; e3eM&H#[ 4 X$! x" 6" T&#CQ> *(00002* _ 1 _ 12 August 2002 SEM CONDUCTOR DEVI CE
AND PRCDUCTION”WMWWWM“ GROUD OF THE I NVENTION This invention relates to
a sem conduct or m ng a groove isolation structure with high
_reliability, and a.gggsess for producing the same. 5 As1a pugass200ar
electrically insulating isolation of aﬁjécént el ements on a sem conductor -
substrate, it is known a shallow groove isolation (SE@) process. According
to the SG@ process, shallow grooves are forned on a silicon substrate,

foll owed by burying 10 an oxide filmthereinto by a chem cal vapor

deposi tion (CVD) negeedconpycTiof envimE mydoskoshaeeot henBRkopr ocess has
hi gher processi ng di nensi onal accuracy than a LOCOS structure

conventional ly used, it can provides a structure suitable for devices after
i de 111 m EECHBRHE S 2 CHRIRIFRN or "o sputtering method. it has a
ot arred o ae "t her et ware R LR FRtateins A AR Bkes 20

B Vor d- 11 ke B R e L SO TR S e e o "
et ching usi ng1didgite ty drohd uerpeodesd. £6kpréddutideChdes std ) onal view

showi ng such 25 a "cavity", wherein nuneral "1 denotes a silicon o~ -2

- 12 Auggst 2002 As a process for electrically insulating
isolation of adjacent elements on a semiconductor
substrate, it is known a shallow groove isoclation (SGI)
process. According 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 providés 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 sputterihg
method, i1t 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

O
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substrate, nuneral 6 a burying insulating filmor layer, and nuneral 3 the
"cavity". Wien such a "cavity" is present, a wring filmor the Like
remains in the cavity at the tine of S patterning after a step of wiring
_ahd a deposition of an el ectrode filn1_rgsglting in often sagasnR002

el ectrically undesirabl e phenonena such as short-circuit, etc. In order to
renove such a "cavity", S. Na t a] disclose in Tech. Dig. of |EEE, 1996,
. B41-844 SWRSTHRYR( RUBBFIENG & BHEYRAG GRSUGAHNH FHd @R 13REment | s
conduct ed inngg oxidiz'qg a%nn§$herg {,0 change Si in a groove into Si02 for
reduci ng t h@RFIHRET3bsul tRfg FAVFENDVI ng the "cavity". But, according to

this nethod, there arises an 15 di gadvantgge in _that a high nechapical
stress is generated i MAFR ﬁ)’l‘f)gva aﬁavégjyacéﬁt PEES e ﬁj%@trr]aﬁgs %O]TI‘H ons

due t bout_ twi | b f . QXI fi | id ti f
emoval of aniS L KENRRRACEE TS RVERFEGN 26 19 S0 6 ect of Che

| of “a . ETRVERTPC 26 119 4 o ect of the
by ki ry Ao o FYEEE B SEPPIRE VAR Eha BN S MR g

generation @f fiiicd f%iﬁ??§e9ﬁl€ﬂnb”§heé§%eﬁfd%déﬁH&iéﬁbdﬁﬁ%ﬁﬂﬁsfurre”t1

and a process 25 for producing the sane. The present i1'nvention provides a
seni conduct QinddaMi Kb XONPHE§bREna §8BhcaBdYEbLRL -sUbsiate dtaving a  _ 3
.12 August 2002 plurality of elenent formation regions and el ement
isolation regions on armebndédr taceeinbeeealicheachcelvam, isolnlg @t regi on
conprising a groove forned in

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



t he sem conductor substrate, a thernmal oxide filmformed S on the wall
surface of the groove, and an insulating material buried in the groove,
sai'd thermal oxide filmbeing formed while satisfying the formula: D <
0.4~ 100R+ - 1 (_ 230 T + 14.5) (1) wherein Dis a w dhaqfjusthaoelenent
formation region (or 10 active width);”" T'is a thermal oxidation anmount
(thermal oxide filmthickness %Rfﬁ t he roove in terms of mcrons; and Ris
a curvat ur ePladRdd tt o SRR %ﬁﬁ%% 1PBnT B PhE @PgoﬁéemﬁPGV|ded that T

is 0.01 umaqr ggre The present_invention k %B % a _process 15 for
produci ng at$@ (’,:d-r?ﬂhcﬁ 1O i ¥ haUThy B*praral FEg 6P el ERERL formation

Cubstrate, SHERRTRD 'S‘is%sl'%”ef%%gie%@so B 2408, 81 625 T s oBmRi i m and o

silicon 20 ri i to t dg art
of the sen1gg%du% oaOHQ¥€#€h ?ﬁ% p%r?#%gééahgﬁéag ﬁg%gﬁgﬁge% P

| sol ati of T 8gl e a1 ddyEd r@fi £ GEOLGE0OKRA. aRATRSGIRURNAYI NG 3
curvature radius R at an en ﬁgnton1por€|on of ﬁe groove, 25 buryi ng

an insul atlﬁ Atleldi@l B éﬁ% UPOMEe L 9rbOT8) asBUAYLAG rhBIUbRLLRY filtlkm  (c)
formng a thermal oxi filmon the wall surface of each groove while

sati sfying bEQnBOE'oQ’Mé&Q whille d2:AWBYShg20R2 fermula: D < 0.4 -1~""" ' 1
(- 230 T + 14.5)
D < 0Q.4100R=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 0.0l pm. 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,
(¢) forming a thermal oxide film on the wall

surface of each groove while satisfying the following



wherein Dis a wdth of the elenent formation region (or active width): T
is a thermal oxidation anmount of the 5 groove in terns of microns: and Ris
a curvature radius at the end bottom portion of the groove, provided that T
is 0.01 umor nore, and (d) renoving said burying insul 82 Agghst 2002ai d
"silicon nitride filmand said pad oxi de?f"I'm " 10 BRI EF DESCRI PTI ON OF THE
DRAW NGS Fig. A is.a cross-secti.onal view for explaining the active width
D, the cur fMélaadius R at an end bottom portion of the groove: and the

th I dat t L f 1B
shg&Fﬁg gxle?alfgngﬂ?un améeﬁﬁfﬁgﬁtﬁe n1§5§ déti& Sgnnuntli ?ugrfgnd t he
ti idth D t f I
B obl om of B ERERID bF %egg&%ooag <% efr@n%eaffsénacrﬁoogg BN vi ous
I t t f
b ARSI o "ERCROEREL RIS, (o
explai neng dhg, @&tiafet%g%hofnﬂlwsnétr gan Qvalyal IL-AR B LU o

sSem con UCt device 0 resent 1 nvention. IS a grap oW ng a

relationsiiay the —eéd—b&@tgﬂgﬁéktggﬁzo?ett%e%Mbe\res,heﬂoﬁc{ﬁStl’?aﬂfj f he

active w dt
is 0.0l ym or more, and

(d) removing said burying insulating film,

said silicon nitride film and said pad oxide film.

10 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1A 1is 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 (um) 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



sem conductor device of the present invention. Fig. 6 is a cross-sectional

vi ew of one exanple of the sem conductor device of the present 5 invention.
Fig. 7 is a plan view for explaining the definition of the active width in
vari ous embodi ments in the present invention. DETAILED DEUustlZDODF THE

" INVENTION | O The present inventors have moticed causes for generating

ool ot on sPRRBRR B (e B 08 B dob ECRIKELR ARt ERTRNI 19, 00
hani cal h f ' ' Lcal . 5 in the inside of
The or oove SHRBTSHESE G AT P The (HECerE o vERReer i e and St udied

how t o renove such dequ_ S.g %saarffé’éé*s-é&tﬁ@agowﬂgwt ggt ionte end bottom

portions of a groove, high stTess was genera ue to erference of

vol ume expangan 10/ dihe fixidndddaadd e dheabpLLOM ! chie pdaaqyg and the side
wal | of the groove. Further, wth an 1ncrease of the oxidation anmount, this
stress ifcreased g often generated crystal defects such as dislocation in

the silicon 25 substrate. It was also found that when such crystal defects

were generated in theHil@NS] siHra rEDaQNviéQr fé¥agRpeaihiege tokt en caused an
i ncrease of junction - 6 - 12 August 2002 | eakage current. The present

i nvent ors f defdnfitdonvaf aise egeiveaenidthhah whehoas exbdatimentaninnt was
constant, the crystal defects easily took place when the active 5 width D
(t he di st antbebpresemn thdirgrardriony. el enent

DETAILED DESCRIPTION OF THE INVENTION

10 The present inventors have noticed causes for
generqting 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 in the inside of the grocove 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



isolation regions, that is, the wwdth of elenment formation region) was

| arge. Further, froma finite elenent nethod analysis sinmulating the above

experinments, it was found that when the active width became 10 |arger, the

_stress generated al so becane |arger, resulting in causing Aagusceeage of
the junction | eakage current at a cerfaPn critical stress or nore. Thus,

the present. invention has been acconplished. (Production of Sem conduct or

Devi ce St avidRf&FDo%eri8ntsol ation Structure] One exanpl e of producing a

The ol | owi ng steps. (BotBeeRPAFoRBPrRg oo TBgE BT G ados (2) A
il i KRS it BAF ciprerl SRATE o P oRan KRR T 2 &
1m 2 wi ¢ PR | .. . im2,

Fio 34, 19 v iRl JPFEEReTerd iy FRRIC R AR ) RSP T

LP g 26] - width - (£Re IYELNEAOBehben el JhBBRAI diltndiiO! OT esist 5 on

desired portions by a conventional 1ight exposure a part of the

si licon nitydgieadidin degBoR8!t Abtt B8, PRALONGRH idfMA etk @ part of the
silicon substrate 1 are 5 renoved by etching to forma shall ow groove

having an sirtattiombpegidAP dbst hardeper renanefr ! Ergf eoveivRtd agai nst
the silicon substrate 1 [Fig. 3B]. At this tinme, a curvature radi umR of
about 50- 6@lenart Imsshod &nadpdiat samudnd iper tthen afotde=xpgerie. 10 (e) An
insulating filmsuch as a silicon oxide film (or a second silicon oxide
film is depodigeditbywaschenndakthespehedepbs ot eC\W)d ttethechma
sputtering nmethod, or the like and buried in the inside of the groove

(her ei haf t dranggey ricle t stnessbgepengtedsalso bgcEhd ilanges), [Fig. 3C . (f)
After depositing the burying insulating film®6, the silicon substrate 1 is
subj ect ed t&® D& 1Y ohn afausiBAparatocEeas calpdutt NEDADMGH fh k5a g e ve

at nosphere to conduct oxidation in the range of 10 to 65 nmin 20 terns of
t he thickné§$§ﬁn§réﬁr%sGFFFﬂé“tﬁé#ﬁ&Faéxﬁ%éeﬁﬂ|ﬁr7WRﬁetrm?hq$stt%¢licon
oxide film, since the silicop oxjide film prqduced by the CvVvD nethod or the
sput t eri ng BRAIRRE | LAHBREFARI §2 k&ﬁ&haﬁqdaq '%&eQﬂﬂ. (g) An excess

portion of the burying insulating 25 film®6 is etch backed using a chem cal
mechani cal polishing (CWP) nethod or a dry etching nethod [Fig. 3EL. In

this case: (Adidison BEEEHTCHHLTC B ALY AFIELRL eventing il m

15 1Isolation 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. 3Aa].

(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].



_ 8 _ 12 August 2002 to prevent the silicon substrate 1 under the silicon
nitride film4 frometching [Fig. 3F]. (h) After renoving the silicon
nitride film4 and the pad oxide film2, the groove burying structure is 5
_conpleted. Then, a thermal oxide film8_ a gate el ectrotlg Augustc2Dd2nser
el ectrode 19, a wiring 16, insulating‘fplﬁs 15 and 17, etc. are forned

thereon to conplete the sem conductor device [Fig. 3G. In Fig. 3G nuneral
10 denotes &lkide walhfted nemeranglthg eh@teresisolr cen |dgsireduneral 12
a well layer, nunmeral 13 an insulating film nuneral 14 a plug, and numeral

18 a di el eReTEioms pyad EPNHENERENAL 3 IhEt R¥EP SALS VeetliQR h anplart
Properties] The sem conductor thus produced was subjected 15 to exam nation
of a rel ati®h Hee webhicpr nitridewtddn @vhé\HQﬁQ1Q# themad okdation
region) D anﬂrgg%sical rogerti S uch,?aéjunction | eakage current and
shear stresistifrabi e2Rd Gri BaFFoftt FREACEIIVEOR GRS [hi+E %86 unb nin. 10
mn.o Xg XX XX X - g. 1% Aﬁgust 2082 ggble 1 sho the results of
the actPve MW FeYPEnTERRYTSf “PuARERoR FEAASY ERIVIR WhEH'Y H oxi da ti on

Lbmec O STERGIALFETRSURE! 10be 8 EHE SLER (ORI (MEAIbNYE LELD, oD
so as to changs dhe.gctiye; widt Buakene M (MRe ty@Nsi s{or see Fig. 4].
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].

(f) 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



In Table 1, the mark o nmeans that the junction current value is a

perm ssible value or less, and the 10 mark X nmeans that the junction
current value is over the perm ssible value. As shown in-, Table |, abnormal
_junction | eakage current is generated. when the active wigdt Rugas82002or nore

in . the case of oxidation tine of 5 mnutes. In the 15 case of oxidation
time of 10 m nutes, abnornal ﬂunctio | eakage current |s generated in all

the active WIPFEVNOE theheHrl 9 IURRMRA BE el YRAERetERI FddACOBbst rat e

5. Uhe abocPebsiAR ¢ Ko ZORESATHE L EEh JEha the ordi naie axis shous

05, i on | o Ehown i n P e A Dom i B TeoheRt EFAgPRITGR FoR™E an end
s shown_ by eagrd Sl Ritn Bathd Frogve P Te i es ek B s o, "
Goner at ol SRREERE S ket 4RI dCELEE BRaE REER har abnor mal

junction | eghag® SWd Nt d SARNGIELh1AS25q&1 £67 ErQuvihg ngsults of Fig.

5, the generation of stress Is dependent on the active w dfh, 5 and the

active w dt Aneqafahd aFidels Ahearfd ress deneratedroemeaeshkaegar toFor
exanpl e, when the oxidation tine is S mnutes, the shear stress becones 850

MPa at the aehplets dife aferd dondbiMRéewdicé herhgti 8@jwi dth of 4 um and
9S0 MPa at the active width of 10 8 um When the oxidation tine is 10

m nutes, the shear stirlesFieg. 98D NManaertal hEO adeéenotewni dt bide RaVilm and 1050
MPa at the active width of 4 umor nore. Further, fromthe plots and

whi ch néan generatli dd &f duaior md $ouece ohayenkagemenaleh? aswshown in
Table 1, it is 15 admtted that abnormal 'junction |eakage current takes

pl ace at théayemer Min@radf lshean ngwhkat bigabblm, ogomegpal. 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 um 8 um 16 pm
S min. o 0 X X
10 min. X X X X




[ Rel ati on anpong Active Wdth, Curvature Radius, and Thermal Oxidation
Amount] 20 The active width D, the curvature radius R at the end bottom
portion of groove, and the thernmal oxidation amount T (thermal oxide film
thi ckness) at the inner walls of the grqQove seemto be facaugsstd2@02i ng t he
" shear stress in the sem conduct or havrné a S@ 25 structure. Thus, the
stress generated at the end _bottom portion of the groove in the silicon

substrate was anal yzedabyesilmFn@iSoFify BAHYA TRy Sheskeragtays width) - 12

August 2002 variqusly tag qbtain the relation when the shear stress is over
950 NPa. ThECPEBAFRSYAPE JHOWTIOR MEGKoES SHARTh YHEN abati S¥hdasi s shows

L VR R b B SR TR A O o o
0. 06 : o , o OXJ i i i

I 50, 0,00 SLELGEou B, ddje Shoml @ el patisigess [ aken

wher el n sAbngEABLokNREt han chalkage iy eipbaleo Bl a6e ALgutbe Lgolgns above

each linear i ne having |arge rom I'S recogni zed

that with ap,i grrRgactak bR 196 JAHQD AU 1Md’§f6@§éi@£§n§gé£¥§ wi dth
becones smaller, and 15 wth an decrease of the curvature radius, the
perm ssi bl erggki yeqwi 4ifh al so becones snaller. The relation anong the
active mﬁdtﬁ D (unj, the thermal oxide filmthickness T (um and the

curvature radius R (uth ghblllee 1endnoitayk pomdats ofhahetRd gaROYLoshown in
Fig. 1A is examned to obtain the following formula (1): D < 0.4~-100R +,)
- i (_ 230Tcurtdnd) velpeOd st be peirindrs shidnisy value danolws expandetheal |y t hat
the thermal oxidation anount T should be 0.01 umor 25 nore in order to
renove lohe teaaki Kythebnenthhé KiveyijngadMiade ditmniThezbierks overhthabove
formula (1), the thermal oxide filmthickness T should be 0.01 umor nore
in order toPpFa¥eRibLBeVAAdEease of junction | eakage

As shown in Table 1, abnormal junction leakage
current is generated .when the active width is 8 pm 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 widtﬁ.

Next, shear stress generated in the silicon
substrate when the groove width was 1 um 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



- 12 - 12 August 2002 current in the sem conductor device having the SG
structure. Thus, the values of D, T and R should be determ ned to satisfy
the formula (1) nmentioned above. 5 The forrmula (1) is effective not only in
the case of densified oxidation nentiongd above, but al $2 Augadte2@0Bsequent
" oxidations. In the case of elenent isolation with the groove width of 0.25

um or |ess 0 in_FLg. 1 l.e. of 0 ?Q?i t the
surface of agr???*éoﬁrqgghbg LFlgit g%g&@%&s gg%%tl fb&%%ﬁ%%n‘?jl/% y C(P)%Si dering

t he coverag%gpérgg qburying oxide film6. Further, the depth of the groove
i s about O. um Fromthese values, the length at the bottom of the groove

beconmes 15 about 0.12fsuiy thar FrokCePRETdIMIASSIY epip, Mpkerfhe
curvature radius R at the end bottom portion of the groove substantially

0. 063 um orgdwe fat F6Q@NbENEE redkUes HapePRICHS IblthAddtvpvaiwiidickP) is
calcul ated using the fornmula (1) to be about 16 um when the m ni num oxi da

20 tionsanid fHe &6tdve@lwliathl bBeaddelsi A rgeas,mitsd Mwerder mal oxi dation
anount (T) beconmes 0.01 umor nore and |less than 0.065 umfromFig. 1B. The
el ement forgmieratedgbenomast hergeesentoimesanipdre cavhdrakiehevari ous shapes
as shown in Fig. 7. 25 In any case, the active wdth (D) neans the maxi num
| ength i n aawidabbes ttmehdenSi miAuges?, ther sheawistrede beovwnesinit of
the active width (D) is the m ninum processing size, which is, for exanple,
0.25 um -853 MPaanygnst agbdyeok ifshe oifth 2géier H00 B{Ra jat jBheiot

i npossible to be 0.1 umor. 0.05 umT present invention is jllustrated by
way of the FH} B0 Byt ERaffl ést5aE§alr§§|0erao¢ta g i3 @it dEr L a pad

oxide fhImgf 2oyt d? PAL BLS8at2sn’ ¥iMRd s 1 iTRe 2 dAld Ohl
stress is 950 MPa at the active width of 2 um, and 1050
MPa at the active width of 4 pm or more. Further, from
the plots e and B 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 gernieration 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



800C, followed by deposition of a silicon nitride film of about 150 um

t hereon by a conventional nethod. A 10 photoresist was fornmed on the
siticon nitride film and the photoresist was renoved fromthe desired

_ portions by a conventional [ight exposurﬁ met hod. Then, 1ph&ugiusd 2002ni tri de
fim the pad oxide filmand a part of the silicon substrate under the
renoved photoresist were 15 renoved by etching to formshall ow grooves. The
curvature re@drieualyt he eh§apst t6R FtaUPHIvAtR YreoskedR) stwess. 05 um
Then, a siljcon oxide filmwas deposited in the grooves by a CVvD nethod to
forma buryt®gP¥8suPaPi ¥§220 film Oxidation was carried out at about 1000C

in an oxi dative atnobs Bere to Eornlatgﬁgnal.o ide fjlmon the inper walls
of the grooves. The ug & THESPLIESn %0 t Wﬂuﬁni%f?hs at YRGF LRt aBove the

i TV eon i 1FPRELPFE ﬁ%‘ﬁgyﬁﬁs%&@i?%%ﬁ“?aslnf%‘%i'%%ﬁ%€¥e{§f§¥§%€>§f 6 ng
. ; , - 14 - 12
August 3007 T ERgsorHARarE, BN i I G Rer At 18 bi B

s Conduct gt v hlonyc 16 e 150 T AL o8 B (0

t her mal oxi i on anmount ermal oxi groove (T)

was 0.03 umyn5cdhe, a8l URSaek Bholinand Elar&a{éé,fi&%tmefreég%ﬁiéé) and no

“cavity" was fornmed. There arose no problemat the tine of patterning after
formation ofiwhrthgeknsdst he eheelr diem thHe ¢dined i on takedeesyLrent was

bel ow t he perm ssi ble value. 10 Conparative Exanple 1 A sem conduct or
devi ce was pooptilcrdofnthbegsanwenwrinizth.as descri bed in Exanple 1 except for
making R 0.05 um D 18 umand T 0.03 um
10 The regions wherein abnormal junction leakage
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 (pm),
the thermal oxide film thickness T (pum) and the
curvature radius R (um) at the end bottom porﬁion of the
20 groove shown in Fig. 1A is examined to obtain the
following formula (1l):
D < 0.4"O0®* 7 =1 (- 230T + 14.5) (1)
On the other hand, it is known experientially
that the thermal oxidation amount T should be 0.0l um or
25 more in order to remove the “cavity” from the burying
oxide film. Therefore, in the above formula (l), the

thermal oxide film thickness T should be 0.0l pm or more

in order to prevent the increase of junction leakage



The thus produced sem conductor device 15 generated abnormal junction
| eakage current. As nentioned above, according to the present invention,
t he sem conduct or device having a groove isolation structure w thout
I eakage current abnormal can be pr oducg&I easily and pregcpsmlgust 206212
" August 2002 WHAT IS CLAIMED IS: 1. ATserfi conductor device conprising a

sem conductor substrate having a plurality of el enent formation regions and
_elenent i sGIURIYH rEyi B’ SAMACHRAHCSAFT dB¥ iR et inR IR Si®hent i sol ation
regi on conprising a groove in the sem conductor substrate, an insulating
material bRFYBEFYH *he groove, and a thernal oxide filmon the wall surface

after burying of the THEH afRRgVARER BE P Ena s SosboNHE Rer mml oxi de
filmsatisfyi h ol | ow r a, <40. 4 ,t,- -+ -230 T +
14.5) (1) \%eeér]egﬁ“&l%% s'ufa %\\%ggﬁ%gf qt{%efgpgr%%t A(fl(%r #getq} olr?n%e%ia(])bnév is a
thicknegs of the therfipe PxLAGIL! (M) ! Bst 8FFR QL VE HANSAN 3 1nd he
curvature radius at an end 1f)ottom portion of the groove, ?rjow ded that T is

O dpmor mMys & LLSsIELoqdystantden nenkavinkd addud alddy Lfs&! grent

formati on regions and el enment isolation regions on a main surface thereof,
each el enerHhd sfldé Qe €06RNd&€MBALESI N @ groove in the sem conductor
substrate, a first silicon oxide filmburied in the groove and a second
silicon oxide film onitahehaathseusfaetenbnthd sgprlerien twiectsedond silicon
oxide filmbeing a filmforned by thermal oxidation after burying the first
silicon oxigdwd widith hef gb odsepmsardlessond shiowonirmdide. 6, neleati sfying
the following formula: D< 0.4 ~-100R +7 - i (-230 T + 14.5) (1) wherein D
is a widt h agfglheo £l tnengrbéovenagannssgtdn: snrface ff ckindsyomof t he second
silicon oxide filmin terms of microns, and Ris a curvature radius at an
end bot t omsprirAt®fbeAemgs oabeutpl8Yi deybskantigld Y nuifAsrindr e.

16 12 August 2002 ( 3. A sem conductor devi ce accordi n%d;o Claim1 or 2,
wherei n t h&hhieRHRERIT PE Fhet RELYARgeOo38ds. Filin%or MorERfY 1€ t han

0.06S um 4., A sem conduct or devi.ce accor di to Cdaim1l qr 2, wherein the .
t hi ckngss SRt rP%hghgaﬂ{j@‘%?wé.sofgﬁﬁ‘n%ogl'%gr ém‘andaE}r&% "8"?%% Vi m :and t he
idth of th t] i is_1 . f
brotucing. AR tonte: beRas0r 25 Rher Rettm BTy, Srodte hedo RS rart on
regi ongzan ti4s80]atio i oRsS s : i duct or
(o0l ong5 SN AT Ly SOLALT ORnLED: 98 pRRRGTURCIIAAG Glo AR GRUUCL 0f
si1icon ni thifdead iyt PRaRuSCH GONEHE! BndS BB Podihd YR WY a part of
t he sem conductor substrate fromthe portions rein the element isolation

regions aregidode £@HEBIntQallQLMOUDERY RS cRAGS I OOVE-HR HIGs ay LY AL Ur e
radius R at” an end bottom portion of the groove, (b) burying an insulating

filmin eacdhgrpomei §9iblemaathueywigthnsw)atisngdlidulate)d doing ngha
thermal oxide filmon the wall surface of each groove while satisfying the
followi ng fformuibha DLk Go4be- BOat+1lE) pm,s wheiB(He wmilni)m (d¥iddrerein D is
a width of the element formation region; T 12 August 2002 is a thernal
oxi dat 26n awbemtamdunhe () odve 0i-§1t ¢vys M Addidrin.amerissibkar vat ure
radius at an end bottom ggrti on of the groove, provided that T is 0,01 um
or more, arehermal oxidation amount (T) becomes 0.0l pm 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



(d). renoving said burying insulating film said silicon nitride film and
said pad oxide film 6. A process for producing a sem conductor device
having a plurality of elenment formation regions and el enent isolation
.regions on a main surface of a silicon gybstrate, which1i@oapguse200le steps
of: (a) formng a pad oxide filmby thernmal oxidation on a main surface of

h It , ¢ : 1 itride. fi h q i d
Hitm (o) refnfabeatBrobBbaster it B MR A uet e ot af - Peroving
t he photoreﬁ%sggfb¥aggggq1the portions wherein said el enent isolation

o be for :

regions are and al so renoving a part of the silicon nitride

film apart of the padeoki-dgchit! Mrihed difrds o110 2hLLGB, SYRS! pate from

said portions to formeach groove having a curvature radl us an end

bottom port{Qe eb1188i8508%8mpl@)s.burying an insulating material in the
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:
_lg _ 12 August 2002 D< 0.4~"=~a"'~- 1 (. 230 T + 14.5) (1) wherein Dis
a w dt hbof Ekemplenknt formation region; T is a thermal oxidation anount of
the groove in terns of mcrons: and Ris a curvature radius at an end
bottom portion of theOgreoseéligooyisidd ttedte, T 4 Pod Odxidie ofilwref and (g)
removi ng excess burying insulating fil and (h) renoving the silicon
nitride filapantl iBenpafhégkdeasi [farmed &y Thevurstorbdation ac

sem conduct or device_according to daim1l, wherein the insulating materi al
buried in t%H@0gFoofeli-ewgddepdside@PSiisiAhidhg bt Eksan %h??b@eigllﬂe

Qepos i ed | AEuRBPY Rt Nt BF &P SFE0R GpdsI O G111 St e ehat ob al
10 photoresist was formed on the silicon nitride film, and
the photoresist was removed from the desired portions by
a conventional light 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 bottorn portion of the groove
(R) was 0.05 pum,
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,



9. A sem conductor device according to Caim8, wherein the deposited
silicon oxide material is silicon oxide material deposited by sputtering or
chem cal vapor deposition. 10. A sem conductor device according to Claim?7,
_ Wherein the deposited "insulating materjgl_is an insul ajgngugasezOal

deposi ted by sputteri ng or chem cal vapor deposition. 11. A sem conductor

devi ce accqrding o Galqd; whocetn the therml g del w],f Logat ed

. between the vvall sur ace o e groove an 'ng erral buried

n the gro t e or{# n ein the
!second gl I %cegt}ll%é?%@:ﬁgﬁma?ggF%cgpgg)%\tl)gﬁme%?t hjeb wgﬁ}?es% ace OYY\?ﬁ% Igr oove

and t he Secms)d éaélfounmoxms Ehkmmaur lo@ada&ltdw gﬁaﬂy@ (tHSEmdB( E A EA
a 2. AN Y.A a32. A . A3 . Aa32. AFE. A A(3

s. Aa3Y. AaF c)xﬂ@@iﬁkﬂfﬁﬂckness) in the groove (T) was 0.

R<@} xsni d_Z] ca] c: a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajJcaJcalc

a] ca] cajcalmead cedpd sabcakgafcahdapcBakYsffied the fofmdla (1) and

3l } xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c

a] ca] ca] cajrea]‘tzd il 4] wad cipempda!l OTheE=7 BT seCry lpasob e | 2] Llad ca] ca] ca]

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

caJca]cal | <Bmg @t patterning after formation of wirings and the

Fw} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c

a] ca] ca] cajdf T T a] c’é]\e,ap BBFEAPR) d@4jkage current was below the
lelgl!tIt11}xsnj c”Y] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca]%‘]lc%ﬂ%}%a]’%a]l@a] calcal]calcalcal l'!1"#;

$<EPUKC Q X T T) ) ) NE*** @ n+++++++

G}, lw rrhc"Y] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca ca ca alcalcajcaljca!,,,,-?-MNoO------- .N.z...//00070C0
FO]pOOO ﬁd‘%&agax\c% @%f‘éé@fﬁ] I:a] I:a] cal] ca] ca] cal] ca] ca] ca] ia] ca]ca]calc
al cal cal cal cal cal cal ] gaheabAALERLEA LG TP bR FAREDRED! 212229223
3 33335555. a : cal ca
ca] ca] ca] caslﬁépﬁ_ %W??Ep 5 ?X\yfﬁl e ]Eﬁ% ﬁ%?ﬁlg]ﬂc;ﬁ%]éﬁgﬁﬁ%%] 8+9][ 993]9
9 . 8: .03 ym, D pm_and T
N S W] f D <><}xr nhc"YU] ] ca] cal ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] catga] eBhsapeahaakealsealicrRidad ©<dsd e <<<0>d>?
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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of the groove, said thermal oxide film being a thermal
oxide film formed after burying of the insulating material
in the groove, the thermal oxide film satisfying the
following formula:
D < 0,4 (FHOR*TI =1 (230 T + 14.5) (1)
wherein D is a width of the element formation region; T is
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 0.0lpm 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 in 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 FHOR®TD =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 is a curvature radius at an end bottom

portion of the groove, provided that T is 0.01 um or more.
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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 film,

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

D < 0.4 FHORHET -1 (230 T + 14.5) (1)
wherein D is a width of the element formation region;
T
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"10% & ()- 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,

(¢) 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 f£ilm on the wall
surface of each groove while satisfying the following

formula:
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material <deposited Dby sputtering or chemical vapor

deposition.

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.



