1 NONVOLATI LE SEM CONDUCTOR MEMORY DEVI CE AND METHOD OF MANUFACTURI NG THE

_SAME FIELD Enbodi nents described herein relate generally to a

o

5nonvol atil e sem conductor nenory device and a net hod of manufacturing the
same. BACKGROUND In a nonvol atile sem conductor nenory device having a
structure having floating gates in a charging 10 storage | ayer such as a
NAND fl ash nenory, the size of a peripheral transistor fornmed in a
peripheral circuit portion is required to be reduced according to shrink
trend of a menory cell unit. Wien the width of the peripheral transistor is

15reduced, theygperdzpheral dmansingtoerr drs Mecged Yoraffeec e ByrTaoparasi ti ¢
transistor forned at an end portion of an el enent region (active area)
arranged in pnexiuBAQrUa NN TelEemaM= | sol ation region, and this brings about
a decrease of a threshold value and an increase of an off-I|eakage current
caused by the decrease of the threshol &Valiue. The reason why the parasitic
transistor is forned at the end portion of the elenent region is considered
to be caused by muibnhyodined <hargesidad il iat i gl fud misardbedded W téhin t he
el enment 25i sol ation region and charging to the elenent isolation region
during ﬁhnufadﬁﬁﬂﬁﬁgﬂ@ﬂGté§§uconductor memory device and a method of
manufacturing the same.
BACKGROUND
In 2 nonvolatiie semiconductor memory device
aving a structure having floating gates in a charging
1C storage lavyer such as a NAND Ziash memory, the size of
a peripheral transistor formed in & peripneral circuiz
porTion i1s reqguired to be reduced according to shrink
trend of a memory cell unit.
When the width of the peripheral zZransistor is
15 reduced, the peripheral transistor is largely aifected
by a parasitic transistor formed at an end portion oI

an elemert region (active area) arranged 1in proximity

to an element isclation regior, and this brings about
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decrease 07f a threshold value and ar increase of an
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off-leakage current caused by the decrease ©
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threshola value. The reason why the parasitic
transistor 1s fcrmec at the end portion of the element
region is considered to be caused by mainly fixed

. embeaddea within the element
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region during manufacturing proces




1111111111111111111121111111111111111111 *G00002* BRI EF DESCRI PTI ON OF THE

. DRAW NGS FIG 1 is a layout diagramillustrating a NAND fl ash nenory
according to an enbodinent; FIG 2 is a plan view illustrating peripheral.
Stransistors in the NAND flash nmenory according to the enbodi nent;
-FIGS. 3 and 4 are cross-sectional views illustrating the peripheral

transistor in the NAND flash nenory aceorzling to the enbodinent; 10FIG 5
is a cross-sectional view of a elenent isolation insulating region between
peri pheral transistors in the NAND flash nenory according to the

enbodi nent ; FIERI©r i SESCETr PSEos evt | THR DRAEGS | ustrating a
15peri pheral transistor in a NAND flash nenory according to a nodification
of the enbodinment; FIG. 1 HSGa Ndwou pdisayndrew Il dstataitriqig alaemory cel |
unit in the NAND flash nenory according to the enbodinent; 20FIGS. 8 and 9
are cross-sectfiloml mdrewsy iddasstdiatg ngp tdre amdrmotiynaged;l unit in the NAND

flash menory according to the enbodi nent;
FIG. 2 1s a plan view illustrating peripheral

5 transistors 1n the NAND flash memory according to the
embodiment;

FIGS. 3 and 4 are cross-sectional views
illustrating the peripheral transistor in the NAND
flash memory according to the embodiment;

19 FIG. 5 is a cross-sectional view of a element
isolation insulating region between peripheral
transistors in the NAND flasnhn memory according to the
embodiment;

FIG. 6 1s a cross-sectional view illustrating a

15 peripheral transistor in a NAND flash memory according
to a modification of the embodiment;

FIG. 7 is a plan view illustrating a memory cell
unit in the NAND flash memory according to the
embodiment;

20 FIGS. 8 and 9 are cross-sectional views
illustrating the memory cell unit ir the NAND flash
memory according tTo the embodiment;

FIGS. 10-15 are cross-sectional views illustrating
a method of manufacturing the peripheral transistor in

25 the NAND flash memory according to the embodiment; and

FIGS. 16A, 168, 17A, 17B, 18A, 18B are cross-

sectional views illustrating a method of manufacturing



FI GS. 10-15 are cross-sectional views illustrating a nethod of

~manuf acturing the peripheral transistor in 25the NAND flash nenory

according to the enbodi nent; and FIGS. 16A, 16B, 17A, 17B, 18A, 18B are
cross- sectional views illustrating a nethod of manufacturing 3 the nenory
cell unit in the NAND flash nmenory according to the enbodi ment. DETAI LED
DESCRI PTI ON A nonvol atil e sem conductor reenory device Saccording to an
enbodi ment and a manufacturing nmethod thereof will be hereinafter explai ned
with reference to the drawings. In this case, a NAND flash nenory will be
expl ai ned as ameexamlre e@kla nEAvoliat ithe semDcanduyet afenepraccdeviice. | n
the foll owi ng 10description, constituent elenents having approximately the
sanme functi on tand reordricguriatenan are denoted with the same reference
nuneral s, and repeated explanation thereabout will be nmade only when it is
necessary. |In general, accordi ngEf61688 @RbEHIABAON a 15nonvol atil e
sen conductor nenory device includes a first elenent region, a first gate
insulating film a#irstvygate ld eariode ey SEeNaRYerdRii€cs nsul ating film
a second gate electrode and a first elenent isolation region. The first
elenent5regioﬁQQ$¥QWH%dO an embodiment and a manufacturing method
thereof will be hereinafter expiained with reference to
the drawings. In this case, a NAND flash memory will
be explained as an example of a nonvolatile
semiconductor memory device. In the following
10 description, constituent elements having approximately
the same function and configuration are denoted with
the same reference numerals, and repeated explanation
thereabout will be made only when if 1s necessary.
Ir general, according to one embodiment, a
15 nonvolatile semiconductor memory device includes a
first element region, a first gate insulating fiim, a
first gate electrode, a first intergate insulating
film, & second gate electrode and a first element
isolation region. The first element region is formed
20 in a semiconductor substrate. The first gate
insulating £film is formed on the first element region.
The Zirst gate electrode is formed on the first gate
insulating £ilm. The first intergate insulating film
is formed on the first gate electrode and has an
25 opening. The second gate e.ectroae 1is formed on the

first intergate insulating film and in contact with the

first gate electrode via tnhe opening. The first



20i n a sem conductor substrate. The first gate insulating filmis forned on
the first elenment region. The first gate electrode is fornmed on the first
gate insulating film The first intergate insulating filmis fornmed on the
first gate el ectrode and has an 25openi ng. The second gate el ectrode is
-formed on the first intergate insulating filmand in contact wwth the first
gate electrode via the opening. The fi+std el enent isolation region
encl oses a |lam nated structure forned by the first el enent region, the
first gate insulating film and the first gate electrode. A first air gap
is fornmed betwaemdhe ifddistt ielreresiti oirs @natlicer s gizeil nran@ A ssirde cawkef ace of
the first elenment region, a side surface of the first gate insulating film
and a side surffatedfot héd ifistsgatlengirectrieeden,[ theStaiucturgatef NAND f | ash
menory . FIG 1is a layout diagramillustrating a NAND
10f | ash nenor yirecderdinmyg ftid ran sewbadiengntrst gate Aslestiowmisi.n Bl Girkt a NAND
flash menory 100 includes a nmenory cell unit 101, a row decoder 102, a
sense anplifi erir1@RP drid fpypEd plisgmglercitheuiitl q5or tdlemerd4 . 1sion akilen 1, row
decoders 102 are arranged at both 15ends (right and |left ends) of the
nenory cel |l umiS9iP arghd & isehseirdmls ffertPR0F {5 hredvAed &t°9% FPover end
of the menory cell unit 101. Further,. at a |ower side of tg%ﬁ sense,
anplifier 103° & 08T iPHdrde & ddi%t pdrti R SF04 1 ST oI dedd. 120 THE Fenory
cel| unit 101 s!incgel usqlersfa%eplol'g 6}tlhlet yfi%fst gate electrode.
[1] Structure oif NAND flash memory
FIG. 1 is a layout diagram illustrating a NAND
10 ilash memory according to an embodiment.
As shown in FIG. 1, a NAND Zlash memory 100
includes a memory cell unit 101, a row decoder 102, a
sense amplifier 103, and a perivheral circuit portion
104. In FIG. 1, row decoders 102 are arranged at both
_15 ends (right and leZ:t ends) of the memory cell unit 101,
and a sense amplifier 103 is provided at a lower end of
the memory cell unit 101. Further, at a lower side o2
the sense amplifier 103, a peripheral circuit portion
104 is provided.
20 ‘ The memory cell unit 101 includes a plurality of
NAND cell units arranrged in z matrix form. The NAND
cell units include a plurality of memory cell

ransistors (hereinafter referred tc as memory cells)

MC connected in series and selection gate transistors
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connected to both ends of the plurality of
memory cells MC so as to sandwich the plurality of

memory cells MC. The memory ce.> MC is made of a



NAND cel |l units arranged in a matrix form The NAND cell units include a
_plturality of nmenory cell transistors (hereinafter referred to as nenory
cells) MC connected in series and selection gate transistors 25S1, S2
connected to both ends of the plurality of nenory cells MC so as to
sandwi ch the plurality of nenory cells MC. The nenory cell MCis nmade of a
nonvol atile nenory cell transistor including a floating gate el ectrode and
a control gate el ectrode. One end of the NAND cell unit is connected
to a bit line BL via a selection gate transistor Sl1, and the 5ot her end of
t he NAND cel | nemivioliag icenmegiced ttela ceonmsn ssour dediuaen§lavidocatsekecti on
gate transistor S2. The control gate electrode of the nenory cell MCin the
same row are canreetledttrodehenworad coinne N gaThe edenttroldegat e el ect r odes of
selection gate transistors 10Si, 52 are respectively connected to sel ection
gate lines SGE. One FEhel rdw tdec ddeD 162 lselradt s sa qearneicéaldar-owsr d | i ne
W., on the basis of an address, froma plurality of word |lines W. connect ed
to the menory ddl I1ive iBd tHe memsiycEdlon grite IORNSHHEOsefde anfl itficer 103
reads data stored in the nenory cell MC fromthe bit Iine BL connected to
the menory celd®™ & e YertinghePAlD &erduitt ifortsi GRMTGAFEads & circuit

i ncluding a transistorL%her i.nafter teferreg]t .as a peri_pheral

20t r ansi st or) W iSTNHGE redifi m ,V&ﬁdaeEE'9%3l&ﬁbﬁ?ﬁ@oﬁrﬁgﬁﬁgFﬁ%d,on t he

Tenory celllng.n Hm%'?%H?Péf“%été“@féé¥¥%de cf the memory cell MC

in the same row are connected to the word line WL. The
control gate electrodes of selection gate transistors
1C S1, S2 are respectively connected to selection gate
lines SGL.
The row decoder 102 selects a particular word line
WL, on the basis of an address, from a plurality of
word lines WL connected to the memory ceil MC in the
15 memory cell unit 101. The sense amplifier 103 reads
data stored in the memory cell MC from tne bit line BL
connected to the memory cell MC. The peripheral
circuit portion 104 reads a circuit including a
transistor (hereinafter referred to as & peripheral
20 transistor) for writing, reading, and erasing operation
performed on the memory cell MC in the memory cell
unit 101.
First, the structure of the peripheral transistor
of the peripheral circuit portion 104 will be
25 explained, and subsequently, the structure cf the
memory cell uniﬁ 101 will be explained. In this

explanation, the structure of the peripheral transistor



First, the structure of the peripheral transistor of the peripheral circuit
~portion 104 will be 25expl ai ned, and subsequently, the structure of the
menory cell unit 101 will be explained. In this explanation, the structure
of the peripheral transistor included in the peripheral circuit portion
104 wi Il Dbe expl ained. However, the transistor including the row decoder
102 and the sense anplifier 103 have the %same structure. 5[ 1-1] Peri pheral
transi stor FIG 2 is a plan viewillustrating peripheral transistors
included in the peripheral circuit portion in the NAND flash nmenory
according to tiheleckodiimenhe AsrshowmailnckirGui2, pelremrent 1peégiwohs Pacti ve
areas) 1010A isolated by an elenent isolation insulating region 11 are
provi ded on aes@diegorduct dowsubst r ahe. thanshe telrempnt uregbonne0AOVa
transistor is forned. Further, a gate electrode 12 is arranged on the

el ement regi onteTPArCdRZaddplcigs S€8 sar épdnndcired 0BoneHE &henealel15r egi on
10A at both sides of the gate el ectrode 12. FIGS. 3 and 4 are
cross-secti on&TAWS S| | ustrating the peripheral transistor in the NAND
flash nenory. EIQ. isp% crgss section taken along line A-A (direction of
the gate wi dt ) of FISG P2erS0F &2 2 1°¢ 4 cross section taken along |ine B-B
(direction of the fake lenath) of FL3a.2 RS- Ads A erossesact fonal view

of the elenent isolation insu region 1 ween“thée peri pheral
transistors, and js the cross-seqti;qnal, view taken,23al ong.line. GG
(di rection of fhémbéie*fkﬁg?hf 6? e e
in the NAND flash memory according to the embodiment.
As shown in FIG. 2, element regions (active areas)

10 10A isolated by an element isolation insulating region

he

t

11 are provided on a semiconductor substrate. In
element region 10A, a transistor is formed. Further, a

ate electiroade

Q
}._\

2 is arranged on the element region
10A. Contact plugs 13 are connected to the element
15 'region 10A at both sides of the gate electrode 12Z.
FIGS. 3 and 4 are cross-sectional views
illﬁstrating the peripneral transistor in the NAND
flash memory. FIG. 3 is a cross section taken along
line A-A (direction of the gate width) of FIG. 2.

20

try

M
~

is a cross section taken zlong line B-B

[N

(direction of the gate length) of FIG. 2. FIG. 5 is a
cross-sectional view of the element isolation
insulating region 11 between the peripheral
transistors, and is the cross-sectional view taken

25 aong line C-C (direction of the gate length) of

FIG. 2.

As shown in FIGS. 3 and 4, the element regions 10A



FIG 2. As shown in FIGS. 3 and 4, the elenent regions 10A isol ated by
“the elenment isolation insulating region 11 are forned on the sem conduct or
substrate 10. A gate insulating film14 is formed on the el enent region
10A. Afirst gate electrode 15 is fornmed on the gate 5insulating film 14,
and an intergate insulating film116 is formed on the first gate el ectrode
15. A second gate electrode 12 is formed on-the intergate insulating film
16, and further, an interlayer insulating film217 is formed on the second
gate el ectrode 12. 10For exanple, the sem conductor substrate 10 is nmade of
silicon. For examled bthetekesepinensoliagbilanibasuhatilaginegirenidt i1s nade of
shal l ow trench isolation (STI). The STI is nmade by enbeddi ng i nsul ati ng
films (such asrs Ificcordcoxinde hki Iser) cionicactbgr eaes rareanged Bngbhe surface
regi on of the sem conductor substrate 10. For exanple, the gate insulating
film 14 and timsulattenibayedm Aguliat iflegreid wrl7har e lpnge tofregillbncéfroxi de
films, for exanple. For exanple, the first gate electrode 15 is nmade 20of,
e.g., a polysiH ildents dereand g medsl 15 Lm fvhaepneer Gacediefsul ating film 16
is made of, e.g., an ONOfilm or a NONON film a NOAON film a fil m having
a high di el ectifist!l@érisCant Lithildh- Rdayer i négeraas angedarioi délfi tq I n
this case, 0 denotes a silicon oxide 25fil N denotes a silicon nitride
filmor silicdr oFHECr Pde 'v?‘ﬁ h**&hd 9R tGe fOEES TRASal dmi ndmS6%KCEE film For

exanpl e, the éa%J'QﬂQJtQ%B%aH%Si% k%gh%%t%% Eh%”&ntergate insulating

film 16, and further, an interlayer insulating film 17

is formed on the second gate e>ectrode 12.
10 For exampie, the semiconductor .substrate 10 is
made of silicon. For example, the element isolation

insulating region 11 is made of shalliow trench
isolation (STI). The STI is made by embedding
insulating films (such as silicon oxide films) into
15 grooves arranged in the surface region of the
semiconductor substrate iO. For example, the gate
insulating film 14 and the interlaver insulating film
17 are made of silicon oxide films, for example.
For example, the first gate electrode 15 is made
20 of, e.g., a polysilicon film and a metal film. The
intergate insulating film 16 is made of, e.g., an ONO
film, or a NONON film, a NOAON film, & £f£ilm having a
high dielectric constant (high-k layer) such as a metal

oxide film. In this case, O denotes a silicon oxids

N
u

film, N denotes a silicon ritride f£ilm or siiicon
oxynitride film, and A denotes an aluminum oxide film.

For example, the ONO film indicates a laminated film



obtained by lam nating a silicon oxide film/ a silicon nitride film/ a
_si'licon oxide filmin this order. The second gate el ectrode 12
i ncludes, e.g., a polysilicon film12A and a silicide film 12B which are
5| am nat ed. Exanples of silicide filnms include Ni silicide and Co silicide.
"The nuneral 12B may be a netal filmsuch as W Further, opening portions
are formed in the intergare insulating fi8l m-16 between the first gate
el ectrode 15 and the second gate el ectrode 1012. The first gate el ectrode
15 and the second gate electrode 12 are electrically connected through the
openi ng porti obtaAsecshown lamikkGing, at Belekenenkideolfdtimor knstllationg
regions 11 are fornmed on side surfaces of 15the el enent regions 10A, side
surfaces of thetdate ifnsuwl at engifiilkne 24idandisidensuhfigcesdefr-t he first
gate el ectrodes 15. Air gaps 18A are formed between the el enent isolation
i nsul ating regi ons The ssdoride witde edgrctacds a2 tile leld@sente -Gegi ns 10A, the
side 20surfaces of the gate insulating filnms 14, and the side surfaces of
the first gat®dlvectlicdes f15m [lgPoeher awskds Cidke fTllEndRE WEHSICAL PG
insulating regions 11 are_arranged on side surfaces of the el enent regions
10A, side sur FEEeL3GEY-he *FaTe Lefs Gitating SAPend 1245 dRd1¢PGeN25 surfaces of
the first gate.el.ectrodes é§ wi.th air gagg 18A i nt rﬂ_%gd t her ebet ween. The
depth of air gap ‘T8ACAYr &&ch tHéE 'Sfde SUFF ACEESF el"6nent fegi on 10A,
and may not reach.the.bottom surtace_of .the el enent jsolation insulating
filmregion 119 Sther Swor ds” er 5§ﬁ“%8A’n€€e€énﬁoFﬁ%%l§ fagé%t to end
portions of tQ%r%%%eﬁnsQ%Eag%t%&g%Q% %h%qggki%%gEQQH;Q%'between the
first gate electrode 15 and the second gate electrode
10 12. The first gate electrode 15 and the second gate

electrode 12 are electrically connected through the

As shown in FIG. 3, the element isoiation

insulating regions 11 are formed on side surfaces of

15 the element regions 10A, side surfaces of the gate
insulating films 14, and side surfaces of the first
gate electrodes 15. Air caps 18A are formed between
The element isolation insulating regions 11 and the
side surfaces of the element regions 10A, the side

20 surfaces of the gate insulating films 14, and the side
surfaces of the first gate electrodes 15. 1In other
words, the el.ement isolation insulating regions 11 are
arranged on side surfaces of the element regions 10A,
side surfaces of the gate insulating films 14, and side

25 surfaces oI the IZirst gate elecirodes 15 witn air gaps
182 initerpcsed therebetween. The depth of air gap 18A

may reach the siae suriace of the element region 104,



5As shown in FIGS. 3 and 5, the intergate insulating film116 is forned
~above the elenent isolation insulating region 11 but under the second gate
el ectrode 12. An air gap 18B is fornmed between the el enent isolation
insulating region 11 and the 1l0intergate insulating film16 (or the second
"gate electrode 12). In other words, the intergate insulating film16 is
formed above the elenent isolation insulaing region 11 with air gap 188

i nt erposed t herebetween. The second gate el ectrode 12 15is forned on the
intergate insulating film 16, and the interlayer insulating film17 is
formed on theasecanrd gatte relaect rode bb2.t ofd rsugdaacE8B fpenet rFatesnitn t he

| engt hwi se direction of the of the second gate electrode 12 in the

peri pheral transsilsttoron 20Buwltsheng ds lshowyiian RIIG 4n sdabece wordrsai n
diffusion layers 19 are forned in the elenent region at both sides of the
first gate el edtr gde 152 The dentfachmed ¥gs a3 rdorive ctngd Peg tilkgssedr ce /
drain diffusion layers 19 are forned in the interlayer insulating film25
17 on the sourde MRS FUdifffassiodn Uhgy &l SIS FUhé, 1@at-e si de wal |
insulating filns 20 are fornmed on side surfaces of the gate insulating film
14, side surfaces 25 BHPWHLh HEGGrst it e el €t r'dte 5 i de surfaces of
the intergate .insulating film.16, and side surfaces of the second gate

el ectrode 12. Hr}?ljtliﬁglﬂogﬁj\)imeﬁ%aéLssﬁ&W% FHEC® Z%‘t e Yate si de wal |
insulating filmis omtted. 5Lt should be noted that the first gate

- Tats il lTat 10mn e S
el ectrode 15 i's t6rmed accordi rfd“%c? € samne steps and Wt i The same

materials as tgthqcsee eclfec?crfcldéatliﬂg gt %ieﬂ Qfgp; OLCEEE qs formed between
the element isolation insulating region 11 and the
10 intergate insulating film 16 (or the second gate
electrode 12). 1In other words, The intergate
insulating film 16 is formed above the element
isolation insulating region 11 with air gap 18B
interposed therebetween. The second gate electrode 12
15 is formed on the intergate insulating film 16, and the
interlayer insulating film 17 is formed on the second
gate electrode 12. Air gap 18B penetrates in the
lengthwise direction of the of the second gate
electrode 12 in the peripheral transistor.
20 | Further, as shown in FIG. 4, source / drain
diffusion layers 19 are formed in the element region at
both sides of the first gate electrode 15. The contact

plugs 13 connected to the source / drain diffusion

[

layers 19 are formed in the interlayer insulating film
23 i7 on the source / drain diffusion ilayer 19. Further,
gate side wall insulating films 20 are Zormed on side

surfaces of the geate insulating film 14, side surfaces



the nenory cell explained |later. The second gate el ectrode 12 is forned
~according to the sane steps and 10with the sane materials as those of a
control gate electrode of the nenory cell explained |ater. In the
enbodi nents having the above structure, the air gap is formed in the
-element isolation insulating region (STI) 11 in the peripheral transistor
of the 15NAND flash nenory. Therefore;- the enbodi nents achi eve the
following effects. (1) Reduction of effect of parasitic transistor (edge
channel ) Fi xed charges in the enbedded materials such as an 20i nsul ati ng
fil mand char ges tpreodiiced durtieng lranufcakt Uk, ng ipeocess aake adcumdl ated in
the el enent isolation insulating region. Accordingly, due to these charges,
at the el ementimtegigeri g dctswie tamga)f idmd Ifor inons,i deheurleesisolod raleue of

t he peripheral 25transistor decreases, and an off-| eakage current

i ncreases. Furdamemd whidre tehe cdhrasisell Av diln ihee pdBnt Wé epr @ssisdcnin 18
reduced, and the elenent region end portion is affected nore
significantly.FIG the Wi getter ¢ icfe tiied pridsedetdmsodildentls gmttted.

5 It should be noted that the first gate electrode
15 is formed according to the same steps and with the
same materials as those of a floating gate electrode of
the memory cell explained later. The second gate
elecirode 12 is formed according to the same steps and

10 with the same materiais as those of a control gate
electrode of the memory cell explained later.

In the embodiments having the above structure, the
air gap is formed in the element isolation insulating
region (STI) 11 in the peripheral transistor oI the

15 NAND flash memory. Therefore, the embodiments achieve
the following effects.
(1) Reduction of effect of parasitic transistor (edge
channel)

Fixed charges in the embedaed materials such as an

20 insulating film and charges produced during
manufacturing process are accumulated in the element
isolation insulating region. Accordingly, due to these
charges, at the element region (active area) end
portions, the threshold value of the peripheral

25 “ransistor decreases, and an off-leakage current
increases. Further, when the channel width size of the

transistor is reduced, and tne element region end



gap 18A is formed between the elenment isolation insulating region 11 and
~the side surface of the gate 5insulating film14 / the side surface of the
el enent region 10A. The relative permttivity of the silicon oxide filmis
about 3.9, and the relative permttivity of the silicon nitride filmis
-about 7.0. In contrast, the relative permttivity of air is about 1.0. As
10descri bed above, air gap 18A having-low diel ectric constant is forned in
the el enment isolation insulating region in proximty to the end portions of
the el ement region, so that the device is less affected by the fixed
charges in theceenhedded materiabsmofbBesefpieicibthiys can suppress formation
of an edge channel in the elenent region end portion. In other words, the
device is | ess aff aet edcbytirhe tpakasitt it@et barskestormbbar medti, nathe el ement
region end portions. It should be noted that the.air gap forned on the

. 20si de surfacep O0BAt he datmcdndeltatengthel mlédeand ishéasiide surfaces of
the el enment region 10A nay not be necessarily fornmed along the entire
regi on of the iclsanrélinbenguhonTRé abdvéhef Bedessgafabe obt &hAedab§ formi ng
the air gap only in a portion of the entire 25channel length. - 12 - (2)
Suppr esSi on ofirfsivdled ingvéisiton 4l daklge sdde c8r§ace ¢8| taGe3RMENE ef f ect

In the structure as ghomn in FILG, 2.in which one gate electrode 12 is
shared by adj &8t rihsi stée §8€@F&¥§,p?ﬁ@lﬁﬁﬁglgwe8frd§§ £2+rE8'des on

t he el enent . . . : . o
oxide film is about 3.8, and the relative permittivity

of the silicon nitride film is about 7.0. 1In contrast,
the relative permittivity of air is about 1.0. As
10 described above, air gap 18A having low dielectric

constant is formed in the element isolation insulating
region in proximity to the end portions of the element

region, so that the device is less affected by the

th

fixed charges in the embedded materials. Therefore,

15 tnis can suppress formation of an edge channel in the
element region end portion. In other words, the device
is less affected by the parasitic transistors formed 1n
the element region end portions.

It should be noted that the air gap formed on the

the gate insulating film 14 and the

h

.20 side surfaces o
side surfaces of the element region 10A may not be
necessarily formed along the entire region of the
channel length. The above effects can be obtained by
forming the air gap only in a portion of the entire

23 channei length.



isolation insulating region 11. This kind of structure can be considered as
~a'quast MOS transistor structure made in the sem conductor substrate 10,
the gate electrode 12, the intergate insulating film 16, and the
10insulating filmin the elenent isolation insulating region 11. In this
-kind of structure, an inversion layer is fornmed in the sem conduct or
substrate 10 by the potential of the gate2el ectrode when a voltage is
applied to the gate el ectrode 12. In the above 15structure, there is a
possibility that an adjacent device |eakage current (field inversion

| eakage) may he)genepatedivhaocthifrsciAvehskeBibayerakkhet ReeStbUghUEE
according to the present enbodinent, an air gap 18B having a |low dielectric
20const ant i svboraegd gwhdendt ke fgate el ectrode 12 but above the el enent
isolation insulating region 11. That is, air gap 18B is di sposed between

t he el ement i sol at iIon tihes Wtatiatg rieegisoshdinaric tHH& .gat e nelvédthodesl?2.
Accordingly, this has an effect of suppressing 23formation of the inversion
| ayer in the gerecendgtrodesisticateagadebyt heljelcement raseiiatPon i nsul ating
region 11 due to the gate voltage, and suppressing the field 13 -

i nversi &n | eaklggéces, theTgatenbddrmsnticad shcwtdes PRGENS RA§TRAVe a
structure as shown in FIG 6. FIG 6 is a_nodifijcatigon of the enbodi ment as
shown in F|G_y§pl§ﬁ&opslgs€#5§§pg region 1i. This kind of structure

can be considerea as a quasi MOS transistor structure

made in the semiconductor substrate 10, the gate

=

electrode 12, the intergate insulating f£ilm 16, and the
10 insulating film in the element isolation insulating
region 11. In this kind of structure, an inversion

layer is formed in the semiconauctor substrate 10 by
the potential of the gate electrode wnhen a voltage is
applied to the gate electrode 12. In the above

15 structure, there is a possibility that an adjacent
device leakage current (field inversion leakage) may be
generated via this inversion lavyer.

In the structure according to the present

0

embodiment, an air gap 18B having a low dielectri
20 constant is formed under the gate electrode 12 but
above the element isoclation insulating region 1l1. That
is, air gap 18B is disposed between the slement
isolation insulating region 11 and the gate electrode

12. Accordingly, this has an effect of suppressing

N
Ul

formation of the inversion layer in the semiconductor
substrate under the element isolation insulating region

11 due to the gate voltage, and suppressing the field



5sectional view of a peripheral transistor. As shown in FIG 6, the
~si'de surfaces of the gate insulating film 14 are recessed. As described in
t he manuf acturing nethod explained later, this is because not only the

el ement isolation insulating region 11 but 10al so the side surfaces of the
~gate insulating film214 may be etched in the step of formng the air gap.
The structure other than the above is thé same as the structure as shown
in FIG 3. In this kind of nodification, the same actions and effects as

t hose of 15t he above enbodi nent can be obtained. [1-2] Menory cell unit
FIG 7 is a pliaredrsdwni llleastrati ng the menory cell unit in a NAND fl ash
menory according to the enbodi nent. 20As shown in FIG 7, a plurality of

el enent regi ons 10ATesardtoed meytt ke aehewentin $dlGat i3omaynsuwalvat iang regi ons 11
are arranged in a first direction on the sem conductor substrate. The

el enent regi ors thOA taxtee pds showa sSecddd -dibr-ectilén perpendiredlidn ded iche
25first direction. A plurality of control gate electrodes (word lines) 12
are arranged iaf &hsecomedineadt B6n s&F“the reltdirents r é§icon S16A &rd Sthe

el ement - 14 - , . _ ) o o
5 SeCcTllonai view oI a perlpneral Translistor.

As shown in TIG. 6, the side surfaces o:i the gate
insulating film 14 are recessed. As described in the
manufacturing method explained later, this 1s because
not only the element isolation insulating region 11 but

10 also the side surfaces of the gate insulating film 14
may be etched in the step of forming the air gap. The

structure other than the above is the same as the

structure as shown in FIG. 3. In this kind of
modification, the same actions and effects as those of
15 the above embodimen: car be obtained.

[1-2] Memory cell unit

FIG. 7 is & plan view iiiustrating the memory cell
unit in a NAND flash memory according to the
embodiment.

20 As shown in FIG. 7, a plurality of element regions
10A isolated by the element isolation insulating
regions 11 are arranged in a first direction on the
semiconductor substrate. The element region 10A
extends in & second direction perpendicular to tne

25 first direction. A pliurality of control gate
electrodes {word .ines) 12 are arranged in a secona

direction on the element region 10A and the element



isolation insulating region 11. The control gate electrode 12 extends in

the first direction. FIG 8 is a cross-sectional viewillustrating a
menory cell unit in the NAND flash nenory, and is a 5cross section of the
word line taken along line D-D (first direction) of FIG 7. As shown

“in FIG 8, the elenent regions 10A isolated by the el enent isolation
insulating regions 11 are fornmed on thke 4dm eonductor substrate 10. The
gate 10insulating film14 is forned on the el ement region 10A. The floating
gate electrode 15 is fornmed on the gate insulating film 14, and the

i ntergate insulsatliawg di limsulatilfy irediamed .on Ttihee ddrgatd ingyegat e el ect r ode
15. The control gate electrode 12 is fornmed on the intergate 15i nsul ating
film 16, and tdiledurcerd dyercdtrsulatimgtd |Tmdst il feartniech .on t he control
gate el ectrode 12. Further, as shown in FIG 8, an air gap 18Cis forned in
the el ement isol atifhfi fsulsatd ngrosyT orctilonmderiavhel Lomiolt igut e el ect r ode
12. 20For exanple, the floating gate el ectrode 15 is nade of a polysilicon
film The cont®torgateEle] ettitode g MEINIdesLa s giemar ooldpst 1icch fil m 12A
and a silicide film 12B which are |anm nated. The floating gate el ectrode 15
is formed accdtiiitiy IEHURE e P 253ME ke et Mt dtital s as

those of the fjrst gate electrode 0of the peripheral transistor. The
control gate e{]éjclfsrtodaérfftilso?)or%#sﬁ%to-}r'di ng to the same steps

As shown in FIG. 8, the element regions 10A

isciated by the element isolation insulating regions 11
are formed on the semiconductor substrate 10. The cate

10 insulating film 14 is formed on the element region 10A.
The floating gate electrode 15 i1s formed on the gate
insulating film 14, and the intergate insulating film
16 is formed on the floating gate electrode 15. The
control gate electrode 12 is formed on the intergate

15 insulating film 16, and the interlayer insulating f£ilm
17 is formed on the control gate electrode 12.
Further, as shown in FIG. 8, an air gap 18C is formed
in the element isolation insulating region 11 under the
control gate electrode 12.

20 For example, the floating gate eiectrode 15 is
made of a polysilicon film. The control gate electrode
12 includes, e.g., a polysilicon film 122 ana a
silicide Zilm 123 which are laminated. The fiocating
gate electrode 15 is formed according to the same steps

25 and with the same materials as those of the first gate

Fh

electrode 15 of the peripheral *transistcr. The control

gate electrode 12 is formed according to the same steps



- 15 - and wth the same materials as those of the second gate el ectrode 12

~of the peripheral transistor. FIG 9 is a cross-sectional viewillustrating
t he menory cell unit in the NAND flash nenory, and is a 5cross
section of a region except the word |ine taken along line E-E (first
“direction) of FIG 7. As shown in FIG 9, the elenment regions 10A

isolated by the elenent isolation insdlatbng-regions 11 are fornmed on the
sem conductor substrate 10. The 1Oupper surfaces of the elenent isolation
insulating regions 11 are recessed. The interlayer insulating film217 is
formed on theaeldementh itdel atbivenmansuliatisngsr egiosrs otl card skhenel gaept
regions 10A. [2] Method of manufacturing NAND flash nmenory 15A net hod of
manuf act uri ng etllee tpedepiér alf tthangiestipheand thensemtoy.cell unit will be
expl ai ned as the nethod of nmanufacturing the NAND fl ash nenory according to
the enmbodi ment. [ 2-FIIG.Mé& Hod ofcnverrufsgcitioingg perswphdrlals trednsids e 20F1 GS,
10, 11, 12, 13, 14, and 15 are cross- sectional views illustrating the

met hod of nan@ﬁﬁétdrﬂﬁdltW@lﬁeFmph@FaWANPan§@§Poﬂ@WWIWheaNANBDfPash

menory. FIG 10, FIG 11, and FIG 12 are cross sections taken %Iong l'i ne
A- A of éIG. 2cng§ ;E§tlon of a region except the word line taken

along line E-E (first direction) of FIG. 7.
As shown in FIG. 9, the element regions 10A
isolated by the element isolation insulating regions 11
are formed on the semiconductor substrate 10. The
10 upper surfaces of the element isclation insulating
regions 11 are recessed. The interlayer insulating
film 17 is formed on the element isolation insulating
regions 11 and the element regions 10A.
[2] Method of manufacturing NAND flash memory
15 A method of manufacturing the peripheral
transistor and the memory cell unit will be explained
as the method of manufacturing the NAND flash memory
according to the embodiment.
[2-1] Method c¢f manufacturing peripheral transistor
20 FIGS. 10, 11, 12, 13, 14, and 15 are cross-
sectional views 1llustrating the method of
manufacturing the peripheral transistor in the NAND
lash memory. FIG. 10, #IG. 11, and FIG. 12 are cross
sectlions taken along line A-A of FIG. 2. FIG. 13,

25

e3|

FIG. 14, and FIG. 15 are cross sections taken along
line C-C of rIG. 2.

As shown in FIG. 10, the gate insulating fiim 14



25FIG 14, and FIG 15 are cross sections taken along line GC of FIG 2.
~AS shown in FIG 10, the gate insulating film14 - 16 - and the first gate
el ectrode 15 are lam nated on the sem conductor substrate 10 in order.
Subsequently, a portion of the lam nated structure is processed, so that
“the elenent region 10A is fornmed. Subsequently, 5the insulating filmis
enbedded, so that the el enent isolatien iLfisutating region 11 sandw ching
the el ement regions 10A is forned. Further, the intergate insulating film
16 is forned on the first gate electrode 15 and the el enent isolation

i nsul ati ng 10kedi ah<lt.irAn operi Bgecs rbdemdd iamealpoiheondobnt heei ntergate
insulating film 16 | ocated above the first gate el ectrode 15, and

t hereafter theepdleysiduiccor fiubsti2Aci § 0f ommeddeSubséqbentibgntiiie Bntergate
insulating film16 and the polysilicon film 12A are processed, so 13 that a
cross secti onpaytsleowe fi thel GamiBdaicsdobtaiusadireThat pkoceshedel ement

i solation insulatin re ion 11 is formed on the sem conductor substrate 10,
and then the ithEér Gace sleswnat rg PP mOL6 i&nd FHEpo yEPPREBARF-Ym 12A are
formed in order on a portion qf the el ement 20isol at i ns Iatlng region

11. o Ther&af ti&S LidilAg Vet Met hiPAy 617 e 6t - élquBea? SHGWY in FIG

10, the el t |.at |.at tched, at th
suffaces of ”FH@%%%%Q?H@'@%&&%&&% % M seril i Goslop EnE o o

solnsulating DAL 0 IR R Suansa.of e shammatronon 108
I sol ation 1nsulat1ng film 6 is formed on the first gate
electrode 15 and the element isolation insulating
19 region 11. An opening is formed in a portion of the
intergate insulating film 16 located above the ZIZIirst
gate electrode 15, and thereafter the polysilicon film
12A is formed. Subsequently, the intergate insulating
film 16 and the poliysilicon film i2A are processed, SO
15 that a crosé section as shown in FIG. 13 is obtained.
That 1is, the element isolation insulating region 11 1is
formed on the semiconductor substrate 10, and then the
intergate insulating film 16 and the polysilicon film
127 are formed in order on a portion of the element
20 iscolation insulating region 11.
Tnereafter, using wet etching on the structure as
shown in FIG. 1C, the element isolation insuliating
region 11 is etched at the side surfaces of the first

gate electrode 15, the side surfaces of the gate

3]
(@2

insulating film 14, and the side surfaces of the
element region 10A. Accordingly, as shown in FIG. 11,

air gap 18A is formed between the element isolation



- 17 insulating region 11 and the side surfaces of the first gate el ectrode
15, the side surfaces of the gate insulating film 14, and the side surfaces
of the el enent region 10A. 5Further, with the above wet etching, the

el ement isolation insulating region 11 under the intergate insulating film
-16 is etched, and as shown in FIGS. 11 and 14, air gap 18B is forned

bet ween the el enent isolation insulattnglvegtron 11 and the intergate

10i nsulating film 16. Subsequently, as shown in FIGS. 12 to 15, the
silicide film12B is fornmed on the polysilicon film 12A. Mre specifically,
a nmetal filmiisisdepasnbgedegiohhelpahysithiecendei kori2Acsand ther fakst
treatnment is 15 perfornmed so that the polysilicon film 12A and the netal
filmreact w trteaecheatltere Ther eakt eridet berfinreacvédtiret ghtkil mis
renoved. As a result, the suicide film12B is forned on the polysilicon
film12A Exanplsedasfingettalrf lkns andclthge sNide Fiurf@eesppf 20Pd, Ta, M.
Thereafter, the interlayer insulating film117 is forned on the

sem conduct or SSEFSatr€I1on A€Pudi ng the portion on the silicide film 12B.
On this occasion, air gaps 18A, 18B are not filled with the interlayer

23i nsul ating fil m FABHE ar @ 1di A& FEP Vs YEte & 1§8ps LR&s cdédEmnithed

above,the peripheral, transhstor js maufastured, o18icrgate

insulating film 16 is etched, and as shown in FIGS. 11
and 14, air gap 18B is formed between the element
isolation insulating region 11 and the intergate

10 insulating film 16.

Subsequently, as shown in FIGS. 12 to 15, the
silicide Zilm 12B is formed on *he polysilicon fiim
12A. More specifically, a metal film is deposited on
the polysilicon film 12A, and thermal treatment 1is

15 "performed so that the polysilicon film 12A and the
metal film react with each other. Thereafter, the
unreacted metal film is removed. As a resuli, the
silicide film 12B is formed on the polysilicon film
12A. Examples of metal films include Ni, Ti, Co, Pt,

20 Pd, Ta, Mo.

Thereafter, the interlayer insulating film 17 is
formed on the semiconductor substrate 10 including the
portion on the silicide film :12B. On this occasion,
air gaps 18A, 18B are not filled with the interlayer

25 insulating film 17 but are maintained as the air gaps.
As described abcve, the peripheral transistor is

manufacturec.



In the above manufacturing nethod, the steps for formng the air gaps in
_the el"ement isolation insulating region 11 are performed. In the steps for

formng the air gaps, as shown in FIG 4, the surface 5of the el enent

isolation insulating region 11 is renoved to a position |ower than the
“surface of the elenment region (active area) 10A. This can reduce crystal

def ect occurring in the elenent regi on ch8ised by stresses of the enbedded

materials in the elenent 13isolation insulating region 11. That is, the

enbedded materials have stresses unique to thenselves, and the stresses are

one of the causes genehat abgver yshalf adefuedngi methedel eéentstepg dnr

According to the manufacturing nmethod of the present enbodi nent, the

13el enent i solfatrimdngi nsel atirngapegiiontht edemenbvédobyptwet etching to a

| evel |ower than the el ement re%ion 10A, and the manufacturing nmethod of

the present eAbGdilAsAnIhasJanteffleétcoPesilippressi nghocbar FEREE 6P cryst al

defect caused by the stresses of the elenent 20isolation insulating filmin
the el ement ré§it8ANT0ANE] 217 IRBEN0A Sof "REAULACEUP ng - mERSr UEEPFSUNI t

FI GS. 16A, 16B, 17A, 17B, 18A, and 18B.are _cross-sectional views

i | lustrating 8fn&@ﬁo&lSWeHﬁndﬁﬁgﬁﬁﬁPHglpﬁglﬁﬁﬁﬁgyrégﬁPnuﬁﬁtan t he NAND
flash menory. 25FI GS. [ 16A, 17A, .18A.are cr -sectional vi ews ken al ong

line D-D of FFrE"7SF &8 “18B>*178" i§§”§r59§§o§§%53§ f85§l%0ig&§ t aken

along line E_%l%%eﬁkGregion (active area) 10A. This can reduce
crystal defect occurring in the element region caused

by stresses of the embedded materials in the element

-
(@]

isolation insulating region 1i. That is, the embedded

materials have stresses unique to themselves, and the

stresses are one of the causes generating crystal

defect in the element region. According to the

manufacturing mecthod of the present embodiment, the

15 element isolation insulating region 11 is removed by
wet etching to a level lower than the element region
10A, and the manufacturing method of the present
embodiment has an effect of suppressing occurrence of
crystal defect caused by the stresses of the element

20 isolation insulating film in the element region 10A.
[2-2] Method of manufacturing memory cell unit

FIGS. leAa, 16B, 17a, 17B, 18A, and 18B are cross-

sectional views illustrating a method of manufacturing
the memory cell unit in the NAND flash memory.

25 FIGS. 16a, 17A, 18A are cross-sectional views taken

along line D-D of FIG. 7. FIGS. 16B, 17B, 18R are

cross—-sectional views taken along line E-Z of FIG. 7.



- 19 - As shown in FIGS. 16A, 16B, the elenent isolation insulating regions
11 and*the el enment regions 10A isol ated by the el enent isolation insulating
regions 11 are forned on the sem conductor substrate 10. 5First, as shown
in FIG 16A, the gate insulating film 14 and the floating gate el ectrode 15
are |lam nated on the sem conductor substrate 10 in order. Subsequently, a
portion of the lam nated structure is-proéessed, so that the el enent region
10A is formed. 10Subsequently, the insulating filmis enbedded, so that the
el ement isolation insulating region 11 sandw ching the el enment regions 10A
is formed. Further adt kedwit errgatiess.nsiudzgt ireg,f idha 18 eadech tt Hesqaeltyisinl | con
film12A are fornmed in order on the floating gate el ectrodes 1515 and the
el enent i sol atiin@u lians wigatrieng onegildnsintl t hSulkdeqeernt Inpgithe fl0édat i ng gate
el ectrode 15, the intergate insulating film 16, and the polysilicon film
12A are etched szd atthat bivhéy cextlemenitn itsted aftiliost idisrpecttilow treogreke d lwor d
line. Wet etching is used for 20this etching. In this wet etching, the
surfaces of th&eeliomrd ofoltde ermlroudaategy regisérietel 1&re et ched and
recesses are formed thereon as shown in FI G _16B. Thereafter, using

wet et ching on the sSthiict e S %howh G4 -FIES: 168 965 Wil &lerfeht

isolation 25 insulatin i 0 11 are etched under, the polysilicon film
12A. Accor di ng 3sll',m as saﬁlﬁ{/v?? mﬁloélﬁlfﬂA,gaaier SJ&5S T8E are F6r med bet ween t he
pOlySIlICOH flﬂggfgg%ég“%étgae_sé%%ébnductor substrate 10 in order.

o

Subsequently, a portion of the laminated structure 1is
processed, so that the element region 10A is formed.

10 Subsequently, the insulating film is embedded, so that
the element isolation insulating region 1! sandwiching
the element regions 10A is formed. Further, the
intergate insulating film 16 and the polysilicon £f£ilm
127 are formed in order on the floating gate electrodes

15 15 and the element isolation insulating regions 11.
Subsequently, the floating gate electrode 15, the
intergate insulating film 16, and the polysiiicon film

12A are etched so that they extend in the first

direction to make a word line. Wet etching is used for
20 this etching. In this wet etching, the surfaces of the

element isolation insulating regions 11 are etched and
recesses are formed thereon as shown in FIG. 16B.
Thereafter, using wet etching on the structure as
shown in FIGS. 162, 16B, the element isolation
25 insulating regions 11 are etched under the polysilicon
fiim 12A. Accordingly, as shown in FIG. 17A, alr gaps

18C are formed between the polysilicon film 12A and the



el ement isolation insulating regions 11. Thereafter, as shown in FIG
18B, the interlayer insulating film17 is deposited on the el enment regions
10A and the elenent isolation insulating regions 11. 50n this occasion, as
shown in FIG 18A, air gaps 18C are not filled with the interlayer
“insulating film17 but are nmaintained as the air gaps. Subsequent |y,
as shown in FIG 18A, the silicide filkm 22B is forned on the polysilicon
film12A. Mre 10specifically, a nmetal filmis deposited on the polysilicon
film12A and thermal treatnment is perforned so that the polysilicon film
12A and t he neflalmdnitd mscaaati on timseach ieidhetegibher eaf.t er, the unreacted
metal filmis renoved. As a result, the 15silicide film123 is forned on
the polysilicon filThe:2Aftexaneshafwmetral PTG .| i8H, ncdhede igr IRy,erCo, Pt,
Pd, Ta, M. Thereafter, the interlayer insulating filns, the
contacts, and itrseiwitriimgs idme floriredleacsartdicngnt ¢ e 20weldntk wewn omst hod, so
that the nmenory cell is manufactured. . It should be noted that the
nmenbers denot éPAiaty tthe sdf@manef deerdcd Iimdrd s adri@ T giovE®™ tih -t he same
materials in the sane steps in the above steps faor 25 manufacturing the
peri pheral tr&fsitSter oG SR nEforY W& PTG - R rhért &%PSgafs 18A, 18B

iind air gap 18aCrearneot]c Oginﬁ.dec! r\]ﬂittqzet aem%msttee Sa'yelrt isnhs?ﬂa itr)l% r%Oltl(rand 1t7hat -2

but are maintained as the air gaps.

Subsequently, as shown in FIG. 18A, the silicide

film 12B is formed on the polysiiicon film 1ZA. DMore

10 specifically, a metal film is deposited on the
polysilicon film 12A, and thermal treatment is
performed so that the polysilicon film 12A and the
metal film react with each other. Thereafter, the
unreacted metali film is removed. As a result, the

15 silicide film 123 is formec on the polysilicon film
12A. Examples of metal films include Ni, Ti, Co, Pt,
Pd, Ta, Mo.

Thereafter, the interlayer insulating fiims, the
contacts, and the wirings are formed according to a

20 well-known method, so that the memory cell is
manuiactured.

It should be noted that the members denoted with
the same reference numerals are formed with the same
materials in the same steps in the above steps for

25 manufacturing the peripheral transistor and the memory
cell unit. Further, air gaps 18A, 1i8B and air gap 18C

are formec in the same steps. It shoulid be noted that



air gaps 18A, 188 and air gap 180 may be formed in different steps.

~Ih the present enbodinent, the air gaps are forned in the elenent isolation
regions (STIs) in the 5Stransistors formed in the peripheral circuit portion
of the AND flash nmenory. Therefore, this can suppress formation of the
"parasitic transistors due to the fixed charges in the elenent isolation
regions, and further suppress deterioratizan ef transistor characteristics
10when the widths of the transistors are reduced. Furt her, the

transi stor structure including the air gap therein is fornmed in the el enent
i sol ation regizn ey elpa t heelenenti 4 spl@tlisan degimen fantddert ransi st or
are isolated. Accordingly, the device is 15l ess affected by the parasitic
transi stors, atid fdeerdedteessi ze can be reduced whil e naintaining the
transi stor characteristics. Further, this can reduce crystal defect caused
by stresses of the brnbeudeurarmtrer icaizodimere ellenmenir 200l & iforrmeepi ons.
Further, since there is an air gap in the elenent isolation region under

t he conmon gatieh Petsvearentdis tirsisi tsitar srefhioyes gd@tless Jarie! tte sane, the field
inversion withstand voltage can be inproved. According to the enbodi nent
expl ai ned abovie: 2% Pt ol A9 et mfUctRire Tfenotyr devi & TddPablod of
reducing the effect of the parasitic transistors fornmed. at the end
portions of th@%llé%t-lrgeﬁrdpr?érlﬁythemere*ore' this can suppress

formation of the parasitic transistors due to the fixed
charges in the element isolation regions, and further
suppress deterioration of transistor characteristics
10 when the widths of the transistors are reduced.
Furtner, the transistor structure including the
alr gap therein is formed in the element isolation
region, whereby the element isolation region and the
transistor are isolated. Accordingly, the device is
15 less affected by the parasitic transistors, and the
device size can be reduced while maintairing the
transistor characteristics.
Further, this canr reduce crys:ta: defect caused by
stresses of the empbedded materials in the element
20 isolation regions. Further, since there is an air gap
in the element isolation region under the common gate
between the transistors whose gates are the same, the
field inversion withstand voltage can be improved.
According to the embodiment expiained above, a
25 nonvolatile semiconductor memory device capable of

reducing th

Q

]

effect of the parasitic transistors formed.

at the end portions of the element regions of the



- 22 - transistors can be provided. Wil e certain enbodi nents have
~been described, these enbodi nents have been presented by way of exanple
only, and are not intended to limt the scope of the 5inventions. |ndeed,
t he novel enbodi ments described herein may be enbodied in a variety of
other forns; furthernore, various om ssions, substitutions and changes in
the formof the enbodi nents descri bed-hepei n-may be nmade wi t hout departing
fromthe spirit of the 10i nventions. The acconpanying clains and their
equi val ents are intended to cover such fornms or nodifications as would fal
wi thin the scoperandSspid idardfod Rgdiventions. - 23 - WHAT IS CLAIMED | S
1. A nonvolatile sem conductor nenory device conpri sing: a first
el ement region formad lid @ secentiet Ofer ST A @een desax ifidddst gate
insulating filmformed on the first el enent region; ' a first gate
el ectrode for macksen drfte diinmestt gateerd newntdmgdntdad by way aff iexstndlrt er gat e
insulating filmfornmed on the first gate el ectrode and havi ng an openi ng;
only, and are not intended to limit the scope of the

5 inventions. Indeed, the novel embodiments described
herein may be embodied in a variety of other forms;
furthermore, various omissions, substitutions and
changes in the form of the embodiments described herein
may be made without departing from the spirit of the

10 inventions. The accompanying claims and their
egquivalents are intended to cover such forms or
modifications as would fall within the scope and spirit

of the inventions.



a second gate electrode forned on the first intergate insulating film and
in contact with the first gate el ectrode via the opening; and a first
~elenent isolation region that encloses a | am nated structure forned by the
first element region, the first gate insulating film and the first gate

- el ectrode, wherein a first air gap is formed between the first

el enment isolation region and a side surfage of the first elenent region, a
side surface of the first gate insulating film and a side surface of the

first gate el ectrode. 2. The nonvol atil e sem conductor menory device
according to claim1l1, wherein thgpseqendgatveelectrode i s provi ded above
the first elenent isolation region, and a second - 24 air gap is forned

between the first elemanthonsellakiioe segiiesnand:bhernsacenddgatecel ectrode.

3. The nonvol atil e sem conductor menory device according to claim1,

further conpricempgisdacplurality of second el enment regions formed in the
sem conduct or substrate; a second gate insulating filmformed on the
second el ement regieofzrst element reglarnf |[foatiedg igake selrecbnadetoar ned on

t he second 10gate insulating film a second intergate insulating film
formed én thesfibearirfig gate el ectrode; a control gate el ectrode

formed on the second intergate insulating film and - .
a first gate insulating zilm formed on the first

element region;

a first gate electrode formed on the first gate
insulating film;

10 a first intergate insulating film formed on the
first gate electrode and having an opening;

a second gate electrode formed on the first
intergate insulating film and in contact with the first
gate electrode via the opening; and

15 a first element isolation region that encloses a
laminated structure formed by the first element region,
the first gate insulating film, and the first gate
electrode,

wherein a first air gap is formea between the

20 first element isolation region and a side sur:iace of
the first element region, a side surface of the Iirst
gate insulating film, and a side surface of the first
gate electrode.

2. The nonvolatile semiconductor memory device

25 according to claim 1,

wherein the second gate electrode is provided

above the first element isclation region, and a second



15a second el enent isolation region sandw ched between the second el enent
~regions and having a third air gap. 4. The nonvol atile

sem conductor nenory device according to claim1l, wherein a depth of the
first air 20gap is shallower than a bottom surface of the first el enment
“isolation region. 5. The nonvol atil e sem conductor nmenory device
according to claiml1l, wherein the first patergate insulating filmincludes
a netal oxide film 256. The nonvol atil e sem conductor nenory device
according to claim1l1, wherein the first intergate insulating filmincludes
one of a |am npatedafd lid rforded Beltu@idlg t9id iTGaR toXd1@aehitl Msbisidiiceon

nitride film/ silicon oxide film a lamnated filmincluding silicon
nitride film/regjildrcamdxitde fddomd gsidd earedidadede film/ silicon oxide
film/ silicon nitride film and a 5 lamnated filmincluding silicon
nitride film/ siliZon B deorfudimt/ila vramivmreid e f ilemdr ysidawiore oxi de
film/ silicon nitride film 7. The nonvol atil e sem conductor nenory
devi ce accor diawgarsliiglaitm Lladkerlei i uténe: rastmoyatsé nel:ect r ode 10i ncl udes at
| east one of a polysilicon filmand a netal film .
5 a plurality of second element regions formed in
the semiconductor substrate;
a second gate insulating film formed on the second
element region;
a floating gate electrode formed on the second
190 gate insulating film;
a second intergate insulating film formed on the
fiocating gate electrode;
a control gate electrode formed on the second
intergate insulating film; and
15 a second element isolation region sandwiched
between the second element regions and having a third
air gap.
4. The nonvolatile semiconductor memory device
according to claim 1, wherein a depth of the first air

irst

t=h

20 gap is shallower than a bottom surface of the

6}

element isolation region.

5. The nonvolatile semiconductor memory device

=k

according to claim 1, wherein the first intergate
insulating film includes a metal oxide film.

25 6. The nonvolatile semiconductor memory device
according tc claim i1, wherein the first intergate

insulating film includes one of a laminated film



8. The nonvol atil e sem conductor nmenory device according to claim1,
mhereln the second gate el ectrode includes at | east one of a polysilicon
film a silicide 15film and a netal film 9. The nonvol atile

_sem conductor nenory device according to claim2, wherein the second air
"gap penetrates in direction of a gate |l ength of the second gate el ectrode.
2010. The nonvol atil e sem conductor nenory devi ce according to claiml,
wherein the side surface of the first gate insulating filmis recessed nore
greatly than the side surface of the first gate electrode. 11. A nethod of

manuf act uri ng i momvid @td ile o2hs IR iERNAUCTOT/ NEINDIrA6 rd @34 1G], d &€ oMt 4 NQ:
formng a first gate insulating filmand a first gate electrode in order on

a sem conduct o sihst ratiele £1126 -a flormmi g <d fdirist el @nehitng egildrcan t he
sem conductor substrate by etching the sem conductor substrate, the first
gate insul atingifiiag fand the fliirsin gatiedel ectn odes i Sfarmmig @ dd r st
el ement isolation region enclosing the first elenent region, the first gate
insulating filflrand Filristorgat:eidd ecitirode;s T ormmaia fidstiinterygat &
|nsulat|ng filmand a second gate ele=rode in order on the first gate
laminated film including silicon nitride film / silicon
oxide film / aluminum oxide film / silicon oxide film /
silicon nitride film.

7. The nonvolatile semiconductor memory device
according to claim 1, wherein the first gate electrode

10 includes at least one of a polysilicon film and a metal
film.

8. The nonvolatile semiconductor memory device
according to.claim 1, wherein the second gate electrode
includes at least one of & polysilicon fiim, a silicide

15 film, and a metai film.

9. The nonvolatile semicconductor memory device
according to claim 2, wherein the second air gap
penetrates in direction of a gate length of the second
gate electrode.

2G 10. The nonvolatile semiconductor memory device
according to claim 1, wherein the side surface of the
first gate insulating film is recessed more greatly
than the side surface of the first gate electrode.

11. A method of manufacturing a nonvolatile

25 semiconductor memory device, comprising:
forming a first gate insulating film and a first

gate eiectrode in order on a semiconductor substrate;



10el ectrode and the first elenent isolation region; and etching the first
~el'enment isolation region on a side surface of the first elenment region, a
side surface of the first gate insulating film and a side surface of the
first gate electrode, and formng a 15first air gap between the first

“el ement isolation region and the side surface of the first el enent region,
the side surface of the first gate insulating film and the side surface of
the first gate electrode, and the first air gap |ocating bel ow the second
dat e 20el ectrode. 12. The nmet hod of manufacturing a nonvol atile

sem conduct or nenoris @eMiLe aticaddidigianclr@ignchl ,onherei n form ng the
first air gap conprises formng an upper surface of the first el enent

i sol ati on regimiameiudtan samsipprdare swr feacs iofg the fdanstcogldement: regi on i n
a gate length direction. 13. The method of manufacturing a

nonvol atil e -s@htratsemtdenductsor geermrinsdevitdeadadmdi rgpa ¢hel ai m 11,
wherein forming the first air gap conprises fornming an air gap between the
first intergatfeistsadtd g odtdoncavyd the first el enent isolation region.

514. The nmet hod of manufacturing a nonvol atile sem conductor menory device
accordi iy to cl ai mAAER¥RF therl CONPTIFIGHE 1So-atlion IS i Seddhd gat e

insulating filmand a floatin ate electrode in order .on the .sem conduct or
10subst r at e; the fd]frosr% TS ?:”tﬁﬁjl%r}'eﬁé}ﬁ L eyioP ot tlhnﬁ"géﬁil@@nductor
substrate by etching the sem conductor substrate, the second gate
insulating fil l”é’ng“l‘ﬂefjﬁsotatq% gea]teeCtdoeciet’r ode; 15forning a second

el ement isolation rf%&ﬁﬁhg a first intergate insulating film and a
second gate eleczrode in order on the first gate
10 electrode and the first element isolation region; and
etching the first element isolation region on a
side surface of the first element region, a side

surface of the first gate insulating film, and a side

h

b

surface of the first gate electrode, and forming a

15 first air gap between the first element isolation
region and the side surface of the first element
region, the side surface of the first gate insulating
film, and the side surface of the first gate electrode,
and the first air gap locating below the second gate

20 electrode.

12. The method of manufacturing a nonvolatile
semiconductor memory device according to claim 11,
wherein forming the first air gap comprises forming an
upper surface of the first element isolation region

25 lower than an upper surface of the first element region
ir a gate length direction.

13. The method of manufacturing a nonvolatile



encl osi ng the second el enent region, the second gate - insulating film and

the floating gate el ectrode;

formng a second intergate insulating

"filmand a third gate electrode in order on the floating gate 20el ectrode
and on the second el enent isolation region; formng a word |ine by

‘etching the floating gate el ectrode,
and the third gate el ectrode;

the second intergate insulating film
and foraing7a second air gap between the

third gate 25el ectrode and the second el enent isolation region by etching
t he second el enment isolation region under the third gate el ectrode.

15. The net hod<afi dmrufcacirunici® rg aeryelkatide rsemqc erduatar menory device

according to claim 14,  wherein the first air gap the second air gap are
formed in thewareist orrile. thie faethodief gmnuicagirusieryg fa-manvokat il e

28 -

sem conduct or nenory device according to claim 14, wherein the first air

gap and the sedondiag begapear & hieoriied ti N ndiekicertentinstuidps.ing film and

10

15

20

25

trhe first element isolation region.

14. The method of manufacturing a nonvolatile
semiconaductor memory device according to ciaim 11,
further comprising:

forming a second gate insulating film and a
floating gate electrodé in order on the semiconductor
substrate;

forming a second element region on the
semiconductor substrate by etching the semiconductor
substrate, the second gate insulating £ilm, and the
floating gate electrode;

forming a second element isolation region
enclosing the second element region, the second gate
insulating film, and the floating gate electrode;

forming a second intergate insulating film and a
third gate electrode in order on the floating gate
electrode and on the second element isolation region;

forming a word line by etching the floating gate
electrode, the second intergate insulating film, and
the third gate electrode; and

forming a second air gap between the third gate
electrode and the second element isolation region by
etching the second element isolation region under the

third gate electrode.



15. The method of manufacturing a nonvolatile
semiconductor memory device according to claim 14,
wherein the first air gap the second air gap are formed
in the same step.

16. The method of manufacturing a nonvolatile
semiconductor memory device according to claim 14,
wherein the first air gap and the second alr gap are

formed in different steps.



