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10 FIELD
Embodiments described herein relate generally to a
semiconductor memory device and a method for manufacturing
the same.

15 ~ BACKGROUND
In a NAND type semiconductor memory device, with the
increase in the integration density of membry cells, a problem
~arises with the interference between adjacent memory celis.
Thus, to suppress the interference between memory cells, a
20 technique for forming a void (air gap) between memory cells
has been proposed. However, the void may weaken the electric
field from the neighboring memory cell to the channel of the
selected cell and degrade the cell current.

25 BRIEF DESCRIPTION OF THE DRAWINGS
FIGS. 1A to 1C illustrate a semiconductor memory device
according to a first embodiment;
FIGS. 2A to 17C are process views illustrating a method
for manufacturing a semiconductor memory device according to
30 a second embodiment; and
FIGS. 18A to 19C are process views illustrating a method
for manufacturing a semiconductor memory device according to
a third embodiment.

35 DETAILED DESCRIPTION
In general, according to one embodlment a
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FIGS. 18A to 19C are process views illustrating a nethod for manufacturing
a semj.conductor nmenory device according to a third enbodi nent. 35DETAI LED
DESCRI PTI ON "general , according to one enbodi nent, a 2 sem conduct or
mepory devi ce includes a sem conductor substrate, a plurality of el enent

I solations, a plurality of first stacked podies, a second stacked body, and
an interlayer insulating film The plurality of elenent isolations are
formed 5 in an upper portion of the sem conductor substrate and partition
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one enbodi nent, a rret or manufacturing a sem condu devi ce,
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t he upper portion into a plurality of active areas by burying nsu:%
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t hat di stance between the second sta i'ng one of 35
the first staRReth®odtHafieg dHgerandagextradingt ikethedsecend direstiei.t he

first stackedppadiRe Herléent cdACkee B8IYfirst stacked bodies .and the

second stacked body is longer than distance between adjacent

20 ones of the first stacked bodies. A first void is formed in the

interlayer insulating film between the first stacked bodies. A

second void is formed in the interlayer insulating film between

~one of the first stacked bodies and the second stacked body.

~ And, a lower end of the second void is located above a lower
25 end of the first void. .

According to one embodiment, a method for
manufacturing a semiconductor memory device, includes
forming trenches extending in a first direction in an upper
portion of a semiconductor substrate. The method includes

30 partitioning the upper portion into a plurality of active areas by
burying an insulating material in the trenches. The method
includes forming a plurality of first stacked bodies and a second
stacked body on the semiconductor substrate so that distance
between the second stacked body and the neighboring one of

35 the first stacked bodies is longer than that between adjacent
ones of the first stacked bodies. The first stacked ‘body



3 extends in a second direction crossing the first direction. The first
stacked body is fornmed by stacking a first electrode |ocated above each of
the active areas, an insulating filmprovided on the first electrode, and a
seeond el ectrode provided on the 5 insulating filmand extending in the
second direction. The second stacked body3is | ocated outside a region

popul ated with the plurality of first stacked bodies. The second'stacked
body extends in the second dlrectlon The net hod incl udes forning
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~ first stacked bodi second stac extends i n the secon
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first stacked bqgles ?nd t he secopd stacked body, and seal an upper end of
the first ion o semiconductor substrate. The method Includes
20 partitioning the upper portion into a plurality of active areas by
burying an insulating material in the trenches. The method
includes forming a plurality of first stacked bodies and a second
stacked body on the semiconductor substrate so that distance
between each of the first stacked bodies and the second stacked
25 body is longer than distance between adjacent ones of the first
stacked bodies. The first stacked body extends in a second
direction crossing the first direction. The first stacked body is
formed by stacking a first electrode located above each of the
active areas, an insulating film provided on the first electrode,
30 and a second electrode provided on the insulating film and
extending in the second direction. The second stacked body is
located outside a region populated with the plurality of first
stacked bodies. The second stacked body extends in the
second direction. The method .includes a first deposition’ step
35 which is configured to form an interlayer insulating film so as to
cover the first stacked bodies and the second stacked body,

on



5 void with an upper end of the second void |eft open. The nethod incl udes

‘a second deposition which is configured to fill a |ower portion of the
second void and seal the upper end of the second void by depositing an
insulating nmaterial. - Enbodi ments of the invention will now be
described with 10 reference to the drawings. First, a first enbodinent is
descri bed. FIGS. 1Ato 1Cillustrate a sem conductor nenory device
according to the enbodinent., Mre specifically, FIG 1A is a plan view.
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AA is deﬁoneq—eﬁ:rg{n@er@pth@ruraawphﬂggle arranging direction of the STls 12
and the active are defin as X direction. The direction

perpendi cular to tﬁ%rﬁbpérf”'sﬁ;@ GMERE isides@ibedbstrate 11 is defined
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bodies Si eXtaeggérn nlgnt(t)htehe ehrbegéllnggn%re I\EI)ro?é“specmcally, FIG. 1 a|Csea >
plan view. FIG. 1B is a sectional view taken along line A-A’
15 shown in FIG. 1A. FIG. 1C is a sectional view taken along line
~ B-B’ shown in FIG. 1A.

The semiconductor memory device according to the
embodiment is a NAND flash memory. .

As shown in FIGS. 1A to 1C, the semiconductor memory

20 device 1 according to the embodiment includes a silicon
substrate 11. In an upper portion of the silicon substrate 11, a
plurality of STIs (element isolations) 12 extending in one
direction are formed. These STIs 12 partition the upper
portion of the silicon substrate 11 into a plurality of active areas

25 AA. The upper surface of the STI 12 is located above the upper
surface of the active area AA.

In the following, for convenience of description, an XYZ
orthogonal coordinate system is herein adopted. Among the
directions parallel to the upper surface of the silicon substrate

30 11, the extending direction of the STI 12 and the active area AA
is defined as Y direction, and the arrénging direction of the STIs
12 and the.active areas AA is defined as X direction. The
direction perpendicular to the upper surface of the silicon
substrate 11 is defined as Z direction.

35 On the silicon substrate 11, a plurality of stacked bodies
S1 extending in the X direction are provided and equally spaced



fromeach other.Qutside the region populated with the plurality of stacked
bodies Si, stacked bodies S2 are provided on both Y-direction sides of the
region, one on each side. The length of the stacked body S2 in the Y
direction is longer than 5 the I ength of the stacked body Si. The di stance
bet ween the stacked body S2 and the nei ghboring stacked body Si in the Y
direction is longer than the distance between adjacent stacked bodies Sl.
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silicon ggide, siligpRaiBtackds, bédvlsqn nmﬁnrédistelv abeh@d edrhdgctjgrd has
a nonol ayer or stzi\cked structure. The insulating film15 is provided
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14 and the floating gate electrodes FG are arranged in a matrix

configuration along the X and Y directions. The ehtirety of the

tunnel insulating film 14 and the lower portion of the floating

gate electrode FG are located between the STIs 12. The upper

20 portion of the floating gate electrode FG is projected upward
from the upper surface of the STI 12.

Furthermore, in the stacked body S1, an msulatmg film

15 is provided so as to cover the floating gate electrode FG.

The insulating film 15 is made of an insulating material such as

25 silicon oxide, silicon oxynitride, silicon niti’ide, or metal oxide,

and has a monolayer or stacked structure. The insulating film

15 is provided immediately above the piurality of active areas

AA. As a whole, the insulating film 15 extends in the X

direction. However, reflecting the shape of the upper portion of

30 the floating gate electrode FG projected from the upper surface

of the STI 12, the insulating film 15 meanders in the XZ plane.

On the insulating film 15, a control gate electrode CG extending

in the X direction is provided. For instance, the lower portion

16 of the control gate electrode CG is formed from polysilicon

35 doped with impurity. The upper portion 17 of the control gate

electrode CG is formed from silicide such as nickel silicide,



16 of the control gate electrode CGis fornmed from polysilicon 35 doped

with jnpurity. The upper portion 17 of the control gate electrode CGis

formed from suicide such as nickel silicide, cobalt suicide, or tungsten

siticide. Here, the upper portion 17 may be forned froma netal nmateri al

such as tungsten or tungsten nitride. Theeneandering of the insulating film

15 is substantlally absorbed by the |ower portion 16 of the control 5 gate
er surface of the |Iower portion 16 is generally
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the stacked bed rS'vn@éd exuﬁndﬁel Belder gl e@l@&mdéns@ed NEth@utagel 11 m
22, an openin é Infﬂ;u or ned. nl{ﬂrﬁdﬁﬁ)em n 2a, a connecting menber 25 is
c

25 provi ded. an et i /f rQ%tp*F?BH?tﬂh@rté@ﬁEZ?’rma@rd al as
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portion 23 is provided on the same level.as the lower portion 16
of the control gate electrode CG of the stacked body S1 and

20 extends in the X direction. The conductive portion 24 is
provided on the same level as the upper portion 17 of the
control gate electrode CG of the stacked body S1 and extends in
the X direction. In the insulating film 22, an opening 22a is
formed. In the opening 22a, a connecting member 25 is

25 provided. The conductive portion 21 is formed from the same
material as the floating gate electrode FG. The conductive
portion 23 and the connecting member 25 are formed from the
same material as the lower portion 16 of the control gate
electrode CG. The conductive portion 24 is formed from the

30 same material as the upper portion 17 of the control gate
electrode CG.

Immediately below the region between adjacent ones of
the stacked bodies S1 and S2 in the upper portion of the active
area AA, a source/drain region 26 is formed. The portion

35 sandwiched between the source/drain regions 26 in the upper
portion of the active area AA constitutes a channel region 27.



7 A spacer insulating film28 is provided on the side surface of the
stacked body Si except the upper part of the upper portion 17 of the
control gate electrode CG on the side surface of the stacked body S2
exeept the upper part of the 5 conductive portion 24, and on the region of
t he upper surface of the active area AA and the STI 12 not covered with the
stacked bodies Si and S2. Furthernore, an interlayer insulating film30 is
provi ded on the silicon substrate 11 so as to cover the stacked bodies Si
and S2 and the spaddr SPR§@ratingylating, Fdm | 810 pravidedoronl dhie ysige

i I'lustration, s@mcépéwhé @M@Jéd\gaédiz ”S%Be@(%@dthﬁhénhﬁﬁb@yp"art ”%P'tﬁ@ ng

film30 are not shown In t elnterla%er i nsul a % voi d
31 is formed YAPERPHSPN oh7bet kbencoRsrel ge @delﬁfdrégesﬁ: ,afd Bheosides? is

formed in thesperhtboBf bed avesry ey Stf@@feﬁzb%%é g%e%S Bre >§§C{hlé°dy

S2. The v0|ds 31 and 32 are shaped e stri xten
direction? Th@ﬂ@P@QVﬁlpgﬁHOBZZ‘ﬁr @nchernothe Rﬂglﬁnt ﬂ%thﬁt'éppél]éiurfﬂgal%ﬁl ng

film 30 The efacetiviawkal Adahtl h@EST0aD Rl EGgERed FitkOHYS Sthcpad 32

In the Z direction, the position_o ower end3aof t
hi gher than 20Odigs &ﬂs@”@nsgf t RErRREN O8Rd @Qa‘fﬁﬁr{a#rvdﬂﬂumlnﬁofllm

instance, the3Qopy rpram@édtbﬁ LIRBeS; IR %%é%fraté‘eliobé gs {5 LOVEf gh'éan

the upper surface of the floatin ate el ectrode contrast,

position of tH&akedepPoshas 4 a and (EhQZSPQC@r gnsulajw@@ ft”fﬁ’an28he Impper

surface ¢@p th | [ I n 5
surface OP thﬁIGo%ﬁ orir&gééﬁg e%ﬁll@%ﬁgg@@h%goghb?%fl @PB%&ngQgﬁegﬁd 31b

of the void 3N rmec HY F éngu N @ f 'WPI@Q/(W@ Rotishiawgher than the
upper surface of thg eaetumlerwér ﬁ{s@ﬂbtwg;efm% 39 éhﬁolu“ﬁff %Bﬁ@‘"a. 9l on

insul ating film 30, bit line (not 30 ?Dex ténding in
i mredi ately atmﬁ/é)(irﬁ@'&cb??‘é’eéﬂeéhﬁASF%Cb?@v gdies 191t h@nd n@eVDE@t—ﬁZ is

insul ating fifgpr38d h bite I¢@ﬁcl@ﬁnbé€we@wttrfé1%)ckte@1r o611 B4 DI t

line to ige acti e area s prow ded. Furthernore, in e rnterlayer

insul ati Ag fiVACKS d Q%ﬁr%% il (wmfissﬁémpdeﬂ%rﬂfenghua@etdwélbe Hrips
direction ande%@éﬁﬂlﬂ'gy”?(tﬂ@extﬁﬁetﬁldrhe qtﬁte' VBidd %an% BZ BF@Vérﬁ’aQSegihus

in the sem cond cttgr meno evice 1,- a nmenory cel fornme

each intersect e t'HEefé{éb’ﬁ\'ie”h‘ilé'étm aﬁHnt R st érd'l@dslb@@@rr gnsulating
.- film 28 does not reach the voids 31 and 32. 'In the Z direction,

the position of the lower end 32a of the void 32 is higher than

20  the position of the lower end 31a of the void 31. For instance,

the position of the lower end 31a of the void 31 is lower than

the upper surface of the floating gate electrode FG. In contrast,

‘the position of the lower end 32a of the void 32 is e.g. higher

than the upper surface of the floating gate electrode FG and

25 lower than the lower surface of the control gate electrode CG.

The position of the upper end 31b of the void 31 and the upper

end 32b of the void 32 is higher than the upper surface of the
control gate electrode CG.

' On the interlayer insulating film 30, a bit line (not

30 shown) extending in the Y direction immediately above the

active area AA is provided. In the interlayer insulating film 30,

a bit line contact (not shown) for connecting the bit line to the

active area AA is provided. Furthermore, in the interlayer

insulating film 30, a source line (not shown) extending in the X

35 direction and commonly connected to the active areas AA. is

provided. Thus, in the semiconductor_ memory device 1, a



Next, the operation and effect of the enbodi nent are described. 5In the
sem conductor nenory device 1 according to the embodinent, a void 31 is
formed in the portion of the interlayer insulating film 30 between the
stacked bodies Si. The void 31 is an air gap, and has a |ower dielectric
constant than the interlayer insulating figlm30. This can suppress the

i nfl uence 10 which the voltage of the control gate el ectrode CG or the
charges in the floating gated el ectrode bel onging to one stacked body Si -
exerts on theMn@iyi gelloMShis taemesl fosgieach2 mtersactibn rofedhat alcyivieel ow

t he nei ghbori gg=gtagkatH RAL ied B sYsleSSl the interference between

adj acent nenory cells can be suppre Furt hernore, the presence of -
the void 31 can incNexée the epeetionnand teffechesfvdbie tdraboatinTent gatee

el ectrodes CGpelAp@idlg to adj acent stacked bodies Si. This can reliably
prevent short circuit between the control gate electrodes CG _
20Furt her ®ore, in tHe hersesnimosntductosmmemiry device al vaiabriiingsté aheed i n

S “and the st el A lEAE R obid BTAEFOEMLA (T iR BRHIBRG of dReo R Y veen
the ‘sel ect galsWabie bide SO @fet_t/\k@brsﬁtih\e(sbla@oﬁq tBQdm;dS_tlhe 'Elr)e_tvozcdt @fralt :I 5(5)
eforred to as Shactid Gy, e 80 104, HERCARDCAN s Thed e
prevent ed. interlamgsi ¢asulatingefitmi \3|0r19 }chilsialmnp:f:]uppeesmmob?ey lgélltulﬁnc&
control | ao o WMER, AL Yitdeg BPTERECIHAREL ] dte Fl Pl ek cCoaty e of a
channel regi ofN27ges in.the Aeadirgtgated edectrass bemhgrerfgad:p.ombvm(f@tkerd n
Stacked body STa7nas Seids dnrhid Bereerl of FeThatiiy Pedlon etel gy
i.e., the 35 iShE&@@tBbupeow Ebﬁd@elghﬁqnugestafx?ted;tbmmﬁ]d Smdygﬂgﬁ |sC,t
Gate ol oot roanoa prCHRLEREE Db SRt A R kT B8 1
are drivéR bySlﬂlhlér%%ﬁdedri EUF\@fi_MhDage,thelepgeMncer ognthl_eé?]vcrmﬂt@grrgbgﬁ:]e'
orfont. of t nErEksee ind ORRRAKUB vHIefue daNeS RankE Bn e AT
stacked body &Jestrages @Gerb@%@ﬁgmn_gltpladm&rtw s(oiackleﬁ bpel;nes laSILe; This
Moulati ng 1T S6CHaBM TprE0BhERshBrECCHENE ReriRel THECBRE s atee.
To avoi d thi €lecheodes\G@g vol t age needs
20 Furthermore, in the semiconductor memory device 1, a
void 32 is formed in the portion of the interlayer insulating film
30 between the stacked body S1 and the stacked body S2.
This can increase the breakdown voltage between the select
gate electrode SG of the stacked body S2 and the control gate
25 electrode CG belonging to the neighboring stacked body S1
(hereinafter also referred to as stacked body Sla). Thus, short
circuit can be reliably prevented.
Typically, the driving voltage of the memory cell is
determined by also taking into consideration the influence of
30 the control gate electrode CG belonging to the neighboring
~ stacked body S1 of a channel region 27, i.e., the electric field
assisted effect. However, in the group (NAND string) of a
plurality of stacked bodies S1, the outermost stacked body S1a
has a longer distance to the neighboring stacked body, i.e., the
35 stac_ked body_ S2. Hence, the outermost stacked body Sia
o -éxperi'ences 'a smalier electric field assisted effect from the



10 to be sufficiently increased. However, increasing the driving voltage
rrequi fes hi gher breakdown -voltage in each portion of the sem conductor
menory device 1. This hanpers downsi zi ng of the sem conductor nenory device
1. -Thus, in the enbodi ment, the |lower end 32a of the void 15 32 is | ocated
above the |lower end 31 of the void 31. Aceordingly, the effect of the void
32 for suppressing the interference between nenory cells is made smal |l er

than the effect of the void 31 for suppressing the interference between
menory cel | s. SB8E gpéei eliechroge SGeOéftl‘e&tStakaeldebmide@. fmh@o when

suppressing t I t tacked
bogs S2 exgrtgﬁoﬂnl—ﬂ:I ﬂéﬁﬁ@rﬁ?ﬂ?%ﬁ%ﬁ%@rﬁ&%h@ ? Bf ﬁtab{éh fhe?
nei ghboring s€abkedrnesdyissmade smalier orunin hbeelﬂ‘f@ﬂﬂtortyf ceHefomneldsm for

suppr essi ng tESWe' atd deage iy hs i ge Cﬂ#ﬁ&ﬁ@é gﬁwtéeZ@k?ﬁh(e‘PdEuﬁ% Ll Meel ow

stacked baody exerts on 't he chan or med
t he nei ghb':orl ﬁd%@ﬁdﬂé&lﬂ)cﬁﬂ]”@ is TH’G$ted ey (than@%lll QUIYEO Qf?thermatked

| medi at el y bBbay 161 St A IpHpHbrAN R iBhARC SRS PERGFSaRAAPT GREdA!

electrlcfleld aSS|sted the se at e rode
st acked body & Wf'@/@éﬂSQOCS’Gkﬁ)r@Esd@t@, pﬁ’fbﬁﬁgﬁbrﬂ@n aacumnutateadeinc dihe

current of {ngyereaydd iNRILHG ! ! 30| hBREethERR BRG] et ARl the

st acked body Sla | ar per en 2 1is
| ocat ed aboveStaekephady §2 é‘d@eof T(hea\tmdt thjls dhtee delvéiogr wolage aredd3s t he

upper Surlfoaceté’fbéhguﬁﬁél%‘httlygqfn%r%%wOdﬁq?& %Brm&rér%lﬁgattﬂ% | fyengend

32a is |located bhelow the | ower surface of cont te elec n((U:Jde CG
and t he | ower Velle@fcdeauires Q'@I’ﬂlﬁ]’ctﬁr\ﬁ@lﬁtﬁﬂwnoMOmgefhns eadie pﬂntcerZOﬁ s

i nt er posed i ntﬁ@%eq-ﬂﬁédr‘?duﬁtgjroﬂw@ﬁ{dﬁﬁﬂeR/hEe cont ﬁ'gés d‘ﬁg?r@%{)ﬁﬁ\%é g| ect

t he stacked bogé a and conducti've portions
gat e el ect r odef SRectetieordHEkR nb@ﬂ'}OBQdeFfrhC% Ican increase the breakdown

vol tage between t herpoal il gatemaimene SRedithbie el o8y grifcel st rode

SG. Thus, short circuit can revente nore rel abl
sufficied® bradkdéan Q¢@|t€ageaeanebetf@15u®\e@rvmmda mgmfvouh@gerq:d B

appl i ed betweggp ec a S d2bh [ Ok 1ol
gate el ectrode %%fhﬁlsn% aﬁshgt Eﬁ&tﬁf&nﬂé e?gzq]ngzd:qd?e gﬂ?ﬁég%nﬁt %r nor e,
the lower endfMgifefends Reiwesn naemrat éiﬁ'laﬁodﬁema@euﬁp‘eallsmrm thie t he

floating gat eeﬂ"e%@tdipféﬁe':@o?d‘% Lordrhe e E%% l:g“ﬁé3 |errtft%‘?eﬁﬁﬁd5‘é§: Een

portion 21. Thus, the void 32 is not |nter po he C anne regio

27 formed i mBEROSYy CBEBow Mﬁées$ﬁ@ﬁ@$QJMyt@$ﬁﬁdtt®% tbenvaidi 32 faorti on
21 of thegsel suppgasaing eneripdfucite Whiclf BReCBEICE SBFe gt dde 48l &

assi st ed effet eoétatcrl](%dgeboecfy ggt gxgrtes(,:torr? the channel region 27 formed
immediately below the neighboring stacked body Sia is smaller
than the effect of the void 31 for suppressing the influence
which the control gate electrode CG of one stacked body Si
25 exerts on the channel region 27 formed immediately below the
.neighboring stacked body S1. Thus, the channel region 27
formed immediately below the stacked body Sia can also
experience an appropriate electric field assisted effect from the
select gate electrode SG of the stacked body S2. This can
30 suppress the phenomenon in which the cell current of the
overall NAND string is limited by the channel current of the
stacked body Sia. |

In particular, the upper end 32b of the void 32 is located
above the upper surface of the control gate electrode CG and

35 the upper surface of the select gate electrode SG. Furthermore, -

the lower end 32a is located below the lower surface of the



20 exerted on the channel region 27 fornmed i medi ately bel ow t he st acked
body Sl a. Thus, according to the enbodi nent, the breakdown voltage
bet ween the control gate el ectrodes CG and between the control gate

el ectrode CG and the sel ect gate el ectrode SG 25 can be increased.
Furthernore, while suppressing the interfierence between nenory cells, an
appropriate electric field assisted effect can be realized in the nenory

cefl of the outer st stack d body Hence, the cell current can be nmade
uni f or m among“R @%trﬁgﬁesé%t apfe Heei NP¥fiTat PBH agensPt y the

menory cells @@mb@twec:p@as@% 23, Thukerehe ivioids 33 $9 PR @éé‘dtu(h PRkt
application Of'ﬂlﬁro gram vol E@ e to the control gate el ectro CG provided in

the stacked LRRAYTSl IR PEIWSEN the: RO} Bafte ﬁé‘?ﬁ@’@%)@ t ®ft kbe
gteljreg; gat e eét%(ttlde‘ggg Sy ehdEhe & @'@ﬁaMctsueﬂel pbﬁ*tiWHsCQ3”8n%5§@t fél e
rel ates t ,%%@ﬁgdgﬁ ¢ %E?E.F Qgﬁuﬁégo? %e’?ﬁ%ﬁﬂm@@ﬁﬁn@%ry”@fil gan

according to h@eabévethfd r Bre§REONMERNLItaddShetfydeén 1E§ear&)rﬂrr6¢e§)33té' ews
illustrating the 5 d for nuf ct uri ng%a sem conduct or nenory “devi ce

according to €&t %%d f$%§r¢é’sgp eBIRCERPER 96, arBhsochi@rtpl an

views. The figvegr tahebedp\roet/bntsd m@ré)rrmmgse%é&m.ng;lf\ﬂféufﬁ&@htal ong
line A-A" shown in, the corresgondlng ures | abeled with The figures

| abel ed wi t h P@AKIRWIG PItagss CAIL{PBnENSITEHs WhRSh &l Big) | vakager iSshown

in the caor esa»ppnedg bepwees | ahel edepddth géte electro&erSSG agn10¥Ael N
FIGS. 2A to 2C |consbstr ate are on the entire

surface of th%éQ%t?Q:rdﬂgsEBQ F%\ltéaﬁ eéqtl']ﬁ &l Gvs§|uz§th @é At e dimeofof an

i nsul ating ne¢edding data.such as silicon oxide and silicon oxynitride is

formed. Next, silic ontaining inpurity is dep05|ted on the entire
surface to form a Ji"ﬁrﬂa%ﬁerr Eh?’hl@weﬁ\l@ﬂd 32 amdkthav@ida$2 45 losatedned

on the enti r%lsuvéatrﬁe upper surface of the floating gate electrode FG and
15 the upper surface of the conductive portion 21. Thus, the void
32 is not interposed between the channel region 27 formed
immediately below the stacked body Sia and the conductive
portion 21 of the select gate electrode SG. This can ensure the
electric field assisted effect of the select gate electrode SG
20 exerted on the channel region 27 formed immediately below the
stacked body S1ia.

Thus, according to the embodiment, the breakdown
voltage between the control gate electrodes CG and between
the control gate electrode CG and the select gate electrode SG

25 can be increased. Furthermore, while suppressing the
interference between memory cells, an appropriate electric field
assisted effect can be realized in the memory cell of the
outermost stacked body Sia. Hence, the cell current can be
made uniform among memory cells. As a result, the

30 integration density of memory cells can be increased.

 Here, it is also possible to omit application of program
voltage to the control gate electrode CG provided in the stacked
body Sla. Accordingly, the memory cell formed next to the
select gate electrode SG serves as a dummy cell in which no

35 data is stored.

Next, a second embodlment is described.



Next, as shown in FIGS. 3A to 3C, the mask material 42 20 is selectively
etched and divided into a plurality of |ine-shaped portions extending in
the Y direction. Next, the mask nmaterial 42 is used as a mask to perform
etehing. Thus, the polysilicon film41l and the tunnel insulating film14
are selectively etched, and an upper portipn of the silicon substrate 11 is
selectively 25 etched. Accordingly, the pol Iysi i C]?n| film ;]11 agd th;a t unnel
insulating film214 are divided into a plurality o i ne- shaped portions

ext endi nggl n the Y GheeemMbrdiragatargletesl ta ya onethedc fes manafashdring i n

the Y directigie de@ni@mB8dctdt trﬁé rdeRﬂEEe' aeceFngf t@oth@%é\v@%fﬁt e

11. 30Next, as shown in FIGS. 4A to 4C, silicon oxid I nst ance
deposi ted on embediment surface to forman insulating film44. The

insulating film 44 ggg&or rﬁ? §§eqcz eﬁré&?sslﬁ zgﬁw§ur I@%E’racl ghethté ench

43, and the outer surface t'unn atin
pol ysilicén fmekhwd tard G@W@Ctﬁﬁtﬁgl al semiceRducker smmqrm FIEBCE5A to

05 40 " 2o ateoRANG EGRhe EbAdIREIE HReral 8BBbERG WFith ok FiES, A

to 4C). At this tine ortion |nsula or me onthe
upper surfacePBPCe%fe F-Hﬁé‘erh%\tVérl aThﬂZf'QMeﬁhéa%ﬁdgdwthorBedaﬁ.m ANREEsSt t om

surface of thgeéﬂ*snah\/ﬂé’w@r& $RI6AR Nﬁe A5Ne§ﬁovﬁ§ ﬁ*ﬂﬂ@kéﬂe'%p .%to

6C, an insul ating nateri al a5 sPlicon oxide sl 11con oxyni "
silicon nitrideurgs hﬁe‘?%ﬁecbxWM\ i s‘\depo'Ehee(ﬁlgithSWela@tﬂledevﬁtlhf €e |a1'@a

single | ager grocedy %@éﬂléManV||ef\‘»Y§r§ak fi ?Hgmlrﬁé ng- gﬁt v’a','n iR L’tﬁ“ ed
in the trench 43 and deposited on ysi| etc
corresponding figures Iabeled with ®
First, as shown in FIGS. 2A to 2C, a silicon substrate 11
Is prepared. Next, on the entire surface of the silicon substrate
11, a tunnel insulating film 14 made of an insulating material

15 such as silicon oxide and silicon oxynitride is formed. Next,
silicon containing impurity is deposited on the entire surface to
form a polysilicon film 41. Next, a mask material 42 is formed
on the entire surface. '

Next, as shown in FIGS. 3A to 3C, the mask material 42

20 is selectively etched and divided into a plurality of line-shaped
portions extending in the Y direction. Next, the mask material
42 is used as a mask to perform etching. Thus, the polysilicon
film 41 and the tunnel insulating film 14 are selectively etched,
and an upper portion of the silicon substrate 11 is selectively

25 etched. Accordingly, the polysilicon film 41 and the tunnel
insulating film 14 are divided into a plurality of line-shaped
portions extending in the Y direction, and a plurality of trenches
43 extending in the Y direction are formed in the upper portion
of the silicon substrate 11.

30 Next, as shown in FIGS. 4A to 4C, silicon oxide, for
instance, is deposited on the entire surface to form an
insulating film 44. The insulating film 44 is formed so as to
cover the inner surface of the trench 43, and the outer surface
of the divided tunnel insulating film 14, polysilicon film 41, and -

35 mask material 42. |

Next, as shown in FIGS. 5A td 5C, etch back is performed



10 back is performed. Thus, the portion of the deposited insulating
material and the insulating film 44 | ocated above the upper surface of the
polysilicon film4l and the portion |ocated between the upper portions of .
the polysilicon film41l are renoved. As a result, an STI 12 is fornmed from
the remaining 15portion of the insulatingi;bilma44 and the deposited
insulating material.ln the followng, it is assuned that the STI 12
includes the insulating film44.The position of the upper surface of the
STI 12 is hi gHerramaNe: Hee Iask saterdal 2 t(ﬁeepl_?_l@s; |4_/t¢n>h=r40t)m 4At a2ds e
| ower than itg . _
upper porti onﬁlgﬁefﬁgez PF?%@ sgﬁbtﬁér gﬁgMﬁépPghﬁgﬁt%?%@n@Se{jnﬁg gﬁ%ﬂ}?%%ty
of active areddri@caf it mgask mrageriali #@candnthe portiolefarmead shaskre i n

FIGS.- 7TA to 7gotEdm gépﬁﬁéagfggtﬁxérﬁ{h gr@grgsalgblr#ejggi@&_de i s deposited

on the entire surface. an 1nsulatin s Tormed so as to
cover the STl 12 anieXie gfosNoMn donFIGSM @A taNeG,, an istaulptistapedtemahi ng

i 1m 45 wher oPEn 95 sHIEaRRGKICRS, SicH B iErkes SREQb ublad ofn Matef s
8A to 8C, si | PXBHE dspdepaisite @Iﬂ_ rﬁbher}.e_tr}tlre cﬂunﬁaeealmt.:@, flnisgtbapay:ereoir m;l tsge
enters into tpa ol Bragpeis | TR ihshldna. ML 15 Biftisd M the
pol ysi i con fH&AQL 43eand _Ckemkeda@arﬁw metYSE“Qm'pEE‘m ?Hl.iogll\tdfbet,ieemhe
o ocessad ISP, T e | BorkRl BRGRA gébpites
: insulating material and the insulating film 44 located above the
upper surface of the polysilicon film 41 and the portion located
between the upper portions of the polysilicon film 41 are
removed. As a result, an STI 12 is formed from the remaining
15 portion of the insulating film 44 and the deposited insulating
material. In the following, it is assumed that the STI 12
includes the insulating film 44. The position of the upper
surface of the STI 12 is higher than the lower surface of the
polysilicon film 41 and lower than its upper surface. By
20 burying the STI 12 in the trench 43, the upper portion of the
silicon substrate 11 is partitioned into a plurality of active areas
AA extending in the Y direction. _
'Next, as shown in FIGS. 7A to 7C, an insulating material
such as silicon oxide is deposited on the entire surface. Thus,
25 an insulating film 45 is formed so as to cover the STI 12 and
the polysilicon film 41. Next, a strip-shaped opening 22a
extending in the X direction is formed in the portion of the
insulating film 45 where the stacked body S2 is to be formed.
Next, as shown in FIGS. 8A to 8C, silicon doped with
30 impurity, for instance, is deposited on the entire surface to form
a polysilicon film 46. The polysilicon film 46 also enters into
. the opening 22a and is brought into contact with the polysilicon
film 41. Next, a2 mask material 47 is deposited on the entire
- surface.
35 Next, as shown in FIGS. 9A to 9C, the mask material 47

- Is processed into a plurality of line-shaped portions extending in



the X direction. Next, this nmask material 47 is used as a mask to perform
et ching such as RIE (reactive ion etching). Thus, the polysilicon film 46,
the insulating film45, the polysilicon film41l, and the tunnel insulating
fitm 14 are selectively etched 5 and divided into a plurality of

| i ne-shaped portions extending in the X digection. Accordingly, a plurality
of stacked bodies Si, and stacked bodies S2 | ocated on both sides of the
regi on popul ated with these stacked bodies Si, one stacked body S2 on each
side, are forthel X theectierkedNevdi ByisSnagke mgtatial 470 is psest asThendiskt ance

et ween the siadleobiethingisibs sEarRted(RoE 1y IR hgTOCTH N Che

di stance bet vveeﬁ adoa(_:(_ant st atke res adjacent“tnes of 't he
st acked bodi e€hesi palysilgont fibnackt,véher daswating fille 98, theapelysibicoad.
15Here, the t ehqi kN i ; o} ysil i 4

al ready been g!ﬁ\jl %_(la@%gh:ei g@?h?ﬁégu?}?_ﬁlégﬁlﬁe&%éﬂ% (r%mlezr:\h%/g‘ey #tglﬁ%gcti on
in the st & sapBdndividedaatosa pluratty Hefhdiae-shapechgportionsiextendimgsnst ep,
they are divi I h t @ jr i it idito a
plurality of g’g& )Socﬁ?lggﬁghér r_gﬁgee)(rd&?‘%lg’ (nyiatpﬁlﬁiélc nfoﬁggF%ﬁ%%.bqﬁgé%p r't’i on
of the polysi@ndostacked4bodieat &2 ilocatedsoar keatthosides ebridts tnagiona
floating gate : t i Lacated.| C bgdy S2
constitutes apggﬁ utizeﬁj_\%llfﬁopﬁ(?g% %L%d%ﬁg}e I:{)l-st;urltk.elgoﬁ1(fo Obﬁeggﬁggﬁ%gtlﬁﬁgyf S?m 45
| ocated in thenseachesidesdgreaiforsnedonsthe wsteskad ibedieat Sigafel egwsd)lyand
the portihen | i e d ' i, nsul at.in ilm
22. The porti Greert ol ol SaEten Tare b T yar ey (ot S anhens s
constitutes tH@qk{erbedyt is6 pade denges| thane tbeedistarcacdetwdenhe
portion | ocatgd;d e co i S B4+ duct iV ion
23. The porti%ﬁjéo%‘érﬁ:g’té_g%?i chl(%:ag%gfi 1n'1' 4?%%‘&#%@ iaﬁdjt%%e%%gpéhéﬁg%gwe
constitutes aS‘@skesctiatjerehBernts S2, the askixe, aneasAdwanich tAEGSTI10R to
10C, silicon gxd @@ﬁ’pdcs‘érd.i nstance, is deposited on the entire surface to
forma spacer insulating film 28. The s%g(_:er insulating film28 is formed
so 35 aslPo cover therectthge tamnelasyladigg filrp, lahdandetbeapbéysiiodnes Si

TS portions Tormed oo ihec ety el i et info, dhe Nfadsd aPBEHeRS o™
and S2 are noRXianAig in ihe ¥odiraction im tbecstan sbowmdrt FIGHBe 3A dokad.
berforms T oncieel anf aprong CAIvidRR iR WAk o, ey calErd e, Aifes”
formed in t heDPH} tiheh YorantheY adireebioavse@neh partibpon edniticatee|ptubalityw afhe
hocser 20 RoRions b ¥AngY 1A% SABERS LOSHLGLARGHT ) (FhEopMIgpnar the °f
channel regi opokysgilicon film 41 located in the stacked body S1 constitutes a
floating gate electrode FG, and the portion located in the
stacked body S2 constitutes a conductive portion 21. The
portion of the insulating film 45 located in the stacked body S1
25 constitutes an insulating film 15, and the portion located in the
stacked body S2 constitutes an insulating film 22. The portion
of the polysilicon film 46 located in the stacked body S1
constitutes the lower portion 16 of a control gate electrode CG,
and the portion located in the stacked body S2 constitutes a
30 conductive portion 23. The portion of the polysilicon film 46
buried in the opening 22a constitutes a connecting member 25.
Next, as shown in FIGS. 10A to 10C, silicon oxide, for
instance, is deposited on the entire surface to form a spacer
insulating film 28. The spacer insulating film 28 is formed so
35 as to cover the active area AA, the STI 12, and the stacked

bodies S1 and S2. However, the spacer insulating film 28 is



10 Next, as shown in FIGS. 11A to 11C, a sacrificial film48 is deposited
on the entire surface. The sacrificial film48 is buried between adjacent
ones of the stacked bodies Si and S2 and deposited al so above the stacked
bodies Si and S2. Next, the spacer insulating film28 is used as a stopper
to perform15 RIE. Thus, the portion of jtfie sacrificial film48 | ocated on
t he upper surface of the stacked bodies Si and S2 is renoved. Accordingly,
the sacrificial film48 remains only between adjacent ones of the stacked
bodi es Si andthEply Nexmedssatibah its Fatmna farmed 2 thechidacurfaceof

f d to e Tchr
Bt acked body e cagiaqihtBacRBUZboel /St BRd (8o CRRE nBecbFoloRt fitS ,
the portion oﬁoﬂE%Cts@wthfeaChl othem 48exse dihel theckeénboldeeWSk andebi2al s
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28 |l ocated 25 on per surface~an I de sur ace of mat eri al 47
is al so r &mpviel ImplantaN@ﬂ of denpuBEM. | 1 MUGSa 3GWree/dram nagdopazbi id ci al
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FIGS. 14A to 14 a neta aIt
deposi ted on PAWWhe Stagkesc Hadies opin anﬁlesaa and rtmagspacer insndatingas

shown in Fl CilrkS/ag 0 19¢ ySF?PUbheaéf”Bt'He'éc BO Bl hA CBRBFLRATHLN

bet ween silicon of the p Icon film 46 the net al
49. Thus, thes@r@f%ﬁ/d@lBB’QQIDEEdZQe@mwl@SnQIq,l’,laltlnel 0p@N @ot.tion 17 of

the contrg gate el ekt oge Cfrolwn flﬁrﬁgg #,JSletdJ %OEEEH?IC%I ﬁﬂ% ggacked

15 body Si, and a conductive Bortlon orne upper_portion of
the stacked bsddeppsite@ epnddet emélrsorsurﬁal@ezl T|23 Saﬂl‘lﬁmtﬁlt fidmc Biets i ng

ToRTo Soc TH 0 SRR B ot R e
by e.g. wet e®Bfi@gposited also above the stacked bodies S1 and Next
the spacer insulating film 28 is used as a stopper to perform
15 RIE. Thus, the portion of the sacrificial film 48 located on the
upper surface of the stacked bodies S1 and S2 is removed.
Accordingly, the sacrificial film 48 remains only between
adjacent ones of the stacked bodies S1 and:S2.

Next, as shown in FIGS. 12A to 12C, etch back is

20 performed to remove the mask material 47 from the upper
portion of the stacked body S1 and the upper portion of the
stacked body S2. At this time, the portion of the sacrificial film
48 located between the mask materials 47 is also removed.
Furthermore, the portion of the spacer insulating film 28 located

25 on the upper surface and side surface of the mask material 47
is also removed.

Next, as shown in FIGS. 13A to 13C, the sacrificial film
48 (see FIGS. 12A to 12C) is removed.

Next, as shown in FIGS. 14A to 14C, a metal such as

30 nickel, cobalt, or tungsten is deposited on the entire surface to
form a metal film 49,

Next, as shown in FIGS. 15A to 15C, heat treatment is
performed to cause reaction between silicon of the polysilicon
film 46 and the metal of the metal film 49. Thus, the metal is

35 silicidized. Accordingly, the upper portion 17 of the control
gate electrode CG is formed in the upper portion of the stacked



Next, as shown in FIGS. 17A to 17C, an insulating material such as silicon
oxide;is deposited to forman interlayer insulating film30. This
deposition is performed by a nethod 10with relatively low buriability, such
as-the CVD (chem cal vapor deposition) nmethod. Thus, the insulating
material is first deposited in a |ayered mnfiguration on the side surface
and upper surface of the stacked bodies Si and S2 and on the upper surface
of “the active area AA and the STI 12. At this tine, a 15 void 31 opened
upvard i s forP@dYbSilwedAdt Re CONGMICEH @ JRIPEHOR] 24Fik fREMRA e dheoiuPPET

opened upvar dhpetibAr decheeraerBdl BEdH! Sle‘jTﬁ@Cbbrﬁlué‘ﬂNetﬁ“@rﬁé%k?ﬁ bady

Subsequentl by continuing the deposition, portions of 'the
i nsul ating med@rad oti"rﬂ)swféaeéﬁnlghé'nﬁrﬁ@%urzﬁadé%niﬁtlﬂﬁe Qosgtﬁfé g€t i ons
of the stackeéi|elQ_Q gé 5, are brought into contact with each other. Thus,
t he upper end 31b of the void 31 is seal ed. The position of the |ower end
31la of the® void 31 Mexthes shaye i Al&wer lﬁwaﬁOti?@Cu,ﬁb@ruacﬁza@tead dnetak
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of the |ower end 32a of the void he ot her ecause the void 31

has al ready DRBROSEMPRY Meedsul dihwgy r’rﬁ'ﬂ%rl'%flil—”@@ﬁég nmat%way Isenfdfstat e
therein. As adégogﬁtéwl tin bh¢a9@ﬁéal@@nﬁwrla%drpw &5@0%%% OJurtfagevah@j 32
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deposi tion, t&erfareebf e 32k dree Yo\ hid t!h°e &pp 13eal ﬁﬁ' t thipygh ot he

depositl(ig of the insulating material is further continued e insul ating
0

mat er i al 1@oesVeist HeRReRRd 8pWatidois HOreedsbetiwgra the ﬁaqk{ﬁ% Bedigs, the
position of tge,!l qﬂl@r“th@?ﬁw@i‘e t BevdRi @ﬁ%deﬁwé}ﬂ QJ’I:ﬂNaF&% Fd?‘?né@pﬁépﬁlébﬂwace

te electrode | ower surtface of

of the fl oat |
the control g %%gﬁéb?qmdbélﬂﬁq ﬁ@rerrﬁ\?%cq(@‘%é)%éﬁz .on of the upper end
of the void 32 is hSgbeequkatly,hByuesatirithigAeReodepBsition, the portions

of the insulating material deposited on the side surfaces of the

20 upper portions of the stacked bodies S1 are brought into
contact with each other. Thus, the upper end 31b of the void
31 is sealed. The position of the lower end 31a of the void 31
at this stage is lower than the upper surface of the floating gate
electrode FG. Furthermore, the position of the upper end 31b

25 of the void 31 is higher than the upper surface of the control
gate electrode CG. On the other hand, the distance between
the stacked body S1 and the stacked body S2 is longer than the
distance between adjacent stacked bodies S1. Hence, at this
stage, the upper end 32b of the void 32 is not sealed.

30 Subsequently, by further continuing the deposition, the
insulating material penetrates into the void 32. This raises the
position of the lower end 32a of the void 32. On the other
hand, because the void 31 has already been sealéd, the
insulating material does not newly penetrate therein. As a

35 result, the position of the lower end 32a of the void 32 is made
higher than the position of the lower end 31a of the void 31.



10 control gate electrode CG e.g. nearly as high as the position of the
upper;end of the void 31. Thus, by depositing the insulating .

material with controlled buriability, an interlayer insulating film30 is
fornmed so as to cover the stacked bodies Si and 52. Sinultaneously, 15 in
the interlayer insulating film30, a voidggl can be formed between the
stacked bodies Si, and a void 32 can be forned between the stacked body Si

and the stacked bod Furthernore, the position of the | ower end of
the void 32 can be %Q@éﬁ@@%ﬁbﬂeaﬁhémntlmnﬂﬁst hBAI bﬂeﬁCenbyofurﬂ’fEarvm d
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Thus, by depositing the insulating material with
controlled buriability, an interlayer insulating film 30 is formed
so as to cover the stacked bodies S1 and S2. Simultaneously,

15 in the interlayer insulating film 30, a void 31 can be formed
between the stacked bodies S1, and a void 32 can be formed
between the stacked body S1 and the stacked body S2.
Furthermore, the position of the lower end of the void 32 can be
located above the position of the lower end of the void 31.

20 The buriability of the interlayer insulating film 30 can be
controlled by e.g. adjusting the film formation condition. For
instance, the buriability can be controlied by adjusting the film
formation rate of the interlayer insulating film 30. Lower film
formation rate results in higher buriability. Higher film

25 formation rate results in lower buriability. The film formation
rate can be decreased by e.g. decreasing the gas flow rate,
decreasing the plasma power, or decreasing the pressure.

Furthermore, the buriability can be controlled by .
adjusting the directivity of film forming species. If the

30 directivity of film forming species is high, the insulating material
is deposited preferentially on the bottom surface of the void.
The directivity of film forming species can be increased by e.qg.
‘intensifying the electric field or decreasing the pressure.

Furthermore, the buriability can be controlled by

35 adjusting the impingement Velocity of film forming species. If

the impingement velocity of film forming species is high, the



17 sidewal | is etched, and the huriability is decreased. Conversely, if the
Linpi ngenent vel ocity of filmformng species is low, the buriability is
enhanced. The i npingenent velocity of filmform ng species can be increased
by-e.g. intensifying the 5electric field. _ Furthernore, the
buriability can be controlled also by selpgting the shape of the stacked
bodi es and the di-stance therebetween. For instance, if the YZ cross section
of “the stacked body is shaped Iike a trapezoid with the | ower side 10l onger
t han the uppesidgwl! ishetahweds apar therbufiabliéty is dewrefaseded Goneersely,

ily.Furth i : I , r__di ce.het. t
cast Y Fur AMETE, RS ABOEE: of (ISt B R e oo
the void is fburiadbility eiscagnihgncesif t eﬂ'hfeprlmnpﬁ'mgeume_mtteevdrala))cetry i ?Eu]flarlrrgg
film 30, r cli _ s _
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t he- cont act helectrie fieldn a bit |1ine contact (not Zhown)b Next, ? Plg Ielrne
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arbodi mont .t Hoeeehy 21 FBE e IR £a 8PS 1 RRERRY dhibel
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Furth , j A i n i a control L en
Further e, IHeadehaR 4 ihled Uesd WA SR BBHAE ol KR QSRS L e
bet ween adj acBMrest @agiéy. bodresth@rmang, agsmdjem'lbe_d @?}bg? Oﬁrerelid)gtgmrrwgﬁg
h tacked b ' (,ngﬁ t e iLLo
E)f et ?lea\(ioiGd ﬂ%égﬁ'cggrﬂ)(%de. ﬁgﬁgé g%%%%eBBQI‘%‘l gé?"él_&st_ HE_ ﬁjgtgeyr'ngnmﬁgf “the
voi d 31. Thustiming s¥fniseahing ttdre neppey erd) cgndcthedivoidtis tfHeediborref ir st
enmbodi nent Ca@a?iﬁ’g.”am‘f actured. 35Next, a third enbodi nent is described.
a

The enbodi nent o relates to a nethod for
15 After forming the interlayer insulating film 30, a contact

hole (not shown) reaching the active area AA is formed in the
interlayer insulating film 30. A conductive material is buried in
the.contact hole to form-a bit line contact (not shown). Next, a-
bit line (not shown) extending in the Y direction is formed on
20 the interlayer insulating film 30 immediately above the active
area AA so as to be cOnhected to the bit line contact. Thus,
the semiconductor memory device 1 according to the above first
embodiment is manufactured.
According to the embodiment, the distance between the
25 stacked body S1 and the stacked body S2 is made longer than
the distance between the stacked bodies S1. Furthermore, the
buriability of the insulating material is controlled when the
interlayer insulating film 30 is formed. Thus, a void 31 can be
formed between adjacent stacked bodies S1, and a void 32 can
30 be formed between the stacked body S1 and the stacked body
S2. The position of the lower end of the void 32 can be made
higher than the position of the lower end of the void 31. Thus,
the semiconductor memory device according to the above first
embodiment can be manufactured.
35 Next, a third embodiment is described.
The embodiment also relates to a method for



18 manufacturing the sem conductor nenory device according to the above

fai r st . enbodi nent . FIGS. 18A to 19C are process views illustrating
the nmethod for manufacturing a sem conductor nenory device 5 according to
the enmbodinent. The figures |abeled with "A" are process plan views. The
figures labeled with "B" are process sectjgnal views taken along Iine A-A
- shown in the corresponding figures |abeled with "A". The figures |abel ed
with "C' are process sectional views taken along |ine B-B' shown in the 10
cor r espondi ngnfa Rufagurite| de wamicondueiostmenmeryprdedse aboanding FIoGS.

2A to 16C is f’r?éfa‘ﬁc&éj'ﬁr-gbléﬁnﬁto'&‘?n%ﬁlgcwre shown in FIGS. 16A to 16C is
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15 performed by a method with relatively low buriability, such as
the CVD method. Thus, an interlayer insulating film 30a
covering the stacked bodies S1 and S2 is formed on the silicon
substrate 11... Simultaneously, in-the interlayer insulating film
30a, a void 31 is formed between the stacked bodies S1, and a
20 void 32 is formed between the stacked body S1 and the stacked
body S2. Then, with the upper end of the void 32 left open,

the upper end of the void 31 is sealed.
Next, as shown in FIGS. 19A to 19C, an insulating
material such as silicon oxide is further deposited. This.
25 deposition is performed by a method such as the ALD (atomic
layer deposition) method, which has higher buriability than the
aforementioned deposition of the insulating material shown in
FIGS. 18A to 18C. Thus, an interlayer insulating film 30b is
stacked on the interlayer insulating film 30a. Simultaneously,
30 the insulating material penetrates into the void 32 and fills the
lower portion of the void 32. As a result, the position of the
lower end 32a of the void 32 is made higher than the position of
the lower end 31a of the void 31. Subsequently, the upper end
32b of the void 32 is sealed with the interlayer insulating film
35 30b. The interlayer insulating films 30a and 30b constitute the
interlayer insulating film 30 shown in FIGS. 1A to 1C. The



3530b. The interlayer insulating filns 30a and 30b constitute the
unterlayer insulating film30 shown in FIGS. 1A to 1C. The 19 subsequent
process is simlar to that of the above second enbodi nent.

Theenbodi ment canal somanuf act ur et he sem conductor nmenory device 1 according
to the above first 5 enbodinent. Accordingto the enbodi nent, the
deposition of the insulating material is perforned in two steps. The
buriability is made relatively lower in the first deposition, and :

rel atively higtleseaHenke psecera depsihiliaon toHdhas, ofhéhei rabgvef seeahidng
the upper endagidb@mteRe void 31 and the timing of 10 sealing the upper end
32b of the void 32 can be controlled nore accurately. As a result, the
position of the | owER€endembodimerd voicaB1l adtsa he pwmufactuse t hdhieower

mothod and t ne Hhcondackss ARrhBRy: BeMite CPLAsERIR Y tbF kY A
f or egoi ngSar eeBIRRGIANENE. t KswOrding heo dihe @rsbodimnenthoth ereteposition ofThe
ot hod Tor et ety g S han SReHE LS e TBPR ATl Shbs: oy oIFe on
density of nebFiabidty 95 orage |relativiedy nlaswendhnthe sfihsiy ol epsitides canded,
| ntended o | EFERLTERE Al BIE Seord dEBoSt e THEN G the IifG B
enbodi ment s 0¥BNNGetNBeHBPRI BN e Habolli e ivoid e iang the otineing w@fivs;
the enbod et e g g B S 2 oeih R ser g e
spirit of theA¢EN@HEIvNs AsTiRe resetimtingi Rgsition nef dhe dowier eqd Zdaerfs are
oope S o VSHIL ARG pEIGh S LR2TCRREH RS9 by hi g s
descri bed abdv@N daf aanteehsdnEwOrRIAGEAUrRtely. The manufacturing method
and the operation and effect of the embodiment other than the
15 foregoing are similar to those of the above second embodiment.
| The embodiments described above can realize a
semiconductor memory device and a method for manufacturing
..the. .same capable .of..increasing .the integration density of
memory cells.
20 While certain embodiments have been described, these
embodiments have been presented by way of example only, and
are not intended to limit the scope of the inventions. Indeed,
the novel embodiments described herein may be embodied in a
variety of other forms; furthermore, various omissions,
25 substitutions and changes in the form of the embodiments
described herein may be made without departing from the spirit
of the inventions. The accompanying claims and their
equivalents are intended to cover such forms or modifications
as would fall within the scope and spirit of the invention.
30 Additionally, the embodiments described above can be

combined mutually.



20 What is clainmed is: 1.A sem conductor nmenory device conprising: a _
gem conduct or substrat.e; a plurality of elenent isolations fornmed in
an upper portion of the sem conductor substrate and partitioning the upper
portion into a plurality of active areas extending in a first direction;

a plurality of first stacked bodies provizigd on the sem conductor substrate
and extending in a second direction crossing the first direction; a
setond stacked body prOV|ded on the sem conductor substrate, |ocated
outside a regwﬂhabﬁbﬁkﬁﬂyﬁ WPth the plurality of first stacked bodies, and
extending in the second direction; and an interlayer insulating film
covering the flrst st acked badi es and the second stacked body each of the
first stackedlbodi e $@lcRNAYCtAr Mesory Q@tVri@%IéZOdF‘@\'ilsdég above each of

the active areas; agcisea}-ﬂ,‘ic;ﬁ@lhagémgublsugﬁy ovided on the first el ectrode;

a second el ectrode provided on the insul ati'ng filmand extending in the

second direction, plurality of element isolations formed in an upper
portion of the semiconductor substrate and partitioning the
upper portion into a plurality of active areas extending in a first
direction;

a plurality of first stacked bodies provided on the
semiconductor substrate and extending in a second direction
crossing the first direction; ‘

a second stacked body provided on the semiconductor
substrate, located outside a region populated with the plurality
of first stacked bodies, and extending in the second direction;
and

an interlayer insulating film covering the first stacked
bodies and the second stacked body,

each of the first stacked bodies including:

a first electrode provided above each of the active
areas;

an insulating film provided on the first electrode;
and

a second electrode provided on the insulating film
and extending in the second direction,

distance between each of the first stacked bodies and the
second stacked body being longer than distance between
adjacent ones of the first stacked bodies,

a first void being formed in the interlayer insulating film
between the first stacked bodies,

a second void being formed in the interlayer insulating
film between one of the first stacked bodies and the second
stacked body, and .

a lower end of the second void being located above a
lower end of the first void.

2. The device according to claim 1, wherein the lower end of



di stance between each of the first stacked bodies and the second st acked -
kody being | onger than distance between adjacent ones of the first stacked

bodi es, a first void being formed in the interlayéer insulating film
between the first stacked bodies, a second void being formed in the
interlayer insulating filmbetween one ofof he first stacked bodi es and the
second stacked body, and a |l ower end of the second void being

| otat ed above a | ower end of the first void. 21 the second void is |ocated
above an uppein& facd ofoidhis flpeated| abevedan upperhsus@ge efatherfirsiy to
claim1, whergidrtitdgel oner end of the second void is |ocated bel ow a | ower
surface of the second el ectrode. 4. The device according to claim1,
wherei n upper ends of the first and second voids are | ocated above an upper

surface of theg Secoﬁl‘i‘e%@\?k’éogécorcﬁng-rf’@ @§ihce, @\ﬂ?é’t‘éih“ﬂwe‘f Pofe? éhd-of

wherein the second stacked I ncl I rst conductive
portion provid seeosuhwaidyis Y eeAtedk balewt aelewer oserface of the secong
second conducéje@rg@etion provided on sane |evel as the second el ectrode;
anot her insulating filmprovided on sane |evel as the insulating filmand

i ncl udi ng an opening; and a connecting nenber provided in the

opening and cpnnectTRE HE9iELHUtdreMmgUsd i8R0t i RReraid NBppéf Ends of
conducti ve pOI’t i an.
the first and second voids are located above an upper surface of

the second electrode.

5. The device according to claim 1, wherein
the second stacked body includes:

a first conductive portion provided on same level
as the first electrode;

a second conductive portion provided on same
level as the second electrode;

) another .insulating film .provided on same level as

the insulating film and including an opening; and

a connecting member provided in the opening and
'connectlng the second conductive portlon to the first conductive -
portion.

6. The device according to claim 1, wherein no program
voltage is applied to the second electrode of one of the plurality
of first stacked bodies, the one of the plurality of first stacked
bodies is located next to the second stacked body.

7. A method for manufacturing a semiconductor memory
device, comprising:

forming trenches extending in a first direction in an
upper portion of a semiconductor substrate;

partitioning the upper portion into a plurality of active
areas by burying an insulating material in the trenches;

forming a plurality of first stacked bodies and a second
stacked body on the semiconductor substrate so that distance



6. The device according to claim-l, wherein no programvoltage is applied
to the second el ectrode of one of the plurality of first stacked bodies,
the one of the plurality of first stacked bodies is |ocated next to the
second stacked body. 7. A nethod for manufacturing a semni conductor nenory
devi ce, conprising: formng trenches extending in a first direction
in an upper portion of a sem conductor substrate; partitioning the
upper portion into a plurality of active areas by burying an insulating
material in tBetweencklde; second stackedgbadyl and ithe okighbsting amkedf

bodi es and a ek +S b i h Cfm%llj e
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9. A method for manufacturing a semiconductor memory
device, comprising:

forming trenches extending in a first direction in an
upper portion of a semiconductor substrate;:

partitioning the upper portion into a plurality of active
areas by burying an insulating material in the trenches;

forming a plurality of first stacked bodies and a second
stacked body on the semiconductor substrate so that distance
between each of the first stacked bodies and the second stacked
body is longer than distance between adjacent ones of the first
stacked bodies, each of the first stacked bodies extending in a
second direction crossing the first direction and being formed by
stacking a first electrode located above each of the active areas,
an insulating film provided on the first electrode, and a second



23 el ectrode provided on the insulating filmand extending in the second
direction, the second stacked body being | ocated outside a region popul ated
with the plurality of first stacked bodies, and extending in the second

di rection; a first deposition being configured to forman interlayer
insulating filmso as to cover the first g4 acked bodies and the second

st acked body, simultaneously forma first void in the interlayer insulating
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form a second void in the interlayer insulating film between one

of the first stacked bodies and the second stacked body, and

seal an upper end of the first void with an upper end of the

second void left open; and '

a second deposition being configured to fill a lower
portion of the second void and seal the upper end of the second
void by depositing an i'nsulating material.

10. The method according to claim 9, wherein the first
deposition is performed by a method with lower buriability of
the insulating material than the second deposition.

11. The method according to claim 9, wherein deposition of
the insulating material in the first deposition is performed by
chemical vapor deposition, and deposition of the insulating
material in the second deposition is performed by atomic layer
deposition.



