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FIELD
Embocdiments described herein relate generally to a-
nonvolatile semiconductor memory device and a manufacturing

method of a nonvolatile semiconductor memory device.

BACKGROUND

In nonvolatiie semiconductor memory devices such as a
NAND-type flash memory, scaling of memory cells for high
integration shortens the distance between adjacent word
lines and the distance between adjacent bit lines.
Therefore, the parasitic_capacitance between floating gate
electrodes adjacent in a word line direction or a bit line
direction increases, so that in the generation in which the
gate length of a memory cell transistor is 20 nom or less,

the write speed decreases.

SUMMARY

In general, according to a nonvoiatile gsemiconductor
memory device in embodiments, memory cells, a first air gap,
and a second air gap are included. The memory cell
includes a charge storage layer. fThe Zfirst air gap is
provided between charge storage layers adjacent in a word
line direction. The second air gap 1is provided between
charge storage layers adjacent in a bit line direction.

A nonvolatile semiconductor memory device according to

1 llIIllll||llII\IIIlIl\IIllllllllllli|IIl

*G00002*

LAY




charge storage layers adjacent in a bit line direction. A nonvolatile

sem conduct or nenory device according to 111111111111 *@00002* vy
111111101111111121111 . cp* the enbodinments will be expl ai ned bel ow with
reference to the drawi ngs. The present invention is not limted to these
enbodi nment s. In the present enbodinents, it is possible to reduce
interference of electric fields between adjacent cells due to the parasiti-c
cdpaci tance between the floatlng gate el ectrodes, so that the distribution
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DESCRI PTI ON %L%E?}x@\%klg% haee o ?Qﬁsﬁtﬁ%érggé@tﬂggﬁ%
|IIustrat|nthES@HeHaPE€ coﬁ*?gﬂﬁ%ﬂqwﬂ1l@Weatﬁéﬁnﬁﬁ gef| LorigedokRol atil e

sem conduct oryyRBRDEY hdeYhegeaccording to a first
In the present embodiments, it is possible to reduce
interference of electric fields between adjacent cells due
to the pérasitic capacitance between the floating gate
electrodes, so that the distribution width of a threshold

voltage of a cell transistor can be made small.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perépective view illustrating a schematic
configuration of a memory cell of a nonvolatile
semiconductor memory device according to a first
embodiment;

FIG. 2 is a plan view illustrating a schematic
configuration of a memory cell array of a nonvolatile
semiconductor memory device according to a second
embodiment; .

FIG. 3A to FIG. 26A, FIG. 3B to FIG. 26B, FIG. 1l1C to

- FIG. 23C, FIG. 11D, FIG. 13D to FIG. 23D, FIG. 24, FIG. 25,
and FIG. 26A to FIG. 26D are cross-sectional views
illustrating a manufacturing method of a nonvolatile
semiconductor memory device according to a third
embodiment;

FIG. 27A to FIG. 32A, FIG. 27B to FIG. 32B, FIG. 27C
to FIG. 32C, arnd FIG. 27D to FIG. 32D are cross-sectional
views illustrating a manufacturing method of a nonvolatile
semiconductor memory device according to a fourth
embodiment;

FIG. 33A and FIG. 33B are cross-sectional views
illustrating a manufacturing. method of a nonvolatile
semiconductor memory device according to a fifth
embodiment;

FIG. 34A, FIG, 34B, FIG. 35A, and FIG. 35B are cross-
sectional views illustrating a manufacturing method of a

ncnvolatile semiconductor memcry device according to a



enbodi nent; - FIG 2 is a plan viewillustrating a schematic
configuration of a nenory cell array of a nonvol atil e sem conduct or nenory
devi ce according to a second enbodi nent; FIG 3Ato FIG 26A FIG
3Bto FIG 26B, FIG 11Cto FIG 23C, FIG 11D, FIG 13D to FIG 23D, FIG
24, FIG 25, and FIG 26A to FIG 26D are cross-sectional views
illustrating a nuf act uri ng. met hod of a nonvolatil e sem conductor nenory

dévi ce accor di’ig 't &% °CRPFA enbodi nent : FIG 27Ato FIG 32A, FIG

27B to FIG 32B, FHIG. 2FCis0a & sB2C ivnd iRWGi12EBtrat b a 39theat ic

cross-sectionaly i @S dilohUskr at h High & nanuf agt wr iRdveethede of a nonvol atil e
sem conduct or nenory_devi ce according to a fourth enbodi nent; FI G

33A and FI G 9B G 0Ls PEBRTY ohaf T 95 & 999 10t *&t Fn@eﬁeﬁﬁhuf acturing
method of a nowbwodiatddte sem conductor nenory device according to a fifth

enbodi ment ridl G7 344, Fi&% sfoe H1Ge 300N Elzgemé'»@?c are .
cross-sectional views illustrating a manufacturing method of a nonvol atile
seni conduct or¢ MY devinc@fadcBEBP Ay 9t a 2553¢% W iedb8aPHeRBtLLe FIG 36
IS a perspectdae: & edddrusthat iy NGe A1 6€ heddd # £i monfol gur attgaehof a nenory
cell of a nonéln%gc;He sem conductor nenory device according to a seventh
enbodi nent ; B 37 is a plan view illustrating a schematic
configuration of & Henordp ¢el FI&rr 4YA of FEG notRbl 4t ifE -sdfBcoRdbict b menory

device accordifgri®. ax €i ghlshregbodinens ric. 4sFldae 38DskOsELGLodDA, FI G
38B to FIG 45B, FIG 41C tq FIG 45C agd FIG 41D to FIL.G 43D are
“cross-sect i onat © U7 etk 1397 0<ePat FnBR AU RARDY Bt UrT R Afeiod 8P E°RdRVOT atil e
semni conduct or s eehee yd wehd e eaccor dengc e oa ac o ditg ertbadintenh; FIG 46
is a perspectiygoyigwdllustrating a schematic configuration of a nmenory
~cell of a nonvol atHéa s4e6m'conduct or nenory device accordi ngatgﬂgetenth

fenbodinent; is a perspectlve view illustrating matic
configuration of a memory cell of a nonvolatile
semiconductor memory device according to a tenth
embodiment; '

FIG. 47A to FPIG. 53A, ¥IG. 47B to FIG. 53B, FIG. 50C
to FIG. 53C, and FIG. 30D to FIG. 53D are cross-sectional
views illustrating a manufacturing method of a nonvolatile
semiconductor memory device according to an eleventh
embodiment;

FIG. 54 is a plan view illustrating a schematic
configuration of a peripheral transistor of a nonvolatile
semiconductor memory device according to a twelfth
embodiment; and

FIG. 554 to FIG. 55D are cross-sectional views
illustrating a schematic configuration of the peripheral
transistor of the nonvolatile semiconductcer memory device

according to the twelfth embodiment.

DETAILED DESCRIPTION
(First Embodiment)
FIG. 1 is a perspective view illustrating a schematic

configuration of & memory cell of a nonvolatile



FIG 47A to FIG 53A, FIG 47Bto FIG 53B, FIG 50Cto FIG 53C and

FIGSOD to FIG 53D are cross-sectional views illustrati ng a manufacturing
nmet hod of a nonvol atile sem conductor nmenory device according to an
- el*event h enbodi nent ; FIG 54 is a plan viewillustrating a schematic

configuration of a peripheral transistor of a nonvolatile sem conductor

menory device accordl ng to a twel fth enbocil d £ G 55A to
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etching rate of the sidewall dielectric film 3 can be made

low with respect to a wet treatment (at least lower than
the etching rate of the element isolation insulation film
4) and the etching rate of the element isolation insulation
film ¢4 cah be made high with respect to a wet treatment {(at
least higher than the etching rate of the sidewall
dielectric film 3). For example, & CVD (Ckemical Vapor
Depositicn) oxide film, an ALD (Atomic Layer Deposition)
oxide film, or the like can be used as the sidewall
dielectric film 3 and a S0C¢ {(Spin On Glass) oxide film, a
¢condensed CVD oxide film, or the like can be used as the
element isolation insulation film 4. The configuration of
the embedded dielectric film embedded in the trenches 2 is
not necessarily a two-layer structure and, for example, may
be a one-layer structure or a three-layer structure.

In the active area on the semiconductor substrate 1, a
floating gate electrode 6 is formed for each memory cell
via a tunnel dielectric film 5. This floating gate
electrode 6 can be used as a charge storage layer. The
tunnel dielectric film 5 may be, for example, a thermal
oxide film or a thermal oxynitride film. Alternatively,
the tunnel dielectric film 5 may be a CVD oxide film or a
CVD oxynitride film. Still alternatively, the tunnel

dielectric film 5 may be a dielectric film sandwiching Si



4) and the etching rate of the elenent isolation insulation film4 can be
made high with respect to a wet treatnent (at |east higher than the etching
rate of the sidewall dielectric film3).For exanple, a CVD (Chem cal Vapor
Deposition) oxide film an ALD (Atom c Layer Deposition) oxide film or the
| i ke can be used as the sidewall dielectric film3 and a SOG (Spin On

A ass) oxide film,6a condensed CYD oxide film or the Jike can be_used as
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electrode 8 can be formed to wrap around to the sidewall of
the floating gate electrode 6 for improving the coupling
ratio between the floating gate electrode 6 and the control
gate electrode 8.
A silicide layer 9 is formed on the conzrol gate
electrode 8 and a cover dielectric film 10 is formed on the
silicide layer 9. As the inter-electrode dielectric film 7,
for example, a silicon oxide film or a silicon nitride film
can be used. Alternatively, the inter-electrode dielectric
film 7 may be a stacked structure of a silicon oxide film
and a silicon nitride film such as an ONO film. Still
alternati#ely, the inter-electrode dielectric film 7 may be
a high-dielectric-constant film such as aluminum oxide or
hafnium oxide or a stacked structure of a low-dielectric-
constant film, such as a silicon oxide film and a silicon
nitride film, and a high-dieiectric-constant film. The
control gate electrode 8 may be polycrystalline silicon
doped with an N-type impurity or a P-type impurity.
Alternatively, the control gate electrode 8 may be a metal
film or a polymetal £ilm using Mo, Ti, W, AL, Ta, or the
like. When a metal film or a polymetal f£ilm is used as the
control gate electrode 8, the silicide layer 9 may be
omitted. As the silicide layer 9, for example, CoSi, NiSi,
PtSi, WSi, MoSi, or the like can be used. As the cover
dielectric film 10, for example, a silicon oxide film can

be used.

Part of the element isolation insulation £ilm 4



floating gate electrode 6 may be polycrystalline silicon doped with an
N-type rnpurity or a P-type inpurity, a netal filmor a polynetal film
using Mo, Ti, W A, Ta, or the like, or a nitride film On the
fl-oating gate electrode 6, a control gate electrode 8 is fornmed in a word
line direction DWvia an inter-electrode dielectric film7.The control gate
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: filled with the cover dlelectrlc £ilm 10 so that air gaps
AG2 are formed between the floating gate electrodes 6
adjacent in the bit line direction DB3. The air gap AG2 is
filled with gas. The zir gap AG2 can be formed to be
vertically asymmetric and the upper end thereof can be
spire-shaped. Moreover, the air gap AG2 may be formed
continuously across memory cells adjacent ian the word line
direction DW and the air gaps AGl and AG2 may be connected
at an intersection of the air gaps AGl and AG2.

The air gaps AGl and AG2 (for example, relative
permittivity of air is one) are provided between <the
floating gate electrodes 6, so that the parasitic
capacitance between the floating gate electrodes can be
reduced compared with the case where an insulator (for
example, relative permittivity of a silicon oxide film is
"3.9) is embedded between the floating gate electrodes 6.
Therefore, it is possible to reduce interference of
electric fields between adjacent cells due to the parasitic
capacitance between the floating gate electrodes, so that
the distribution width of a threshold voltage of a cell
transistor can be made small.

Moreover, the air gap AGl is arranged to reach a
position deeper than the lower surface of the floating gate

electrode 6, i.e., the air gap AGl is present at a position



control gate electrode 8, the silicide layer 9 may be omtted. As the
silicide layer 9, for exanple, CoSi, NS, PtSi, Woi, MoSi, or the |like can
be used. As the cover dielectric film 10, for exanple, a silicon oxide film
can be used. Part of the elenent isolation insulation film4 enbedded in
the trenches 2 is renoved, so that air gaps AGL are forned between the
floating gate el ectrodes, 6 adjacent. dn. .t d:bLoe; dir d on IMrodbe air
gaps AGL is ﬁiolwleerdtt\gfmaflh%%sfﬁﬁfe %rréag%a?inG\%Qﬁayh%gg%xg{%nﬁgto reach a
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formed continuously in_the trench 2 across ad y S, DY
ext endi ng unded 43 'coﬁ%‘?"ﬁr 5af &° Bt 1 de té’.ol %%‘E%egr'{la'EIePg cf)géeagré%iggl ectric

film 10 extengst detlweemotines cond r ote gatet wdlegtatgdedestrada it %e Rhere the
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the cover dielectric film10, so that air gaps AR are forned between the
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l'ine directiohe WP G Fepogapse AEe ahtr 2 v o&éoRi&etRd at an
intersection gfpédbanaiy. gaps AGL and. AR2, The air gaps AGL and AR
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‘floating gatedéfectioddP cad BetFBAuREA2EobbatBY (GBI &8 Ods&Phhere an
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‘possi bl e to rBALcETT nt & éfce 561280 eg lir:iece*'fg{{ios SZts\(/%/e*e-nmadj acent cells
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‘that the distgibythpnmafidh afnea skheeshghdevel & ageo fs @ aelandt sansi stor can
be made snall. Moreover, the air gap AGL is.arranged to r anpostion
deeper than the | onBf 3tF FHES 81 Ré °f %é?leﬁga{g?ﬁ %rfee&rreo%gng, Ti”.?a%l, th

‘air gap AGL i shpresentim¢ &ipodgiitono®3. The air gaps AG2 are formed in
the word line direction DW between the word lines WLO, WL1.
An air gap AG3 can be formed between the word lime WLO and
the select gate electrode SGl and air gaps AG4 can be
formed on the sidewalls of the select gate electrodes SG1
and S8G2. The air gaps AG3 and AG4 may not be formed by
backfilling the air gaps AG3 and AG4 with a dielectric film
depending on a process flow.

The fringe capacitance sneaking into a channel region
from the select gate electrodes SGl and SG2 camn be reduced
by providing the air gaps AG3 and AG4 around the select
gate electrodes SG1 and SG2. Therefore, controllability
and drivability of a channel by a gate electric field can
be improved, enabling to improve an § factor of a select
transisctor.

(Third Embodiment)

FIG. 3A to FIG. 26A, FIG. 3B to FIG. 26B, FIG. 11C to

FIG. 23C, FIG. 11D, FIG. 13D to FIG. 23D, FIG. 2¢, FIG. 25,



| ower than the | ower surface of the floating gate electrode 6, so that the
fringe capacitance between the control gate electrode 8 and the

sem conductor substrate 1 can be reduced. Thus, the coupling ratio between
the floating gate electrode 6 and the control gate el ectrode 8 can be

i nproved, enabling to reduce a wite voltage. (Second Enbodi nent)

FIG 2 is a plan view illustrati a schematic_ configurat.i of a nenory
cél|l array of"“‘gi Adfvof &4t te e %ﬁd&@tofrﬁ%ﬂos@ tevrlgat:jle acgJ(}'rdl ng to the
second enbodiitentstrating 4 médGaXutimeneheko T hre forvdiidethe bit 1ine

~direction DB anf QGkh¥eo Al £&% AA @Jﬁ&e@@ea;@dn@yw hend renches TC.In the
word line direction DW word |ines arefgﬁreccjﬁaqld eBIe(% gate
el ectrodes SGMHfdrses - ar%Wor?ﬁadtoA%Gt I9|AneF58nt Srnmeéd on each
active area ASdetowren.t hec sedeCtF at e 6l ecktr odess SGic aiwh8GX iews cut The
air_gaps AGL prg.fguped,along e tzenahes JCihnzthe bt Hae diyeetion

DE. The air gaps are forned |nt e word [ine direction DW between_t he
word |ines WX3CMWFEG . AR3RI Fo gBbS ACS RartWe FE6r R8P bt fieeho f hie® Sdrd Pitne WO
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can be reduced by providing the_air gaps, AQ A ound_t | ect gate
el ectrodes SA™and G2 ‘Fhé?efo?é“%o%?{%ﬁ agl I"lltew 5% RhaUpE-ide A

circuit portion cut along line E-E in FIG. 10B, FIG. 13B to
FIG. 23B and FIG. 26B are cross-sectional views cut along
line B-B in FZG. 2, FIG. 24 is a cross-sectional view cut
along line D-D in FIG. 2 in the process in FIG. 23A to FIG.
23D, and FIG. 25 is a cross-sectional view illustrating
another example of a configuration cut along line D-D in
PIG. 2 in the process in FIG. 23A to FIG. 23D.

In FIG. 3A and FIG. 3B, the tunnel dielectric film 5
is formed on the semiconductor substrate 1 by using a
method such as thermal oxidation. Then, a floating gate
electrode material 6' is formed on the tumnel dielectric
fiim 5 and a hard mask M1 is formed on the floating gate
electrode material 6' by using a method such as the CVD.
As the hard mask M1, for example, a silicon oxide film, an
amorphous silicon film, a silicon nitride film, or an
organic film containing carbon can be used.

Next, as shown in FIG. 4A and FIG. 4B, a resist
pactern Rl in which openings K1 and K1' are provided is
formed on the hard mask M1 by using a photolithography
technology.

Next, as shown in FIG. 5A and FIG. 5B, after
patterning the hard mask M1l with the resist pattern R1 as a
mask, the floating gate e_ectrode material 6', the tunnel

dielectrxic film 5, and the semiconductor substrate 1 are



and drivability of a channel by a gate electric field can be inproved,
enabling to inprove an S factor of a select transistor. (Third Enbodi nent)
" FIG 3Ato FIG 26A, FIG 3Bto FIG 26E, FIG 11Cto FIG 23C, FIG 11D,
FI'G 13D to FIG 23D, FIG 24, FIG 25, and FIG 26A to FIG 26D are
cross-sectional views illustrating a manufacturi ng rret hod of a nonvol atile

semn conduct or evi.ce .accor di o_the th| 3Ato
FIG 9A FI Getfigg %’ré‘ Téeshaﬁlde‘“afgc“g aﬁh’“az% ci’c% g‘%@%@& :
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FIG 11D, Fl @, 12¢s F & i1 d3R 410G 2§er§1151§ir§i&12(ﬁgtare cross-sectional
views cut at a peri pheral circuit portion, FILG % 5 ag 1rOBe %anlél G 12A
to FIG 23A are cM6&&:sedtididt Wi SkS it aPdnhifi nt® c % FPE&°Y3 R G

11A is a crossesaetionabkviiew ofe aigewely d¢éblearray Tidm & drig Floirme dE- E i n

FIG 10B and Fl G, 1 c %tt' 9@@' é(k@W ei ¢ hesperdathanal circuit
portion cut al orq?é;“5 %E%Rf%g §9§e'3 eSl% 3 C :Ié to FIG  23B and FIG 26B

are cross- sectidsHal 1gi é\?vstbﬁt“a?wsl i néné % i ﬁr? goveredqy @Y 4579 §
cross-sectionaltntidewuett agl ong ¢vme Bhdni ntkkGel2mkntt heorigicess in FIG

23A to FIG 23D ,and F1 6,285,105 % Q%5 §e§1EOQ@EeVE?Wéié*§JJﬁtJ ng 1anot her
exanpl e of a ¢on | JGF At | on cut al ong li1ne he process in

FIG 23A to A @Go 23pr the trepphey G add ANdaFPGeEnE8r et hef 1l i el ectric
filmb5 is forgyedqonr h@@hse%s@mdwt@pmbsubmena Byeustmg a met hod such as

t her mal oxi dati on. Then, oatln te ect.r erial 6;.i.s formed on
the tunnel diel ectV*& fi ﬁns °&hd* ‘g 1%I:Grd ?Pa N%ql%sn?%fngge oshl(%én‘? ¥ oat i ng

gat e el ect r odei aistcariigl £62nby asd ngha erft@tmﬁéd d§eR 244 ophen eV t &P thid "har d

mask M, for exapl@andrikklacop @Q(irdgﬁ‘ & inleMno@N sarEmr BIQOUﬁeSCﬂiP com film a
silicon nitride film or an orga m cqnt ai ni.n

on can ed.
‘Next, as shovx?f“?CH”FItée &B\réﬁﬂeF? ”h%tlla?atééll stgatﬁttg ﬁidl nm%/\g ot
openi ngs K1 afd. K1' are provided is formed on the hard mask ML by u5| ng a

phot ol i t hography technolaQ¥%sown in NeXt.sxAasnhaws i B sfl garéﬁoandngl G 53,
after patterning the hard mask Ml . with the resist pattern as a mask, the

floating gate® B¥¥talrodd sheceritgl T6im 1 P hivfel® *oﬁ“iflnéctlts?&aﬂ‘?% 5 and the

seni conduct or i senbsdriatne filar@ is removed by using anisotropic etching
gsuch as the RIE to form recesses 11 that expose part of the
sidewall of the floating gate electrode material 6'. When
‘forming the recesses 11, the sidewall dielectric film 3 and
the element isolation insulation film 4 are preferably left
above the tunnel dielectric film 5.

Next, as shown in FIG. 9A and FIG. 9B, the inter-
electrode dielectric film 7 is formed on the floating gate
electrode material 6' so that the sidewall of the floating
gate electrode material 6' is covered, by using a method
such as the CVD. Then, a control gate electrode material
8' is formed on the inter-electrode dielectric film 7 so
that the recesses 11 are entirely filled, by using a method
such as the CVD,

Next, as shown in FIG. 10A, a resist pattern R2 in
which an opening K2 is provided in a formation portion of a
select gate electrode 13 is formed on the control gate

electrode material B' by using a photolithography



etched with the hard mask ML as a mask to formtrenches 2 and 2' in the
sem conductor substrate 1. The trench 2' can be used for isolation of a
peripheral circuit. Next, as shown in FIG 6A and FIG 6B, after
removing the hard mask m, the sidewall dielectric film3 is fornmed on the
~floating gate electrode material 6' so that the sidewalls of the trenches 2
and 2' are covered, by using a nethod such as the CVD. Then, the el enent
“isolation i NSAHMBRIFi I m 4 is formed on the sidewal | dielectric film3 so
that the trenches x2xandag' sasen et imel.y 10Bl ked, FbBy . usi gt @ It hodiDsuch as

appl i cation and the, %¥|K2' 1sdf% 24 01088 nENAWR kN FLG It 8 R & i4B, the

sidewal | di el@ct¥iC e el enent i sol atl on i nsul ation film4 are
pl anari zed byfiigi fig uadeet hbe sekdr tad atife edBP tra dExpdsRY t heC Bt aK¥ of the
floating gate &l @chr %d%errahee'ta&aé material Mext thasishemwneliecHtd@e 8A and

FIG 85, partoof, the sidoall digl ooty fidimes .and Lhe: el enpiad solat ] on

|nsulat|onf|‘i‘rﬁ dbyumg ani sot c etching such as the RIE
to form recessesvilth tthat rexpeserpbirerofR 2t #¢ i déwdl-l of the floating gate

el ectrode materialydy . Wignshappi g éhe rmescsoembl 1bbe sidewaténei®ectric
film3 and the elerrent |solat|on|nsulat|o Im4 ,are ref E?ga eft
above the tunhef oi%SdcPRi*ESFfFI Rf 5.2 contre a3 shown in

FIG 95, the $ nterwrezlcectlrsodendeete@:ttrq ctHg I<mn7tI|051 feerredl ontEpdef | oatl ng

gate el ectrodg, U@{Pah a3l Qhr%qggh@{.‘etg‘@e,ﬁ,;gevﬁl if sohaehl gattm gate
.electrode materi a " is covered %/%um ng a nmet hod ,such as DnThen a

‘control gate ePBREXYhdE tfatdricaroge F&tiorkd o % He iPdt &r & Fec?rode
‘dielectric fihgn Zheocthat mhea ,r ecessesidlecarel entilmelly fnldl edhaby wathg a

‘met hod such ag,the CV own, i o, G 1QA @lgggkgg pattern
R2 in which aﬁzopenl ne%‘ifé‘“"‘“%é.{’é‘égé.ﬁba orprrcﬁdtzl onl ;jgort?l on_o S ect

gate el ectrodeal?sritlf%'r'rréd G‘rﬁ‘ltﬂﬁe chPEhof Fatlk Bt St Gd8 - matAérltgf B*Pp
using a photokithegtaphytrilm 12 and the hard mask M2, for example, a

silicon oxide film or a silicon nitride film can be used.
Then, a resist pattern R3 in which openings K3 are provided
is formed over the control gate electrode material 8'' by
using a photolithography technology.

Next, as shown in FIG. 13A to FIG. 13D, after
patterning the hard mask M3 with the resist pattern R3 as a
mask, the control gate electrode materials 8' and 8'', the
inter-electrode dielectric film 7, and the floating gate
electrode material 6' are etched with the hard mask M3 as a
mask to form the floating gate electrodes 6 separated for
each memory'cell and form the control gate electrode 8 and
the select gate electrode 13 arranged on the floating gate
electrode 6 via the inter-electrode dielectric film 7 in
the word line direction DW. The select gate electrode 13
is connected to the floating gate electrode 6 thereunder
through the opening K2'.

Next, as shown in FIG. 14A to FIG. 14D, part of the
element isoiation insulation film 4 is remcved by using a
method such as wet etching to form the air gaps AGl between

the floating gate electrodes 6 adjacent in the word line
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t echnol ogy Next, as shown'in FIG 10B and FIG 11A to FIG 11D, an
opening*K2' is fornmed in the inter-electrode dielectric film7 under the
sel ect gate electrode 13 by etching the control gate el ectrode naterial 8',
the inter-electrode dielectric film?7, and the floating gate el ectrode
material 6' wth the resist pattern R2 as a mask. Next, as shown in
FIG 12A to EILG 12D te emyi ng he, r tf acontrol gate
electrode mafdéFP&F8", S‘%} Whi thh i's p(°E‘(’):rttnet(f:t gge gigﬁe[pgonﬁ tﬁSdat e el ectrode
“material 8 tllmsculglulbhefopem g K2movedf oppeflednbithe Woht¥rregad Afectrode

material 8’ Qxeug ROq8p MRE N0 SHGR 3% 6t ﬂ@wQ/Dsﬂ-Pﬁileeaoﬂ?adlmdlﬁitﬂﬁ{rlc film
12 and a hard mask I\/E are_sequentj, aII for %oggt he coc{ttrpl ate eI ectrode
CV

material 8" ByeGsiFrAgead el HoF Fudh ds tﬁéd Ythe®thp’ di el ectic film
12 and the hang maskrdRehéorbedeanplhe, tansielli donlexfdecfiimor- a silicon

nitride filmcan he ysed, Th 1q1 eS| stlsgattt)e@nGRSlg,@ wWhi gha @eni ngs K3
are provided is fornmed over t control %ate el ectrode material 8" by using

a phot ol i t hogriggley ‘ré€hAdl Bgys s formesiito §8VERoWASI W Tt & S ARN YT FI G
13D, after p%tutre‘ramengyt helh@rﬂ FEBto VB ukit ha st heer egb st patteensRE@as a

mask, the co tr ante gzgtdeeforgateq ﬂ:'l%S and; 85, thesbntergzelactrode
dlelectrlcfl : nd t oatin eectroematerlal 6' are etched

with the hardﬁenalssl@dlvB agea nﬁts‘k“t@ef]ordrﬁftfhlé‘lf’lnoétaﬁﬁé gatang| ettrles 6

separ ated fon gagh yreneey teehbd and diy B ddie ce@nicrok gabecekestroge 8 and
the select gate el ectrode 13, ar£a ed on the flaoating gaje.gheglrode 6 via

the inter- el ectrode ‘&'l CFr FRPFIT ™A i i'He Word IF'he direction DW The
:sel ect gate edwottrmede 13 is connected to the floating crate el ectrode 6

thereunder throughyd:he QReRhBEaK2y .r1c. 16MNext Fi1as staownai BaEkCeiddA to
FI G 14D, part of the elenent isolation insul.ation renoyed. by

il
usi ng a net hodt Such? d¢ W &fcht nbh?o BT t ela?Ctrda Iplifsl Befie&h” t he
fl oating gat ected ectr ades Bcadpadenteispdde harwken nde fAsaltarfomafeIim4 is

removed, preferably,qad& URREE:eNda Ofp{hes Al Har AGa rs@a«ahes the tewer
surface of the inter-electrode dielectric filmJ7 and t Iovver end of the

air gap AGL ridaches Heldv e ttbfink? + dof oF eT1IR % Iams%ll“On BItRAGE  as
‘shown in FIGfibA ¢an BGuskdD, asspacesill ereatitd del [fhlid visedf 6rneth¢ o

cover the mOtchffoﬁsyfﬁﬁurfacgnbycyswgr@dmmi %Ltqacaaortaglgvpaf@ the

spacer dielectric or exanp e, asilicon oxid &an be used.
Then, a chann®f #F f4kRib1idpef i AREHORAC LW?%)}%%DWtéPé‘)fd’ €8 FRtt he
semi conduct Ore sthsid¢ at£r el fy nagheet kwehyai oypi ¢l arts mg tiripher iftiymi n t he

senlcondUCtor(§Eb§£r§% Pane) is desirably used for facilitating
stripping later. '

Next, as shown in FIG. 17A to FIG. i7D, the surface of
the spacer dielectric film 14 is exposed by performing
anisotropic etching on the sacrifice film 15 and a sidewall
18 is formed on the side surface of the select gate
electrode 13. Then, a source/drain diffusion layer H3 is
formed in the semiconductor substrate 1 by selectively ion-
implanting impurity in the semiconductor substrate 1. _

Next, as shown in FIG. 18A to FIG. 18D, a stopper film
16 is formed on the spacer dielectric film 14 and the
sacrifice film 15 by using a method such as the CVD. As
the stopper film 16, for example, a silicon nitride film

can be used. As the silicon nitride film used for the
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~Next, as shown in FIG 16A to FIG 16D, a sacrifice film15 is formed on
the spacer dielectric film14 so that the air gaps AGL and the space
between the floating gate electrodes 6 are filled, by using a nethod such
as the C/D. As the sacrifice film15, for exanple, a silicon nitride film
can be used. As the silicon nitride filmused for the sacrifice film15, an
HCD nitride film (hexachlorodisilane) or an ALD nitride film (Atom c Layer
Déposi tion) wites®eret i bt chi ngt rftfe i Hidghéf LPhak &Rt e tht 2 1CS i fri de
film (dichlomasi lnanelaks: desi redddadisedodoritase}i vnosagvst retpqdumg | ater.

- Next, as shown in FlI o Fl 170, .t t
dielectric film®14%, ? b%s%aeas}bra Jet o Egraﬁ%gggggl} Q?%hl g Ton t he

sacrifice filfmlb léndramsbdewmlltem@fqu sfignsdnenuehe it 5% face of the

sel ect gate electyadg &3 Eﬁh@nsaansmecef/ﬂrmau@ dutbusion layer H3 is fornmed
in the sem conductor substrate 1 by sel ectivel fﬁl on1|95rpl antin ity in

r
the seni conduct or "&¥Hst PAt &PAYR 10 FIqedP? &8 ERwn’i A igA t lg’IEI G
180, a stoppeatididanriG iEs$1forheds ofvtnesl spacée Gltebeerrfc lﬁll@nhl)ﬂ and the

sacrifice f11fp by dshDg &, SRLAPG SUChy RS hae (CUDiAS.Lheagtopper film 16,

for exanple, a icon nitrid | m can be used §S|I|con n|tr|def|Im
used for the dlsﬁloifd'e‘rlcf |fF|1d“1B7 f‘ﬁCSe’fﬂ“tpr‘ledeafl IVH1 f’Eill Rl 6F 6% 184e) 6 a TCS
nitride filmd44 eﬂS’CB.C(Mo(nI’ odpsi b aneda whoske 3wt fatiohi rgPeat éils. | dWBIG

desirably usegd, for prewenting tQ? §,§ F(didym Jef;xsflrtgmp@@tsmg reppyed
si mul t aneously vvlthtBhe strip e sacrifice film15 ater

. Next, as showma? an:llﬁed19ATf’6 F’lltfribﬁ’e’arﬁller}teértrl*éyérﬂﬂl éfeéfric filma7
is formed on §henst opEenyf beied6nbyg ushaigee nEtthod heuchoasetrhei GVDLEAS the
‘inter-layer d| el ectrlc film217, for exanple, a CVD oxide film such as an
'NSG (Non Dope®Sifitat¥ G ass) film a PSGfilm a BSGfilm a BPSG film or
‘an HDP (Hi gh DensifsxPl asmafiovhl ip E&R- bl listed. e i2dPer 2PayaLrBPEf ectric

film17 is pl aeaﬁl;@cbmh@emem mgyweag\/PeaMztlrb tzhg.énstloppemeflslzﬂmﬂ.ér asha
.St opper. shown ta FI D, [ LQpL ¢, gtching
‘of the inter- Fé%/%rléﬂ eﬁ%’eectsralcélffllfﬁ 17 mtg@ sr&C)eppS 55 r%l ,e%g egskacr[?fl ce
film15, the $pacerddited eetr |d9ef.|8Icn’r14 fahml thel caye nficgingdt tioc thipnth® i s

performed to &mgrth@,,mtdqrenleaxerlcdkehﬁctfI Ceifd |smo]p7pert hamt appeknéi | m 16,
‘the sacrifice film15, and the spacer dielectrj ﬁnd renove the
f t

cap diel ectri E3FFFA 32" 1t‘FI‘erléby fp&EFNEPERRT s ‘T]a & 48nt#Bf gate

el ectrode 8 aménthe sbé ectp [dte@ eeltedtr 6dem182, thereoy exposing the
; surfaces of the control gate electrode 8 and the select
gate electrode 13,

Next, as shown in FIG. 21a td FIG. 21D, the sacrifice
£ilm 15 in the air gaps AGl, between the floating gate
electrodes 6, and on the sidewall of the select gate
electrode 13 is removed by using a method such as wet
etching. When the sacrifice film 15 is a silicon nitride
film, hot phosphoric acid can be used as chemicals for
removing the sacrifice film 15.

Next, as shown in FIG. 22A to FIG. 22D, the upper
surfaces of the control gate electrode 8 and the select

_ gate electrode 13 are gilicided to form the silicide layer
| 9 on the control gate electrode 8 and the select gate
electrode 13,
Next, as shown in FIG. 23A to FIG. 23D and FIG. 2¢,
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Next, as shown in FIG 21A to FIG 21D, the sacrifice film15 in the air
gaps AGL, between the floating gate el ectrodes 6, and on the sidewall of
the select gate electrode 13 is renoved by using a nmethod such as wet
et'ching. Wien the sacrifice film1l5 is a silicon nitride film hot
phosphori c acid can be used as chemi cal S for rermvi ng the sacrifice film
Next, as shown in FlI Cif ﬁ é fG kkt%euppq lHrfaces of
the control §BEeCRY Hetddhe® o Hifd FEAR S8 b2t 4t e cfx}a i‘ode “157are silicided

to formthe saverde tlcayaerteglcbrbettlwee@onheo¢orgtalt<el e &g reddes t8od/d hkysel ect
gate el ectrode i1 a I\legqho@ssmo% itleFh&as ,gaBA-\}@ FM@ e&;%;Dt@qrédaFergagé t he

cover di el ectrlc f|Im10 formed on.the sui Q/ t.o e>§tend bet ween
the control @&fe®&f eE‘i’f'b"cfbsb%tW“u§|hﬁgfé°?7’é’t’h%dg§he’ch ]aesc';trﬁéieﬁl asma CVD,
wher eby the aipagaps AGZtI&renftOI‘lrth Betweehot hes f | omt i g sgatiscel é¢t iedes 6

adjacent 1 n L0¢o0Ead1 D% AJ St 1B %Q%SA(E § Mo cdded S $QaROsSI DI € to

formthe air gap e contro ate el ectrode 8 and the sel ect
gate el ectrodete3eleormedned And gy AGAe6Rh Iheesfhec %m#eaéé off °f e t8&| ect
gate el eCtrOQergapaﬂ@cif@zE M 1oe aalrdegapr/e\%eoafthEesi;deesurgame of the
control gate electrode, 8 of the peri rgl cikeu tio A& cqQyer
dielectric fi® ﬁm 0; o8 1{?exané fo i Q%If)? gL k?l% %B(g?%léco%é’% dfe fil I'm,

such as a pl etélmaC?FECBﬁ|$m@re%@qﬂr@§r¢a3&°ﬁ4thﬁl BereRhe bl usietFt Mhen forming

the cover di %lo%cttﬂahc fAtmAD ofydheisuiccicdec! ayer 9o, itor Sexpossidl @ to set

to a conditiaon of overage. for preventl the ajir_ gaps AGL t from
being filled Wit ﬁxtlaé gb{‘/‘ér?t‘gj’r]ejf% Tt e S %b Sugh’ad P Bhown QPE%SBG 24,
‘the air gap AGLmmmy beptosmedstntfiidaousky ¢ onged he threeln(,fwrﬂlby &keendi ng

under the contyQl, qate@eekmr@gem&oam ttm% §@|1@Gr1dga§§y§1" ect rode; s13.
Al ternatively, as shown in FIG the el enent isol ation %nsul ation film4

may be ful |y BoSPEDLA £ResRbi @ﬁtad‘?"rrédclttllé’l’? QhdéP¥t RVEEFETL " Yat e el ectrode
13 in the trenclvedttiogdiviedeit heams raqjap cAGESuidem bhéngef eblegatich

el ectrode 13 i tRetLrgneh, gtrlc fllm Next, as shown in FIG 26A to FIG
26D, a resist pattern R4|n whi ch Penlngs K4 are provided in formation
portions of bit |i*fesB8KPacPsFER i% Totrkffedléngtaﬁe)‘gév@?yd?"el BREH5% film 10
by using a pmmfﬂmmlamgnapbyohgcbmelo:ggmchhem,y telxe ehidtinki nedeontaet s CB are

formed by etching th t h th i s, patiern R4
a0 o ok, (ot Rt Bafy FOEE Y fyg lE SRR S B o

FI G 32B, FI a1 ereaitd VEL &, szcsham Frdwzn%StotrhleGelszenér gsolation
Ccross-sectionglswis@Weni lfhiust eahbhpgba MEIWS acifur iing chet Redght & nemvidmtil e

under the select gate electrode 13 in the trench 2 to
divide the air gap AGl under the select gate electrode 13
in the trench 2.

Next, as shown in FIG. 26A to FIG. 26D, a resist
pattern R4 in which openings K4 are provided in formation
portions of bit line contacts CB is formed on the cover
dielectric film 10 by using a photolithography technology.
Then, the bit line contacts CB are formed by etching the
cover dielectric film 10 with the resigt pattern R4 as a
mask.

(Fourth Embodiment)

FIG. 27A to FIG. 32A, FIG. 27B to FIG. 32B, FIG. 27C

to FIG. 32C, and FIG. 27D to FIG. 32D are cross-sectiomnal

views 1llustrating a manufacturing method of a nonvolatile
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sem conductor nmenory device according to the fourth enbodinent. FIG 27A to
FIG 32A are cross-sectional views cut along line GCin FIG 2, FIG 27B
to FIG 32B are cross-sectional views cut along line B-Bin FIG 2, FIG
2FC to FIG 32C are cross-sectional views cut along line AAin FIG 2, and
FIG 27D to FIG 32D are cross-sectional views cut at the peripheral
circuit portion. In FIG 27A to FIG 27D, the spacer dielectric film
14 is formed seoicordrcthe BARPRY ehydsr @ cserfase by peffottitly a process
simlar to Fldgbo3AnkatFl Gr1d5A 741G 3B .t G2kl GrelbBps &l Gctdlildidlo vEle@s 15C,
"FIG 11D, and FIG 13Dto F 150, .1 the FAr0C 1o 27D, a
control gate d%éfddelsr® %uczlaca s?llecgt dat'e ‘el Zgﬁrggegggsa%%gésed i nst ead
of the contrairqat-e@esléenpddel 8vamitt ld ol démegdré érekif ode BX %ol ynet al

or a netal gaif Ganhehe. USQG §§et&1€os%0fbterc0cllo&atwe vQ'eQ@tEQdeaQ&ng?HKhdd’lG\ sel ect
gate el ectrode 22. or a net Gi' gg%e s used as. it he control
o

VWhe
gate el ectrode 21 Ffd tzhea§él EE? 2 chIt 38 FrPEs e

TS possfb‘fe to onit
t he control gsaieenelcelctt ramdehnaberi@nez&ll iqi tdve tprocasses in FIGS. 9A to 11D

and formthe cont rxq]] rdat e ehectrode mpieriale &) dicvegibyYeoh-1heri1m 14
inter-electrode dielectric film7 in t he rocess in FIGS. 12A tp 12CAs the’

pol ymet al , a st riRiMfde tion “\RﬁFEhtﬁe nEh ol © F9ARASITEh B4 TR6S BT, PR Ta
i s stacked 0ona pet yorseStsdlnliiiae sbl FcoOn TIAN OeF 1s.ed.5A bAIGI eB Bree af1gi I m such

as TiN may be, gesief;;[ EthC\APE%nFtIEe PQ&YCEYét?hld ne & Ip6on;8pd. § hes gret al

filmAs the metal the structure is su hat onlyarretal | ayer, such
as Mo, Ti, W1@p, 0Trn Tdhe ipgoseacked W Ehout? hisihg Bol YerPEEaPEi ARS8l i con
in the above polyt®i&d .21 and aNe¥lecBSgshowmnddtdde 228Arkoukk® 28D, a

cover dielect{igeild M2l LA tgteextgenéﬂtb%wg?gh%h@@zggttges@e

el ectrodes 21 §/U|ngarretho suc the air
gaps AR are ¢beeerhbetideen PtOHémFFé)htPhgagrm‘éajelflaac‘terc?désbﬁ &dFécéﬁtt?‘ﬁ t he
bit line diregthonoDByaAS d1he tGouer28i ghectrié Cadiddn 2t ef @neexaﬂnbezza CVD

oxide film (SI|Lgogof¥%é¥%J|Jrnk me%c? gatg P|a§£§% TE hélépn rod gate
electrode 21 and the select gate electrode 22, it is
possible to omit the control gate electrode material 8' in
the processes in FIGS. 9A to 11D and form the control gate
electrode material 8'' directly on the inter-electrode
dielectric £ilm 7 in the process in FIGS. 12A toc 12C. As
the polymetal, a structure in which a metal film such as Mo,
Ti, W, Al, or Ta is stacked on polycrystalline silicon can
be used. A barrier metal film such as TiN may be present
between the polycrystalline silicon and the metal film. As
the metal gate, the structure is such that only a metal
layer, such as Mo, Ti, W, Al, or Ta, is stacked without
using polycrystalline silicon in the above polymetal.

Next, as shown in. FIG. 28A to FIG. 28D, a cover
dielectric film 23 is formed to extend between the control
gate electrodes 21 by using a method such as the plasma CVD,
whereby the air gaps AG2 are formed between the floating
gate electrodes 6 adjacent in the bit line direction DB.

As the cover dielectric film 23, for example, a CVD oxide

film (gsilicon oxide film), such as a plasma TEOS film or a

14



plasma SiH4 film can be used.Wien form ng the cover dielectric film 23
over the control gate electrodes 21, it is possible to set to a condition
of | ow coverage for preventing the air gaps AGL and A frombeing filled
wist h the cover dielectric film 23.Wen using polynetal as the control gate
el ectrode 21 and the select gate el ectrode 22, the process of formng a-
-suicide layer on the control. gate el ectrode 21 and the select gate
elfectrode 22rilssori Stiéd, fidon .t lran bhReueap. di BectFn Mg M2 cicgeFeft on the

control gatedeﬂeq(étcrt‘%% ?%1@“513 tJ\/%xSQ|h%tho%trelel_;3€Br@ﬂ@a@?odes 21, iNext, as
shown in FIG 29D, a resist, .pa in which an opening K5

5 1In
is provided i%f tpﬁés§|bﬁi§vxéi°l SHort9 dn c(f‘fndtlﬁéoé‘eloré] 5 °Yaf 2 V%T Btirode 22 is
formed on t hgreoear idigekeet aic fddsmaAZ3 yndudicdg faophbe bhg t hbhkephith

technol ogy. Than, c%v%' d%‘ﬂ?hle ¢ 2614 5t f19f 1B oRpthe  siide SHIfAEEa Dfad haesel ect
gate el ectrode 22 ertormng ani sotropic etching on the cover_ di eI ectric

film23 with CQWOrle§|a§le ﬁé?ﬁé??ﬁ?‘:‘? g ek SPRERT FAES sBUFTRI WSt
di ffusion | ayefe W3 dceskobiedotRiides SEiN ieGnkUAtagr rsubst kat eodthyl gate

sl ectivel y 10Tl ANGNg, TP 'égflgeo%t Goan.eandyct op subshrals 1.

Next , as shown ter renoving the resist pattern
R5, a stoppersdilhat24hies crar Abdl oft T He Tovier: 2dildl dEEF Enf H‘?n 9% 5P using a

met hod such aéatié”leal@c[éroﬁ% bheast oppersdiddn b tef @neexaapleezza silicon
nitride filmcan he use J.n FI 1A FIG 31D, an
inter-layer dielect¥itc £i¥l fP9EY §nf§c()%r%‘e mm% "Stop % 4" by using a
met hod such asatterrCD. iAs whhehi me¢9¢1ay@r 5] leeCPtrrOIVGdf?m m“25hefor exanpl e,

a CVD oxide filmusuchasian N8Ghél mi1écPSGEdd ldnecd rBIG bl 0 o BRGG film
or an HDP film can be used The inte Iayer dielectric

pl anari zed by°pettorfef Cr&lefP a3 t hithed $t0ppeH ™ PP ﬂtgg gh ?f)?)‘f)heyr
Next, as showned¢imdAdgy .32Ahtea , FaGsi@2Er1h zféglsstfq}atetderon R8ei nidhi ch
:openlngs K6 ag@rfﬁéﬁ”é#“iﬂ na%ﬁ%ct gate electrode 22 by performing

anisotropic etching on the cover dielectric film 23 with
the resist pattern R5 as a mask. Then, the source/drain
diffusion layer H2 is formed in the semiconductor substrate
1 by selectively ion-implanting impurity in the
semiconductor substrate 1.

Next, as showr in FIG. 30A to FIG. 30D, after removing
the resist pattera R5, a stopper film 24 is formed on the
cover dielectric film 23 by using a method such as the CVD.
As the stopper film 24, for example, a silicon nitride £ilm
can be used.

Next, as shown in FIG. 31A to FIG. 31D, an inter-layer
dielectric film 25 is formed on the stopper film 24 by
using a method such as the CVD. As the inter-layer
dielectric film 25, fcr example, a CVD oxide film, such as
an NSG film, a PSG film, a BSG film, a BPSG film, or an HDP
film, can be used. The inter-layer dielectric film 25 is
planarized by performing the CMP with the stopper film 24
ag a stopper.

Next, as shown in FIG. 322 to FIG. 32D, a resist

pattern R6 in which openings K6 are provided in the
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. formation portions of the bit line contacts CBis fornmed on the stopper
tfilm24 - and the inter-layer dielectric film25 by using a photolithography
t echnol ogy. Then, the bit line contacts CB are formed by etching the
inter-layer dielectric film25 with the resist pattern R6 as a mask. (Fifth

- Enbodi nent) FIG 33A and FIG 33B are cross-sectional views
illustrating_a

ufacturin rret 0 nonvol atil e s con ly pEnory
dévi ce accor 8°PARJ? Fbo?h%o’ftl’f ggl rr%m(?El FIEE S3A an'ijS %%:ngrr[ens?pond
to the procesyei RtFbrer 7$¢Hnd24FIa@d ?BeOsheprpi@t@%s@sela?%trsllomflldﬁ“ £ those

~in the thirdy gm&@% Dphotolithd |h§'- t@@ﬁ\n@ﬂ@gfl Gr3a3B dhe wsicddevwakl s of
t he trenches and are covere e sidewall die] ectrlc film3. A

first enbeddéd“d?éltécff?lﬁr?ﬂ?ﬁ"?@ |b§’ @ﬁﬁédaédtflﬁ the®f oVWi¥®si de of the
trenches 2 adde2ecandct helel 2hrentth saleatrieehskinsataeronk§ idsna naskst acked on

the first e y f11 m30, whereby the trenches 2 and 2' are
-entirely fi rﬁggq$ﬂegggé ﬁ’]{jﬁga te of the first enbedded djelectric film 30
can be made | ower FERan3that"dfF ke 3EBefdst Cr88FafPORI PRELIGSHh il m 4. As

the first enheddedrdiehgcirhg€nfiddoudQnqf aetaxanpkea acfMroxide fil m such
as an NSG film (n903depsd FLhiFAtE Al ASHQLa?Rg0% TS 11 can be used.
embodiment. FIG. 33A and FIG. 33B correspbnd to the
process in FIG. 7A and FIG. 7B. Other procesgsses are
similar to those in the third embodiment.

In FIG. 33A and FIG. 33B, the sidewalls of the
trenches 2 and 2' are covered with the sidewall dielectric
film 3. A first embedded dielectric film 30 is embedded in
the lower side of the trenches 2 and 2' and the element
isolation insulétion film 4 is stacked on the first
embedded dielectric film 30, whereby the trenches 2 and 2
are entirely filled. The etching rate of the first
embedded dielectric film 30 can be made lower than that of
the element isolation insulation £ilm 4. As the first
embedded dielectric film 30, for example, a CVD oxide film
such as an NSG film (non-doped silicate glass) or an O0j3-
TEQOS film can be used. '

The embedded dielectric film embedded in the trenches
2 and 2' has a stacked structure of the first embedded
dielectric film 30 and the element isolation insulation
film 4, so that controllability of the depth of the air
gaps AG1 formed in the trenches 2 can be improved.

(8ixth Embodiment) )

FIG. 34aA, FIG. 34B, FIG. 35A, and FIG. 35B are cross-
sectionallviews illustrating a manufacturing method of a
nonvolatile semiconductor memory device according to the

sixth embodiment. FIG. 34A, FIG. 34B, FIG. 35A, and FIG.

35B correspond to the processeé in FIG. gi{ FIG. fB;'ﬁiG.

7A, and FIG. 7B. Other processes are similar to those in
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The enbedded dielectric filmenbedded in the trenches 2 and 2' has a
stacked: structure of the first enbedded dielectric film30 and the el enent
isolation insulation film4, so that controllability of the depth of the
ai’r gaps AGL formed in the trenches 2 can be inproved. (Sixth Enbodi nent)
. FIG 34A, FIG34B, FIG 35A and FIG 35B are cross- .sectional views

illustrating a rraggf U‘é Q?’hrmt hod of a nonvol atil e sem conductor nenory
~dévi ce accor diffig*® hE™8P %t Ebodi ment. FIG 34A, FIG 34B, FIG 35A, and
~ FIG 35B correspond FoGt het processes i#BFl @ f6Avabl 6 e@BedddG 7A, and FIG

7B Qher progessesacessimlarid adfiosed na Lhe thbhdyembpdiment: by In
FIG 34A and FIG 34B | owabl e enbedded dielectri.c I}l Im4' | s enbedded

in the trenchedns énﬂe?mbysﬁ%]i‘ "y & HfetHad *86ER2 s Eh&" VD T Hdt%ead of the
el enent i sol atscantiipaubasudantiod nf dinThe flTdwalfllevebiededrbledied ectric film

~ 4" has a higher_.flquahi L‘.%EM Ehaﬁa,ﬁf haedﬁbgqlrgerntflog,glbqtlllgp Eﬁ@yl agtdon film4

~and a material that can be solidi cross-linking can be used for the
f1 owabl e enbetidat ndi IsééFFFEanP?ﬁ‘hahlodthllF‘ot‘i éR4nmpl Batefizk PussiBiPe to
use an oxi de fd |gvicapakle Bir ewss 1idimg cafit ere fieed Bgratps | Merwalrleact ant

having a flowabD Lédtéfi la){el - SVD: et hpd. I\ébdieo%% elx wwth tgv\@pl e enbedded

dielectric fif can be reduce e el enent
i sol ation i nsnﬂseﬁhbdr? ft|°I Fhsﬁ AR ehidet§in C’@é’@a\’u§e C’tfhérf’Févvbbll”"elféﬁhbedded

dielectric filmdr éfmlaghhgbrilnﬁ)y\@btéawantt hﬂvtlrn@nqhQSOHabayim By narrow

-wW dth are conpl et el f|II wth the flowahl nbedded diel.ectric film4',
“however, the eencc‘ﬁy gl ng“ﬁrﬁfﬂ%rwjd‘fh % f1?1|°I g’ge ef“h ﬁeéflowable

- enbedded di el &bd ¥§atfiic| rﬁlA‘m gart wapgurity campen, realfutce?rd §GI“PB!F*W|‘F\§“E he

~flowabl e e”beg}g@deldénﬁe'nQ:Ctlr bGaklbm ‘f‘ns@l/a @f&?st‘ll'mm@ ng.acacAOBT L oMapl e
enbedded dielectric film4" is fornmed_on_the flowab Ie enbeddgd di el ectrl c

“film4' so thAtcahe vilgl &1eraReh 2m0fSded | 44 © Wy Wisi ndma mefhdd® sUtH as

-the CVD. For exnowdie,liasi,litdentrenches 2 having a narrow width are

| completely filled with the flowable embedded dielectric
film 4', however, the trench 2*' having a wide width is
filled with the flowable embedded dielectric film 4'
partway.,

Then, after solidifying the flowable embedded
dielectric film 4' by cross-linking, a nonflowable embedded
dielectric film 4'' is formed on the flowable embedded
dielectric film ¢' so that the whole trench 2' is £filled,
by using a method such as the CVD. For example, a silicon
oxide film can be used as the nonflowable embedded
dielectric film 4'"',

Next, as shown in FIG. 352 and FIG. 35B, the sidewall
dielectric fiim 3, the flowable embedded dielectric film 4°',
and the nonflowable embedded dielectric £ilm 4'' are
thinned by using a method such as the CMP to expose the
surface of the floating gate electrode material 6'.

Consequently, the trenches 2 are filled with the two-
layer structure of the sidewall dielectric fiim 3 and the
flowable embedded dielectric film 4', The trench 2' 1is

filled with the three-layer structure of the sidewall
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oxide filmcan be used as the nonfl owabl e enbedded dielectric film4".
Next, as shown in FIG 35A and FIG 35B, the sidewall dielectric film3,
the fl owabl e enbedded dielectric film4', and the nonfl owabl e enbedded
direl ectric film4" are thinned by using a method such as the CVMP to expose
the surface of the floating gate el ectrode material 6'.

e Y agBeb T REEn 2 Byl kL Vb BBabHSe LR e e 2 0 L

sidewal | di el ovvable enb ed dielectric film4' .The
trench 2' is amid Itéd mbhloheblhrea@addeaﬁelr ddedgetaie &% he' si dewal |

dielectric film 3,mghelt%,ow@pl Be egmﬁt%d e Félm%@aﬁhﬁgf thén # owaanck t he
nonf | owabl e enbedded dielectric fjl e reduced by

enbeddi ng t he IS d:epetbtd ?ﬁlé‘f e4ct it te r"hrﬁgBFﬁstf{e rfre ches 2 and
t he inside ofiddigie pe&nche2treanh b2’ plaandrd 2éd nby ifeAnPngt ¢ hel ronfiowabl e

enbedded d'e'eq}gfé%ablenkﬁb%?@e&h@léﬂé%MaQHﬁ‘quﬁqded offi ehectidwardfid m4'.

(Sevent h Enboc t) I's a perspective viewillustrating a
schemati ¢ corfipdded éﬁeéﬁcérh‘énﬁ%w cel1 of a nonvol atile seniconductor
mermory devi ce(aoeadi Rgvbaihbetsevent h enbodi ment . In FIG 36, the

trenches 2 are for d |rg tlhe bbg L{,Qet%ugeplté‘pqqustqattgggsen;g}ggggjy@tpr

substrate 1 to separate active areas o formed in th
sem conduct or ¢ &bkt yTRtd op, oAnaaBeRQEY of Rt ot e? FORSRY 2EERE i s a channel

region and a soni &Aoot nRELeR @bvacfeidiyrdimnsicstar peovnded in a
menory cell. The terial of the sem conductor substrate 1 can be sel ected,

for exanple, FPoM®eS'e, SiGe, SiC, SiSn, PbS, GaAs, InP, Gap, GaN,
Gal nAsP, and ZnSe_In FIG.36, the trenches 2 are formed in the bit line

direction DB in the semiconductor substrate 1 to separate
active areas of memory cells formed in the semiconductor
gubstrate 1. An active area of a memory cell is a channel
region and a source/drain region of a memory transistor
provided in a memory cell. The material of the
semiconductor substrate 1 can be gselected, for example,
from §i, Ge, SiGe, SiC, SiSn, PbS, GaAs, InP, GaP, GaN,
GaInAsP, and ZnSe.

In the trench 2, the embedded dielectric film 4 is
embedded via a sidewall dielectric film 3a. The etching
rate of the sidewall dielectric film 3a can be made low
with respect to a wet treatment (at least lower than the
etching rate of the embedded dielectric film 4) and the
etching rate of the embedded dielectric film 4 can be made
high with respect to a wet treatment (at least higher than
the etching rate of the sidewall dielectric film 3a). For
example, a CVD (Chemical Vapor Deposition) oxide film, an
ALD (Atomic Layer Deposition) oxide film, or the like can
be used as the sidewall dielectric film 3a and a S0G (Spin
Oon Glass) oxide film, a condensed CVD oxide film, or the
like can be used as the embedded dielectric film 4. The
configuration of the embedded dielectric film embedded in

the trenches 2 is not necessarily a two-layer structure and,
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In the trench 2, the enbedded dielectric film4 is enbedded via a sidewall
dielectric film3a. The etching rate of the sidewall dielectric film 3a can
be made low with respect to a wet treatnent (at |east |lower than the
et'ching rate of the enbedded dielectric film4) and the etching rate of the
enbedded dielectric film4 can be nade high with respect to a wet treatnent
(at least higher than the etching rate of the sidewall dielectric film

3a) . For exanpbe, eaa@vbe ( Ghehikeal2 VaBor 2PBBoSFFE O 0xATdé fiPFHe ARYALD
,(Afjorri fl Lgyelrst@@p@&gi, on) oxide film or the |ike can be used as the

si dewa ielectric film3a and a _SOG in_Ox i fil a
condensed CVD oxi 48 H‘?n?c%lrve[ He % Ré ggﬁ & ﬁgzgjagig%’ﬁéug%ﬁé&ég]dl'

diel ectric fithm 41Fheiconfi gurattscorode hésehbeBtiedt o et MeEf Y1 m

enbedded in thgt K,€ACHRS 2uASe N J1QCRSSAN ithynast wWorl fyer Gitrivet yeeeand,
for exanple, may be a ogne-layer structure or a three-|ayer strycture.
In the activeé&rCedo88 Fhe2Leht ciffudtor SUBEPFale® 1?9t ne ¥9%ating gate

el ectrode 6 isinhenmadef erteachf menor wagelble  vitart heanphhela dibd@@tiric film

5. Thi s floatig fal:q,§l 8¢t £ ocige f£A.G5 143ed 223 1 Bnchak ge. s1riaga d aver . The
tunnel dielectric filmb5 may

( _ . e, for exanple, a thermal, Xltd. filmor a
thermal oxyniths d&omelnf AR BF hat§ VIR X H& Yt Bindl Cgpe?’ét‘f?i ¢ T 1% 5 may be
a CVD oxi de fguomoddynad t&¥VBeoxynmt rice ifli lahtStrinlalt izkt gy nalié veinnelt he t unnel
dielectric fiifgf%c, ch?i§mdge$§&tgé(%fdﬂé?é%QQQ%j@@hﬂgsgidwiching Si

or a dielectric film in which Si is embedded in dots. The

floating gate electrode 6 may be polycrystalline silicon

doped with an N-type impurity or a P-type impurity, a metal

film or a polymetal film using Mo, Ti, W, Al, Ta, or the

like, or a nitride film.

On the floating gate electrode 6, the control gate
electrode 8 is formed in the word line direction DW via the
inter-electrode dielectric film 7. The control gate
electrode 8 can form a word line, The control gate
electrode 8 can be formed to wrap arouand to the sidewalls
0f the floating gate electrode 6 for improving the coupling
ratio between the floating gate electrode 6 and the control
gate electrode 8.

The cover dielectric £ilm 16 is formed on the control
gate electrodes 8. As the inter-electrode dielectric film
7, for example, a silicon oxide film or a silicon nitride
film can be used. Alternatively, the inter-electrode
dielectric f£ilm 7 may be a stacked structure of a silicon
oxide f£ilm and a silicon nitride film such as an ONO film,
Still alternatively, the inter-electrode dielectric film 7
may be a high-dielectric-constant film such as aluminum
oxide or hafnium oxide or a stacked structure of a low-
dielectric-constant film, such as a silicon oxide film and
a silicon nitride fiim, and a high-dielectric-constant film.

The control gate electrode 8 may be polycrystalline silicon
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or a dielectric filmin. which Si is enbedded in dots.The floating gate

el ectrode 6 may be polycrystalline silicon doped with an N-type inpurity or
a P-type inpurity, a netal filmor a polynetal filmusing Mo, Ti, W A,
Ta, or the like, or a nitride film On the floating gate el ectrode
6, the control gate electrode 8 is formed in the word line direction DWvia

the inter-el ﬁtgr de. dj el ec}{ tly% ng\dg Ig ofonty cgyrgbatl%n%quctryr ode 8 can form

a word |ine. on%rol can be flornmed to wap around to
the sidewal | @’@’ﬁrtlhél‘fﬁ#bbat i trip g@tnérélle@?iiédél%c‘f’b?dq fordW R§ £h&%EBUpl i ng
‘ratio between:theqtl Qaﬁgéﬂgné)ﬁatle fe|m0hrs@d§ B0 andi t he, cant raal, gat ehel ect rode
8. The cover d| el ectric fld| m. 10 i s ?r{md pn the %qntprlcgl gate

el ectrodes 8lA&erhe®fntRf-&1%tt (368 °Git&r&ct i1 FT1 MY For "exanple, a

silicon oxi deifiiilcenopxadsifioorcam trei deefli.l m can be used Al ternatively, the

inter-electrode dipghectEi @héléme%drmy dReracstackedh sty L&ﬁwzﬂieﬁf 1& shki con
oxide filmand a silicon nitride film uch

al ternativel )F,retnﬁéeﬁn@efseY%‘&?‘f%e 5¢i & é‘(?t Fﬁﬁ Ff‘fn?aip?'ragﬁo are Forned
_high-di el ect rﬂ&w@&mstagt ffbd ol sgictn tas edlewnirndre oki @és @¢erh1af3m urheoxiodé or a

~stacked structyre Qh B oL OUCh P! eCHd CiGonshank f hbin »eugh: #6a & Siddacan_oxi de
filmand a si |con nitrid I m and hi gh- |electr|{c)cons ant film The
n

control gate %l|tited8 8epR§” b%:hap‘blﬁ}“t,em}ﬁ“ F) FHEEFFi 8bn" " Yoped With an
N-type inpuridaterel@ckrbypesi bpuséing Airtnerdnatol yehytréhe cmﬂttrmncgatZe

el ectrode 8 be a m%al f| I mor, chl‘_%/rg%t 6§nl n]:g§wgug/psly 20 WheAl ,

Ta, or the |i k&% tHe "CovaF Tdi el €bltic exanple, a silicon
‘oxide film carrdrchugedcross adP%l??nbfm%wyer?ﬁéddeadeéFéE PRE Y149 4
‘enbedded in theetacaxrtcrbezngtbseneaw@da $0 that the air gaps AGL are formed

between the floati ng gat %ée:‘ig(ﬁ: rodes, 6:1‘314131%eaxte§1dtsh%8\9’%9n| Lﬂg di rection
d

‘DW The air gap ACE 0 reach a position deeper than the | ower
surface of theorittnaltlaragegatlecelreéw odlel® Dy tadienghegemedet 8Ppehetrate t he

trench 2. Morgoyglen the ai1ha83Rg ARt €3 e feeed a@nhibhueusbyetalt he

trench 2 acrogs adjacent yemory cells, by, extanding undsr .he epptipl ate

gaps AG2 are formed between the floating gate electrodes 6
adjacent in the bit line direction DB. The air gap AG2Z can
be formed to be vertically asymmetric and the upper end
thereof can be spire-shaped.

A sidewall protection film 3b is provided between the
sidewall dielectric film 3a and the embedded dielectric
film 4. This sidewall protection £ilm 3b can be formed of
a material whose etching rate in a wet treatment is
different from the tunnel dielectric film 5 and the
embedded dielectric film 4. Specifically, the sidewall
protection film 3b can be selected so that the embedded
dielectric film 4 can be etched with a first chemical with
which the etching rate of the sidewall protection film 3b
is lower than the embedded dielectric £ilm 4 and the
sidewall protection film 3b can be etched with 'a second
chemical with which the etching rate of the sidewall
protection film 3b is higher than the embedded dielectric

film 4. Moreover, this sidewall protection film 3b extends
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. The cover dielectric film 10 extends between the control gate el ectrodes 8
in a state where the space between the floating gate electrodes 6 is not
conpletely filled with the cover dielectric film10, so that the air gaps
A& are fornmed between the floating gate el ectrodes 6 adjacent in the bit
line direction DBThe air gap A& can be fornmed to be vertically asymmetric
and the upper end thereof can be spire-shap i dewal | _protection
film3b is peovidethbet vemheshe §FééﬁalFhalém%%qqﬁ%:#%qHﬁ9§§1§néléﬁ
. embedded di ellﬁcmbcaiflgwl AR S sSirdauakl prot est i osvdi |1maks icamabe bor med
of a material _whose ehf rate i.n.a wet treatnent is different fromthe
tunnel diel eéPPi EUFPF  THe éfbadded diel ectric film 4. Speci fically,
t he sidewal | protéetl@nammlqn1Mﬁaﬁaﬁhbet§epéétéﬁeb%ﬁ%¢ﬁﬂ fid entseddéae

dielectric film.4ae8nabe; &t ched Mirh 4a fbr$5rﬁ9@nb§ad i 1t he ovhi a1 dtehe
etching rate of the sidewall prot ectlg nth IS IogAetrhéhsaindet § ,embedded
dielectric fifllht4 andifheodideviide S f“ec‘f PoRef 1F A 3h° calr be Bt'ched with a

~second chem galotwicthowhf thm tfte. etveirieny erat 8ydf ot heosi dexwmdd qatotbection film

~3b is higher s@%n atsh%hgnpedggdcﬁ!nﬁlc%qt fain@ fabok Mpflo MDh€OVEracidi GarSivdeval |
protection film extends above the trenches 2 before the enbedded

dielectric f|"|~°‘ri3|d4"l‘|S tf‘ﬁesai’?“‘baﬁ‘eﬂéfars removed and can cover the sidewal l
of the tunnel dielreetzie Fabm Bl and AG2Fdrfoexamphelewheal ¢heve unnel

dielectric fi %mﬁlt@_qqittp L,enbedded ¢ g;egl Gt |pqoﬁ,| lig]i4bgggeglgrgpg of a
I

silicon oxid& rcon nitri mcan be used as the sidewall
prot ection flﬂlrﬁa%nlvbﬂééﬁeﬁleh*yﬂ?‘}ﬁﬂ lﬁ)rlsé’ ddird 4R BRTHSLH'Gs the first
‘chenmi cal and dyfa dihQsRRObEEwaEH dtlearflbﬁmﬁfgd gas et heesecoads chemi lnal .

' The air gaps A%lweegn“r‘\“@ %Fgr e%‘}?”& rﬁel wther Qgr rq]tshilg'hgy piopl r is one)

are provided bets ti ng ga ectro parasitic
_capaci t ance betamsdre .t felrltdxei ngrfgat@@telttorfode?f 1éaﬁ°Be°?‘éélEcEH“&o’rfpar ed

‘With the case; werg %blela%'éhabeﬁwéé:orcleé(amﬂa&,lnrgelgamlevelpetmaﬂés véty of a
silicon oxide fil S enbedged bet ween t.h .Ng gate electrodes

| |
6. Therefore, }?etr‘"i'ngs ° 5o s§| & PBSFRtEe T et er ence” 5?% ‘6ctric fields
bet ween adj acendc tceild sh(mdﬂ betheepaarda]sawrct capdc dagcéobshferarahktic

floating gate, %ae&ttraqptees,beiqetbath&hf&&'&@h{g butdon 1Wcdtbaek , asbhepshol d
;V0|tage of a C fgfgﬁﬂfﬁfyh %%dtgeogagetﬁggﬂgold voltage of a cell
transistor can be made small.

Moreover, the air gap AGl is arranged to reach a
position deeper than the lower surface of the floating gate
electrode 6, i1.e., the alr gap AGl is present at a position
lower than the lower surface of the floating gate electrode
6, so that the fringe capacitance between the control gate
electrode 8 and the semiconductor substrate 1 can be
reduced. Thus, the coupling ratio between the floating
gate electrode 6 and the control gate electrode 8 can be
improved, enabling to reduce a write voltage.

Moreover, the sidewall of the tunnel dielectric film 5
is covered with the sidewall protection film 3b before the
embedded dielectric film 4 in the air gap AGl is removed,
so that even when the etching selectivity in a wet
treatment cannot be ensured between the embedded dielectric

fim 4 and the tunnel dielectric film 5, the tunnel
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Moreover, the air gap AGL is arranged to reach a position deeper than the
| oner surface of the floating gate electrode 6, i.e., the air gap AGL is
present at a position |ower than the | ower surface of the floating gate
elrectrode 6, so that the fringe capacitance between the control gate

el ectrode 8 and the sem conductor substrate 1 can be reduced. Thus, the
coupling ratio between the floatln ate ege trode 6 and the control gate
el ectrode 8 CdrflB&F hprioiidy,® é’r‘?é‘blb g%ef 8gCe a wite voltage.

Mor eover, theeigdenakhbofiddre)t unnel dielectric film5 is covered with the
sidewal | protectignofilmap pefiore Jihg eTbedded:diel £cieibudidan 4 in the
air gap AGL is rem)ved even when the etching selectivity in a wet
treat nent cammtflbéréﬁswe‘df HetRaFaT ¥ f€ LénBEgaBdO i &I RRE¥P 2 ¥i4°m 4 and the
tunnel di el eCJermeofnltht5r H o dwnnsli cdiselceetithg £bl th& eaghite protect ed.
(Ei ghth Enbodlrl}e FIG 37 is a plan viewillustrating a schematic
configurationd ° amr?ér”rbry cell array of a nonvolatile sem conduct Qr,_menory
devi ce according tie FA8. ed Yht hhentish dheaft TC are forpeg & 8% htife PEnches
. TC are fornedsifdhebbt hhe: gl rectivn DR aandat hecaekbueaaseasy Aheare

separ at ed bythetren es JC. |In the word |ine di t qn Lhes ward o i nes
WO, W1, ... “BF¥¥%S r%gd ahly %}ﬁe el ec lngeatdel‘%e?gecft%(rﬁo Dgé hd SO are

for med. The bi¥Li rEicont ackr €BE ¢ Enébramd e é&éﬁcéctgla\?é aﬁ-éatmetfets\ﬁéen t he
sel ect gate el egtgo0es SEL A0E. S&ne bit 1iHe Rinft a@aPsaAGE abﬁmé@hﬂfd al ong

the trenches TCin the bit line directio he air gap rmed in
the word |inesdfh ettt BWFBetheBRhtYHE® Wt sle-lir?és (5% 28 £ 4
; and SG2.

The air gaps AG1l are formed along the trenches TC in
the bit line direction DB, The air gaps AG2 are formed in
the word line direction DW between the word lines WLO,

WL1,

mhe air gap AG1l c¢an be formed continuously in the
trench TC across adjacent memory cells by extending under
the word lines WL0O, WL1l, .... Moreover, the air gap AGl
can be formed to be present under the select gate
electrodes SG1 and SG2 along the trench TC and the air gap
AG1 may penetrate under the select gate electrodes $G1 and
'SG2 along the trench TC.

The fringe capacitance sneaking into a channel region
from the select gate electrodes SGl1 and SG2 can be reduced
by providing the air gaps AGl also under the select gate
electrodes SG1 and S5G2. Therefore, controlilability and
drivability of a channel by a gate electric field can De
improved, enabling to improve an S factor cf a select
transistor.

(Ninth Embodiment)

FIG. 38A to FIG. 45a, FIG. 38B to FIG. 45B, FIG, 41C
to PIG. 45C, and FIG. 41D to FIG. 45D are cross-sectional
views illustrating a manufacturing method of a nonvolatile

semiconductor memory device according to the ninth

22



W1, The air gap AGL can be fornmed continuously in the trench TC
across adjacent nenory cells by extendi ng under the word |ines W.O

W.1, Moreover, the air gap AGL can be formed to be present under the sel ect
gate el ectrodes SGL and S& along the trench TC and the air gap AGL may
penetrate under the select gate electrodes SGL and S& al ong the trench PC
The fringe capacitance sneaking into _a channel reglon fronlthe select gate

el ectrodes SEPPHIEPSP - cahlbe FHtuced Wy ArévRrdrngTPhd &FF yapys ASEYSl so
under the seland agatn@ el eet ¢ odesn SGL .and ,SE2sTheref oreFIGcohib addeability

and drivabili tlyO S%Cghgnng Ypé(wg dat eal%ln%ctl ihe Hi.gl dycansbes myyved,

enabling to |rrprov of & select fransistor. (Ni nth' Enbodi nent)
FIG 38A to R Y5AICF GIA3BES tBIF A1USE FECG 44£fC3F8 FFEFS45C, and FI G

41D to FIG 45D @ars aar ngwgegﬁtogmng\nﬁw& ial-laustor atricng s a, rrammfam.uraerag
method of a nonvelAtilg s gpnduet or, Y (d8ViGe aceQLding. oy dde ninth
F :

enbodi ment . FI'® 41 e cross-sectional views cut a ong l'ine
CCin FIG 37ieH @ut4§I toeFb & 1 68 &l e igrcadd- P@dttilgnal vi ews cut al ong

line DDin FIG 3% MG 3§§Aah@ & 34803A %QQeFﬂ @eAl;@thngE:‘océléﬁgare
cross-sectional vjews cut aI Ilng ﬁ\é 37,B %nd FE EBBH;O FI G
403 and FIG #1H 1% FOGTI45D éréocF Es-Yedtinal® vitews ‘cl

peri pheral cingwd tngedr tilons removedn I'—'lrk@n.SMQami@IW@h:BSBelaf:Fé?C

per for i ng prpeeRses Sanchar hgefhe FhLL G SAAN BLG 3B to Al G. 5B,
the hard nask ML is renoved. Then, the sidewall dielectric film 3a

t he
sidewal | prot BEEFYh ¥3UH S5 78 8BqERATHIA § FOrIRF cﬁ‘}etchéofileoﬁff%l gat e
el ectrode nateri abd Blatsahtehati dekelssdematis tofetdteed r2enpalkdes '2aand 2' are

covered, by uging, & Miod 54ch a2:h08 QB TeNend M&p.  rhen, the
embedded dielectric film 4 is formed on the sidewall
protection film 3b so that the trenches 2 and 2' are
entirely filled, by using a method such as application and
the CVD.

Next, as shown in FIG., 39A and FIG. 39B, the sidewall
dielectric film 3a, the sidewall prctection film 3b, and
the ehbedded dielectric film 4 are planarized by using a
method such as the CMP to expose the surface of the
floating gate electrode material 6°'.

Next, as shown in FIG. 40A and FIG. 40B, part of the
sidewall dielectric film 3a, the sidewall protection film
3b, and the embedded dielectric film 4 is removed by using
anisotropic etching such as the RIE to Zorm the recesses 11l
that expose part of the sidewall of the £floating gate
electrode material 6'. When forming the recesses 11, the
sidewall dielectric film 3a, the sidewall protection film
3b, and the embedded dielectric film 4 are preferably left
above the tunnel dielectric film 5.

Next, as shown in FIG. 41A to FIG. 41D, the inter-
electrode dielectric film 7 is formed on the floating gate
electrode material 6' so that the sidewall of the floating

gate electrode material 6' is covered, by using a method
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. emhedded dielectric film4 is formed on the sidewall protection film3b so
that the trenches 2 and 2' are entirely filled, by using a nethod such as
application and the CVD. Next, as shown in FIG 39A and FIG 39B, the
sitdewal | dielectric film3a, the sidewall protection film 3b, and the
enbedded dielectric film4 are planarized by using a nmethod such as the CWwW
to expose the surface, of e floating gate elect e mterial 6'.....

Next, as shov?/rﬁ‘c?‘naﬁl Eihe46§6\$1and’llrl'—ﬁ”6 E%GB,coﬁéff’?oﬁgggee Si dtel\r/\?a(fel mg‘lteelrelcezltlri c
.film3a, the ssi dewdbknpdotectioniftidrmelisctandet Aéebabrdded ditl’eéoric film
4 is renoved &y (UshRY-@RESOLE OP] G &F GhiiNGasush asihies Ri&dan fardn tahe
recesses 11 that expose part of the sidewall of the floating gate el ectrode
material 6'.VWn $8rning the recesses 11, the sidewal | dielectric film 3a,

t he sidewal | proteaaknonthizl maBbdiand dhe éileddédadiietketrdxd fidsh Mar e
preferably IeJIIeFla%%YlgiE@gtl&lynggimgd &) eGh gofn't!r%‘ﬁgate electExde as shown

in FIG 41A to ‘ e Inter-electrode dielectric film?7 is formed on
the floating Wted iglledt r Bdeu bk erd die Q0% s uhae st hdesFiRwal 35 of? & HP
floating gate;elect:rade rraherkabn® itse anMer ed,skby2usicng examghod a such as
the CVD. Then,_the contr.al ectrode natarial; 8¢i;hs Lognpd phd he

i nter-el ectrode diel eoétl(raiqu??ﬁmg% asoglﬁﬁlé‘:tom?ﬁg T égtaessfés 11 are filled, by
usi ng ‘a net hdtheuchhgs refésEvpattern RI fieyhile togponpRiREE rft $79 m 12" and

the hard mask, Mk @t Sequerhieal by 104 Mt dOmadshe weonlyr akigate el ectrode
material 8 b usillr\},%ha rretglod such as the CVD.As the cap dielectric film12
‘and the hard B3P PEXafpFe" 2% 1i con oxide filmor a silicon
‘nitride filmcan bexfseds Fhemr theF¥@®sisiA pat thrhr R3DinakkPEN t he openi ngs
1(3 are proviged: ds f:Qf /8¢ @R ahgabarh sk Mh Oy disishgpa tpBoh ok i thogr aphy
‘t echnol ogy ~Next, as shown in, Flg 42 to FI G g&ZD, afttgr patterning
'the hard mask®d* withf (e PASitEC AL t Bt H RS ast i fddik *°thd®E8p diel ectric
film 12, the ebattroldgataegliedt BOdetmat brt et - Sl ectrvaie dieleckettr Hykm

dielectric film 7, and thefil;qqt 09, 081 & €1 & rpfe yateriah -6 cakge et ched
W th the hard masT( M2 as a mask to formthe floating gate el ectrodes 6

'separated for¥ebEhtHerntrif déisk ¥dd2fof nfihe Tonttdt it & 18R&LEFodR 8 and
the select gateeetesdeande skdaanradgedr onathendhoat i axg lgamd ébeont kbede 6 via

the inter-ele di &l ectyrd & figleMe 7,4 I H.4 e dineeki-geDY¥ The
sel ect gate e?éé??gldeéal 3 ieslelccgtrfr?g(‘ftmgdatg %ﬁe é{\?%at% n‘ﬂ1 gatee el éct?ode 6
thereunder thpoayhIthetbpdifl fgorxing gate apgEirade showd i"ReFRBECE3A to
FIG 43D, a gatecstéesadieluddare frithm 5liandha gat® Simewdlrde cpionedti on

filmbs2 are f?{qrerege?é‘céhgea C@Peldi&'r%%gr'hg LLl E%r]‘geége&k@ut e Sidevall of
the inter-electrodé diel EC%I’IC_Gme i'S covered, by using a nmethod such as
the CVD. Then, 9ahe gheetsodevial i dnernéerf thrp 33k ahie t tREgdt% Xi'deval |

protection film52yage, tdd nned,byinusirag apnsebrepec £ichingasech as the RIE

.tO expose thesﬁﬁﬁagg? g&f%?ﬁ Eﬂﬁf%qegngiglgg Eigidewall protection film

: 52 are formed on the cap dielectric film 12 so that the
sidewall of the inter-electrode dielectric fiim 7 is
covered, by using a method such as the CVD. Then, the gate
sidewzll buffer film 51 and the gate sidewall protection
film 52 are thinned by using anisotropic etching such as
the RIE to expose the surface of the embedded dielectric
film 4. The gate sidewall protection f£ilm 52 can be formed
of a material whose etching rate in a wet treatment is
different from the inter-electrode dielectric film 7 and

the embedded dielectric film 4. Specifically, the gate
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film4.The gate sidewall protection film52 can be forned of a materi al
whose etching rate in a wet treatnent is different fromthe inter-el ectrode
dielectric film7 and the enbedded dielectric film4.Specifically, the gate
si*dewal | protection film52 can be selected so that the enbedded dielectric
film4 can be etched with a first chemcal wth V\/nich the etching rate of

the gate sidewal |l protection f|| 52 i s |lower than e ielectric
-film4 and tsﬁée(fjégé BF gEfEf1© rbrd‘tlé“ctgl oﬁaf’m?ﬁ] %'iflec Soettc a(ékddcvvlclt h a

~second cheni ealbedidel whe Chc thic etidm g crat eeok tthed gat eh si deWwdl protection

film52 is hi ha e, £ dded dlcq.J% Lheef bEM@a qate siddar@xanple,
when t he |ntecrgl-el é:(%trg {éQdYerrgtrlc fllnl1 aﬁdethe en%eg([:ld fﬁfl el ectrlc film

4 are fornedPoltgcsiiPrcdhlbxf Hel § 19K Wiomi ¢85 APPREYRY £ Arf e used as
the gate sidewalnl sprateeheomaté | &diahr @avercthydr 6f 1mos 2 ccawie can be

used as the fi rcglt cherEn'hcaI secglngo&{%locsaqhqlrlt% agh QPC ﬂ bng§§pgqsatt he

second chemi ¢&1° at e si dewal 51 can be
‘sel ected so tdfatthehgager esdedp i e B t%/\h"t“h fldgpéct 1Eolt hBeF nERYR et r ode
dielectric flg,,mezmt&cqrf@seaqahbeflimw with respect to the gate sidewall

protection film 52 For exanple n the €, ,Sl I ggggg“pnf fid m 52
is forned of a si I%] FoF A" Pﬂgdew?l?m ) lsnl |cdenle(§QQ§§|eflem can be ulse as

the gate sidewand bufef embeidipisdielectri Nl ds agkoRATPAIFPE 244A to FIG

44D, part of {he enbedded Q'&lnecsfwlIéérmzflﬂrscieerfla\xadcb)i ¥si Gge@ et hod
such as wet etching to formth ealr gaps $ D&gthefloatlng gate
el ectrodes 6 ff atert SifeAe TwBF A FF e di cr?l on Wien part of the

‘enbedded di el eedrad il fddim 41C|1§ cenpvedus pt ef erigid \frslie chgparaéndndfhtthe air

gap AGL reac o4 QT ssurfacg. of sLhe, d ntey seéc%qltdr@@l% dicghectric film?7
-and t he Iowe:]gen%&g 1 ecall r a ap Al eGisrea?:hes bel o ttIJnnneI hel ectric

filmb5. ThetP T & He i dé‘\ﬁ/aPFtE)rB%%‘éY?b]n }f‘ififrﬁr35 gﬂ‘pééeﬁ 4 8f t he
enbedded di el geteéced idanthaandhehetskdewdl ff pratectiion frielsmes2 on the

sidewal | of the int t fiql e Jemmwed thyugi pg a
‘met hod such asr?\t/vée eefeﬁér%cate %q%lglc%?lgrréw?or 1geréxcaorrn}iza)elrse, mv\,hen tﬁe gl dewal |

protection fi¥fasPSht aid “325 gricd et Héde 4Pl BFRERFF 0T ifiih™ P 2ar e FP3rmed of a

example, when the gate sidewall protection film 52 is
formed of a silicon nitride film, a silicon oxide film can
be used as the gate sidewall buffer film 51.

Next, as shown in FIG. 44A to FIG. 44D, part of the
embedded dielectric film 4 is removed by using a method
éuch as wet etéhing to form the air gaps AGI1 betwgen the
floating gate electrodes 6 adjacent in the word line
direction DW. When part of the embedded dielectric film 4
is removed, preferably, the upper end of the air gap AG1
reaches the lower surface of the inter-electrcde dielectric
film 7 and the lower end of the air gap AGl reaches below
the tunnel dielectric film 5.

Then, the sidewall protection film 3b exposed from the
embedded dielectric film 4 and the sidewall protection film
52 on the sidewall of the inter-electrode dielectric film 7
are removed by using a method such as wet etching. At this
time, for example, when the sidewall protection films 3b

and 52 and the cap dielectric film 12 are formed of a
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siljicon nitride film the cap dielectric film12 is also renoved.

- Next, as shown in FIG 45A to FIG 45D, the cover dielectric film10 is
fornmed on the control gate electrodes 8 to extend between the control gate
el*ectrodes 8 by using a nethod such as the plasna CVD, whereby the air gaps
AR are fornmed between the floating gate el ectrodes 6 adjacent in the bit
line direction DB.As the cover dielectric film10, for exanple, .a CVD oxide
film (silicorsidxicda pitbrjde stichn asthe Fe@s e TEOR HF I ot ¥ pladigsi Ha
film can beztg,@d, c1V\V‘1en form ng the cover dielectric film10 on the control

.gate el ectrodes 8, IS possible t et opdi n I verage for
preventing the ai H‘eéépsai\dh%‘ﬁﬂ lAEGZEQITGEor%lst))\eltn %TL?I Ié%ﬁ)w % t a(Ia%e%gver

dielectric fidimlldtric filmThe &% dbvwidds ogf ttnhecpahﬁ@l @4 Bt et 99 % e m 5

a“dtthte '“t]?falveéoece; tQQIg gb@%@@ﬁril‘}? delrmn%lgg%tgo\é@lé@dr&\ﬁ&bfﬂPﬁyjﬂﬁa\QaL|
protection filns an efore the emhedde ectric,fi in the air
gaps AGL is remRePd $4cfhaf EberP W the et g‘ﬁl ﬁg ‘E ec?l Vi ?g‘ll n Gg wet

treat ment cangod ﬁ)ﬁne:rdsumedeb&tmen‘lm:erd)@dctededleetegﬂﬁscﬁfMImQP%tnd t he -

tunnes die ecri g {ilih §:30dal Pect NhLT o8I CGld A% dbglechibtebime fite
tunnel dieleciric e Inter-electrode dielectric g i/m 7 can be

pr ot ect ed. (Tb?]thfﬁTt?dd‘lmﬁéﬁt)a CVD oxH{gs Ty | (S 14158PsBEEEF VA Ul e
illustrating gusgheyrat ipaagaaf rgosation of @ pienoay seakl foIma qronwel atil e

‘semi conduct or_ menor y,ds eV| e ?ggogggngogﬁet JLglt ecqt,lq LHodi ABNLL che I'n

FIG 46, the tfenches 2 are Tine direction DB in the
'seni conduct or ceubse ¥ st ¢l el gcsEpaPrat & abfl*ﬁe %Prsédsb*cﬁ’f tRetSty t@efl s f or ned

in the sem COE‘QH@K QfoISLbQStlroat @oﬂrerﬁeSEdEV\@féveﬁ"ltﬁJr@CttmleC afiirl peBa 461 f or med
on the sidewal | c es

t he acti.v n
'seni conduct oragﬂbé? ‘f‘rec’"i *tfd fflloéfefin‘élélétgh%lceocvter %é% %§fg fgbl‘rnrflo(; each
nenory cell via thehe Lmlrﬁeilwadllél eft the FPPpeb. ‘t}\elt%rfllcoétlllﬁ‘g and the

inter-electrode dielectric film 7 are covered with the
sidewall protection films 3b and 52 before the embedded
dielectric film 4 in the air gaps AGl is removed, so that
even when the etching selectivity in a wet treatment cannot
be ensured between the embedded dielectric film 4 and the
tunnel dielectric film 5 and the inter-electrode dielectric
film 7, the tunnel dielectric film 5 and the inter-
electrode dielectric film 7 can be protected.

{Tenth Embodiment)

FIG. 46 is a perspective view illustrating a schematic
configuration of a memory cell of a nonvolatile
semiconduczor memory device according to the tenth
embodiment.

In FIG. 46, the trenches 2 are formed in the bit line
direction DB in the semiconductor substrate 1 to separate
active areas of memory cells formed in the semiconductor
substrate 1. The sidewall dielectric film 3a is formed on
the sidewall of the trenches 2.

In the active area on the semiconductor substrate 1,
the floating gate electrode 6 is formed for each memory

cell via the tunnel dielectric film 5. on the floating
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gate electrode 6, the control gate electrode 8 is fornmed in the word |ine
direction DWvia the inter-electrode dielectric film?7.The cover dielectric
film10 is forned on the control gate el ectrodes 8. The air gap AGL

- 1s formed between the floating gate el ectrodes 6 adjacent in the word |ine
direction DWto reach the sidewall dielectric film3a on the bottom

sidewall of the trﬁgggﬂ%é%g He I f®§18§?en ?egggggg £0nd 1hyaugl yni n thel

trench 2 acr €< %adj ry ce i ng under the control gate
el ectrode 8. Ithet herd éxlawmﬂer‘mtll-‘quDMG‘at hbemebhod- 6tepE B4 i ng t he

sidewal | dielgghli.¢ ikl M 37 PN the. Sidewakhcobcthect eenshes 2 ifsrexal ai ned,
however, the sidewall dielectric film 3a rrgy be omtted.In this case, the

air gap AGL rdy FPéaéR™Ehe!l Bt tont otc tife °tr &nch 2. The cover
dielectric film 1@hextendsabet@kels ttrenednbeowegat 6hel topbies B ten a state

where the space ngt [ t l3eGtHh@des 8k SonOhw TPl etely
~filled with ?%le c&%&\grggdl elbgg:;%?%{f tg?e ?JOSS tﬁat th é zcil roghws AR are

formed betweeteadie thieoat ARY2 ght & %]r %‘b‘trrlc?désllﬁ‘ adj &2ent e A° bit line
direction DB.sidewallThe ahe gapn&&Gl2i s mfudrsned rt gapenstir ake bo tdwmndsot t om of

the trench 2 o0 dnal Lhe bl tnge. capagis aarz:cr%s@eta\a%@emem@g@wroaemaste

el ectrode 8 and“”t e sem conductor trate can "be reduced. Thus, the
coupl i ng ratiky betieadhnghanfesat hAgC YRR lel9edtr 6d€ °6 7498 fhe tbnttol gate
el ectrode 8 capahe d npreved, senabhinge tibd eduge o iriintge tvel s agevaEl event h

Enbodi ment) , FIG_,47A_to FlI 53 Fl 47B .t o FI FHG 50Cto
"FIG 53C, and*Ff{&°505 tfcﬁl‘i‘l &2 @?,DGE? e’ ‘geowsaslq\seocft |Bt(§1nea tr\??g\?\gg:afl ustrating a
- manuf act ur i nge et hiotdof haweorvol abel &iden Korfduckert Tiendiy "dédi &Y &tor di ng

to the el eventh; ephpdi mantenflsGea3@A tRe FAG R3IA AT Md0SPa%@CthONal Vi ews
cut along line GCin FILG 37, FIG 50B to FIG 53B are cross-sectional

views cut al oR@tIIheDIBE FIEPEM 37, FIG 47A to FIG 49A and FIG 50C to
' FIG 53C are crossthe ccver dielectric film 10 extends between the

control gate electrodes 8 in a state where the space
between the floating gate electrodes 6 is not completely
filled with the cover dielectric film 10, so that the air
gaps AG2 are formed between the floating gate electrodes 6
adjacent in the bit line direction DB.

The air gap AGl is formed tc penetrate to the bottom
of the trench 2, so that the fringe capacitance between the
control gate electrode 8 and the semiconductor substrate 1
can be reduced. mhus, the coupling ratio between the
floating gate electrode 6 and the control gate electrode 8
can be improved, enabling tc reduce a write voltage.
(Eleventh Embodiment)

FIG. 47A to FIG. 53A, FIG. 47B to FIG. 53B, FIG. 50C
to FIG. 53C, and FIG. 50D to FIG. 53D are cross-sectional
views illustrating a manufacturing method of a nonvolatile
semiconductor memory device according to the eleventh
embodiment. FIG. 50A to FIG. 53A are cross-sectional views
cut along line C-C in FIG. 37, FIG. 50B toc FIG. 53B are
cross-sectional views cut along line D-D in FIG. 37, FIG.

47A to FIG. 49A and FIG. 50C to FIG. 53C are cross-
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sectional views cut along line AAAin FIG 37, and FIG 47B to FIG -49B and
FIG 50D to FIG 53D are cross-sectional views cut at the peripheral
circuit portion. In FIG 47A and FIG 473, the trenches 2 and 2' are
formed in the sem conductor substrate 1 by performng a process simlar to
FIG 3Ato FIG 5A and FIG 3B to FIG 5B. Then, the sidewall dielectric
film3a is formed on the floating gate el ectrode material 6' so that the
sidewal | s of sdwtitomaichésva gand 2long el idgver-dd, iy IGsi Ag a2t hb¥ siidh as

the CVD. Then,.arn gbadded ndi ehectsis 4 lmal 3 faemdoes -tbec sogenal |
dielectric fil m 3a so that the trenches 2 are ent| relyé filled, by using a

met hod such a% e ADAEUrtRePibrBE SN ehibedded e &8t ric film32 is
formed on the enbeddedcdi él7éacenicFié| M BBl sthg hatendiest Reaegl 2' #5eentirely

filled, by usig éﬁr¥§'¥%¢ %Q%QC§§dLQ@o£14%bstrate.Eh%yegﬁ@qqﬁﬁ giebectric

f|Im31 can be forned a material whose etching rat%wlt espg% to a
wet treat rrentpf%c?ﬁsgrﬁe‘rmtlﬁén toh&Ifuniel EQi %1%Ct5rpt A5 FHs, *Pnk&e
inter-el ectrosle. ditleact rine fsiildewd 1 1 adtle t diet endbetlided 3di elsedbrimedf phnt82. For

‘exampl e, whene { fe. Lpngl. O 8LAGLLLG fiLD Bay the [ty elqgt sodend el ect i c

film?7, andt electric 2 are_formed of a siljicon oxide
film a sili c%ﬁ nlﬂ‘% r§ R FHqsm2c 34 dbeé ' uded a’vEhed enbedfdd dditeMEEEPEC fil m
31. As chem cakscf 04s Wede Ed\mhl N@hihe EHbeﬁl]ﬁle&ﬂdddedlEﬁtd’dtﬂrlfcl lEm3131hes
phosphoric acid_can be ed., as_sho d 8A,and FI G
48B, the enbeddEl® éd1l %t et rlsc1 SVeftas* ecfaﬁ%r?z%\% ay usi(ér?ga%a met hod such
as the CVP totespoles the Burdfidcea eof Fhéléﬁbeﬂﬂeﬁisﬁ?%l%d‘t%h@df iSMAR32 8

the CVD. Furthermore, an embedded dielectric film 32 1is
formed on the embedded dielectric f£ilm 31 so that the
trench 2' is entirely filled, by using a method such as the
CVD.

The embedded dielectric film 31 can be formed of a
material whose etching rate with respect to a wet treatment
is higher than the tunnel dielectric film 5, the inter-
electrode dielectric film 7, and the embedded dielectric
film 32, For example, when the tunnel dielectric film 5,
the inter-electrode dielectric £ilm 7, and the embedded
dielectric film 32 are formed of a silicon oxide film, a
silicon nitride film can be used as the embedded dielectric
film 31. As chemicals for wet etching the embedded
dielectric film 31, hect phosphoric acid can be used.

Next, as shown in FIG. 48A and FIG. 48B, the embedded
dielectric film 32 1is planarized by using a method such as
the CMP to expose the surface of the embedded dielectric
film 231.

Next, as shown in FIG. 49a& and FIG. 49B, part of the
embedded dielectric film 31 is removed by using anisotropic
etching such as the RIE to form the recesses 11 that expose
part of ﬁhe sidewall of the floating gate electrode
material 6'.

Next, as shown in FIG. 50A to FIG. 50D, the inter-
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Next, as shown in FIG 49A and FIG 49B, part of the enbedded dielectric
film31 is renoved by using anisotropic etching such as the RIE to formthe
recesses 11 that expose part of the sidewall of the floating gate el ectrode
material 6'. Next, as shown in FIG 50A to FIG 50D, the inter- electrode
dielectric film7 is formed on the floating gate el ectrode material 6' so
that the sidewall of the floating gate electrode material 6' is covered by

usi ng a met hed esiial d&s SE Ree EVDL THIA™ (The ScEREPEE Bt B el it o Fédtérial &'
is formed on dihe dritder mekeet & 0de' ohoeltemttrltmef isline¥asd ¢hath¢ hiel aedagses 11

are filled, b USI Q% grgﬁ%hﬁgtgylahl aGS' ecg\é@‘red by ﬂ??’atnhecrﬁﬁip

dlelectrlcfllml ard husk n? are sequentla orned on the
control gate seicéctaﬁodéenﬁﬁ’érl arhet, Wmﬁ%ralnﬂﬁﬁédekﬁ%hr%&et‘??etWBlThen

t he resist paet.t ard RImed WA @nethet@pﬁmeng;sroré% aneirptovidefliis T arared on

the hard mask by using h I|th r.aphy chnol ogy Nexts as
shown in FIG k?lt 9[410 eé'sgf% ?;f tet fo %rqnlbr}(gutsﬁg hgrﬂde%%%?( W With the

resi st pattertheRI¥s a mask, the cap d| electric film12, the'control gate

electrode materialyf, the ncesealgiggafpaefuuneu@ctaauctu|mzd adeh te
‘floating gate el ectrode mate 6! ece wlthgre\eehggr sk 142 as a
mask to formihe srei%"aﬁ”ltrfgj‘ldé’té"é'f‘%%t?‘bd%%e Cdgsralé r

for “eath nmenory cel l
and formthe comdriodl gat eyelhedhpodendt andl sdmsh sol sbe ghPe elbenr obies 13

arranged on t gsggpal;gtrarglat@ ehegi;{pﬁiet}@e Vé@erhfh%s' Qtae'érel s%t}@@l@d is

dielectric film7 1n th l'1ne direction as. shown in
"FIG 52A to Ff@m%dzmtfﬁte éwﬁédaéakd%ﬂé%t‘f?’c“grﬁi r‘hh§f°|lh Pﬁér?%%ches 2 is
all renoved byetishéogy met hod such as wet etching to formthe air gaps AQ

‘that penetrate to {he bottoerOQ,f ggepgéengpgs%g Ib&tw%% tQQtfeIroatl ng gate

el ectrodes 6 adjacent in % he l1he direc Next, as shown
N FIG 53A oA FFEEnHED, t iehh gy s st WP bt FR TG TRSEG E B2 GERBA et
‘control gate gherfreosesed tdiextendcbei ween2t heh € ontntalo 1ggte eel ectrodes 8

by using 2 TeLhod sHED 541G Plase, VD, Wher b JA1e dll 10303 ACR, B

‘formed bet weeh oating 'gate el ec 65" 6 ad] acent in the bit h ne
direction DB.7Thendi thegafl & irgs gﬁéﬁrreélet?érﬁéhe‘tf’r%&relatlo 6t' hé‘rlﬁotettéﬁ?dof t he
trench 2, so {hat the }fﬁmg&mmcaaaacaabetv\eeﬂofm&rﬁormroaltlg@t@aebectrode

Soand e SETLERRPLEREE bRl IALS L ean REN BRHEER ATl g g, L ove Lhe
‘el ectrode 8. control gate electrode 8 and the select gate electrode 13
arranged on the floating gate electrode 6 via the inter-
electrode dielectric f£ilm 7 in the word line direction DW.
“Next, as shown in FIG. 52A to FIG. 52D, the embedded
dielectric film 31 in the trenches 2 is all removed by
using a method such as wet etching to form the air gaps AG1
that penetrate to the bottom of the trenches 2 between the
floating gate electrodes 6 adjacent in the word line
direction DW.
Next, as shown in FIG. 53A to FIG. 53D, the cover
dielectric film 10 is formed on the control gate electrodes
8 to extend between the control gate electrodes 8 by using
a method such as the plasma CVD, whereby the air gaps AG2
are formed between the floating gate electrodes 6 adjacent
in the bit line direction DB.

The air gap AGl is formed to penetrate to the bottom
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Moreover, the enbedded dielectric film31 is formed of a material whose
~etching rate with respect to a wet treatnent is higher than the tunnel
dielectric filmb5 and the inter-electrode dielectric film?7, so that even
when the enbedded dielectric film31 in the trenches 2 is all renoved,
etching damage of the tunnel dielectric film5 and the inter-electrode
dielectric film7 can be suppressed. (Twelfth Enbodi pent lt:LG 54
is a plan vi e itNeusEraEh ny asScHEati™e EEAPFHUFART O DTS Heri®Sherd
transi stor ofcg NVghati keeserd conduaidorhresenycdeynceoaceordimget & t he

“twel fth enbodi nent and FlI 55A to FlI . €. £LOSSsSErhd onali i ews
illustrating %ar%c%r]eenrﬁtqi‘lgeésibn??ésbu{rlarf(‘rot% ()l?ﬂ%'lt?ﬁggpéfrglép?}glruzlia t?ansilsot or of the
nonvol ati | e seaicoardudeof laerbry Ve &l HCeEofdi Ag2td the FoRfFtih9ate

enbodi ment. Fl{G:.5%Ad $.a cross-sectional view cut along line E-FE in FIG

54, FIG 553 is a cross-sectjonal_view cut .along li.ne FsF i 5 FI G
v . . . f

55C i s a cross-sectd'didrtvi & cﬁ‘f‘b%‘%‘g‘ﬁb Jlenléac%rrg;cl r%lET“GBES}l? génrgi’elglé 55D

is a cross-secthonaliali elosut eatohyy | Taee Brilhi mefp@ct540 a wet | n FIG 54

and FIG 55A {p H G, 590 nthgeacthye efeashi0kithecpettpherals civacuit
portion are separated by the trench PC. Then,, a gat e eltﬁckrce)gg 41 s formed
on the activetaf es’" oA I tR8IPelt Pher Al ' Titriddi t 'p&ftit8A" SE°Fnat"t he

peri pheral transistinsddes fiortedtThe Hate ¥l ot ndde t4krncansbe & raged to

protrude over the { ?%&Qhﬁ’ﬁgaﬁg 349258 ERNTAGH CdiS 1RV ded: on § hava
iprotruded porfl on of the gate efne(;trode 41. The peripheral ci rcuit. portion
can be provi debeat Ut TS tFeR6r $18APFEERFT A}t 4™ TFIG@R FP. SuPPressody gper
.gate el ectroder431fenh anigednunder the gate el ectrode 41 via the

inter-el ectrode di ctrjc fil a th &ﬁ'n_r;iqg- i el ellnG ekl M5 s
arranged under th(‘a?%gi/ve%4 glastg g}léé‘t_?gé‘é 4§%T e .gaftncey el ect reé)“del41 | S
‘electrical |y confitgtestiap tdfe al oREAPHaERl ef BT 0T 43 &t Fr GOGH 42 hbte

gsemiconduc-or memory device according to the twglfth
embodiment and FIG. SSA to FIG. 55D are cross-sectional
views iillustrating a schematic configuration of the
peripheral transistor of the nonvolatile semiconductor
memory device according to the twelfth embodiment. FIG.
SS5A is a cross-sectional view cut along line E-E in FIG. 54,
FIG. 55B is a cross-sectional view cut along line F-F imn
FIG. 54, FIG. 55C is a cross-sectional view cut along line
G-G in FIG. 54, and FIG. 55D is a cross-sectional view cut
along line H-H in FIG. 54.

In FIG. 54 and FIG. 55A& to FIG. 55D, the active areas
AA of the peripheral circuit portion are separated by the
trench TC. fThen, a gate electrode 41 is formed on the
active areas AA of the peripheral circuit portion, so that
the'peripheral transistor is formed. The gate electrode 41
can be arranged to protrude cver the trench TC and a gate
contact GC is provided on the protruded portion of the gate
electrode 41. The peripheral circuit portion can be
provided around the memory cell array in FIG. 37.

A lower gate electrode 43 is arranged under the gate

electrode 41 via the inter-electrode dielectric film 7 and
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shown opening. A sidewall 42 is forned on the sidewall of the gate el ectrode
41. ' In the trench TC, the enbedded dielectric film31 is enbedded to
t he hei ght sanme as the upper surface of the floating gate el ectrode 6. The
ai'rr-gap AG is formed under the gate electrode 41 by renoving part of the .
enbedded dielectric film 31 under the gate el ectrode 41. The gate length of
the gate electrode 41 can be set to L and the %gte w d of th gate

el ectrode 41 tddn BHEn&at 41 ! 49'FoC diddlr iPng St AETARERANTR Tr s"thr endt'i“of the
gat e el ect rodg =l elprcefenabaiy tte ajartegapeAGBoiis & br hede samdty itchdtl vt he

enbedded di eldpect (G efyl L 2o Of o ‘}’!ﬁ g%rteI %qg%"tr'oaet be Wxgchh%}g'ar §ctd.on of the

gate electro > renal Rs-Under el ectrode he trench PC.
Mor eover, theshwn gasnATS- cah fb?edﬁf‘b?r-riedzsﬂﬁulff’éﬁééugf‘ytwts‘nldcer‘l"élflororfmt| on
of the ai I ga@se Ak ol @1gher@a@ce§s in FIG 52A to FI G 52D. Moreover, the

sidewal | 42 can be faormed und he_.condi ti.an .of,.l.ow epbed t}g for
preventing the ai r'gap A ??om ei g Fioeed i tdhet %Iegm deggﬁ ot

The fringe caperiddeicaobehnebaighe trte ol adter G@eeétlsaﬁéla?heo%etrﬁeconduct or

substrate 1 C@ﬁomnrge@uqed bycwmn@ t haAiafi x0aRe AG3 undesridie waltee
el ectrode 41 in the

trenc at the current .l n i a, the | ower
portion of thePtrEHch e?‘échéf’ eg?a}ﬂlj’ acEHt 4 B7E “ar eagwga% %egd i
suppr essed. Conselerentiley fianf B2l dndewetisd arebs teistcane deok t ageT bars 1
i mpr oved. %}2 € t%%rtaalt@ 3@9&9@@% have btée%'}td%écﬁl bed, cidese

enbodi nent s have preséent ed exanpl e only, and are not
intended to | §#F¢® ‘t’iﬂa”’s@épéhéf gf‘ﬁé Fh?/‘é?ﬁ?%%él 155dedd, “Chethobel F°F
enbodi nent s descit hegd dher @ierhaayche snbedited din thevaritet glef toehers ¥.or ns;

Iﬁ;t hermore, yarious, QM $5.093, §YPshé’ uid onsAnd Ghanaegei enthe form of

embedded dielectric £ilm 31 of W/2 or longer in the width
direction of the gate electrode 41 remains under the gate
electrode 41 in the trench TC.

Moreover, the air gap AG3 can be formed simultaneously
with the formation of the air gaps AGl in the process in
FIG, 52A to FIG. 52D. Moreover, the sidewall 42 can be
formed under the condition of low embeddability for
preventing the air gap AG3 from being filled with the
sidewall 42. '

The fringe capacitance between the gate electrode 41
and the semiconductor substrate 1 can be reduced by forming
the air gaps AG3 under the gate electrode 41 in the trench
TC, so that the current flowing via the lower portiom of
the trench TC between adjacent active areas can be
suppressed. Consequently, a £ield inversion withstand
voltage can be improved.

While certain embodiments have been described, these
embodiments have been presented by way of example only, and
are not intended te limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various

omissicns, substitutions and changes in the form of the
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enbodi nents descri bed herein may be nmade wi thout departing fromthe spirit
of the inventions. The acconpanying clains and their equivalents are

i ntended to cover such forms or nodifications as would fall within the
scope and spirit of the inventions. What is clained is: 1. A nonvolatile

sem conduct or nmenory devi ce conpri sing: a plurality of nenory cells
that is provided on a sem conductor substrate and includes a charg,e st or age
| ayer; enfqdidengisr 4§86 hP oY HRE Hethide P cMadGe V4t bP Bhed $R3AET 9

adj acent in afyof kHe RS idiite6Ei ONe Bilentions. ankecondnpanyfap @Eraoinded
between char ge, st arage J.ayerLs Ak agent, fn Ay ted icngedi Leehi obyuher el n
the second air gap 1's present at a position |gther t han an upper surface of
the charge stmrdifeldapions a3, wIhédnbnbbl Bt il sdrfi é6raacedf mehbty devi ce
according to g¢h&ifmdentWagrsein the first air gap is present at a position

| ower than a | ower surface of the charge storage |layer. 3. The nonvolatile
sem conduct or nenory device according to claiml1l, wherein the first air gap
penetrates a trench that separates active areas of the nmenory cells and is
provi ded in the sem conductor substrate.
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4. The nonvol atil e sem conductor nenory device according to claim1,

wherei n"the second air gap is vertically asymmetric and an upper end of the

~second air gap is spire-shaped. 5. The nonvol atil e sem conductor nenory
devi ce according to claim1, wherein the first air gap is forned

~continuously in the trench across nenory cells adjacent in the bit I|ine
direction. 6. The nonvolatile sem conductor nenory device according to

claim5, wherdiat is claippé S®cond air gap is formed continuously across
menory cel | s 1adj aeeRbnkB1t b1 WOs sh i d el hitoecmicdnryatidvice comphiesfiaist air

gap and the second air gg@tare conne; ed ,at, q@atntgrggggiggdogntye first
air gap and the séc8id arr e nonvol ati e Sem conductor menory

devi ce accorchaﬂ}QQm&mCaPW1Sdbﬁarﬂh%rakﬁnﬂﬂql§ﬁﬁ@ & SBRedt §hatE2¥tansistor
that includes g el ect gate el ectrode and is forned by bei ng connected to

an active area of a nmenory.cell, wherge flrs a
present under the %sdIéét QéfegéFe%f?o e%ﬂqﬁﬁfﬁfﬁec énch. beBllgfoPajers

adjacent in a word line directicn; and

a second air gap provided between charge storage
layers adjacent in a bit line direction, wherein

the second air gap is present at a position higher

than an upper surface of the charge storage layer.

2. The nonvolatile semiconductor memory device according
to claim 1, wherein the first air gap is present at a
position lower than a lower surface of the charge storage

layer.

3. The nonvolatile semiconductor memory device according
to claim 1, wherein the first air gap penetrates a trench
that separates active areas of the memory cells and is

provided in the semiconductor substrate.

4, The nonvolatile semiconductor memory device according
to claim 1, wherein the second air gap is vertically
asymmetric and an upper end of the second air gap is spire-

shaped.

5. The nonvolatile semiconductor memory device according
to claim 1, wherein the first air gap is formed
continuously in the trench across memory cells adjacent in

the bit line direction.

6. The nonvolatile semiconductor memory device according

to claim 5, wherein

the second air gar is formed continuously across

memory cells adjacent in the word line direction, and
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8. .The nonvol atil e sem conductor nmenory device according to claim®6,
wherein the first air gap penetrates under the select gate el ectrode al ong
the trench. 9. A nonvolatile sem conductor nenory device conpri sing:
a-plurality of nmenory cells in which a tunnel dielectric film a charge
storage layer, an inter-electrode dielectric film and a control gate

el ectrode are sequentj al l% st acked og a. sen con(guC.tror aSUbaSter Al eected a
trench that is prbUfdetF 1 dife &8P E8nANRL 87 Flibst at® farid “separ at €S- act i ve
~areas of theameapryntetdestimmd of the fansaiwipapan hatd i eprsericddd2bEt ween
char ge storagg | ayers adjacent in a word line direction, penetrates to a
bottom of thé French, and is configured such that the inter-el ectrode
dielectric filmreaches a sidewall of the charge storage |layer. 10. The
nonvol atil e sem coRduss©Fo NETIYey stheMicoedaeceor dhagoty &daiga R ccfogdiher

compri sing a si dewall , di el ety & Jlmdhauned, on, A St dewal La,f: dihe tr ench.
11. The nonvol ati'Té séem conduct or nory “devi ce accordi ng to claiml10,
“wherein the &tetgapciladearete kot igtEcusiy ot he® B f eht nf AR TS L Yadj acent
menory cell spei1hd. cbRBePOANOLALA] & 3ARieC@REHUCHOIr aMBEDS Yy dewi e wrceridi ng to

claim 11, further conprisjing, a select gat r Lst that ipcludes a

sel ect gate el ect rtgag?éﬁatigl?o%ar%dlsbfqﬁéi%ﬁé gg%gc%a ?g an agi:ti ve area of
a menory cel lelewhtardienat heg atke gageiah present under the sel ect gate

el ectrode along the trench. 13. The nonvol atil e sem conductor nenory device

according to claim 12, wherein the air p . penetrates . under sglgct gate
el ectrode al dng t HE St Péﬁﬁﬂ}a’iiﬁeT?'u%mhcooﬁ&(%’]cé:toirl Bel8hY c3RAUCE o%g’ﬁc{errt)rln)?J devi ce
~according to td ailmik0s,f uheheincompriisistg.air gap penetrates under the

select gate electrode along the trench.

9, A nonvolatile semiconductor memory device comprising:

a plurality of memory cells in which a tunnel
dielectric film, a charge storage layer, an inter-electrode
dielectric film, and a control gate electrode are
sequentially stacked on a semiconductor substrate;

a trench that is provided in the semiconductor
substrate and separates active areas of the memory cells;
and

an alr gap that is provided between charge storage
layers adjacent in a wofd line direction, penetrates to a
bottom of the trench, and is configured such that the
inter-electrode dielectric film reaches a sidewall of the

charge storage layer.

10. The nonvolatile semiconductor memory device according
to claim 9, further comprising & sidewall dielectric film

formed on a sidewall of the trench.

11. ©The nonvolatilie semiconductor memory device according
to claim 10, wherein the air gap is formed continuously in

the trench across adjacent memory cells.

34



a peripheral transistor fornmed in a peripheral circuit portion around a
~nenory cell array in which the nenory cells are provided;, and an air
- gap forned in a trench under a gate el ectrode of the peripheral transistor.
15. A nethod of manufacturing a nonvolatile seniconductor menmory device

~ conpri sing: form ng a charge storage material on a sem conduct or
substrate via a tunnel dielectric film formng a trench in the

sem conductor substrate in a bit line direction via the charge storage
~material and;the &ﬁ@"ﬁﬂndﬂﬂ%&%Q%rE@mi&&ﬂﬂuéﬁﬂfﬁdgydxy drbeddedcdbefibedri c

filmin the trench an inter-electr I I th
enbedded d|eF@cF}?bmf¥ﬁWn%hﬁfhfﬁeg8ﬂﬁfb%l%?ora@ﬁ?%ﬁa aglet%gkgtgtgk o Ong ae

control gatetehectinotedsmtaersedlecongthe ﬁheeFrM%cﬂ%dé dloélméétPiYc f| | m

form ng floatlng,9aLe @4@&4%(1%% sgpaval egeéoasf eACke B0k 166! knbyein
patternlng t e contro?

gate el ectrode ma the inter-electr
dielectric film &ph#l the HaParige PLESFEGe” ﬁg?érF%T %ﬁh lﬁ%engqcog?rof gate
el ectrodes amrnangednoncedhedige storage layers in a mord line direction;
formng a first air gap between charge storage |ayers adjacent in the word
.line direction by renoving at |east part of the enbedded dielectric film
embedded in tiHe t FEACRORRPEREILe semcorAychOEeBBRAT %i 55 BECRESA “Ehar ge
storage |ayens @dhaﬁemt,lﬁmé$ﬁhﬂnﬂhdIaﬁe diapepthenrbyed ormia tdecover
diel ectric filmthat ext ends, B RaaNeneoRLEQLRGal € el ectrodes, wherein

ect

14. The nonvolatile semiconductor memory device according
to claim 10, further comprising:

a peripheral transistor formed in a peripheral circult
portion around a memory cell array in which the memory
cells are provided; and

an air gap formed in a trench under a gate electrode

of the peripheral transistor.

15. A method of manufacturing a rnonvolatile semiconductor
memory device comprising:

forming a charge storage material on a semiconductor
substrate via a tunnel dielectric film;

forming a trench in the semiconductor substrate in a
bit line direction via the charge storage material and the
tunnel dielectric film;

forming an embedded dielectric film in the trench;

forming an inter-electrode dielectric film on the
embedded dielectric film and the charge storage material;

forming a control gate electrode material on the
inter-electrode dielectric film;

forming floating gate electrodes separated for each
memory cell by patterning the control gate electrode
material, the inter-electrode dielectric £ilm, and the

charge storage material, and forming control gate
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- the second air gap is present at a position higher than an upper surface of

~the charge storage layer. 16. The nethod according to claim15, further

conpri si ng: formng a sacrifice filmon the sem conductor substrate

.so that the first air gap and a space between the floating gate el ectrodes

are filled, after renoving at |east part of the enbedded dielectric film

enbedded in the trench; formng an inter-|ayer dielectrigégiﬂn1oh t he
a

sacrifice filshectrodesnarratragd tHe G 1SAPER 9Gi ePERTFi 71T I

removi ng t he sawgdfiome filmafter planarizing the inter-layer dielectric
film 17. The method AGGOLdERg.tou ol aldy Jneilar ehilzoe stofllyd NEIAG LT 2
trench that separates active areas of the nenor ceIFs s filled gartmay
with a flonabd® rtiddded theereetritny i fimetaen SYs3erarfredd byt et
cross-linkingasnhs the em@BdHBGI fle Décer id eriah waeddfied isotléi on of a
peri pher al ci{gyighj%rjilled with the fl owabl e enbedded dielectric film and
a nonfl owabl e"ehbetfded ‘di el ectric film 18. The nethod according to claim

15, further conprifizmgndornisngond st Hevadd &R fedeect rAih@ 'eiel MR8 st Hewd | of
tﬂe tﬁgngg g' ghecisd € i :ct_'ﬁ}ealﬂ@talﬂaéi_ea\@féc@ifoﬁh@ tfro&m\?frl,g aw@erze'rﬂ f
e enbedde ielectric filmformed in the trench.is I e first
si dewal | prot t%i%ﬁf?ﬁﬁlﬁl‘ng%ﬁé ﬁ%fﬁ%%sg%%%ﬁ%ﬁWm)Wﬁ)cgﬁégﬁglggt%urther
conpri sing electrodes, wherein
the second air gap is present at a position higher

than an upper surface of the charge storage layer.

16. The method according to c¢laim 15, further comprising:

forming a sacrifice film on the semiconductor
gsubstrate so that the first air gap and a space between the
floating gate electrodes are filled, after removing at
least part of the ambedded dielectric film embedded in the
trench;

forming an inter-layer dielectric £ilm on the
sacrifice film;

planarizing the inter-layer dielectric film; and

removing the sacrifice film after planarizing the

inter-layer dielectric film.

17. The method according to claim 15, wherein

an inside of a trench that separates active areas of
the memory cells is filled partway with a flowable embedded
dielectric film that is solidified by cross-linking, and

an inside of a trench used for isolation of a
peripheral circuit is filled with the flowable embedded

dielectric film and a nonflowable embedded dielectric film.

18. The method according to claim 15, further comprising
forming a sidewall dielectric film con a sidewall of the

tunnel dielectric film and a sidewall of the trench,
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formng a gate sidewall protection filmon a sidewall of the

inter-electrode dielectric filmbefore renoving part of the enbedded
dielectric filmin the trench.

wherein
the embedded dielectric film formed in the trench is

formed on the first sidewall protection film,

19. The method according to claim 18, further comprising
forming a gate sidewall protection film on a sidewall of
the inter-electrode dielectric film before removing part of

the embedded dielectric film in the trench.
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