR FrPREd tHEFF st
For bl o3SB0CSHONR-Th 1RIE? 24, ani i By o e et B G o orm
e R AR bt M Shabepselart g fylaans = o
first selgct gL LE8ACHLSa} /A AWl PhEirestnt embodiment, the
first semiconductor layer 11, the first tunnel insulating film
12, and the first floating gate 13 of the lower layer are
15 simultaneously subjected to RA pattern formation, and the
second semiconductor layer 21, the second tunnel insulating
film 22, and the second floating gate 23 of the upper layer are
simultaneously subjected to AA pattern formation. Hence, it
is possible to prevent misalignment between the memory cells
20 MC1 or MC2 and the channel of the semiconductor layer 11 or 21
in each layer. Therefore, the memory cells MCl and MCZ can
operate without fault.
Furthermore, according to the present embodiment, it is
possible to shorten the manufacturing process because the
25 control gates 33 are shared between the lower and upper memory
cells MC1l and MC2, and the upper layer and the lower layer are

simultaneously subjected to GC pattern formation.

[Second Embodiment]
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25Next, a conductor nade of polysilicon or netal (W etc.) to serve as
first select gate lines 17 is enbedded in the first select gate trenches
17A and etched back to a position roughly corresponding to the | ower
surface of the first insulating |ayer 31, and as shown in Fig. 26, a
second insulating layer 34 nmade of Si02 is fornmed above the etched-back
surface of thdMemosty SelldcArgatye Stirmed uke, aandrdisecondSetondi ng gate
form ng | ayer 23A made of polysilicon is fornmed thereabove. Here, the
second Fashimignflgate forming |ayer 23A is restricted to approxi mately 60
to 80 % of the objective floati r]g ate thickness, becaése tge LI oating gate
5 KEr AntH

t hi ckness i s FFther M1 Eas&F ot Srdcdpire $79h R Fig 27,
RIE or the |like i ied.out, 10 to_f. t h . El . i.n th
Second {TEHINETEREETER T Ag L1 6703 3A Rhov e b pobet? BRE SHASEA Ene 1 st
sel egt i ne r t

©r enche RSR A Lo e e B O  Fbs el ot ng

| ayer 34sbeomy esentiihehweenrihe obotd amrefsd-heaennd din@alest raate _
trenches 27A and the first select gate |ines 17. Then, as shown in

Fig. 28 antkddy.fi28 tSecou dealeedt ogat eFl jnes2 2 7awr e rerdzedded iiomatthe second
sel ect gate trenches 27A and etched back to the top of the floating gate
fornmi ng dsyerasAf ang .a2ruskkemtadong 12nesi 3-3'or Fed’ /A2RAIGTET 1BO& i ng gate
20 form ng | ayer 29A made of polysilicon is forned above the floating gate
form ng $e§eriDIA thdiRA ndkescthen f¢hatihg ghtes of the upper and | ower

| ayelros subst an’%‘k%ea'g)yesté]r?t Sgrggoé:{]metni Ciksnec%.sfferent from the first
embodiment in that it comprises two-layered second floating
gates 23 and 29 made of polysilicon as the upper layer floating
gate (charge accumulation layer), and two-layered second select
gates 26 and 28 made of polysilicon as the upper layer second
15 select gate. |
In the first embodiment, the upper surface of the second
select gate line directly contacts the second tunnel insulating
film 22. Hence, a flat interface is hardly formed between the
second select gate line 27 and the second tunnel insulating £film
20 22, and there might be produced dispersion between the
characteristic of the lower select gate transistor S11 or SZ21
and that of the upper select gate transistor S12 or SZ22.
According to the present embodiment, since the second
select gate 28 made of polysilicon is interposed between the
25 second sele..ct gaté line 27 and the second tunnel insulating film
22, 1t becomes easier to maintain the second tunnel insuiating
fiim 22 £flat and to reduce dispersion between the characteristic

of the lower select gate transistor S1il or S21 and that of the
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Next, as shown in Fig. 30, nmask materials 43 and 44 for 25 GC pattern
formati on made of SiN-and Si02 are patterned onto the third floating gate
ferm ng | ayer 29A. Then, as shown in Fig. 31, RIE is carried out by using
the mask materials 43 and 44 to selectively etch the stack of layers to the
top of the first tunnel insulating film12 to form second trenches to

t her eby Ypgran tded e@GC [matteerorangs s& qre$dlt ort RE2first floating gate 13, the

second fl oati n%ﬁ ate formng |ayer 23B, the third f]|oati ng gate form ng
| ayer 29B, thdMd forreMpngiee tgEREnYeBor Xy eP L 16T ERY SEEBNHISRI ect gat e

formng | ayers 26B and 28B are forned., It is preferred that this GC pattern
format i &F%ﬁr@ﬁq i RO Eéﬁx’éflﬂﬁrﬁd process having a high selectivity

toward the first tunnel .insulati fi - I r ;apd,t hat the
sem conduct or eé(ytér alTegbgﬁhgg%oﬁg?u%%%%%brgé n%}%eﬂoe?n\eg?rghg%.ig a2y Then, as

showy i j | ;a8 ddiguleptddag ek My h PDhe32 is forned, a
con}tMr?’oI n%i%gc%%%m%éﬁ%%& 3ﬂ??Aecirhs€gZénbe(ﬂitd in thgl trenches (e)f the GC

pattern.. B9l ysiddcon or metal (W etc.) ecan be used as the control gate
formng | ayer 1533A Next, as shown in Fig. 33, the control gate
form ng | ayer B3A il etechrad .bddkaby & &gtams herebynd dim meshodntfpyl gate
33. Then, as shown in Fig. 34, a mask material 33mand an insulating |ayer
39 made minafQVDuokhecie ImRmar e calddasXPHeaEFPIing théPEOPEERENAre
enbedded above the control gate 3?%, and the upper surface is ﬁ%ﬁ]?” zed by
CWVP usi ngfppeimerk- 4TNfade GesS RiadhenBrsE6p et #RENP akC sh n Fig.
35, planarjzatiaon is carried out b % i ng_the | ayer d - _
pol ySi | iB%T\t?Fﬂé‘rnC}rﬂ}art&oﬂ b%\tsiugﬁtﬁélt%éa or Lnl%snneggf_’lgﬁe“rs g%% Szcr?g% t %Se%jslgéond
sel ect ggtgo Fig. 7 of the first embodiment. Hence, a detailed
explanation will not be given about this process. The present
embodiment is different from the first embodiment in that the
select gate lines 17 and 27 of the select gate transistors S11
15 to S12 are .formed before GG pattern formation.
Namely, once the process up to the AA pattern formation
into the lower layer has been completed and the AA pattern
trenches have been filled with the first element isolating
inéulating layer 15, a first insulating layer 31 is formed as
20 shown in Fig. 24, and RIE or the like is carried out to form
trenches (EI trenches) at positions at which the select gate
transistors S11 to S22 having a stacked structure are to be
formed, to thereby form first select gate trenches 17A as shown
in Fig. 25.
25 Next, a conductor made of polysilicon or metal (W, etc.)
to serve as first select gate lines 17 is embedded in the first

select gate trenches 17A and etched back to a position roughly

corresponding to the lower surface of the first insulating layer
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25 fornming | ayer 28B) as the stopper, and as shown in Fig. 36, a second
gate insulating film22A made of Si 02 and a second sem conductor |ayer 21A
made of. polysilicon are sequentially fornmed above the planarized surface.
Figs. 37A,. 37B, and 370 are an A-A" cross section, a B-B' cross section,
and.a C-C cross section.of Fig. 36 respectively. | Then, as shown in
Fig. 38,3inamddes @@OW®ﬁW1EAgpagﬁeﬁhSﬁﬁP@dthésgiéBhﬁgs%%Y%%ﬁﬁu@FQF | ayer
21A, the second tunnel 5 insulatin

film22A, the se t|oati, t
For mi ng #ayEroR 38, TORBERNFPAVE | 0o L YT 4 Mg Ay &0 569 AR Che

d sel ect_gat i ng, | 263 of . k
vt or | al SHETDE R bALTEr B 1 OFat G Hals 6 TR T B LA R aES the

d sen | AYGE LA | jed bl the AA
pat Lorn 1o (RBFoRy ParATICed 1 aoches I et Sha. S8e anek 360 ake an A A

Cross; segtbohingd P r6FASHg SIRG I ON3aa rasErEctetoss agpridxmatielli g. 38
respectively. Through this step, the second floating gates 23 and 29 are

formed, amdcatse e cFarket bbBect heeseroaditgnmete itisidlatdsyy fodomua2 and t he
15 second sem conductor |ayer 21 are forned self-aligned with the second
fl oati ngtigat 63028inandg29e Thiekness shovimithel gnyGamed Ringg. 14fera second
el enment isolating insulating |layer 25 is enbedded in the trenches (third
trenches§teP-the upper layer AA pattern. Finally, 20 through-holes are

ored 0 end gorLl o Bh A%, S8 coPUELOL| ers el ond. 22 Sl o)
therﬁPy %8”?%%ﬁetgggc eQDQMI trenchés) in the second floating gate
forming layer 23A above the positions where the first select
gate lines 17 are formed, to thereby form second select gate
trenches 27A. At this time, it is necessary that the second
insulating layer 34 be present between the bottom of the second
15 select gate t?enches 27A and the first select gate lines 17.
| Then, as shown in Fig. 28 and Fig. 29, second select gate
lines 27 are embedded in the second select gate trenches 27A
and etched back to the top of the.floating gate forming layer
234, and a mask material 27m is formed. A third floating gate
20 forming layer 29A made of polysilicon is formed above the
floating gate forming layer 23A. This makes the floating gates
of the upper and lower layers substantially the same in
thickness.
Next, as shown in Fig. 30, mask materials 43 and 44 for
25 GC pattern formation made of SiN and SiO; are patterned onto
the third floating gate forming layer 29A. Then, as shown in
Fig. 31, RIE is carried out by using the mask materials 43 and

44 to selectively etch the stack of layers to the top of the
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cell array layers 10 and 20. The material of the contacts 35 to 38 may
be polysilicon and netal (W etc. ) that are used 25 conmonly.

According to the second enbodi ment, in addition to the effect achieved by

- the first enbodinent, it becones easier to maintain a flat interface

bet ween the second select crate 28 and the second tunnel insulating film
22 in thelepperunnglerinsthlr tigqifidth 1T iR dh SNl itenEhes tRe | ower

and upper.  select gate transistors Sll_and S12, and S21 and S22 hecause the
. second seleEELYAT™ENEs GNPt posR @&\ﬁeéﬁSPHE'SEﬁ%n%l%seq O3 at¥ 1ine 5

e g5 S I b AL O A0 LLL 20 0y IR PBSE, | WS el 1

pect1ve ow ng a nenory cell

: g gpect Ve 8 iory cel
Ve ] abl 518y B 6 PR A 2 E RICCon S 10 T of et 1 ol ch i &

i ncl uged) ppe i hes  abauesslescd ishad dowga t aveirdigidrakiers oL ess. 248 de present
enbodi nent; four nenory cell array |ayers 10A 20A, 10B, and 20B are

st acked. £Sugbd mul 1t |iay @rdfiretebrihedt itdrl sl SCaghsantcagedosmanibhabei t can
share the platformwith a floating gate type NAND fl ash nenory, 15 because
it can doawriddtdbettihy een|ayehsnofphitess nezving souricsh |dalectand gl obal
lines as with a si %I e-layer floating gate Iﬁrﬁe NAND fl ash nenory, and

needs notewvghifikarfil xdiangeseilninpelpeinphbet i 4 oduthe. LNoee YHRT t he

first sem conductqr |ayer of the upper |ayer d the second seni conduct or
| ayer of aPﬁet%tI%Fwdﬁwoﬁegggﬁﬁe?&%ﬁg}ﬁ ;L.o.wfét E@VQE oditrent s]
The géwbodi gts descri bed above have a structure in which the control gate
33 | Vsh&FE Setween the | ower and upper nenory cells MC1 and MZ2.

Therefore, thergBRUfACLHE|AG PEQGESE, after an inter-gate insulating

film (IPD) 32 is formed, a control gate forming layer 33A is
embedded in the trenches of the GC pattern. Polysilicon or
metal (W, etc.) can be used as the control gate forming layer
15 33A.
Next, as shown in Fig. 33, the control gate forming iayer
33A is etched back by RIE to thereby form the control gate 33.
Then, as shown in Fig. 34, a mask material 33m and an insulating
layer 39 made of a CVD oxide film, a coated oxide film, or the
20 like are embedded above the control gate 33, and the upper
surface is planarized by CMP using the mask 43 made of SiN as
the stopper. Then, as shown in Fig. 35, planarization is
carried out by CMP using the layer§ made of polysilicon (the
third floating gate forming layer 29B and the second select gate
25 forming layer 28B) as the stopper, and as shown in Fig. 36, a
second gate insulating film 22A made of Si0, and a second
semiconductor layer 21A made of polysilicon are sequentially

formed above the planarized surface. Figs. 37A, 37B, and 37C
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25 becones sinple, and wiring can be sinplified. However, it is also
possible to divide the control gate 33 to | ower and upper portions so as to
enabl e, the | ower and upper nmenory cells MOL and M2 to be controlled

i ndependently. In this case, the control gate formation process may be
carried out in the sane manner as the select gate formati on process

descri bedeabo®er’ cross skattihe,fd BsB’ emtsodi ARt ionhaskend'sefett gate
line 27 of the upper |ayer needs not _be forned in one process, but instead,
5 the selesttiogaré Filde 2P KEYPBETEVER¥d back rat her deeply, and polysilicon

may be added thereabove as in the s nd, _enbodi ment .. |.n i it is
possible to obP&Pn BReSBAHR é?fgkﬁ-gggtﬁéléﬁieﬂg%éh58& tgagﬁéﬁnforning a
mul tilayer structure, it is ible t KM t d the GC
pat t er n & Perigt S5 5 ngﬁﬁéggg%agggégi%gAés%p% éﬁcgﬁgeﬁﬁg?éyirst

| ayek- [ 1 BT o . H+ls I pRB,. as for
thg iA( E%%ﬁ%l%r?,ﬁéﬁfdﬂ(rp izlrisAt'dﬁi@égeénggﬁcl%&lmgygg)%-fgrﬁlhp%éﬁie?3+ fourth

| ayer) - 3fd £1 hrhaieyatt ry) ¥hbe lRMehg 1apsr OB, t Aed BRepadd@idiselbecThi s woul d
further shorten the manufacturing process. . Furthernore, another

met hod feert s e dfrgilniqgrngrir hetéBeemd REBf lodattieg ugetee dndetheachankel is
concei vabl e than the nethod descri bed above. For exanple, when formng the
AA pat t exat,ertifel fiS0&pirnA geatet ¢ Bn dicamad itasgBeRer ohi $ 1N 4 SSREETRrE&9 i | m such
as 20 a nitride filmforned above the floating gate. Then, after an oxide
filmis SHedledssrrrhE FoarEdUCrORchREST thd saEFH FieSIFHmM 1S PBhoved by a

B ety SPLTER Ty S SE0C DS LRt ag ) 22 o
e AR A AR S LR D O B i o con
[C hel’S]and a C~C’ cross section of Fig. 38 respectively. Through this
step, the second floating gates 23 and 29 are formed, and at
the same time, the second tunnel insula.ting film 22 and the
15 second semiconductor layer 21 are formed self-aligned with the
second floating gates 23 and 29.

Then, as shown in Fig. 40 and Figs. 41, a second element
isolating insulating layer 25 is embedded in the trenches (third
trenches) of the upper layer AA pattern. Finally,

20 through-holes ére formed in end portions of the semiconductor
layers 11 and 22, control gates 33, and select gate lines 17
and 27 to forh contacts 35 to 38, to thereby complete two memory
cell array layers 10 and 20. The material of the contacts 35
to 38 may be polysilicon and metal (W, etc.) that are used

25 commonly. |

According to the second embodiment, in addition to the

effect achieved by the first embodiment, it becomes easier to

maintain a flat interface between the second select gate 28 and
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Whi |l e certain enbodi nents have been described, these enbodi nents have been
presented by way of exanple only, and are not intended to limt the scope
of. fhe,inventions. Indeed, the novel nethods and systens described herein
may be embodied in 5 a variety of other forms: furthernore, various

om ssions, substitutions and changes in the formof the nethods and systens
descri bmmaemmdmnbelnadsu\h/atmogt fdéparei by Ftheompder spivery andt he

i nventions. The acconpanying clains and their equivalents are intended to
cover suuh oficrens mlfmmh@éftalcéﬁ§l§@l§stao‘m% lpaer W@Hiﬁ?etlhéeé%‘ﬁe and
spirit of the inventions. _\Wa A nonvol t| | e

t
sen‘: cgno‘lﬂ:%%ﬁirﬁﬁﬁérs)}wééﬁ@ean@&%n §‘Fﬁgg§g alnldr%%z ‘T SSFP§9 | ayer
includin irst 5 t d f
oy k %cfcaaafs”?%as. Py RREMeEfe h”%%?%gﬁfi%neﬂ R T
cell Jnc Rd i I fil
for rred a%ove ﬁe é|ér s%nésgn@lggzd%g%lgira%%grﬁ lgnngbgiﬁ]% |t?l§@%¢1§€3§@t§gggnu: a'[nl on

| ayer forned agﬂyﬁrg hendddSlergdt e insulating film 10a first insulating
| ayer forned above the first nmenory cell array |ayer; a second

menory cel |l arrgy. |@yers fopeedpabeveet Heabirast shosihata ngeiayercedid
i ncl udi ng second NAND cell units each including a plurality of second
menory cettsycinnestes enceedieg to the third embodiment. Multilayer
stacking is available by repeating the flow up fo the contact
10 formation, which ié included in the above-described two-layer
formation process. Inthe present embodiment, four memory cell
array layers 10A, 20A, 10B, and 20B are stacked. Such
multilayer interconnection is advantageous in that it cah share
the platform with a floating gate type NAND flash memory,
15 because it can do with_ the three layers of bit lines, a source
line, and global lines as with a single-layer floating gate type
'NAND flash memory, and needs no significant changes in the
peripheral circuits. Note that the first semiconductor layer
of the upper layer and the second semiconductor layer of the
20 lower layer may be forrﬁed commonly.

[Other Embodiments]

The embodiments described above have a structure in which
the control gafe 33 is shared between the lower and upper memory
cells MCl and MC2. Therefore, the manufacturing process

25 becomes simple, and wiring can be simplified. However, it is
also possible to divide the control gate 33 to lower and upper
portions so as to enable the lower and upper memory cells MC1

and MC2 to be controlled independently. In this case, the
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15 in the first direction, the second menory cell including a second charge
accunul ation layer, a second gate insulating filmformed above the second
charge.accunul ati on | ayer, and a second sem conductor |ayer formed above
the second gate insulating film and 20control gates formed on
first-direction both sides of the first and second charge accunul ation

| ayers posittiaingdtehformatben abovessh@Noprerayf ded Y TAsELe AL i ng

| ayer, with an inter-gate insulating filmprovided betwe e control gate

t
and t he TE#HRfe e EHRUFALPER g%&%r%?rm4ﬁ9QRNHWQHe%§a98§cé%§§ﬂd? 325 in a
second direction B%g endi cul.ar ,to the first directiég% H% iin% ghe

nonvol atile sdf & LEDr SRR (B CREEPRR N 15 ¢ 1%

i mherein t he
first d d ch i
LT angad ol RE e T fe: AREHTHA bEToAER B oABDURBCOIOLBRLES, A€

iTéction. e nonvol atile

sem gondugl cgeflréed@rcﬁ deyi ge arepifivdckenekabit . rather dewberei anéhe
plurality of Tirst ND cell unit's are insulated and isolated from each

Ftherirbéiﬁ%§P§9ﬂ¢m6%&ﬁ£é&@@d%h@ﬁ@dﬂdﬁﬂa@hﬁﬁﬂnﬁsé@@d@bmbgdﬁmentating
| ayer, the plurality of second NAND cell units are insulated and
i sol at edzf rewa eaedy otieri si posbébdecondodt aent tlon same gifecondsidhel enent
isolating insulating |ayer, and the first NAND cell unit and the
second Na¢Epuel ¢mppdimente. mi saligned in the second direction
When forming a multilayer structure, it is possible to
10 form the AA pattern and the GC pattern alternately into two
layers at a time as in an order of first layer— (second layer
+ third layer)— (fourth layer + fifth layer).. as for the AA
pattern,and(firstlayer-&secondlayer%ﬁ(thirdlayer4—fourth
layer)—> (fifth layér + sixth layer).. as for the GC pattern.
15 This would further shorten the manufacturing process.
Furthermore, another method for self-alignment between
the floating gate and the channel is conceivable than the method
described above. For example, when forming the AA pattern, the
floating gate is etched together with a sacrifice film such as
20 a nitride film formed above the floating gate. Then, after an
oxide film is embedded in the formed trenches, the sacrifice
film is removed by a hot phosphoric acid treatment. Then, a
second tunnel insulating film 22 and a second semiconductor
layer 21 are embedded where the sacrifice film has been, and
25 the top surface is planarized by CMP or RIE. This method éan
also realize self-alignment between the floating gate and the

channel.

[Others]
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4. The nonvol atil e sem conductor nenory device according to claim1,
conprising: 15first select gate transistors connected to both ends of the
fiorst NAND cell unit for electrically connecting the first NAND cell unit
to a bit line and a source |line respectively; second sel ect gate

transi stors connected to,both ends of the s cond el it for
electrlcally 484 @cF?ﬁBa%ﬂeeggeah%e§BsNﬁ$ﬁ? T #?%CE 4flﬂh%sq| ne and

e D R SRS R prespare SRR ST BabkpEt SN Sefiana el Bt
i nsul at | &ﬁ)fsadggc}%clamela{eechg@ dsehat e dromeach roldaen, and the

nonvol atile semcon tor nenory vice further 25 conprises flrst and

second sglROt r@ahedki 88 WU dnalR decakadntheihatd eloeaabawvediba forner via
a second insulating |layer so as to be insulated and isol ated from each

ot he, andrextend dm duhers#eoend :difuetheenore, various 5m1§heomsnvolatlle
sem conduct or nenory devi ce according to claim4, conprising
conduct i meodti1tminecdes ahd pblaysidsi torhghfetrm pg Fhe rethpaseshsyaeeRs r st

select gate line and the first gate jnsulating
described herein may be made without departing from the splrlt

of the inventions. The accompanying claims and their
equivalents are intended to cover such forms or modifications

10 as would fall within the scope and spirit of the inventions.
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S film and between the second select gate line and the second gate
insulating film 6. The nonvol atil e sem conductor nenory device
according to claim1, wherein a mask material is provided
between the control 10 gate and the second gate insulating film

7. The nonvol atil e sem conductor nenory device according to claim4,
wher ei n Hhatasie liadmed iiss provi ded between the second sel ect gate

line and the second_ gate sul, t|n film, 1 sem conduct or
nenory deV|ce%'conp A 8 509 atife l??nchﬁgr mQ88¥ 8%?#§§ | ayer

i ncl udi ng_first. NAND ceII units each including a pIurallty of first menory
cells co ?ﬁﬁﬁ%ﬁf|QIserles inafirst direction, the first nmenory cel

i ncluding 20 & b5t S8 .CORANEOr J AY Bk erai £E 1541 G s ideg 1f | | m
formed above ?% ?lrst sé%?conducf%?a a§§f land a???rstSchargecaccunulatlon

| ayers f offieds aheve ddediines platre likgud Bfiirg tfrmdmiry cells coanfictstd
i nsul ating |ayer fornmed above the first nenory cell array |ayer; 25a second
menory cehlseafiledyihay €l rsordieceahions theffiss$t memory cell including
a first semiconductor layer, a first gate insulating £ilm formed
above the first semiconductor layer, and a first charge
accumulation layer formed above the first gate insulating film;
10 a first insulating layer formed above the first memory
cell array layer;

a second memory cell array layer formed above the first
insulating layer and including second NAND cell units each
including a plurality of second memory cells connected in series

15 in the first direction, the second memory cell including a
second charge accumulation layer, a second gate insulating film
formed above the second charge accumulation layer, and a second
semiconductor layer formed above the secpnd.gate_insulating
film; and

20 control gates formed on first-direction both sides of the
first and second charge accumulation layers positioned the
latter above the former via the first insulating layer, with
an inter—-gate insulating film provided between the control gate
and the charge accumulation layers, the control gates extending

95 in a second direction perpendicular to the first direction.

2. The nonvolatile semiconductor memory device

according to claim 1,

wherein the first and second charge accumulation layers

30



insul ating |ayer and including second NAND cell units each including a
plurality of second nmenory cells connected in series in the first

di.rection, the second nenory cell including a second charge accunul ation

| ayer, a second gate insulating filmforned above the second charge

accurul ation layer, and a second sem conductor |ayer forned above the
second gatck tieswdattimg fgdtas ame Soomnasld gdites radjedivniimg thier Srditr ecti on
both sides of the first and second charge accunul ation layers, wth an

i nt er - gatierdaisifmt i ng filn1provided betmeen the control gate and the charge
accunul ati on Iayers rst, and _second c nge accunul ati on

| ayers being FO posi @@oH&PW§léFﬁ&ﬁe§epﬁCPngFFP§tmappégt 9.

The nonvol atil e senlc duct.or nmenory device according to claim3$8
wher ei n ??ﬁ??#%@ﬁ Eﬁ] dnd charge accumul ation | ayers and the control

gateg are arr anged. § ?uttq{éq l‘ﬂﬁéll %hﬁf fadinste Nand Rall @Aits are 10. The

nonvol ati | e sem conduct or "‘nenory vi ce according to claim S8,

wherein {he, phee@ldrddy 19b1btegts NMNR el brHBktsn ahe sasshatedreytd drsol at ed
fromeach other in a second direction 20 via a first elenment isolating

insul atiwgal ayefrst element hesplatabgtinoil secondldNaND cel | units are
insul ated and isolated fromeach other in the second direction via a second
el ement i sol attihmg pilmgallatiyngf [sepemd BAWD cell units are insulated and
isolated from each other in the second direction via a second
10 element isclating insulating layei, and
the first NAND cell unit and the second NAND cell unit
are misaligned in the second direction.
4., The nonvolatile semiconductor memory device
according to claim 1, comprising:
15 first select gate transistors connected to both ends of
the first NAND cell unit for electrically connecting the first
NAND cell unit to a bit line and a source line respectively;
second select gate transistors connected to both ends of
thesecondNANDcellunitforelectricailyéonnectingthesecond
20 NAND cell unit to the bit line and the source line respectively,
wherein the first and second select gate transistors are
formed the latter above the former via the first insulating
layer to be insulated and isolated from each other, and
the nonvolatile semiconductor memory device further
25 comprises first and second select gate lines which are located
the latter above the former via a second insulating layer so
as to be insulated and isolated from each other, and extend in

the second direction.
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the first NAND cell unit and the second NAND cell wunit 25 are msaligned in
the second direction. 11. The nonvol atil e seni conductor nenory

devi ce, according to claim8, conprising: first select gate transistors
connected to both ends of the first NAND cell unit for electrically
connecting the first NAND cell unit to a bit line and a source |ine
respectively; 5. Theegondobel bkt SRMECIRAHGE QY IRV RSP t 0 bot h ends
of the second NAND cel| unit for electrically connecting the second 5 NAND
cel | uniacoogdimg Biot ClpAd dnd CORPIS64PEe |ine respectively, wher ei n

the first and second sel ect .gate transistors.,are f th b
thehfogﬂer viédFﬁﬁdPFFéyeikégpaPﬁﬁﬁ Piy@? YﬁlgégPﬂgﬁﬁgggdlgngggé% a?egvfrom
each ot her, an .nonvol at | i t k : 10
conpri s&¥ 5%} t%ﬁglsresétosr’l%fé%# %cﬁ%%%fgggﬁge%%ﬁgﬁr% %@%lgg%%gg%gslr atter
abovg t 1A 1o TRy };J'egw@eﬁegﬁgdsba&lhagéﬂgci ayS¥e to e drieshat edcand i sol ated

from each ot’her, and extend in the second direction. 12.The nonvol atile
sem conduator; NRMYvA e \Higen .

6. The nonvolatile semiconductor memory device
according to claim 1,

wherein a mask material is provided between the control

10 gate and the second gate insulating film.

7. The nonvolatile semiconductor memory device
according to claim 4,

wherein a mask material is provided between the second
select gate line and the second gate insulating film.

15 8. A nonvolatile semiconductor memory device,
comprising:

a first memory cell array layer including first NAND cell
unitseachincludinga;ﬂuralityoffirstﬁemorycellsconnected
in series in a first direction, the first memory cell including

90 a first semiconductor layer, a first gate insulating film formed
above the first semiconductor layer, and a first charge
accumulation layer formed above the first gate insulating £film;

a first insulating layer formed above the first memory
cell array layer;

25 a second memory cell array layer formed above the first
insulating layer and including second NAND cell units each
includingapﬂuralityofsecondmemorycellsconnectedinseries

in the first direction, the second memory cell including a
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15 according to claim 11, conprising a conductive film nmade of
polysilicon which is formed between the first select gate line and the
first gate insulating film and between the second select gate |line and the
second gate insulating film 2013. The nonvol atil e sem conductor nenory
device according to claim8, wherein a mask material, is_provided

bet ween sdmorcbahapye garamdatiea Savehd agiR e@1heaktinmridting f1im

14. The nonvol atil e sem conduct or nennraggivice 5 according to claim11,

rﬂerein %Eﬁﬁ§kaHﬁY§ﬁr5¥5P§°PPdVFH§EEBEF aEhBRSGiTd SBF&CPGRER 1ine and
e second gate,ins ti i | 15, h for,.
nanufact%ﬁWﬁkPQQQékéﬁjléﬁgiaf%ﬁﬁﬁ%ﬂﬁ?ﬁﬁ@t§Pen5§8?9dﬁgg?%e?gé%%%F%% ng:

form ng fiﬂ%r%%ugate insulating filmand a first charge accunmul ation | ayer
ay

form ng €r sequentially above a first sem conductor |ayer; 5formng

firsts trenches.dptQ 1t §or & sl o Ranger acsuml aldtor:d Byer sfiaegidthayer, the
first gate insulating film and the first sem conductor |ayer such that the
first trenehesnexd@nshd aharberadcudiuleatioon] apdray eriah aedihaen-gatervals in
a second direction perpendicular to the first direction;
insulating film provided between the control gate and the charge
accumulation layers,
the first and second charge accumulation layers being
10 positionally aligned in the first direction.
9. The nonvolatile semiconductor memory device
according to claim 8,
wherein the first and second charge accumulation layers
and the control gates are arranged alternately in the first
15 direction. |
10. The nonvolatile semiconductor memory device
according to claim 8,
wherein the plurality of first NAND cell units are
insulated and isolated from each other in a second direction
20 via a first element isolating insulating layer,
the plurality of second NAND cell units are insulated and
. isolated from each other in the second direction via a second
element isolating insulating layer, and
the first NAND cell unit and the second NAND cell unit
25 are misaligned in the second direction.
11. The nonvolatile semiconductor memory device
according to claim 8, comprising:

first select gate transistors connected to both ends of
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10enbedding a first elenent isolating insulating layer into the first
trenches -and formng a first insulating |ayer above the first charge
accunu| ation | ayer formng |layer and the first elenent isolating insulating
| ayer; form ng a second charge accunul ation | ayer form ng | ayer
15 above the first insulating |ayer, ~ formng second trenches into

t he secobtle diarsfeNAYBWrRL launah foy el ecdmiiaad Lyagerneehng ithet fiLAshl ati ng

| ayer, and the first charge accumnul ation |ayer f r_%lg'l ayer .su&h that the

second t¥aNeheslbximd G at RétseeBRAPHT r2ciTHiFa SEPSSG V&MY n
intervals in the first direction, to.thereby f i .St r umul ati on
:caye_rs in the "'T’??%I?é SRAFGE S UMIPRE ST O y%?nl?%&n%#]g}%l %§€$;&%£8% after -
orm ng inter- i | at.i.n Lhmain . Qc&ﬁg : , ddi n
control gﬁ?éc‘éeqoﬁl%ﬁ%8_(%2%c}ﬁ}lrte%oc%ee%?&fgfltgrg?nl?g t H%l?lr@gﬁ%ﬁesg%?%?o thg
second pﬁﬂﬁﬁec%.clcﬂﬂ atd ORe lAver 1 AOTIHNEhL aRIr RUEIN hals ke itiailRg trenches
extend in the first direction and are at certain intervals in the second
direction, to {hereby tier m secend ebavge sebsttnuhaaki brahayersrs mrriche second
charge accunul ation |ayer formng | ayer; and enbeddi ng a second

el ement Esomati ngei hattati algote | the nEatmeer hial theddhres. iBB6IHENget hod for

manuf acturing a nonvol atile sem conductor nenory device accordjng to claim
15, conplagemgto be insulated and isolated from‘each other, and

the nonvolatile semiconductor memory device further
10 comprises first and second select gate lines which are formed
the latter above the former via a second insulating layer to
be insulated and isolated from each other, and extend in the
second direction. 7
12. The nonvolatile semiconductor memory device
15 according to claim 11, comprising
a conductive film made of polysilicon which is formed
between the first select gate line and the first gate insulating
film, and between the second select gate line and the second
gate insulating film.
20 13. The nonvolatile semiconductor memory device
according to claim 8,
wherein a mask material is provided between the control
gate and the second gate insulating film.
| 14. The nonvolatile semiconductor memory device
25 according to claim 11,
wherein z mask material is provided pbetween the second
select gate line and the second gate insulating film.

15. A method for manufacturing a nonvolatile
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formng first select gates at the same tine as form ng the second trenches
to formthe first charge accunul ation | ayers; 10after enbedding the control
gates in the second trenches and before forming the third trenches into the
second charge accumnul ation | ayer form ng | ayer, form ng sel ect gate
trenches into the second charge accunul ation |ayer formng |ayer, the first
i nsul at i agmiagedyucisr amematie devigie c AR E&EEOHl ati on | ayer forming | ayer
at positions corresponding to the first select gates such that the first
charge accunul 88FBiNg &y EATEErd kY InsererEmhifisd Terfednt t et &EEE gat e

trenches and the firs ate_insulating filmand it sel.ect gate trenches
ext end i RCFHBULBESHRD iﬁ?‘%’&t#%ﬂl%‘%d{az)gelérfbee%rh agﬁﬂ rastﬁo‘%eelgaecﬁrggécte l'i ne,
a secondsierrrllsgl at |ung Irai/aer r,and a second select gate line in the select gate
trenches se&ugnfjl a Py S that the first insulating |ayer and the second

i nsul ating | ay%n‘ﬂ?ﬁ%{f&gﬁ@”&ﬂéﬂ% iAcbhad £ Stt dnhegll SPcumith £ 41l ng

second sel ect gates e same tinme as formng 25 the third trenches to

form t heigeeendoehangel apctmdrat i dtayers. ihduTheingt UM oandredtid act uring
a nonvol atil e sem conductor menory device according to claim 15,

conpri si i@rst semicomdi@rof draviengstibe thastthieSulratti hgehapes @xierief or e

formng the second charge accunul ation |layer formng |ayer, formng first

sel ect gamneat fenshedidantgonhantl pse at certain intervals in a secon
direction perpendicular to the.first direction;

10 embedding a first element isolating insulating layer into
the first trenches and forming a first insulating layer above
the first charge accumulation layer forming layer and the first
element isolating insulating layer;

forming a second charge accumulation layer forming layer
15 above the first insulating layer;
forming second trenches into the second charge
accumulation layer forming layer, the first insulating layer,
and the first charge accumulation layer forming layer such that
the second trenches extend in the second direction and are at

20 certain intervals in the first direction, to thereby form first
charge accumulation layers in the first charge accumulation
layer forming layer;

after forming an inter-gate insulating film in the second
- trenches, embedding control gates in the second trenches;

25 forming third trenches info the second charge
accumulation layer forming layer such that the third trenches
extend in the first direction and are at certain intervals in

the second direction, to thereby form second charge
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insulating |ayer and the first charge accunulation layer 5 formng |ayer at
positions corresponding to first and second sel ect gates such that the
first charge accunulation layer . formng |ayer remains between the first
sel ect gate trenches and the first gate insulating filmand the first

sel ect gate trenches extend in the second direction, and 10 egbedding a
first sacumgatdon Aaysss ansé@@néqq@§@|&@@ﬁ@eléféﬁmyééﬁéﬁpiEBV§rin t he
first select gate trenches; after formng the second charge

accunul aiSPIH %y EYefér ANy | ayer and before formng the second trenches,

form ng second_sel ect te t i : - | ati
| ayer Tor m ng FEFER B E Heo HURT (4 SN Ron P B adeng 5 F Rt (et and second

sel ect £515uUch that- e second insulating layer renains between the
second sel ect gate trenches and the first select gate |line and the second

sel egt gate trgnchespexherdodn rfbiemapegandudi hgChi aBnv30egbeddi ng a second
select gate line in the second select gate trenches, and formng a

third chesgecaeuiad ahbnn ryayeriteortceg diaget o aticaden 1he cegoric icigar ge
accunul ation layer e formng |layer and the second select gate |ine; 25when
form ng the scwomdn érigisds siedestt betescanhdtbhasgee actvend atfismirgyer

formng layer, the first insulating |ayer, and the first charge
accunul athons¢esnd Franahep | &y eForml &y f@frrﬁtngdﬁf“eg%e%ﬁﬁwuc]@éﬁﬂ%s into the’

third charge accunul ati on
layers;

10 after embedding the control gates in the second trenches
and before forming the third trenches into the second charge
accumulation layer forming layer,

forming select gate trenches into the second charge
accumulation layer forming layer, the first insulating layer,

15 and the first charge accumulation layer forming layer at
positions corresponding to the first select gates such that the
first charge accumulation layer forming layer remains between
the select gate trenches and the first gate insulating film and

~ the select gate trenches extend in the second direction, and

20 embedding a first select gate line, a second insulating
layer, and a second select gate line in the select gate trenches

" sequentially such that the first insulating layer and the second
insulating layer become continuous in the first direction; and
forming second select gates aﬁ the same time as forming

25 the third trenches to form the second charge accumulation
layers. |

17. The method for manufacturing a nonvolatile

semiconductor memory device according to claim 15, comprising:
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| ayer formng layer, to thereby formfirst select gates at the sane tine as
the first charge accunulation layers; and when formng the third trenches
into the second charge accunulation layer formng layer, also formng the
third 5 trenches into the third charge accunul ation |ayer formng |ayer, to
thereby form second sel ect gates at the same tine as the second char ge
accumul ati on ka&yers fokfhifle timet fdd stod nseneftdegulieygraandnbekartl e
sem conductor nenory device according to claim_ 15, conprising: 1Obefore
f or ni ng fidvenitdy richet resrwsnes, cHanad wF AUIYEeSHPY ey SInSATARNHg LRYPHvand a
second sem conductor | ayer above an uppernost char %e a cugul ation |ayer

Ry Hfe It

form ng | ayer faraminge fdaft selgate gatend MR SSorm AifFd trenches -

into the second charge 15 accuymnul ati on l.ayer formng |.ayer o formn
oric K eNs ]

the thi rlPTHedHEs 1Y t i s Tt eartlarl{’d’lta?e second gate

i nsul_at i film. to th by .f t
socofd G A FER e oTire e SPRASIED FRLFLELOladd R (he

accuml atl on.d ayesss 2039, Jhee BRI £0f EROMIS A B RN olaii |

sem conduct or nory device according to claim 15, conprising:
bef ore fos5mNgy the dhirdhdienchasiedrotmeng iassaseléctegdtd mmharean

upper nost charge accumul ation | ayer formng |ayer and the control gates;
and the first gate insulating film and the first select gate
trenches extend in the second direction, and
10 embedding a first select gate line and a second insulating
layer sequentially in the first select gate trenches;
after forming the second charge accumulation layer
forming layer and before forming the second trenches,
forming second select gate trenches into the second
15 charge accumulation layer forming layer at the positions
corresponding to the first and second select gates such that
the second insulating layer remains between the second select
gate trenches and the first select gate line and thé second
select gate trenches extend in the second directidn,
20 embedding a second select gate line in the second.select
gate trenches, and
forming a third charge accumulation layer forming layef
above the second charge accumulation layer e forming layer and
the second select gate line;
25 when forming the second trenches into the second charge
accumulation layer forming layer, the first insulating layer,
and the first charge accumulation layer forming layer, also

forming the second trenches into the third charge accumulation
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25when formng the third trenches into the second charge accunul ati on | ayer
formng layer, also formng the third trenches into the sacrifice film
after enmbeddi ng the second el ement isolating insulating filmin the third
trenches, renoving the sacrifice film and form ng a second gate
insulating filmand a second sem conductor |ayer above an upper surface of
t he secomlyehdragmiaccbavbat i ton Hrepaby Expostir By scdreli agtehatsiBRifice
~film 520.The nethod for menufacturing a nonvol atile semnmi conductor nenory
“devi ce a¥¥BR dF HEE t2S cThe nd U5t CMpr9SiafRFumulatified 3etSieA ™ or mi ng an
upper nonvol atile sem conduyct or rrermr¥ deyi ce.a%)ov a | ower, nonvol atile
Pen g

seni conduct or 'HRFOAPTIBAL EDS Sttty SERBCPPP st HeC G KEETSSer devi ce
and the 10.thi1 g {E8NE0GS: Ofodfifnd OVEfe VIS8 AN Bld Xrdledt he sare
5 trenches into the third charge accumulation layer forming layer,
to thereby form second select gates at the same time as the second
charge accumulation layers.
18. The method for manufacturing a nonvolatile
semiconductor memory device according to claim 15, comprising:
10 before forming the third trenches, forming a second gate
insulating film and a second semiconductor layer above an
uppermost charge accumulation layer forming layer and the
control gates; and
when forming the third trenches into the second charge
15 accumulation layer forming laYer, also forming the third
trenches into the second semiconductor layer and the second gate
insulating film, to thereby form the second semiconductor layer
andthesecondgateinsulatingfilmatthesametimegsthesecond
charge accﬁmulatioh layers. |
20 19. The method for manufacturing a nonvolatile
semiconductor memory device according to claim 15, comprising:
| ._.before forming the third trenches,:forming a sacrifice
filnxaboveeuuuppermost.chargeaccumulatidnlayerforming;ayer
and the control gates; | |
25 ' when forming the third trenches into the second charge
accumulation layer forming layer, also forming the third
trenches into the sacrifice film;

after embedding the second element isclating instlating
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film in the third trenches, removing the sacrifice film; and
forming a second gate insulating film and a second
semiconductor layer above an upper surface of the second charge
accumulation layers exposed by removing the sacrifice film.
20. The method for manufacturing a nonvolatile
semiconductor memory device according to claim 15, comprising
when further forming an upper nonvolatile semiconductor
memory device above a lower nonvolatile semiconductor memory
device, forming the first trenches of the upper device and the
third trenches of the iower device substantially at the same

time.
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