;e3ef Mf[4@Xx6TCM < = 13 AUG 2002 BACKGROUND OF THE | NVENTI ON Thi s
i.nvention rel ates ductor device having a groove isolation
structure with hi Wmmmmmmp and a process for producing the sane. 5 As
a process for electrigglly |nsulat|ng i sol ation of adjacqq;A@b@@@@UQQQn a
'sem conduct or substrate |t is known a ghall ow groove isolation (SG)

. process. Accordi M process, shallow grooves are fornmed on a
silicon substratg m‘mmmmmwﬁmmy burying 10 an oxide filmthereinto by a
chem cal vapor deposiigs (CVD) nethod or a sputtering nmethod. Since the

struture convent | O PHIRERROT oI TR e SR BG, RRERERFL cbrc 1o

devices after a 0.25 um process. 15 But according to the S@ structure,
since a burying oxide filmis produced by a CVD nethod or a sputtering

met hod, it EaeKGRdéﬁsDFyTgEnéNﬁENﬁI@Narser than a thermally oxidized film
(herelnafter referred to as "thernmal oxide filnt). Thus, about 5% shrinkage
t akes 20 pl ace dur|ngTal§ub§§qBénPntW@ﬂﬁﬁﬁstﬁ@aﬁm@ﬁmkﬂﬂﬂﬂuqmmmlt|ng in
formation of a void-like "cavity" at the interface of the oxide filmeven
by sli ght ef‘@ﬁilﬁﬁ havhgIde EF@OWdIlSPIl&GﬁP@ é&réllCtPir& withs high .
Cross- sectloniléa gm/ShOMA ng such 25 a_"cavi in nuneral 1 denotes

a silicon 131 AYqueERa2B80PTEGESEr 4P&, P GﬁgF&P qnﬂ%ﬂ%mllnsulatlng
fI|WIOF§ ayer, and nu rglpg E gs %%V'tXectWQ%glﬁgp n%uH%% r%¥ 5|s present,

awring filmor the FAS i e cavit patterning

after a step.gf gﬁghngfa?gjgc &R Oé%%hgﬂt%f oan eg%&h %%%d@ resulting in

of ten causi ng e ectrical yTunaesir enonena SUC as s Ol’t circuit,

etc. In OrdEGbEErEEEDV§tSE§hkﬁowﬁa‘é' "s)’xa&l%w Madote Alscdia2GlaRs€ddt)Tech.
Dig. of IEEE, 1996, p. 841-8 hat
process. Accordlng to the SGI process, shallow grooves
are formed on a silicon substrate, followed by burying
10 an oxide film thereinto by a chemical vapor deposition
(CVD) method or a sputtering method. Since the SGI
process has higher processing dimensional accuracy than
a LOCOS structure conventionally used, it can provides a
structure suitable for devices after a 0.25 pm process.
15 But according to the SGI structure, since a burying
oxide film is produced by a CVD method or a sputtering
method, it has a density generally coarser than a
thermally oxidized film (hereinafter referred to as
“thermal oxide film”). Thus, about 5% shrinkage takes
20 place during a subsequent thermal treatment step,
resulting in formation of a void-like “cavity” at the
interface of the oxide film even by slight etching using
dilute hydrofluoric acid.

Fig. 2 is a cross-sectional view showing such

25 a “cavity”, wherein numeral 1 denotes a silicon



10 after burying a burying oxide film thermal treatnment is conducted in an
oxi di zi ng atnosphere to change Si in a groove into Si02 for reducing the
vol une, resulting in renoving the "cavity". But, according to this nethod,
there arises an 15 di sadvantage in that a hlgh nechanlcathhh S8t 2902
generated in the groove and adj acent sipicon substrate portiois due to
about tw ce vol une expansion of the oxide filmas a side action of renoval

of "cavity"suSHMMNRY, ChudblEal NEERTHGRM 289! inisei13R 108) €4tin0fort NQyRIrgsent

invention to prOV|de a sem conductor device having high rellablllty by
maki ng a geqved af@fle SAI e3Stheweeatrthap”a critical stress and preventing
generation of crystal defects or an increase of a junction | eakage current,
and a process 25 for @nedusuop &h2csaiey”The present,i averdtriogy fidw des a
sem conductor device conprising a sem conductor substrate having a - 3

13 August 2902thp ukbkétyemairbemntheocautitynateghensiaed odl ement isol ation
regions on a main surface thereof, each elenent isolation region conprising
a groové1%ﬂ¢ﬁﬁﬁtmﬂm%ea§éﬁfcén§E@Po¢szb§@ﬂaténdaatﬁépﬁﬁﬂtéﬂmd@ffﬁpnlforned

5 on the wall] surface_of the groove, and an insulating material buried in

t he groovege%%ﬁ%F@%%rﬁ%}moxFﬂﬁuiFFﬁgbéPanFSPnﬁéuﬁﬁPBee%&FF§ﬂ§ﬁﬁéYthe
formula: D < 4~-1 e ﬁ % %_ 230 T + § ) whe reln Dis a width of
the el ement" R HHIFD er%@ Bﬂmfﬁ chaCFFV§ ﬁf IC¢lfe §%Fhermal oxi dation

amount  (t her mal In order to remove such a “cavity”, S. Nag et

al disclose in Tech. Dig. of IEEE, 1996, p. 841-844 that
10 after burying a burying oxide film, thermal treatment is

conducted in an oxidizing atmosphere to change Si in a

groove into Si0, for reducing the volume, resulting in

removing the “cavity”.

But, according to this method, there arises an

15 disadvantage in that a high mechanical stress is

generated in the groove and adjacent silicon substrate

portions due to about twice volume expansion of the

oxide film as a side action of removal of “cavity”.

SUMMARY OF THE INVENTION
20 It is an object of the present invention to
provide a semiconductor device having high reliability
by making a generated stress lower than a critical
stress and preventing generation of crystal defects or
an increase of a junction leakage current, and a process
25 for producing the same.
The present invention provides a semiconductor

device comprising a semiconductor substrate having a



oxide filmthickness) of the groove in ternms of mcrons; and Ris a
curvature radius at an end bottom portion of the groove, provided that T is
0.01 umor nore. The present invention also provides a process 15 for
produci ng a sem conductor device having a plurality of eligrugusproan on
tegions and el ement isolation regions-on a main surface of a sem conductor
substrate, which conprises the steps of: (a) formng a pad oxide filmand a

silicon 20 pifrhdec{i bm NeRe@MreRREYG LA re¥ASiNAlGd ANELHOVIiNg a part
of the sem conductor substrate fromthe portions wherein the el ement

i sol ation regbpasishertgibasf ehmadmiaa nf @LPfAROeRrR3Gh efc@pve having a
curvature radius R at an end bottom portion of the groove, 25 (b) burying

an insul ati agefhéehth i Botachogr eeye oho compmia i i G doveul fatdnegd fid m  (c¢)
formng a thermal oxide filmon the wall surface of each groove while
sati sfying the $eniowndgctor 4ubSoramtiea: al3haugadt cx(i@2 Fidn).Brkah' ', - 1
(_ 230 T + 14.5) (1) wherein Dis a width of the elenent formation region
(or active endthg:wIlissurfacenalf &kedgriogveansdst agf infallRtgmgove in terns
of mcrons and Ris a curvature radius at the end bottom portion of the
groove, proviEeBEiahaPuried HnOELENISPONSr e S2dRd th@rMednniinle Hild buryi ng
Mnsulating film, saldgtlheen hbibdg.tl mandoapldpad oxide film
D < 0.47H0%*7 =1 (- 230 T + 14.5) (1)
wherein D is a width of the element formation region (or
10 active width); T is a thermal oxidation amount (thermal
oxide film thickness) of the groove in terms of microns;
and R is a curvature radius at an end bottom portion of
the groove, provided that T is 0.01 ym or more.
The present invention also provides a process
15 for producing a semiconductor device having a plurality
of element formation regions and element isolation
regions on a main surface of a semiconductor substrate,
which comprises the steps of:
(a) forming a pad oxide film and a silicon
20 nitride film on a semiconductor substrate, and removing
a part of the semiconductor substrate from the portions
wherein the element isolation regions are to be formed
to form grooves, each groove having a curvature radius R
at an end bottom portion of the groove,
25 (b) burying an insulating film in each groove
to form a burying insulating film,

(c¢) forming a thermal oxide film on the wall

surface of each groove while satisfying the following



10 BRI EF DESCRI PTION OF THE DRAWNGS Fig, |Ais a cross-sectional view for
explaining the active wwdth D, the curvature radius R at an end bottom
portion of the groove; and the thermal oxidation amount T in terns of
mcrons. 15 Fig. 1B is a graph showng a relationship'bequggghggzbhggnal
oxidation amount T (um) and the active pidth D (um). Fig. 21§ a
cross-sectional view for explaining a problemof prior art process. 20
Figs. 3Atqg Br£ cross-sectional views explaining one exanple of the
process of the present invention for producing the sem conductor device.

Fig. 4 is a cross-seqiiongl4wvicew fior! explagnimng the active widthapd the
stress evaluation 25 portion of a sem conductor device of the present

invention. Wdrein I % M apiHENQ Nthé ¢ PAaéhONSBtRation- rdgidHgyst 2002
bet ween the shear stress and the active width of a sem conductor device of
t he presentadtiventwiaith)R aOr s i thermsh-seldaohah sneuwnof obnehexanpl e of
the sem conductor device of the present 5 invention. Fig. 7 is a plan view
for expbai goupueha rdefams ich nofctdres acdndeRwisltdn curvatupesradboeslii nents in
t he present invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON 10 The present
i nvent ors ledvaheotercedaddime pdnriqrenf dthegotedee: spravidedprbaest for
produci ng a sem conductor device having a groove isolation structure by the
SA processsmEnGlondd Abdrre pand cul arly nechani cal schene for generating
Q{)?[‘i mechani cal stresgy 1S diouily ' sald bty ins BLOSYS: fng peighboring

said silicon nitride film and said pad oxide film.

10 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1A 1s a cross-sectional view for
explaining the active width D, the curvature radius R at
an end bottom portion of the groove; and the thermal
oxidation amount T in terms of microns.

15 Fig. 1B is a graph showing a relationship
between the thermal oxidation amount T (pm) and the
active width D (um).

Fig. 2 is a cross-sectional view for
explaining a problem of prior art process.

20 Figs. 3A to 3G are cross-sectional views
explaining one example of the process of the present
invention for producing the semiconductor device.

Fig. 4 is a cross-sectional view for
explaining the active width and the stress evaluation

25 portion of a semiconductor device of the present
invention.

Fig. 5 is a graph showing a relationship



the silicon substrate, and studied how to renove such defects. As a result,
i.t- was found that at end bottom portions of a groove, high stress was
generated due to 20 interference of volunme expansion of the oxide film at
the bottom of the groove and the side wall of the grobvquﬁthngfzcwbth an
increase of the oxidation anount, this §tress increased and often generated
crystal defects such as dislocation in the silicon 25 substrate. It was

al so found bbawevheahsueheakystaksdeheet $haenetdenrenalidth idE the transi stor
region, for exanple, there often caused an increase of junction - 13
August 2002sembeakdgetour denticeTheé pmhes @t siemreninvenitfimmd from vari ous
experinents that when an oxidation anount was constant, the crystal defects
easily took place wheRighebaési @ecBomisdisiechifniad diismamde drat ween

nei ghboring el ement isolation regions, that is, the width of el enment
formation re§aBR}ewas FAPgESMEGPPREELOKr 6RVACE Mift @ @RaReNfet hod anal ysi s
sinmul ati ng the above experinents, it was found that when the active wdth
becane F0 Ih?&%?thﬂe stress generated al so becane larger, resulting in
causi ng an i ncrease o%ﬁthe juncti eakage current. at .a certain critical

|
stress or nmore. Thus, “tfe Srégeﬁtp?RPeHﬁl n Fh&s & ﬁ h&hed.
[PrOd“Ct'Ondgﬁlé? 88”8?CE85 E@¥E9§ W?&Eﬂ91§r9%¥§o%% %%%&g LN nuct ure]

One exanpl e u ing a Sem con dévi ce "having groove 1 sol ati on

structure igpgx gggggg QMvggglggllomnng steps (a) to (h) referrlng to Figs.
3A to 3G 20 ? A surface of a silicon substrate 1 is thernmal oxidized to

forma pad OXIde film2 wth about 10 nmthick [Fig. 3A].

DETAILED DESCRIPTICN OF THE INVENTION

10 The present inventors have noticed causes for
generating defects in the process for producing a
semiconductor device having a groove isolation structure
by the SGI process mentioned above, particularly
mechanical scheme for generating high mechanical stress

15 1in the inside of the groove and neighboring portions in
the silicon substrate, and studied how to remove such
defects.

As a result, it was found that at end bottom

portions of a groove, high stress was generated due to

20 interference of volume expansion of the oxide film at
the bottom of the groove and the side wall of the
groove. Further, with an increase of the oxidation
amount, this stress increased and often generated
crystal defects such as dislocation in the silicon

25 substrate. It was also found that when such crystal
defects were generated in the transistor region, for

example, there often caused an increase of junction



(b) On the pad oxide film2, a silicon nitride film4 having a thickness of
about 150 nmis deposited 25 [Fig. 3A]. (c) On the silicon nitride film 4,
a photoresist 5 is fornmed [Fig. 3A]. 13 August, 2002 (d) After renoving

t he photoresist 5 on desired portions by a conventi onal iRt gﬁgp £

met hod, a part of the silicon nitride-fél+m 4, a part of the pg oxide film
2, and a part of the silicon substrate 1 are 5 renoved by etching to forma
shal | ow gr daekdwyicgrsgnangl e of about 100 at the upper end of the groove
wal | against the silicon substrate 1 [Fig. 3B]. At this tinme, a curvature
radi um R of about 50-TBe presehtessnvenforsefloatdafremdvpoibuen of the
groove. 10 (e) An insulating filmsuch as a silicon oxide film (or a second
silicon oxiedwdningnis teposihen dy exihebicnl amapor wWaposbnsbAntCVD)

met hod, a sputtering nethod, or the like and buried in the inside of the
groove (herdihanweitaefdgfetts easilpuF9PhgPiasal wheRgths fFLAVE6) (Fig.

3C]. (f) After depositing the burying insulating film®6, the silicon
substra%'e T”i%thsd:gj gdise ]t%t%fk?%la%?%‘ge%’? Re 1 hper 4Rdr 8187eBhout 1000C in an

i dati t h to . duct i dati in. f 10 to 65 in 20
Corm of t RS LR BRI HHOTHe 1801 Tongt Thel M oRF ABLPRPRF? (or the 1 rst
erms of e TH Ckifess B> tHe T¥ul t7ng" thef Hel 7 (or the
et hod o T TERHLT by 1 ek ROEE | 5 Galer 8 13 A F buUBFOT Frt LRYGS 301 - (g) An

eXCess por i1t e M Vil §9se!! ahita 28nd 1 i 6abvet slipbagked using a
chem cal mechani cal polishing (CW) nethod or a dry etching nethod [Fig.

3E]. In thimentase it RaSifd oD tHAY iwleed | 1@ datiSErle aGi dth OBe8ahéoNn
preventing filmacts as an etching stopper g _ 13 August 2002 to
preveniOt hdavidemgonsubsireade denmtetred hel ¢ | beoamai Larderfilm4 from
etching [Fig. 3F]. (h) After renmoving the silicon nitride film4 and the
pad oxi de frielsml2 inchelrgrasoveirbnran ngnctease wWE tlse 5jenopienetieakhga, a
thermal oxide film8, a gate electrode 9, a condenser electrode 19, a

W ring 16, current at a certain critical stress or more. Thus, the

present invention has been accomplished.

[Production of Semiconductor Device Having Groove

15 Isolation Structure]

One example of producing a semiconductor
device having a groove isolation structure is explained
by the following steps (a) to (h) referring to Figs. 3A
to 3G.

20 (a) A surface of a silicon substrate 1 is thermal
oxidized to form a pad oxide film 2 with about 10 nm
thick [Fig. 3A}.

(b) On the pad oxide film 2, a silicon nitride
film 4 having a thickness of about 150 nm is deposited

25 [Fig. 3A].

(c) On the silicon nitride film 4, a photoresist 5

is formed [Fig. 3A].



insulating filnms 15 and 17, etc. are forned thereon to conplete the
sem conduct or device [Fig. 3. In Fig. 3G nuneral 10 denotes a side wall,
10 nuneral 11 a drain or source layer, nuneral 12 a well |ayer, nuneral 13

an insulating film nuneral 14 a plug, and nuneral 18 a j € Q@glrs' ogrpt eri al
film [Relation between Active Wdth and Properties] Theqseé onguctor t hus
produced was subjected 15 to exam nation of a relation between the active

width (the yidth of cheept LanyahbonnteghonlDand s cals pigperties

such as juncition | eakage current and shear str able on

tinEACtiVezﬂég%fgn§athEngoﬁv@ﬂ%@ogﬁﬂ5lﬁbﬁt QoW re KR KELX Xpart 13

August 2002 _ 9 _ Table 1 shows the resul'ts of "the active w dth dependency
of junctionotegk@gei TuebeNhivbenet Re1pXiudaat bartt e ther pakke oxdildecon

substrate in the step (f) nentioned above [Fig. 3D] at 1000C in an
oxidative film 2, and a part of the silicon substrate 1 are
5 removed by etching to form a shallow groove having an
angle of about 100° at the upper end of the groove wall
against the silicon substrate 1 [Fig. 3B]. At this
time, a curvature radium R of about 50-60 nm or less is
formed at an end portion of the groove.

10 (e) An insulating film such as a silicon oxide
film (or a second silicon oxide film) is deposited by a
chemical vapor deposition (CVD) method, a sputtering
method, or the like and buried in the inside of the
groove (hereinafter referred to as “burying insulating

15 film” 6) ([Fig. 3C].

(£) After depositing the burying insulating film
6, the silicon substrate 1 is subjected to oxidation at
a temperature of about 1000°C in an oxidative atmosphere
to conduct oxidation in the range of 10 to 65 nm in

20 terms of the thickness of the resulting thermal oxide
film 7 (or the first silicon oxide film), since the
silicon oxide film produced by the CVD method or the
sputtering method is generally a rough film [Fig. 3D].
(g) An excess portion of the burying insulating

25 film 6 is etch backed using a chemical mechanical
polishing (CMP) method or a dry etching method [Fig.
3E]. In this case, the silicon nitride film 4 used as

an oxidation preventing film acts as an etching stopper



5 atnosphere is changed to 5 mnutes and 10 m nutes so as to change the
active wdth of the MOXS type transistor [see Fig. 4] In Table 1, the mark
o nmeans that the junction current value is a perm ssible value or |ess, and
the 10 mark X neans that the junction current value is OW%AMB%SPQWZSSi bl e
value. As shown in Table 1, abnormal jugction | eakage current I s generated
when the active wwdth is 8 umor nore in the case of oxidation tinme of 5
mnutes. Ing F&éée&@S@h@fst@s'Qﬂbgwstgfllgnab?ﬁftﬁé, sahrepmal j unction

| eakage current 1s generated in all the active wd Next, shear stress

generated igy¢PedSi £{TANY SEPSHT @t €nyhgN[Fhg. gsepye Wi dth was 1 um was
simul ated and shown in Fig. 5. In Fig. 5 the abscissa axis shows 20 an

active widtfh) and t henptéli neéorxng shewsisbean attesdeatilhe4erddbottom
portion of the groove. The stress evaluation position is shown in Fig. 4,
whi ch posi tilen pad meatde hei Bnpdy tthhe qtoaveendrpotgostportiuor @b t he
groove. 25 In Fig. 5, the oxidation tine of 5 mnutes is shown by o and ,
and t heSoxi%RiRRted ne Bieno ai pueesal soxhdantbymi8, wAegadtd the mark o
means that no abnormal junction | eakage current is generated, and the marks
13 August ZFECLrade ank FRGLRFRY abheFrefej LAct RoWiFéBRagé current is

ener at ed.
g insulating films 15 and 17, etc. are formed thereon to

complete the semiconductor device [Fig. 3G].
In Fig. 3G, numeral 10 denotes a side wall,
10 numeral 11 a drain or source layer, numeral 12 a well
layer, numeral 13 an insulating film, numeral 14 a plug,

and numeral 18 a dielectric material film.

[Relation between Active Width and Properties]
The semiconductor thus produced was subjected
15 to examination of a relation between the active width
(the width of element formation region) D and physical
properties such as junction leakage current and shear

stress.

Table 1

Oxidation time Active width

2 pum 4 pm 8 um 16 um
5 min. o o X
10 min. X X X




As is clear fromthe results of Fig. 5, the generation of stress is
dependent on the active wdth, 5 and the active w dth becones |arger, the
stress generated becones Iarger For exanple, when the oxidation tinme is 5
minutes, the shear stress beconmes 850 MPa at the active Wigphqpkt 204m 900
MPa at the active width of 4 um and 9509MRPa at the active mnd?h of 10 8 pm
When the oxidation tinme is 10 m nutes, the shear stress is 950 MPa at the

active width of 2 umrapdel195QnMRa @het B saglisv@ AVtteh ft i4 IRt HTOT €.
Further, fromthe plots and 1 which nmean generation of abnormal junction

| eakage curgepénasnshows antahbe leakbgies chTrawt Wihed tthal cdrz-nal
junction | eakage current takes place at the generation of shear stress of
about 950 MPhon|[ Rehat fop ahengiAdtiove s\bdtiratEurinattivee sRagi Us) and Ther mal
Oxi dation Anmobunt] 20 The active width D, the curvature radius R at the end
botton1portmentuéngdoaheyeamalghe3Dheaﬁaﬂ0@ﬁldaumonnammmmﬁtﬁwa:hernal oxi de
filmthickness) at the inner walls of the groove seemto be factors

deci di ng t hetsespheser ésschangre SenPcHABUEESr angl ilfg Mg nSGes25os@suct ur e.
Thus, the stress generated at the end botton1 ortion of the groove in the
silicon subs?rafangasthrapsivenyidrhupit 6 gysvéﬁﬂen§rFW§§étFébtors -
11 13 AuguPt 2092 varLoust to obtain the relatlon when the shear stress
is over 950 #ésults are shown in Fig. 1B, wherein the abscissa

axi s shows the ihe.rma 0’6?9??“&' m Al @5@%58 {pLhn3 %'Pl‘lftt R 0 ‘Hn%actl% axi s

shows the active w dt the results o the urvature radi us

R of 004 ughtpof: 00, Lol §h{a$@mlggabmer vallie bhengRls oxe dhid m

thickness is ta romthe value at the ceniral portion of the groove
width. 10 mark X means that the junction current value is over the

permissible value.

As shown in Table 1, abnormal junction leakage
current is generated when the active width is 8 pum or
more in the case of oxidation time of 5 minutes. In the

15 case of oxidation time of 10 minutes, abnormal junction
leakage current is generated in all the active width.

Next, shear stress generated in the silicon
substrate when the groove width was 1 pum was simulated
and shown in Fig. 5. 1In Fig. 5, the abscissa axis shows

20 an active width, and the ordinate axis shows shear
stress at the end bottom portion of the groove. The
stress evaluation position is shown in Fig. 4, which
position is near the R portion at an end bottom portion
of the groove.

25 In Fig. 5, the oxidation time of 5 minutes is
shown by o and e, and the oxidation time of 10 minutes
is shown by M, wherein the mark o means that no abnormal

junction leakage current is generated, and the marks e



10 The regi ons wherein abnormal junction | eakage current takes place are

t he regi ons above each linear line having |larger active width. FromFig.
1B, it is recognized that with an increase of the oxidation anount,
perm ssi ble active width becones smaller, and 15 with an1¢pgﬁ@@§g2@b2the
curvature radius, the perm ssible acbqu)m#dth al so becones snmaller. The
rel ati on anong the active wwdth D (un), the thermal oxide filmthickness T
(um and t hendullvaéanethadi ednRriad) jahcthenend dxeigeomuypardrnton of the 20
groove shown in Fig. A is examned to obtain the followng formula (1): D
< 0.4~-1 ooRgeneratéad(_ 230T + 14.5) (1) On the other hand, it is known
experientially that the thermal oxidation anount T should be 0.01 umor 25
nore in order to renohe LHecleavi fyomf toe triesuditsyiofy Foxd.de.fitha
Therefore, in the above fornula (1), the thermal oxide filmthickness T
shoul d be Ogﬁﬁeﬁﬁ¥b?nnﬁﬁesFﬁeéﬁdéF F@PGPQ@@ﬁtOPhéWQNﬂQEiﬁ?(ﬁ1QQ@nct|on

Ieakage % 13 Au st 2085 cgrrent E t he sem, _conduct or device having
the SG st rREuFae %ﬁ évetHé 51 BESCBESDLaFISRd RPENGTHEEFSFe determined to

f h d ab h | ff
ool y 1 1 1N SRR R b PR BT8R EaRr | of oo RrOREE alOUE R also in the
subseduent g1 421 10nSe 1h L0°5CASRuRLC! RHBNGHESY 2k QL Wil e, gr oove

width o umor |ess as sho angl e of Thve groove

agai nst th98§®”l‘fiﬁ§ea@ft§é| heeRNveuRsHEAL %becgfﬁes 9alowp,10Q swestantially
considering the coverage of the burying oxide film®6. Further, the depth of

the groove dst pPOUi@tB5c8M mhoAhthese makuag, thee alcengieh wdtdtthJbe'ttom of
t he groove becones
10 8 pm. When the oxidation time is 10 minutes, the shear
stress is 950 MPa at the active width of 2 pm, and 1050
MPa at the active width of 4 pm or more. Further, from
the plots e and M which mean generation of abnormal
junction leakage current as shown in Table 1, it is
15 admitted that abnormal junction leakage current takes

place at the generation of shear stress of about 950

MPa.

(Relation among Active Width, Curvature Radius, and
Thermal Oxidation Amount]

20 The active width D, the curvature radius R at
the end bottom portion of groove, and the thermal
oxidation amount T (thermal oxide film thickness) at the
inner walls of the groove seem to be factors deciding
the shear stress in the semiconductor having a SGI

25 structure. Thus, the stress generated at the end bottom
portion of the groove in the silicon substrate was

analyzed by simulation by wvarying these factors



15 about 0.126 um Thus, it becones inpossible to make the curvature radius
R at the end bottom portion of the groove substantially 0.063 um or nore.
Fromthis value, the perm ssible active width (D), is cal culated using the
formula (1) to be about 16 um when the nini num oxi da 20 {4 AN RIPVHOA T) IS
0.01 um In addition, perm ssible thetnmpl oxidation anount (T) becones 0.0l
umor nore and less than 0.065 umfromFig. 1B. The el enent formation
region in the PEESEY tbN¥eREIAN (¢AN AAkS (AT Wieh ShaPSshasr g§n Fig 7.
25 In any case, the active width (D) nmeans the maxinum |l ength 1 n any shapes
as shown injiEki gyef, 9k0r vexanple. The lower limt of the active wwdth (D) is

the m ni mum processing size, which is, for exanple, 0.25 ~zm - ~ 13
August 2002 - 13 or mrBeereBugeRehdle shidiwn tin FiRp! IBYPGASd A #n tihde 0.1 um
or 0.05 um The present invention is illustrated by way of the follow ng

Exanpl es. 5aBsafpke 4xOs shewlsi the hlextmadt exialepa loxiwtel dkdenof (Hbout 10
nmthick was fornmed by thernmal oxidation at 800C, followed by deposition of
a silicdn nindi dhef praioktabeti s15bows tther eat e avichiive)i.ondln net hod. A
10 photoresist was formed on_the silicon nitride film and the photoresist
was renovedFEFomBhethesrredlssr CifotsenFud vadiwrénthashals 1§ gt &Qfosure

nmet hod. Then, the silicon nitride fil t he pad_oxide filmand a part of
the silicont@ub8tPaP8 HRdBFSt R OVélang-]éI’rﬁ or &St L 9%idfved by

etching to £orm shallow groegves., The curvature.radiys at the end bottom
bor L1 on of ThURGFBoRERERS ads TBXEE Grotnian B LR ko iR R A vas
deposited i r Qav b D od to forma burying insulating 20
film Oxida ?%ﬁﬁags82a§§?eér§8§¥ayq§%§0t 1000C in an oxidative atnosphere

to formeg thermal oxiggef LA 8RS BRrRIG 2MArhadl MR YRR kage
current takes place are the regions above each linear
line having larger active width. From Fig. 1B, it is
recognized that with an increase of the oxidation
amount, permissible active width becomes smaller, and
15 with an decrease of the curvature radius, the
permissible active width also becomes smaller.

The relation among the active width D (um),
the thermal oxide film thickness T (pm) and the
curvature radius R (um) at the end bottom portion of the

20 groove shown in Fig. 1A is examined to obtain the
following formula (1l):

D < 0.4W00R+T =1 (_ 230T + 14.5) (1)

On the other hand, it is known experientially
that the thermal oxidation amount T should be 0.0l pm or

25 more in order to remove the “cavity” from the burying
oxide film. Therefore, in the above formula (1), the
thermal oxide film thickness T should be 0.0l pm or more

in order to prevent the increase of junction leakage



The upper portion of the burying insulating film above the groove was etch
backed by a CWP nethod, 25 followed by renoval of the silicon nitride film
and the pad oxide filmto conplete a groove burying structure. Thereafter,
gate el ectrodes, condenser el ectrodes, - 14 - 13 August1gqgﬁg :
i:nsul ating filmwere formed thereon to g ve a sem conduct or vrce shown in
Fig. 3G The active wwdth (D) was 2 um the thernal oxidation anpunt
(ther mal 0Xtd§réh£”hhhtﬁenééﬁlcbﬂth%er@@#%denhé%E%é)éﬁ%L§QI5 The val ues
of RR T and D satisfied the formula (1) and no "cavity" was forned. There
arose no prebkestatethe tine of patterning after formation of wirings and
the el ectrodes. The junction | eakage current was bel ow the perm ssible
val ue. 10 Conpar ati veThxappkielvAlaesi edndyctioande\R Ghomdl peoduced in the
same manner as described in Exanple 1 except for making R 0.05 um D 18 um
and T 0. 03 detefhinedusopsetiicség ser Comtumdior(ldeweres ithegbradrateed abnor nal
junction | eakage current. As nentioned above, according to the present
inventi ®n, the sem coRbdacformuaédi dé)havi rd fgciiveyv@dts@rdty dm dtheucture
wi t hout Ieakage current abnormal can be produced easily and precisely. 15
~ 13 Augustc28®20 g5 EeA| REDIRELOD, MENEARNEGH GRS G@@i@@iﬁbﬁﬁr|5|ng a
sem conduct or subgtrate EaV|n lurality of elenent formation regions and
el enent i sof &% i BACT8GHER 8ﬁl§ ﬁéEH55urfa0e t hereof, each el enent isolation
region conprising a 9580¥ﬁe caghe Qp%ﬁ@ﬂ%cﬁg §QQ%EI%E%h |nsulat|ng

a

material buried in the groove ermal Toxi m-on e wal | surface

of the groog Poo?@'ﬁ;&@ﬁr o§5dﬁazg%rggg%ngs shienmal, gg le & i .y f or med

after buryi e rnsulatin I'n the groove, e tHerngl oxi de

f"”‘SQb'Sfyﬁ@getGE fHé'@EngefQ?HEBQt Png Quéradkos Elllconl (_230 T +
14.5) (1) wherein Dis a wdth the elenment formation region: T is a

thi ckness ofub$erdberpatonssdebbuit MDO °t euBB tehtIadNgNTondndeRing t he .
curvature radius at an end bottom portion of the groove, provided that T is

O dum or nohie.c@veragendbfondacbarydayi ceibdavifndma epl uFalrthy rof téleenent
formati on regions and el ement isolation regions on a main surface thereof,
each el enerdeptiol af i ther ggponecbapabsiihgla3gr pave Faothéhseri conduct or

substrate, a first silicon oxide filmburied in the groove and a second
silicon OX|%E;¥$$n1%%et%%HQEFIa§thﬁcEOEFOPhQngBGvéropﬁé $EEORESsi | i con

d f d by th | dat ft b the f t
AR AN PY TR ARl Lt S S i i S B A i A A §§t?stfﬁg
the foll f 1) wh D
o th A PLTE dadi s op et B eiroRet Fols PR R B REs2hs 1L he ceeond

o1 oon oxigendid mif.Lenns, ol Thepggonand Robs & SUDKALULS Ladlue at an

end bottom®portio e groove, prov ~m or “nofe. 13

August 2002 HE Gorfy $80HEONUEL QL Geatﬁe rceédbagchQaGEa'ﬁb&nart%e wher ei n
t he thickness is in the range of O.

formula (1) to be about l6 um, when the minimum oxida-
20 tion amount (T) is 0.0l pm. In addition, permissible
thermal oxidation amount (T) becomes 0.0l pym or more and
less than 0.065 um from Fig. 1B.
The element formation region in the present
invention can take various shapes as shown in Fig. 7.
25 In any case, the active width (D) means the maximum
length in any shapes as shown in Fig. 7, for example.
The lower limit of the active width (D) is the

minimum processing size, which is, for example, 0.25 um



nore and |l ess than 0.065 ~,m 4. A sem conductor device according to Claim
1 or 2, wherein the thickness T is in the range of 0.01 ~, mor nore and
'ess 0.065 ~.m and the width of the elenent fornmation region Dis 16 ~m or
less. 5. A process for producing a semn conductor devi ¢e hﬁ?%&%d%ﬂﬁdﬂé“'ty
of elenment formation regions and elenenn3|$olat|on regions on-a maln
surface of a sem conductor substrate, which conprises the steps of (a)
formng a pagd pxiéeihi bahardila suki 6N ikl hioitde mpddsHidN & LBLanduct or
substrate, and renoving a part of the sem conductor substrate fromthe
portions whefiebn Obhesehgmpent isolation regions are to be forned to form
grooves, each groove having a curvature radius R at an end bottom portion
of the groove, (b) buThenprasenbsihaenndgohi lim il lesthragreab\by twayf @fm a
burying insulating film (c) formng a thermal oxide filmon the wall
surface of ®aehfgibowenghEkampaessfying the following fornula: D < 0.4
~looR + ~~ - 1 (_ 230 T+ 14.5) (1) wherein Dis a wwdth of the el enent
formation region; - 17 13 August 2002 is a thermal oxidation anount of
the groqQve in terns of mcrons; and Ris a curvature radius at an end
bot t om por tF %ﬁFEiet%e groove, provided that Tis 0.01 umor nore, and (d)
renovi ng sai d burying.insul ati said silic on n|tr|&% fllgland sai d
e

pad oxide film 6. A ?o%eiéi%Sgon8§%EFﬁéea geﬁﬁcoﬁ&ﬁ havi ng a
plurality Oa(b&%t?n?@t J\OEHEEkOQ?Ee@b?% aBﬁz eheThial 05Qlall;h g9l ons on a

mai n surfac a sillcon SubStrate nprises the steps of: (a)

formng a QﬂQJQ5'd§oil6ﬁéQy E?e&EBBSQ%hgﬁtb?naoglql%%hnd$¥ﬂﬁﬁé3fﬁh&he
silicon substrate, (b) forming a silicon nitride filmon the pad oxide

film (c) fof dpeue PHot@neshete8A bheastbheentAbhaildaesthlod. (@) renoving
the photoresist filmfromthe portions wherein said elenent isolation

regi ongoar epliot diee § Ds trewla s afidraédoonenhei Bglacpar hiafridee fdilk,candni tri de
film a part of the pad oxide filmand a part of the silicon substrate from
sai d porti orse tphdorresdsh gasovemhuedngdramctheatese reddipws tRoats &y end
bottom portion of the groove, (e) burying an insulating material in the
a conventional llght exposure method. Then, the silicon
nitride film, the pad oxide film and a part of the
silicon substrate under the removed photoresist were
15 removed by etching to form shallow grooves. The
curvature radius at the end bottom portion of the groove
(R) was 0.05 pm.
Then, a silicon oxide film was deposited in
the grooves by a CVD method to form a burying insulating
20 film. Oxidation was carried out at about 1000°C in an
oxidative atmosphere to form a thermal oxide film on the
inner walls of the grooves.
The upper portion of the burying insulating
film above the groove was etch backed by a CMP method,
25 followed by removal of the silicon nitride film and the

pad oxide film to complete a groove burying structure.

Thereafter, gate electrodes, condenser electrodes,



groove to forma burying insulating film (f) formng a thermal oxide film
on the wall surface of each groove while satisfying the follow ng fornmul a:
13 August 2002 - 18 D< 0.4"-lcc~t'~-" (-230 T.,+ 14.5) (1) wherein Dis
a width of the elenment formation region; T is a thernmal opd dafd QR nt of
the groove in terns of mcrons; and R ilst a curvature radi us at” an en
bottom portion of the groove, provided that T is 0.01 umor nore, and (Q)
removi ng excestndsly yingulasuhat Engmf wke dndmeld) themevinngd kg vl la con
nitride filmand the pad oxide film 13 August 2002 18a 7. A

sem conductsemievdecaccoddirnget shGvai anlFigheB3&.n e jacsulvat iwigitimat eri al
buried in the groove is a deposited insulating material buried in the
groove. 8. Msemsohdemt othdevhesmatcorddagivo emaiumt7,(thieerailn t he
deposited insulating material is a deposited silicon oxide material. 9. A
sem conduct@tidrvi Ekm atlkbelinagst ol ‘éﬁm grogner difn ¥aé @efPdsited silicon
oxide material is_silicon_oxide nmaterial deposited by sputtering or

cheni caP vagdst Hepees tPHnR 18, andsBnPebhghdedr tasyifeE™iccorldi!ng™ d aim 7,
wherein the deposited,insulating . mtgrial s an insulatin t rhi al

deposi ted B spttYery ng"or ?ﬁ’élﬂg%al %155? d&B8Si MPoRIOPLe Aggeﬁ‘i Sonduct or
devi ce acc j Lm L.n : i fJ LLm4 s.l.ocat ed

bet ween thg&gﬁ/a{lgoé&?%@%P%%n?\ﬁ%gggﬁogzéggﬁgthhggilfn%frgﬁgﬁga?&t Z;rhieal buri ed

in the groectodds .'5en‘i‘ﬁ@”ﬂ#ﬁ&@ioHeYESEaQECEEQir@g,ltt Qasl ieTog: twaerein the

second silicon oxide filmis | ocated betweén the wall surface of the groove

and the seg¥hsddispd exigde. filmburied in the groove.
. AY. A@YY. Af Y2. Al . ASYY. Al . ASI 2. A |
ALY A@ AFY2. A@E. A Y. A@ I . Ay. AY. AYl . AY) . AY Q@ L

10 Comparative Example 1
A semiconductor device was produced in the
same manner as described in Example 1 except for making
R 0.05 pym, D 18 ym and T 0.03 pm.
The thus produced semiconductor device
15 generated abnormal junction leakage current.
As mentioned above, according to the present
invention, the semiconductor device having a groove
isolation structure without leakage current abnormal can

be produced easily and precisely.
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10%&f()_*a thickness of the thermal oxide film in terms of microns;
and R is the curvature radius at an end bottom portion of
the groove, provided that T is 0.0lum or more.

2. A semiconductor device having a plurality of element
formation regions and element isolation regions on a main
surface thereof, each element isolation region comprising
a groove 1in the semiconductor substrate, a first silicon
oxide film buried in the groove and a second silicon oxide
film on the wall surface of the groove, the second silicon
oxide film being a film formed by thermal oxidation after
burying the first silicon oxide film in the groove, said
second silicon oxide film satisfying the following
formula:

D < 0.4 ORI =1 (230 T + 14.5) (1)

wherein D is a width of the element formation region: T
is a thickness of the second silicon oxide film in terms

of microns; and R 1s a curvature radius at an end bottom

portion of the groove, provided that T is 0.0l um or more.
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10910%&' (3)& 710%&%6
109& () - - dEbéLlé GPRAPFLPB4 R (IS 16T EL 08P & ])alim 1 or 2,
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109%& ()- "!'S2 more and less than 0.065 um.
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109 ()-109%&' ()-3m0o%& ()-Y10%&' ()- 10/
4, A semiconductor device according to Claim 1 or 2,
wherein the thickness T is in the range of 0.01 um or
more and less 0.065 um, and the width of the element

formation region D is 16 um or less.

5. A process for producing a semiconductor device having
a plurality of element formation regions and element
isolation regions on a main surface of a
semiconductor substrate, which comprises the steps
of:

(a) forming a pad oxide film and a silicon
nitride film on a semiconductor substrate, and
removing a part of the semiconductor substrate from
the portions wherein the element isolation regions
are to be formed to form grooves, each groove having
a curvature radius R at an end bottom portion of the
groove,

(b} burying an insulating film in each groove
to form a burying insulating £ilm,

(c) forming a thermal oxide film on the wall
surface of each groove while satisfying the following
formula:

D < 0.4 (FHOOR*FT =1 (_230 T + 14.5) (1)
wherein D is a width of the element formation region;

T
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10! 52" 0%&'() 57"10%& () - 010%@&'() 010@@x&f()-|n8 F10%&' ()-9!: III"S"#P#"?P
B4 microns; and R is curvature radius at an end bottom
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13% 109%&' () -, S# 109%& (¥ Yremoving said burying insulating film,

dE74

said silicon nitride film and said pad oxide film.

6. A process for producing a semiconductor device
having a plurality of element formation regions and
element isolation regions on a main surface of a silicon
substrate, which comprises the steps of:

(a) forming a pad oxide film by thermal
oxidation on a main surface of the silicon substrate,

(b) forming a silicon nitride film on the pad
oxide film,

(c) forming a photoresist on the silicon
nitride film,

(d) removing the photoresist film from the
portions wherein said element isolation regions are to
be formed, and also removing a part of the silicon
nitride film, a part of the pad oxide film and a part of
the silicon substrate from said portions to form each
groove having a curvature radius R at an end bottom
portion of the groove,

(e) burying an insulating material in the
groove to form a burying insulating film,

(£f) forming a thermal oxide film on the wall
surface of each groove while satisfying the following

formula:
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10. A semiconductor device according to Claim 7, wherein
the deposited insulating material is an insulating
material deposited by sputtering or chemical vapor

deposition.

11. A semiconductor device according to Claim 1, wherein
the thermal oxide film is located between the wall surface
of the groove and the insulating material buried in the

groove.

12. A semiconductor device according to Claim 2, wherein
the second silicon oxide film is located between the wall
surface of the groove and the second silicon oxide film

buried in the groove.



