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devi ce and process for producing the sanme, and particularly to a
process for producing a sem conductor 5 device suitable for formng a

thermal oxide filmand a sem conduct or devi ce obtai ned by said
process. In the production of lsemi conductor el enents
using silicon as a substrate, silicon oxide filmforned by t her mal
oxidation of silicon is used as an insulating 10 film In the process of
formng this thernmal oxide film a silicon-oxygen bonding is forned
whi |l e cl eavi ng silicon-silicon bonding, due to which a great strain
(stress) appears in the vicinity of interface between silicon and
oxide film 15 Si nce nol ecul ar vol une of silicon oxide is

twice or nore as ks he oxi de filmfornmed by
BACRER E T l}gﬁ}’oﬁ

oxi dation reaction tends to expand, to which a tensile stress

appears in the silicon sidenjs jn¥ehtd om0 BRIATH &old Semididmfictidy t he
oxide filmside, 20 usually. When stresses becone great, crystal defects

such as di sl ocat idesridid ainlde pridtesapFox’ produtdny ltheOBame, aidbstrate which
is a single crystal. In sem conductor el ements, the presence of such

crystal defects paxtdtularly tekagprocessntfoin produtiing @etsenivaidiictor
reliability of 25 article.
5 device suitable for forming a thermal oxide film and a
semiconductor device obtained by said process.

In the production of semiconductor elements
using silicon as a substrate, silicon oxide film formed
by thermal oxidation of silicon is used as an insulating

10 £film. 1In the process of forming this thermal oxide
film, a silicon-oxygen bonding is formed while cleaving
silicon-silicon bonding, due to which a great strain
(stress) appears in the vicinity of interface between
silicon and oxide film.

15 Since molecular volume of silicon oxide is
‘twice or more as great as that of silicon, the oxide
film formed by oxidation reaction tends to expand, due
to which a tensile stress appears in the silicon side
and a compressive stress arises in the oxide film side,

20 usually. When stresses become great, crystal defects
such as dislocation and the like appear in the silicon
substrate which is a single crystal. In semiconductor
elements, the presence of such crystal defects causes

leakage current and greatly deteriorates reliability of

25 article.
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- 2- ' Even if no crystal defect appears in silicon
substrate, the stress arising in the oxide filmcan strain the atomc
di stance in the oxide filmand thereby | ower the atom c¢ bonding forces
and, in sone extrene 5 cases, cause injurié =such as breakage of atonic
bondi ngs. If such an injurﬁ a pe%rs, insulatig% characteristics of
oxide filmare deteriorateffveindt no qystal dafect apneans, iy shdi®em | m
and article decreases. .10 . _.Ceneral Ly speaking,_the val ue of
Srress O C monofURREERFSmEPEastTese ARIEMNE L0, SR ok R
filmincreases. Ldi gl Nl t her ga| J4 . filmg e
formed, relaxati '(%%(i%fl t %gegt’a rt \gtshg'%i ;ﬁﬁg&aﬁl&e ri?‘rrpqsglre t g’ﬁétl%%r ofﬁ'llénmangn t{'gl%r#\ee’?ﬁgd

for relaxing thegiegstne hRodfc ndnkindd FRRACSAN TH Mfhelealiithi

interrupting the mal oxidation,” carrying odt "a heat treatment to
elimnate strfii ngagsag] thakeafingurded Buchnbis"PredkaR of atorflcmal

oxi dati on. From the viewpoi nt of nechani sm for generating
bondings. If such an injury appears, insulating
characteristics of oxide film are deteriorated, and
electrical reliability of oxide film and article
decreases.

10 | Generally speaking, the value of stress
monotonously increases as thickness of the formed oxide
film increases. Accordingly, when a thick thermal oxide
film is to be formed, relaxation of the stress is an
important problem. As a method for relaxing the stress,

15 JP-A-3-11733 proposed a method of once interrupting the
thermal oxidation, carrying out a heat treatment to
eliminate strains, and thereafter again continuing the
thermal oxidation.

From the viewpoint of mechanism for generating

20 stress in oxide film, the stresses can be classified
into a stress caused by the volume expansion of oxide
film in the vicinity of silicon/oxide film interface
broughp about by the oxidation reaction in the oxide
film-forming process and a stress generated from the

25 thin films deposited on oxide film.

Although the stress caused by oxidation
reaction can be relaxed to some extent according to

prior technique, there has hitherto been no effective
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3 .
20 stress in oxide film the stresses can be classified into a stress

caused by the vol une expansi on of oxide filmin the vicinity of
silicon/oxide filminterface brought about by the oxidation reaction
in the oxide filmform ng process and=-a3st+ess generated fromthe 25
thin filns deposited on oxide film Al t hough the stress
caused by oxi dat method forezelazingaithse starestegeneraded duomthe ddvid ng
to .prior technique, there has hithertq been nqg effective

- 3- met hod fFélmsSe ARPOFS tede OB PFddeydddit o by mstiressngenerated | ng

d Ited [ fil i.d " d o hin fi
depositod on oxi S€°m He FBIn 1198 AedBR R g oo, TR 4 owing |
process. 5 ol bRborAl b R PR TR buIAG T, 01 de

;
film there can HERPEREP8°E0 B ocess of “part ormng the

o Sheg el £, 0, BB cho prpesiieterib Al A
isolating the 1@jehemehbte SHANDLRS rEfFaRTed! @oSa PHRERR! bf Pa323d10Y
forming the elements-separating oxide film up to a
thickness of about several thousands angstroms for the
purpose of electrically insulating and isolating the
10 elements, such as transistors, adjacently placed on a
silicon substrate. As a method for forming such an
element-separating oxide film, the selective oxidation
method is widely utilized (cf. Fig. 2). According to
the selective oxidation method, a silicon nitride film 3
15 - (Fig. 2C) is deposited on a silicon substrate 1 (Fig.
2A) through intermediation of a thin thermal oxide film
called "pad oxide film 2" (Fig. 2B), and then the
silicon nitride film 3:is etched off from the region on
which an element-separating oxide film is to be formed
20 (Fig. 2D) and the whole is oxidized to form a thick
oxide film partially on the silicon substrate (Fig. 2E).
In this selective oxidation method, the
silicoﬂ nitride film used as an oxidation-preventing
film has an internal stress of about 1,000 MPa at.the
25 time of depositing the films, in many cases, and this
stress acts upon the oxide film, too. Further, in the
process of selective oxidation, oxidizing species such

as oxygen and H,0 three-dimensionally diffuse in the



silicon substrate. As a nmethod for form ng such an el ement - separ ati ng
oxide film the selective oxidation nmethod is wdely utilized (cf.
Fig. 2). According to the sel ective oxidation nmethod, a silicon
nitride film3 15 (Fig. 2C) is deposited on4a=silicon substrate 1 (Fig.

2A) through int diati f a thin thermal .oxi i | .l.ed " pad
ot de 11 m 2 (FPLTLo8h SERGtEALR. (A8 o TOSulE, phnvie aELfAR IR S b ched
ff fromth i ich | t- ting,oxide filmis to b
Cormed 20 (Fi o C85}88nibing  AhbPeRY sS5RE| SBAthE PoFIA4ShPEx the "o 5.

filmpartially oRet LLLC t (Fig. 2E). In this
sel ective oxidatggngﬁ% héﬁ,g?ﬁgyaé Eilg‘l!%ricon nitride filmused as an
oxidation-preventing  kihBehgs1dhe! BECARAbx3EECES 1A o3PANHAS11H0@NNPa at
the 25 tinme of depositing-the filns, in nmany cases, and this stress
acts upon the oxgféwihgnpeio6d &8rtheroxidet 21m, edgeo6esghef s3alieshi ve
.oxi dation, oxidizing species such as oxygen and Herr]O

t hr ee- di nensi onahiyrildéf isdmi hst héfted, and a warping deformation

-4- silicon substrate, as a result of which oxide filmb5

appears in the whole film. Reaction forcgs cause by
this warping deformation are concentrated into the edges
of silicon nitride, and a great stress appears in the

10 oxide film at the edges of silicon nitride film. This
concentration of stress takes place without fail to
injure the oxide film when a silicon nitride film
exists.

Another process through which the thin film

15 deposited on oxide film injures the oxide film is the
process of depositing a thin film as a gate electrode on
the gate oxide film of MOS (metal oxide semiconductor)
type transistor. As the gate electrode, polycrystalline
silicon thin film, high-melting metallic material or

20 silicide alloy thin film is used either in the form of
single layer or in a laminate structure.

Such a gate electrode material is often
deposited with an internal stress exceeding several
hundreds or one thousand MPa. Thus, when a gate

25 electrode is fabricated, the internal stress is concen-
trated into the oxide film in the vicinity of edge parts
of gate electrode, and thereby the oxide film is

injured.
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called "bird' s beak” grows in the vicinity of the edge of silicon
nitride film Si nce volune of an oxide filmexpands in the
5 growing period of the oxide film edge of the silicon nitride film
is lifted, and a war pi ng defornatlon apPears in the whole film

React i on forces cause %y his warpi ng deformati on are concentrated
into the edges Pflggﬁ VENFIONa g a great stress appears in the

10 oxide filntat t he edges of, silic n ni.trid
concentration of st ress ta%@s 181 a8 ORIELSUPL S"ihl"st &nventllon G:Peptrt?é"‘&ﬁ &e

filmwhen a siI| | X

process thrpugh % %h g?h%& glg s%%éosppggtg 4?Wﬁ %33¥§ |nfhres

clectrode on | ie*ﬁ%éyglg et§%?§ﬁ3?r?1 of BRBHS R B taE SR pAE

type transi st®r. tA3nt hglﬁabarehaquyoaapoaqlaéar o %B;llu@efnm, @nd @n thin

film high-melting netallic material or 20 silicide alloy thin filmis
used either in tBemiebAdattor deviee ebtajfedoby Baid protelss.Structure.

Such a gate electrode material is often deposited with an internal

stress exceedi ng several Thishinseationr parositlesusapitokess TFous prodmc-a

gate ing a semiconductor device which comprises forming a
thermal oxide film on a silicon substrate, carrying out

10 a heat-~-treatment in an inert atmosphere at a temperature
of not lower than 800°C while keeping the surface of the
oxide film or silicon substrate in a bare state (the
term "bare" means that the surface is not covered with
other film), followed by introduction of impurities,

15 formation of electrodes and wiring, formation of an
insulating film and, if necessary, formation of the
wiring of second layer so as to form a transistor.

This invention further provides a process for
producing a semiconductor device which comprises, after

20 completing the selective oxidation for forming an oxide
film partially having a partially increased thickness on
the surface of a silicon substrate for electrically
insulating and isolating semiconductor elements, remov-
ing the thin films other than the oxide film, carrying

25 out a heat-treatment in an inert atmosphere at a
tempefature of not lower than 950°C while keeping the

surface of oxide film or silicon substrate in a bare

state, followed by formation of a gate oxide film,
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25 electrode is

fabricated, the internal stress is concen- trated

into the oxide filmin the vicinity of edge parts of gate el ectrode,
and thereby the oxide filmis i nj ured.

- 5- SUMVARY OF THE | NVENTI ON -6 - It is an object of this
I nvention to provide a ‘process for producing a sem conductor device

capabl e of

Lakraduetione ofnjippprétigsiddopmakion ofc ed@gtnosleass and

thin filmpartially, deposited gn oxide film sem _conduct or
kg

devi ce obt ai ned
process for prod

a thermal o
heat -treat ment i Lnert. atnmosphere at a tenperature of not | ower
than 800[err]C wﬁFggséggg%ﬁg the surface of the oxide filmor silicon

substrate insa b
not covered wth
15 formati on of

10

15

20

25

and a
B6d 696@é§§9n of insulating fgilm eRdendifoResesraddy a

By
FPTBAELCR, 67§08 MRESRYsHrREPRd JA¥RF AY Bt tOL
e Stle SR tpverlEHD MPNe BRI o oo
pleahe2dgs adBemicbhAtictbe’ Wi chN comp?ises, after forming
an oxide film having a partially increased thickness on
a silicon substrate for electrically insulating and
isolating semiconductor elements, forming a gate oxide
film of MOS type transistor and, just after completing
the gate oxidation or after forming the gate electrodes,
carrying out a heat-treatment in an inert atmosphere at
a temperature not lower than 800°C, followed by
introduction of impurities, formation of electrodes and
wiring, formation of insulating film and, if necessary,
formation of the wiring of second layer so as to form a
transistor. |

This invention further provides semiconductor
devices produced according to the above-mentioned

processes.

BRIEF DESCRIPTION OF THE DRAWINGS
Figures 1A to 1F are each schematic diagram
illustrating the cross-sectional structural change in
the first embodiment (Example 1) of this invention.
Figures 2A to 2E are each schematic diagram
illustrating the cross-sectional structural change in

the prior art selective oxidation method.

I mpurities,

5

sem.cqonduct.or devi.ce whi ch conpris%% fo%ping
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insulating filmand, if necessary, formation of the wi ring of second
| ayer so as to forma transistor. This invention further
provi des a process for produci ng a sem conduct or devi ce which
conprises, after 20 conpleting the selecti~ve oxidation for forming an

oxi de filmpartially having a partially increased thickness on
the surface of a silicon siB&y® & fif a|FARY ddiyuptrating shenqsifaiion

i sol ati ng sen1conductor elene ts enov the thin fil ot her than
the oxide film o ARREndenER Off FRSdVR] Fhredndn e Riiaan o

a t enperature of n el than 950[ er.r Mhil e keeping the
surface of oxi de sﬂ% 2\?&5‘?5:1 &Y % APhr e state, foll owed

by formation of a gate oXi

- 6- i ntroduction of i (irrg'@&{lljtelmés 5 & r?"aciworfh tellelc e?"s}:lar?d the
wiring, formagi O%I%Hu'dﬁ%latﬂr'&és's' mrﬁm%amﬂléﬂchaéms 1nverftﬁrd¥ﬁt ion of
the wiring of second layer So as to forma transi stor.

Thi's invention further prowidRses BRI SBare eadl @Blﬁnﬁﬁ:ﬁ: diagram
sem conduct or which conprises, after formng
illustrating the cross-sectional structural change in
Example 2 of this invention.
Figure 6 is a flow chart illustrating the
10 production process of Example 2 of this invention.
Figures 7A to 7C are each schematic diagram
illustrating the cross-sectional structural change in
Example 3 of this invention.
Figure 8 is a flow chart illustrating the
15 production process of Example 3 of this invention.
Figures 9A to 9E are each schematic diagram
illustrating the cross-sectional structural change in
Example 4 of this invention.

Figure 10 is a flow chart illustrating the

20 production process of Example 4 of this invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
For remedying the injury in oxide film, it is
effective to carry out a heat-treatment in an inért
atmosphere at a temperature of not lower than 800°C
25 preferably for at least 5 minutes and further preferably
for at least 20 minutes while keeping the surface of

oxide film in a bare state as possible, namely without
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an oxide filmhaving a partially increased thickness on a silicon

substrate for electrically insulating and | sol ati ng sem conduct or
el enents, formng a gate oxide 10 filmof MOS type transistor and, just
after conpleting the gate oxidation or & ter formng the gate

el ectrodes, carrying.out .a hea%—tr atnment in an inert atnosphere at

a tenperature noF°V8ﬁéPgtﬁ§nw%§§[8F PE LidMSonedhBy temperaturg)od: ithe of
impurities, fornptipn, of el ectrode ol Lrin forgation of insylating
filmand, if ne263§§F§Fea en o?ﬁa??gﬂgoF ?Rgaﬂrf%hﬁ 8Fq§é98n§°F3§eP%so as
to forma t .S} O Thig_ i,ny Lon. further ROV des
sem conduct or gfﬂgééﬁcéEbBFSHEEQd°5c88%8Vﬁg§P8 P%%ESESQEYnén?P8n d°¥20

processes. be BB a b ShBE LR 1 CHE) PRANLIESL, 2000c,  1n tnefl OUT o

1A to 1F are each schematic diagr trating the cross-sectiona

structural changgrbBess oft B6rhihngt af"B2EMERELsbFa2EREAglbx2bet #idm by
I nvention. 25 Figures 2A to 2E are each schématic di agram

iIlustrating thetheoseieeeivenokidatiohumathelanghei Bilicont Agtptider art

sel ecti ve oxidation nethod. '

- films or the polycrystalline silicon thin films used as
oxidation-preventing films are exhaustively removed
after completion of the selective oxidation, and the

10 remaindef is heat-treated at a temperature not lower

- than 800°C and preferably not lower than 950°C, and not

higher than 1,410°C and preferably not higher than
1,200°C, for at least 5 minutes and preferably for at
least 30 minutes, while keeping the surface of oxide

15 f£film of silicon substrate in a bare state. Further,
after completing the heat~treatment succeeding to the
formation of element-separating oxide film, and after
forming the gate oxide film of MOS type transistor,
additional heat-treatments are carried out at a

20 temperature not lower than 800°C for at least 5 minutes
and pteferably at least 30 minutes while keeping the
surface of oxide film in a bare state. Further, after
forming electrodes on the gate oxide film (patterning),
too, a heat-treatment is carried out at a temperature of

25 not lower than 800°C for at least 5 minutes and
preferably at least 20 minutes while keeping the gate
electrodes and oxide film in a bare state.

Accordingly, the process for producing a
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-7- Figure 3 is a graph illustrating the oxidation

t enper at ur e- dependence of residual stress in the silicon substrate
after thernmal oxidation. Figure 4 is a flow chart
illustrating the 5 production process in$&nmle 1 of this invention.
Figures 5A and 5B are each schematic di agram il lustrating the

cross-sectional feM@apdctHadayice of tiHgeention thas any one of

Figure 6 is a flqQw chart illustrati the 10 prqduction process of Exanple
2 of this inventi .%ll"wmg eﬂg‘”‘p’g?edlﬁse-s and (Ehe EemiEoninE R diryl co

di agram I 1l ustrating the . cross-sectiaqnal,stryuctural,.change in

Exanmpl e 3 of thi % 0 %&]v.entlon cati’ be Produaad arqurding &P Ay tof

- b b, e e UG R e T £ 3 01 L5 ! vent on
cross-sectiongl stnuctural Changedd for proiiiiing b YeditonddMESY | divice
Figure 10 is a flow chart ill'ustrating the 20 production process of
Exanpl e 4 of thi yhivteHonPrises forming a thermal oxide film on a
silicon substrate, carrying out a heat-treatment in an
inert atmosphere at a temperature of not lower than
800°C for at least 5 minutes while keeping the surface

10 of oxide film or silicon substrate in a bare state,
followed by introduction of impurities, formation of
electrodes and wiring, formation of an insulating film,
and if necessary, formation of the wiring of second
layer, etc. so as to form a transistor.

15 - (2) A process fﬁr producing a semiconductor device
which comprises, after completing the selective oxida-
tion for forming on the surface of silicon substrate an
oxide film having a partially increased thickness for
electrically insulating and isolating the semiconductor

20 elements, removing the thin films other than the oxide
film, carrying out a heat-treatment in an inert
atmosphere at a temperature of not lower than 950°C and
not higher than 1,410°C and preferably not higher than
1,200°C for at least 5 minutes and preferably for at

25 least 20 minutes while keeping the oxide film or silicon
substrate in a bare state, followed by formation of a
gate oxide film, introduction of impurities, formation

of electrodes and wiring, formation of insulating film,



DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS For renedying the

injury in oxide film it is effective to carry out a heat-treatnent in
an inert at nosphere at a tenperature of not |ower than 800[err]C 25
preferably for at least 5 mnutes and furthetOpreferably for at |east
20 m nutes whil e keeping the surface of oxide filmin a bare state as
possi bl e, nane|ya@ptHgUpecessary, formation of the wiring of secqnd
covering it with_other filnms. The tenperature of the heat-treatnment is

1,410[ err] C (bel JRYEFe fHCi 7@ F& HC O™ 2 ARGt Wibstrate) or bel ow,
d f bly 1,280 C Rj
0B or ] G Tn KR L5 br BoBEOTSPET Bt R e o Eegtis Pﬁﬁ%&%ﬁ’%’ﬁ?l m

he pol yorserl PRI PR Ty ohe Gl WY Heng o pdiOn £
films are eXhS‘UStlh\é@.Jeﬁs"eﬁ”QYﬁ@kness ¥l thet S FRIdL B O tél@.].%n%t lve
oxi dation, and the remai nder is heat-treated at a tenperature not
| ower t han &Q%m}te ot RNecerilkial 130t nsulRit it ARG Qs 1EtG ngRthaot
semiconductor elements, thereafter forming a gate oxide
film of MOS type transistor and, just after completing
the gate oxidation or after forming the gate electrodes,
10 carrying out a heat-treatment in an inert atmosphere at
a temperature of not lower than 800°C and not higher
than 1,410°C and preferably not higher than 1,200°C for
at least 5 minutes and preferably for at least 20
minutes, followed by introduction of impurities,
15 formation of electrodes and wiring, formation of an
insulating film, and if necessary, formation of the
wiring of a second layer, etc. so as to form a
transistor.
(4) A semiconductor device obtained by forming a
20 thermal oxide film on a silicon substrate, subsequently
carrying out a heat treatment in an inert atmosphere at
a temperature of not lower than 800°C and not higher
than 1,410°C and preferably not higher than 1,200°C for
at least 5 minutes and preferably for at least 20
25 minutes while keeping the surface of the oxide film or
silicon substrate in a bare state, and then carrying out
the steps necessary for formation of a transistor, for

example, introduction of impurities, formation of



hfgher than 1,410[err]C and preferably not higher than 1,200[err] C

for at least 5 mnutes and preferably for at | east 30 m nutes, while
keeping the surface of oxide 15 filmor silicon substrate in a bare
state. Further, after conpleting the Hdat~treatnent succeeding to the
formati on of el enent-separating oxide film and after formng the gate

oxi de filmof M¥L¥ing.ifaruatien of an jpgplabieg fiblw. fermabien afe
carried out at a ,20 tepperature nfé | ower than 800[err]C for at |east 5

ni nut es and"HFEREr3bI § 58°PRds1a%8T i BEEes whil e keeping the

surface of oxidegggln1in bare. sta Fur

e, éher afggr. formn .
electrodeg on th ate oxi es?w+ﬁ??é%fF3Fn ﬁﬁ}?e © afB%? gyhgg?P??géPﬁent
. . h
oL ks g 4ETRELAY Saflee e BOL EURLnG 100 QI SUERELORE,

| east 5 mi nutes and : ! at” | east eepi ng
gate el &ct r ofieSc SN Us s Patsd | S0 BxPa8E 1R RAPing a partially
Accordingly, the process for producing a

- 9- sem contheisdsa@VtEEcRheddi ot NwEaEtPIcABREy Als@D&tOhg and t he

foll owi ng enbodi nents, and the sem conductor device
isolating semiconductor elements, thereafter removing

the thin films other than the oxide film, carrying out a
heat-treatﬁent in an inert atmosphere at a temperature

10 of not lower than 950°C and not higher than 1,410°C and
preferably not higher than 1,200°C for at least 5
minutes and preferably for at least 20 minutes while
keeping the oxide film or silicon substrate in a bare
state, and then carrying out the steps necessary for

15 formation of a transistor, for example, formation of
gate oxide film, introduction of impurities, formation
of electrodes and wiring, formation of insulating film,
formation of the wiring of a second layer, etc.
(6) A semiconductor device obtained by forming on

20 the surface of a silicon substrate an oxide film having
a partially increased thickness for electrically
insulating and isolating semiconductor elements, there-
after forming a gate oxide film of MOS type transistor
and, just after completion of the gate oxidation or

25 after formation of gate electrodes, carrying out a heat-
treatment in an inert atmosphere at a temperature of not
lower than 800°C and not higher than 1,410°C and

preferably not higher than 1,200°C for at least 5



of this invention can be produced according to any of t hese production

processes. 5 (1) A process for producing a sem conductor device
whi ch conprises formng a thernmal oxide filmon a silicon substrate,
carrying out a heat-treatnent in an i-nek2 -at nosphere at a tenperature
of not | ower than 800[err]C for_at least 5 mnutes while keeping the
surface 10 of Bingkesia oPr§f¢Féths§9§t?§téeﬁﬁtazgaméngﬁﬁﬁe and then
foll owed by introduction of urities, formation_of electr des and

Wi ring, fornatloﬁaﬁfyhﬂglﬂgﬁlﬁ € ngtePs npecessag¥ for feEmatiry °foRmmt i on

of the wiring of SO, as.to forn1§ Eﬁsﬂg&ﬁtor. 15

(" proc%iiﬁ?b%’tgmﬁ%? rExam8le; EReESabPLIS 18R
compr i ses, af ereaDLEbANGe (e BRLECEbiRPKR%0 an shhRRakOhg! F5THT O

t he surface of silTicon subs Fl'mhaving ap

i ncreased th'SCk“f‘éﬁnéeion of eﬁ@%ﬁfﬁéglaflasgéé&hagl ri satatling t he
sem conductor 20 elenents, renoving the thin filns hef than the oxide

film carrying oprya heat-Argeni®bhdudtér déeite accop8iIRGPBE etah a
tenperature of not |ower than 950[err]C and not hi gher than

1,410[err] C and p4¥fe(Bblornpé) hiwhereihagaid semicbfdtctor dévieesisba
ninutes and preferably for at 25 least 20 m nutes while keeping the oxide
filmor silicon memory device such as flash memory, DRAM, SRAM or the
like or a processor or a computing device.
10 (8) A process for producing a semiconductor device
according to Item (1), (2) or (3), wherein said thermal
oxidation is carried out at least in an atmosphere of a
gaseous mixture of hydrogen and oxygen or in an
atmosphere of H,0, wherein the mixing ratio of
15 hydrogen/oxygen is less than 2/1 and preferably from
about 1.5/1 to about 1.8/1.
(9) A semiconductor device according to Item (4),
(5), (6) or (7), wherein said thermal oxidation is
carried out at least in an atmosphere of a gaseous
20 mixture of hydrogen and oxygen or in an atmosphere of
H,0, wherein the mixing ratio of hydrogen/oxygen in the
gaseous mixture is less than 2/1 and preferably from
about 1.5/1 to about 1.8/1.
(10) A process for producing a semiconductor device
25 according to Item (1), (2), (3) or (8), wherein the
atmosphere of the heat-treatment is nitrogen, hydrogen,
an inert gas such as argon or the like or a gaseous

mixture of these gases, these gases or gaseous mixtures



substrate in a bare state, followed by formation of a gate oxide film

I ntroduction of inpurities, formation of el ectrodes and w ring,
formation of insulating film - 10 -
and if necessary, formation of the wiring-ofl3second | ayer, etc. so as

to forma transistor. éS) .A process for Eroducing a_ sem conduct or
devi ce whi APPERFAPLR st oFPRERLAN ok PH cPRFFRN REY | REeECEaPLY aPRyoOT 5

' d thick h f [ i b te f
el et 11 cal 1y | nolReR | AR FUERGF cEFRECFRBLY 28 O o8 oF (PXERBRent s
‘thereafter form t i de. filmof MXS t st j ust
ai ter conpl et | ngt P Tthe B ERLSPMTHE oL o SHOPRRHGD: K dked (1)+ "

| ectrodes, 10 ' t ' ' t
2 tomperatire of (abt | Sher NP ERh) £ PREPED LRe RrhdEphefl BEPERLS °
1,410[err] C and paff SEpOAdmERE 1 MLErbhen, InyQPbgeh] CaﬁloinertngE kgeat o

mnutes and preferably for at |east 20 m nutes, fol |l owed b
i ntroduction of admakkgdn e6xr tHS IDkEBOL 04 Gas€beSIMDLAEGraNdf Whese,
‘formation of an Insulating film and If necessary, formation of the

gases, these gases or gaseous mixtures being able to
contain a few percents, preferably 5% or less and
further preferably 2% or less, of oxygen.

10 At the time of forming an oxide film on a
silicon substrate by the thermal oxidation method, the
stress appearihg in the oxide film or on the surface of
silicon substrate, namely interfaée with oxide film,
varies depending on the temperature of oxidation. This

15 1is attributable to the presence of a stress-relaxation
process based on the viscoelastic behavior of the
thermal oxide film.

Fig. 3 is a result of measurement of the
stress appearing on silicon substrate in the process of

20 this thermal oxidation by microscopic Raman
spectroscopy, wherein the abscissa denotes the
temperature of oxidation and the ordinate denotes the
perpendicular streés parallel to the substrate surface
remaining at room temperature on the surface of éilicon

25 substrate, namely the interface with oxide film. The
Figure summarizes the results of measurement in a case
where a mixture of hydrogen and oxygen (mixing ratio

1/1.5 to 1/1.8) as atmosphere of oxidation and in



wiring of a second |ayer, etc. so as to forma transi stor. (4)

A sem conductor device obtained by forming a 20 thernmal oxide filmon a
.silicon substrate, subsequently carrying out a heat treatnment in an

i nert atnosphere at a tenperature of-ndg rower than 800[err] C and not
hi gher than 1,410[err]C anq§£referably not higher than 1,200[err]C for

at least 5 m nutd® et riiese (AFY LXYGeR1ipusSed a% nthesatmesRhRERpi ng
the surface of the qxide filmor . Silicon substrate, jn a bar tate,
and then carryi o‘ﬁfe °xj'éqtf‘l’e°ré't e?)ss%fé%ie%s‘éﬁ'&s?%f ? r?r’ah‘c')‘?lno?(goa)
transistor, for Tgr ti of . I puritie r I on of

W ring, formati osrp%ga‘g%q{gn%seﬁpat%g #ié#‘m <?)r;n%tl Jﬁ(&%fh“fm ﬁ%”?fﬁéggof a

d | et . ' | |
second layer, eldonstant (é')lcknessa‘éfrg@%ﬁluf% %nﬂf&fr&%ﬁgé%%doﬁyufxea

conpl eti ng e selective oxidation for rmng on ace o
silicon subskratg;sgrexige diljedmyving a partially I ncreased thi ckness

for electrically insulating and I sol ati ng sem conduct or el enents,

‘thereafter renoving It is apparent from the results that the
residual stress in silicdn substrate monotonously
decreases as the temperature of oxidation rises.
Relaxation of stress is observed particularly markedly

10 when a géseous mixture of oxygen and hydrogen is used as
atmosphere of oxidation, and the stress decreases
approximately to zero at a temperature not lower than
950°C. Such a stress relaxation process is observable
not only in the process of progress of oxidation

15 reaction but also when heat-treatment is carried out
after completion of oxidation reaction.

That is, in an oxidation atmosphere containing

a gaseous mixture of oxygen and hydrogen, the stress of
oxide film decreases approximately to zero when an oxide

20 film is formed at 850°C and then an additional heat-
treatment is carried out in an inert atmosphere at 950°C
for 30 minutes. Although the stress relaxation in the
process of heat-treatment exhibits an effect in about 5
minutes, the relaxation of stress is preferably carried

25 out for at least 20 minutes in order to achieve a
sufficient relaxation.

Fig. 3 illustrates the results of measurement

at an oxide film thickness of 50 nm. When the oxide



the thin filnms other than the oxide film carrying out a

heat-treatnment in an inert atnosphere at a tenperature 10 of not | ower
than 950[ err] C and not higher than 1,410[err]C and pref erably not

hi gher than 1,200[err]C for at least 5 = lyimutes and preferably for at

| east 20 minutes while keepi t he oxidﬁgfiln1or sili,con . substrate in

? bare fstafé}maﬁBiFKBﬁsﬁaﬁﬁﬁgggsoBP°Pﬁe PepRrnaPc0XipgtigN atsa

or mat t istor, f | e, ' i i

[t oduct i SP of t%ﬁﬁ%%%{cﬁ%e, ofoo58PEbRE abSVET caRBel, alwavanhting piodt M
ormation of ins ti fil [ h AR

| ayer, etc. auﬁéfkggsel gggﬁscgﬁ%ggggplgg&%%gt6§t§%%ggg8§%P%P§?%§%gn 20

the surface of Bo°bbEEORCoURS! E3hB BF SXhiitekibi B3VERS oxidatiBirtially

I ncreased thicknes or electrica I nsulating and 1sol ating

sem conduct of epRBNES. rhbkCtRe reasofl tRatf ehEl BErasdaire1axadaohl ltakels MOS
type transistor and, just after conpletion of the gate oxidation or

25 after fornahi pargbdyaketemect r adesrdiaglyl,Ngaguyingheat- the abovest ment
in an inert atnosphere at a tenperature of not | ower than 800[err]C
and not hi gher mbatidnédOheat}-€reatment afitefrefarmation bifglosidehsdlm
1,200[err]C for at least 5 '
by thermal oxidation method is effective for relaxing
the stress in oxide film. The mixing ratio of
10 hydrogen/oxygen in the oxygen-hydrogen gaseous mixture
is less than 2/1 and preferably from about 1.5/1 to
about 1.8/1.
When an oxidation is conducted by using an
oxidation-preventing film such as silicon nitride film
15 . or the like as in the case of selective oxidation
method, the stress is concentrated into the edge parts
of oxidation-preventing film as has been mentioned
above. Accordingly, the stress generated due to the
presence of thin film can also be relaxed together with
20 the oxidation-induced stress by removing the thin.film
forming a cause of the stress (silicon nitride film in
this case) after completion of oxidation and then
carrying out an additional heat-treatment in an inert
atmosphere while keeping whole surface of the oxide film
25 or silicon substrate in a bare state.
Further, since the gate oxide film of MOS type

transistor is mostly formed at about 850°C and a great

stress often remains in the oxide film after the film



- 12 - m nutes and preferably for at |east 20 m nutes, and then

carrying out the steps necessary for formation of a transistor, for
exanpl e, introduction of inpurities, formation of wiring, formation of
an insulating film 5 formation of the wt rkithg-of a second | ayer, etc

(7) A sem conductor device according to Item ~ (4), (5) or (6),
wherei n sai d senfeshatiéeny Brarticesof such amnaddiséonad beak-szem t
menory, DRAM SRAM or the .like or a processor or a conputing devi ce.
10 (8) A $%o¥RE¥ eEfeGEL¥Bei ng a seni conduct or devi ce accordi ng

‘to It 1), (2 3), [ idth | . I dat |, [ I ed t
a? Ie:gl(i% ag ;tﬁgséhérew@ﬁéglQn8858353Ség€ﬁ9§?ufﬁoéépﬁﬁéggagﬁng gggyggﬁ

at b : . = S

hycr ogon/ oxygen VACRoekipR £ELR; b1 B ChBble) S0 BE 0168k ERAR pbB,
b 1.8/ 1. ' ' ' | 4),
about 5%),et Rin npggﬁ%éggggggﬁ&0£ﬁg ﬂ§¥é0$23889£§%890h96 gﬁgﬁgt)

(5), (6) or ere oxi dat1on arrie
least in an atnDgpREsE 96 ofeeRLHatedVintbXtHECoREqBY € 2fieBfaBdgRX PESRsOr
i n an at nosphere of H err] O wherein the mxing ratio of

hydr ogen/ oxygen ¢éf &é#te electrode. 1In this case, too, the stress
generated in the oxide film can be relaxed by carrying
out such a heat-treatment in an inert atmosphere after
10 completing the etching processing of gate electrode.

The heat-treatment for the purpose of stress
relaxation of the above-mentioned thermal oxide film,
oxide film, gate oxide film or the like is preferably
carried out in the presence of an inert gas such as

15 nitrogen, hydrogen, argon, helium or the like. Although
absence of oxygen is desirable, presence of oxygen in an
amount of 5% by volume or less, preferably 2% by volume
or less, is allowable.

After the above-mentioned heat-treatment for

20 stress relaxation, the steps necessary for formation of
a transistor, such as introductioﬁ of impurities, forma-
tion of electrodes and wiring, formation of an insulat-
ing film, formation of the wiring of a second layer,
etc. are carried out in the case.of the above-mentioned

25 embodiment (1), in the usual manner, whereby the
intended semiconductor device can be produced.

In the above-mentioned embodiment (2), the

heat-treatment for stress relaxation is carried out and



gaseous mxture is less than 2/1 and preferably from about 1.5/1 to

about 1.8/1. (10) A process for produci ng a sem conductor device
25 according to Item (1), (2), (3) or (8), wherein the at nosphere of
‘the heat-treatnent is nitrogen, hydrogen, = 17 =an inert gas such as argon

or the |like or a_.gase m xture of these gases, these gases or
9 fl g
gaseous m xt ur ethereafter the steps necessary for formaQBon of a bei ng

able to contain a few percent referably 5% | ess,a urt her

S efor abl v 256 o TUALIGT Y AS LT %an 82'3, gare SHIAE B Bev co
according to Ite 6 v wher e phere of
t he 5 heat - trerﬂ gc%u‘ftlorﬂ t(?ﬁog]énqrpaﬁlélf osg‘é fééﬁa?h%?toga%i%ﬁ%ﬁéggg 'g%
argon or the Ii Q%ﬁﬂ%f% 1hﬁ§% S es or
‘gaseous m xtur elgﬁbel r% &1)% cont al nate per%@hteéor&ﬁre erably 5%
or less and s tﬁé’rﬁirﬁné)rﬁf%%doﬁ@ﬁyéﬁsset@f &% 9drridd in the

At the time of formng an oxide filmon a ilicon substrate by the
thermal oxidati aisusX hethnde wherelsy ress ﬁptp@mewgsexﬁuédsued@dtdﬁ devicer on

t he surface of
can be produced.
In the above-mentioned embodiment (3), a heat-

treatment for stress relaxation is carried out and

10 thereafter the steps necessary for formation of a
transistor such as introduction of impurities, formation
of electrodes and wiring, formation of an insulating
film, formation of the wiring of a second layer, etc.
are carried out in the usual manner, whereby the

15 intended semiconductor device can be produced.

Hereinafter, this invention is explained more

concretely with reference to Examples.

Example 1
Example 1 is explained referring to Fig. 1,

20 Fig. 3 and Fig. 4. Figs. 1A to 1F are each schematic

diagram illustrating the cross-sectional change of

silicon substrate in the process of forming an element-

separating oxide film using the process of this

invention for producing a semiconductor device; Fig. 3
25 1is a graph showing the oxidation temperature-dependence

of the stress appearing in the vicinity of silicon

substrate surface (interface with oxide film) as oxida-



silicon substrate, namely interface with oxide film vari es dependi ng
on the tenperature of oxidation. This 15 is attributable to the presence

of a stress-relaxation process based on the viscoel astic behavi or of
t he thermal oxide film - 18ig 3 is aresult of

measur enent of the stress appearing on silicon substrate in the
process of 20 %¥AD BYRIFRISSG ARG PPy 4iks Achlr€ ¢harh illustrating
spectroscopy, wherein the abscissa denotes the t enper at ure of

oxi dation and t HRFERSS Rhdthels (Frample. nor nendicul ar stress paralle

to the substrate surface _., _renmining, at roomtepperature on_the surface
of silicon 25 substrate,FiEfes f‘f"?‘%r‘?m%r?%c@% fff"'éx‘?}b%’:‘f‘i‘?fn P"‘i’he‘i'

Fi gure summari zes, & s, of | . r I Xture
of hydrogen and%@%gﬁl’g Xél nlgé)r%’gﬁggﬂeeﬁ%flé.%%&ﬁi%’)gsa’smggnggsg%g} e of
oxidation ang i Rphis Example is an %?plicat‘on of this irferition t&NQther
case where dry oxygen Is used as the atnosphere. ~I'n"the oxidation, a
single crystal eldddiGR dfiilion prodddACRoMfSning & SErhclRNE1aheXl de

filmhaving a
separating oxide film in the production process of
semiconductor device.
On silicon substrate 1 (Fig. 1A), a thin pad

10 oxide film 2 having a film thickness of about 10 nm is
formed by the thermal oxidation method (Fig. 1B).
Thereon is deposited a silicon nitride film 3 as an
oxidation-preventing film (Fig. 1C). A bare area is
formed by etching off the silicon nitride film 3 from

15 the area on which element-separating oxidation £film is
to be formed, and thermal oxidation is carried out (Fig.
4-106) to form an element-separating oxide film having a
film thickness of about 300 to 700 nm (Fig. 1lE). Then,
the silicon nitride £film 3 is wholly removed, and a

20 heat-treatment is carried out at a temperature of not
lower than 800°C for at least 5 minutes and preferably
for at least 20 minutes while keeping the oxide £film 2
or 3 or silicon substrate 1 in a bare state (Fig. 4~
108).

25 Although the atmosphere of the heat-treatment
is an inert gas such as nitrogen, hydrogen, argon or the
like or a gaseous mixture of these gases, the atmosphere

may contain about 5% or less, preferably 2% or less, of



k)

constant thickness of 50 nmis uniformy fornmed on the 5 surface of

silicon. It is apparent fromthe results that the

residual stress in silicon substrate nonotonausly decreases as the
tenperature of oxidation rises. Relaxaﬂﬁon of stress is observed
particul arly markedl 10 en a eo S n1xture of oxygen and h drogen S
used as atrﬂi%‘{ﬂ%? i ?j%t? Y het SPPRERt e r%%s héat
approximately t erature not_| ie tha C. Such
a stress rel axa&l'%n pr gssé 'gg)t (’e"f’%btr an % I'S'/of’nh’(%éé s of

progress of oxi dlat ﬁggt %sl?ow&mttﬂéﬁai nf@éT%s carr|

out after conple t|on of OXI ronr

an oxidation at nosphere COfHé"é‘fff@ct of thddstidss r&éié&@t%n%i’&@&h@nd
hydr ogen, the stress of oxi de film decreases approximtely to” zero

when an oxi dg Zbodt ¥ ithi® ek ArSbhent | {5 aé@bl&ﬂ\e@rbﬁdﬁbfeﬁﬁﬂzgheat-
treatnent is carried out in an inert atnosphere at 950[err]C for

m nutes. Al t hougio thigy St3 esshardiakath@mbscidsa denotfdd CElss ﬂémperature
heat -treatment exhibits an effect in about 5 m nutes, the relaxation
of stress is prefferaddldattion isgdl e andirate alenates 3t mwesidwsal n or der
to achieve a sufficient relaxation.
stress in silicon substrate after the oxidation. The
oxidation is carried out with a single crystal of
10 silicon ((100) surface wafer), and an oxide film having
a constant thickness of 50 nm is formed uniformly on the
silicon surface.
It is apparent that the residual stress in
silicon substrate monotonously decreases as the oxida-
15 tion temperature rises. Relaxation of stress is
markedly observed particularly when a gaseous mixture of
oxygen.and hydrogen is use& as the atmosbhere of oxida-
tion, and the stress decreases approximately to zero at
950°C or above. The mixing ratio of hydrogen to oxygen
20 1is less than 2/1 by volume, and preferably from about
1.5/1 to about 1.8/1 by volume. Such a stress relaxa-
tion behavior is observed not only in the process of
progress of oxidation but also when a heat-treatment is
carried out after completion of the oxidation reaétion.
25 That is, in an oxidation atmosphere containing a mixture
of oxygen and hydrogen, the stress in the oxide film can

be decreased approximately to zero by forming an oxide

film at 850°C and thereafter carrying out an additional



*

Fig. 3 illustrates the results of measurenent at an oxide film
t hi ckness of 50 nm When the oxide -

15 - filmthickness exceeds about 100 nm an oxidation at a
tenperature of 950[err] C or above cannot al%%ys bri ng about a decrease

£ th Cdual . & .
Solnpl otion o?":t heatzFagatmRnt SUTABO°T. TPE 30, mirueRy HAR- | A tRoHRL

rel axati on take i Qd_of .ti . ' '

tbover O ! renEh8ngETRER: FEICRRRIR AN SFE BEoRiek, o sl ealeit |
ther i oxi dati ggyBsagd oS RELER e abndl @ Hiinkes, tHdhesess in oxide

film The mxing ratro o hydr ogen/ oxygen 1 n the oxygen-hydrogen

gaseous M Xturegreatment! §3S prdderablyad iiiekecut ¥dr @b akadt e/ 1 to
about 1.8/1. en an oxidation is conducted by using an

oxi dat i on- prgvepinddesi i srderatosialtitedn @i tsufdd dildnt stresrs tfeddxdee as
In the case of selective oxidation met hod, the stress is concentrated
into the edge pation. of oxidation-preventing filmas has been nentioned
Fig. 3 illustrates the results of measurement
at an oxide film thickness of 50 nm. When the oxide
film thickness exceeds about 100 nm, the residual stress
10 in silicon substrate at completion of oxidation cannot
always reach zero, even if the oxidation is carried out
at 950°C or above. This is for the reason that the
stress relaxation takes a period of time. Accordingly,
carrying out the above-mentioned heat-treatment at
15 1,000°C or above and particularly at 1,200°C after
formation of the oxide film by thermal oxidation method
is effective for relaxing the stress in the oxide film.
Particularly in the selective oxidation method in which
stress is concentrated into the oxide film of the
20 vicinity of edge parts of silicon nitride film, the
stress generated due to presence of the silicon nitride
film can also be relaxed by practicing such a heat-
treatment after removal of the silicon nitride film.
In this Example, only a silicon nitride film
25 has been used as the oxidation-preventing film. If
desired, however, the oxidation-preventing film may be a
film of laminate structure prepared by depositing a

silicon nitride film on a polycrystalline silicon thin



above. Accordingly, the stress generated due to the presence of thin
filmcan also be relaxed together wwth 20 the oxidation-induced stress by

removing the thin film form ng a cause of the stress (silicon nitride
filmin this case) after conpletion of 2bxfdation and then
carrying out an additional heat-treatnent in _an inert at nbspher.e whil e

k;aepi ng whol e sfddfce Sumhergyiide I§ NAt AGRYSNqeeFFaH K B par e
state. . [Further. si.nce f.he gate.oxide fi]. . &

t][?nsi stor is nﬁé‘ﬁ?%‘rj@&eﬁe"}dﬂﬁ ftfi’glﬂ g’rnr %&%r? 4 6g’irleraaatqiJ‘A\(p%J‘s]%é'?gzs's
often remains in the oxide . fil Lerys i s 13

- 16 - for %ﬁ'[tl (}ﬁ‘ “ﬁya&el cfgg%;edsalﬁic#%rg ! d@r} itgir?als lelzfto-r% rseual%srr%r'r.ﬁte

is very effectiye. thﬁnmao bare aredal FHbARE By G0 1 SAendiid aslepn

t he ~ gate oxi'de _ 1 or en deposition of electrode plus 5 " etching
processing agd th@ |diRdtS Giigretfbrtiiing tIm (Fig St4-8505 icr ®IgentD pf ed

into the oxide filmof edge parts of gate electrode. In this case,
t0o, the stress the padEtafidieed il thenaiXigliesd iben ool ried deace bthear ryi ng
silicon substrate 1, or it is also allowable to
positively etch the silicon substrate 1 down to a depth
of about 10 nm or more from the surface to expose the
10 silicon substrate 1 with a level difference.

As mentioned above, this Example exhibits an
effect that the oxidation-induced stress or the stress
generated in the oxide film due to the presence of
oxidation-preventing film in the selective oxidation

15 .method can be relaxed, and structure and electrical

reliability of oxide film can be improved.

Example 2
Example 2 is explained herein referring to
Fig. 5 and Fig. 6. Figs. 5A and 5B are each schematic
20 diagram illustrating the cross-sectional change of
silicon substrate in the process for forming the gate
oxide film for MOS type transistor using the process of
this invention; and Fig. 6 is a flow chart illustrating
the productibn process of this Example.
25 First, this Example is explained referring to
Figs. 5A and 5B, according to the flow chart of Fig. 6.

In this Example, a state that an element-separating



3

out such a heat-treatnment in an inert atnosphere after 10 conpleting the

et chi ng processing of gate el ectrode. The heat-treatnent for
t he purpose of stress rel axati on of the above-nentioned thermal oxide
film oxide film gate oxide filmor=tR& ki ke is preferably

carried out in the presence of an inert gas such as 15 nitrogen

hydr ogen, ar gono%¢€e il 4 thas iadeceady t hEormed oBiGiccSh} MY gekei s
desi rabl e, presence. of o§¥geghin an anount of 5% by vol une, or Igfs,
preferably 2% byWdiafife of siljcon gubgtrafe ol which ‘gate oxide fipim,
t he above-nentiqned heat-greatpent for .20 stress relaxation, ihe_ steps
necessary for f ormaty g?? o‘%c)]"'ll'e‘{r1a'1as ﬁ%q 'é%rﬁal%‘?fbﬁma?q rft’?’otd’cﬁ]{ i DFRLT

! b RRH _ ! f CIT .
noul a1 Mgy e-3020 DERAEAR A dcddihc AR il Yxife
etc. are cargie¢iow iid dHHE G Bf&@%igami&p oée%§g§e5v>fg%famd(1),

I n the usual manner, whereby the i ntended sem conduct or ce can be
produced. in Exampld N} RAky anenidtial enbrsiniriod s Ade
heat-treatnment for stress relaxation is carried out and

limitative.

Gate oxide film 6 is formed on the surface of
silicon substrate 1 at a temperature of, for example,

10 850°C according to the usual thermal oxidation method
(Fig. 5B). After completing the oxidation of gate, a
heat-treatment is carried out at a temperature of not
lower than 800°C, preferably not lower than 950°C and
not higher than 1,410°C, preferably not higher than

15 1,200°C, for at least 5 minutes, preferably at least 20
minutes, while keeping the surface of oxide film 4 or 6
in a bare state. Although atmosphere of the heat-
treatment is an inert gas such as nitrogen, hydrogen,
argon or the like or a mixture of these gases, the

20 atmosphere may contain oxygen in an amount of about 5%
or less, preferably 2% or less. By this heat-treatment,
the oxidation-induced stress generated in the oxide film
in the process of forming the gate oxidation film can be
relaxed.

25 This Example exhibits an effect that the
stress generéted in the oxide film due to the oxidation-
induced stress in the gate oxidation process can be

relaxed, and structure and electrical reliability of the



- 17 - ' thereafter the steps necessary for formation of a
transistor such as formation of a gate oxide film I ntroduction of
inmpurities, formation of electrodes and wiring, formation of an
|nsulaé|ng film formation of 5 the wirtnd3of a second |ayer, etc. are
carried in the .. usual manner, whereby the intended sem conductor device
can be producedoxide film can be| improvelsye- nentioned enbodi nent (3), a
heat - treatnment for stress relaxation is carried out and 10
;heregfter the steps necessary for formation of a transi stor such as
I ntroduction of _i Liti,es, formation of electrodes and wirin

: E ’ . ! 9.
formati on of an F%§§}§tﬁng film formation of the wiring of a second

| ayer, etc. are carriggdr@il i3 sl udn P Haflei nRRIERE ik tol5

i nt ended sem conduct or device can be produced. Her ei nafter,
tE;‘;S :nvention b&g’z‘xnl ANAEFiEN’ 8. FigeANgRetd) WoNare lealch euleniatic
npl es. Exanple 1 . Exanple 1 is explained referring
to Fig. 1, 20 dfagram dldusitfating fhes crbbs-eelitizmaleattamgehafat i
diagramillustrating the cross-sectional change of
silicon substrate in the process of forming MOS type
transistor by the production process of this invention;
and Fig. 8 is a flow chart illustrating the process of
this Example. According to the flow chart of Fig. 8,
10 this Example is explained referring to Figs. 7A to 7C.
The initial condition of this Example is that gate oxide
film 6 of MOS type transistor has already been formed
(Fig. 7a, Fig. 8-302).
The formation of element-separating oxide film
15 4 and gate oxide film 6 in this Example is preferably
according to Example 1 and Example 2 of this invention,
though this is not limitative. As gate electrode 7, a
polycrystalline silicon thin film is formed, for
example, which is then processed into a shape of
.20 electrode by an etching process (Fig. 7B). Since stress
is concentrated into the gate oxide film 6 of the
vicinity of the edges of gate electrode 7 in this case,
a heat-treatment is carried out at a temperature of not
lower than 800°C, preferably not lower than 950°C, and
25 not higher than 1,410°C, preferably not higher than

1,200°C, for at least 5 minutes and preferably for at

least 20 minutes, for the purpose of remedying the



silicon substrate in the process of form ng an el enent- Separating
oxide filmusing the process of this I nvention for producing a
sem conductor device; Fig. 3 25 is a graph showi ng the oxidation
t enper at ur e- dependence of the stress—appearing in the vicinity of
silicon substrate surface (interface with oxide filq%]as oxi da-

it

- 18 - ti odamager wbdeh thed omigle £ilyn ham snfdered i(Higkt Bnily -

t he process of this Exanple. First, according to the flow

chart of Fig. 4Althoughhithecpimasphere.off fhtededr&maatfay BHaM 1A to

1F. 5 This Exanple is an application of this invention to a .

sel ective oxi datfi§H tpP8ce S8 0 A% SiFHERGER o MYSFOgeTise frgON O Lhe, Like

@ 5111 con subsEFaBe Rt NNy SEyPHeRY fases, tHE) LN, HEY Koncain

method (Fi g. 5 1pfpottSe bl 1Bees pretetly 2% Tn aon ¥y T 2 e an

oxi dation-preventing fil mifd thatbPialA =R itR3rg the gate electrode
is not limited to polycrystalline silicon thin £ilm, but
high-melting metallic materials such as tungsten or
silicide alloys of high-melting metals, titanium,

10 cobalt, nickel, tungsten or the like, and laminated
structures made of thin films of the above-mentioned
materials can also be used as a gate electrode material.

Subsequently, the steps necessary for forma-
tion of a transistor, for example, introduction of

15 impurities (306), formation of the wiring of first layer
12 (307), formation of interlaminar insulating film 13
(308), formation of the wiring of second layer 14 (309),
formation of insulating film 15, etc. are carried out to
complete a MOS type transistor (311). Fig. 7C is an

20 example of the cross-sectional structure of a transistor
formed by the procedure mentioned herein. The procedure
of transistor formation is not limited to that expressed
by this flow chart, and the number of wiring layers is
not limited to two. The MOS transistor obtained herein

25 may be used in a memory circuit such as DRAM (Dynamic
Random Access Memory), SRAM (Static Random Access

Memory) and the like or in a computing processor.

This Example has an effect that the stress



formed by etching off the silicon nitride film3 from 15 the area on
whi ch el enent-separating oxidation filmis to be forned, and thernal
oxidation is carried out (Fig. 4-106) to form an el enent-separating
oxide filmhaving a filmthickness of @out 300 to 700 nm (Fig. 1E)
Then, the silicon nitride film3 is whally renoved, and a 20
heat-treat nent BenexAtedd idutha gatee@xdda fidmdupto the igkgrnal,

800 Cf t | t I_nut d f bl, _f .

i BLSQE whi f”e( s Ol SaheusIadhRoRe T11m thy the grdsks SRS SoRInS |
a bare state (Fi - 108).. t gGaPbh f
the heat-treat mgi%is %ype itfaél%li)sﬁgﬁz%ggs 1:’seuc elaas?‘ér%'t %gldl"énr{,ﬁ%ﬂ)gen, :; Sog

or the li k [ e pihY" : : SR
may contain abo%tl%g&?&r S'le?sé,alpre grt b?{/f % 0 ?:é Ig'le?élgi§ a(;#dﬁq-_@é "ean
- 19 - XY §RN i motoviaRl. preferably, tenperature of the heat-
treatnent is not |ower than 950[err] C and not higher than 1,410[err]C
and yet preferably not higher than 1,200[err]C The effect
of the stress relaxation brought

Example 4

Example 4 is explained herein referring to
Fig. 9 and Fig. 10. Figs. 9A to 9E are each schematic
diagram illustrating the cross-sectional change of
10 silicon substrate in the process of forming a flash
memory structure by the process of this invention; and
Fig. 10 is a flow chart illustrating the process of this
Example.
First, according to the flow chart of Fig. 10,
15 this Example is explained referring to Figs. 9A to 9E.
The initial state of this Example is a state that an
element-separating oxide film 4 and a tunnel oxide film
.8 are formed on silicon substrate 1 (Fig. 9A, Fig. 10-
402). Said element-separating film 4 and tunnel oxide
20 film are preferably formed by the method mentioned in
Example 1 and Example 2 of this invention, though this
is not limitative.
On the tunnel oxide film 8 is deposited a thin
film for use as a floating gate electrode, which is
25 processed by etching into a floating gate electrode 9
(Fig. 9B). The material constituting the floating gate

electrode 9 may be any of polycrystalline silicon, high-



5 about by this heat-treatnent is explained by referring to Fig. 3,

wherein the abscissa denotes the tenperature of oxidation and the
ordi nate denotes the residual stress in _silicon substrate after the
oxi dation. The oxi dation is carried ouBbwrth a single crystal of 10

silicon 100) surfagce wafer),. d oxi de f.il.m havi J

Thi ckness. of ko MRREAEG FEHEEhin MHLLans « mil1C108 4 ays qf tibdh- "

It is apparent that .the resi.dual_.t i + Si i hst

ronot onos! y e BREIOS FECRIE o tiFaniumy SqRaT o AR L it and

Rel axation of stress.hS . i ARYA

m Xt ure of t&?yé‘éﬂceanad‘%yl rg.é:Z&?é{ng%}?ﬁ%ﬁes?%@dﬁC%fgp ﬁélfe o) I@sxi afaous

tion, and the Stﬁh@%ﬁ&ﬂ-ﬁrﬁ-ﬂ.ﬁ.m Bl s 1 o%ﬁ{& %omin%m err]C or

above. The m xing ratio of hydrogen to oxygen I's less than 2/ 1 by

vol ume, and grefricilihd 'giBedRQEctrode 1 &/hedt- trhitmentd/mMaypbe/ Aatieduch
a stress rel axa- t1on behavior is observed not only in the process of

progress of oxi @éait, 0l fodesilrsal WY ahee purpossd refhtreélaxing tweeried out
after conpletion of the oxidation reaction. 25 That is, in an oxidation
at nospher e cont ®leictycsievicausesl stress mengjionethdimBrample 3he stress in
the oxide filmcan be decreased approximtely to zero by form ng an
oxi de Subsequently, an insulating film 10 consti-
tuted of a silicon oxide film, a silicon nitride film or

10 a laminate structure thereof is formed on the floating
gate electrode 9. If desired, a heat-treatment may be
carried out subsequently for the purpose of relaxing the
stress appearing at the time of forming this insulating
film (Fig. 10-405), provided that this heat-treatment is

15 not always necessary. Next, a controlling gate
electrode 11 is formed on the insulating film 10 (Fig.
9D). The material constituting the controlling gate
electrode may be any of polycrystalline silicon, high-
melting metallic materials, silicide alloys of high-

20 melting metallic materials, titanium, cobalt, nickel,
tungsten and the like and laminate structures made of
thin films of these materials.

After forming the electrode, a heat-treatment
is carried out at a temperature of not lower than 800°C,

25 preferably not lower than 950°C, and not higher than
1,410°C, preferably not higher than 1,200°C, for at

least 5 minutes, preferably for at least 20 minutes

(Fig. 10-407). The atmosphere of the heat-treatment is



film at 850[err]C and thereafter carrying out an additional

- 20 - heat-treatnment at 950[err]C for 30 m nutes, too. Although

the stress relaxation in the process of heat-treatnent exhi bits an
effect in about 5 minutes, the heat- . -t2%atnent is preferably carried
out for at least 20 5 mnutes in order to attain a sufficient stress

rel axa- t i preferably an inertriggs such g nditeogery hﬁﬁHQQ9Qﬁ

nmeasur ement at an oxide filmthickness of 5Q nm Vh%p he oxi d

fi Ibm t hi ckness B¥608d8TakdG 1ike nPF thIAsEoUFy MLXIUTS e5§, gﬁﬁqsc'on
substrate at co Iet on of xi dation cannat al. wa S o each

the oxi dation |§ h OSphere fey| EPPﬁéﬁﬁ-%BS %Tﬁr #gg%brerﬁglf

re that th I
Carrying out t ETESEFRL: es?. oﬁgﬁﬁ%e;?'“eﬁf%?‘i@%np” 'B‘&dg‘ﬂf if BT oY
above and Pagti ¢ilatinin?l, theORheskCatipelizing Lrf WHERLIRIGIRE Kydnle

filmby thermal oXi ol meth tive for relaxing the stress
in the oxide fih@ due toPForhatidh bf kdntecialieRf igeterdldritroderainod in

whi ch

the stress appearing in the process of forming the
insulating film and the stress appearing in the tunnel
oxide film due to formation of floating gate electrode

10 can be relaxed.

Subsequently, the steps necessary for forming

a flash memory structure, for example, introduction of
impuritiés (408), formation of the wiring of a first
layer 12 (409), formation of an interlaminar insulating

15 . film 13 (410), formation of the wiring of a second layer
14 (411), formation of an insulating film 15 (412), etc.
are carried out to complete a flash memory structure
(413). Fig. 9E illustrates an example of the cross-
sectional structure of transistor formed by this

20 procedure, provided that the procedure for forming the
transistor'is not limited to that expressed by the flow
chart and the number of wiring layers is not limited to
two. Further, the structure of electrodes constituting
the flash memory is not limited to that of this Example.

25 This Example has an effect that the stress
appearing in the insulating films located between the
tunnel oxide film or floating gate electrode and

controlling gate electrode due to the internal stress of



stress is concentrated into the oxide filmof the 20 vicinity of edge

parts of silicon nitride film the stress generated due to presence of
the silicon nitride filmcan also be rel axed by practicing such a
heat - treatnent after renmoval of the-s?8i<eon nitride film

In this Exanple, only_a _silicon nitride film 25 has been used as the
oxi dat i on- preveﬁPPﬁﬁoﬂﬁPﬁg eﬂpctrodedgg'ﬁé@atﬁggeggﬁe gdectrode in the

oxi dat i on- prevent|n fil ga¥w+ %:|W]Of | am nat e struct re prepared
by depositing aP §|P coR PFl&efﬂPF Sﬁmarﬁbﬁ$€ﬂﬁﬁﬁﬂq Qicon thin
film,Eurther

ox?datlon preveﬁ?ﬁﬁﬁ Pflﬁpgn%Pﬁge th £ %ﬁgﬁsﬁnf§ bﬁﬂE%hFEF fnay be
formed directlyg ﬁﬁd&h?%ﬁhh'i@ﬁuiﬁgihéakﬁlm and1f SDFQF%| Flgke% 1s f or med

by partially etching o e oxI dation-prevenfting 05 or
Fig. 1D), 5 thgrBedgoxide film2 may also be renpved to bare the
silicon substrate 1, or it is also allowable to positively etch the

silicon substrate 1 down hecardefghto thisf iabentidd,nher ifgueyl o¥Fm t he
surface to expose the
oxide film appearing in the thermal oxide film-forming
process of a semiconductor device or the injury of oxide
film due to the concentration of stresses at the edge
10 part of thin film partially deposited on the oxide film
or the insulating film having a laminate structure of an
oxide film and a silicon nitride film can be remedied,
and therefore this invention has an effect that struc-
ture and reliability of oxide film or insulating film
15 can be improved. Further, this invention has an effect
that reliability of semiconductor memory articles such

as MOS type transistor, flash memory and the like can be

improved.



10 silicon substratt %"RCkme di fference. As nenti oned
above, this Exanplej; effect that the OX|dat|on I nduced
stress or the stres d i'n the oxide f

of oxi dat i on- preventlngf|Im|nthe‘se'4%C't|v

be rel axed, andwﬁﬂ%“%é“ﬁﬁpiﬁg elggtrical rellamlﬁGﬂANﬁ
' Exanp e ‘“-~—a_" 3

be i nproved.

f [ F 5 ch
&?ag:;krglfgstr%tlnbgthe %Pﬁss s%%t?gﬁagrSﬁgﬁbggoP semlc?PﬁPES saﬁgﬁthe
h t t
1S ng the pr oce dichOEohBEILOE EBthing o Sebfial MG TR BUPE L ANS! STO!

illustrating gj1i86nPsaesethea, paaaeéarfa{uﬁal éuEXanHLaSt-&éatment at
First, this Exanple is explalned referring to Figs. 5A and 5B

according to the témpecaBiteosf et Sower thhn sboscaeaméekeagihgi enkhat

an el enent - separati ng
oxide film and surface of silicon substrate in a bare
state in an inert atmosphere, followed by introduction
of impurities, formation of electrodes and wiring, and
formation of an insulating film so as to form a
transistor.
2. A process for producing a semiconductor device
which comprises, after completing the selective oxida-
tion for forming an oxide film having a partially
increased thickness on the surface of a silicon
substrate for electrically insulating and isolating the
semiconductor elements, removing the thin films other
than the oxide film, carrying out a heat-treatment at a
temperature of not lower than 950°C while keeping the
oxide film or silicon substrate in a bare state in an
inert atmosphere, followed by formation of gate oxide
film, introduction of impurities, formation of
electrodes and wiring, formation of an insulating film
so as to form a transistor.
3. A process for producing a semiconductor device
which comprises formihg an oxide film having a partially
increased thickness pn-the surface of a silicon
substrate for electrically insulating and isolating the

semiconductor elements, thereafter forming a gate oxide

* c L M S *




oxi de f| | m 4 has ihlﬁ Replgcaed (Fi g. 5A) and t §!NGAPGF$urﬁAaE,é}"'
silicon substrate ﬁrﬂ -oxide film i ¢/ to BRANTRRM i S [pared
is taken as an |n|t ‘(Fig. 6-202). Pre
el enent - separating oxi de 5 filmis that-f%ﬂned by the productlon process
ment i oned I 'n_Exa t hough the nethod of, forn%tlon

anpl e 1
limtative.  film of MOS type SRROBLPEPT BRfs PUPReATSAT: FEMBIATLRE of
silicon substrat

according to thEﬁﬁsgafetﬂﬁﬁag igirégtg%ﬁ %g%ﬂgéggglghFFggte8%?L% Ses'
conpl eting the §X|9§Eh8nP8E gabﬁgﬁ-§asfgp ?gtakrgak rh%u&@rBEe%cQUt at a

t enper at ure of ower preferably not |ower than

950[ err] C and o i obh 4 )
T 1. 200] orr] CLo¥EE khan2880°L"EA An7iHEEt hEmoBpRLRLa] coLICs wher Lhan

m nutes, while EﬁEEbHQCEEGnSBEfiﬁ?nﬁit@ébqekahEtioﬁroQ electirddesband
. State. Although at nosphere of the heat- treatnent is an inert gas such

as nitrogen, hygiegng, formadigano@r ahh@nkulatinga fiilx soeasf tohdsengases,

the 20 atnosphere may contain oxygen in an amount of about 5% or

| ess, preferabl grafsastbess. By this heat-treatnent, t he

OX|dat|on I nduced stress generated in the oxide f|In1 I n the process of

forming the gaté.oxi dati oA Semiconduggor device obtained by forming a
thermal oxide film, subsequently carrying out a heat
treatment at a tempereture of not lower than 800°C while
keeping the sﬁfface of the oxide film or silicon
substrate in a bare state, followed by introduction of
impurities, formation of electrodes and wiring,
formation of an.insulating film so as to form a
transistor.
5. A semiconductor device obtained by completing
a selective oxidation for forming on the surface of a
silicon substrate ah oxide film having a partially
increased thickness for electrically insulating and
isolating semiconductor elements, thereafter removing
the thin films ether than the oxide film, carrying out a
heat-treatment at a temperature of not lower than 950°C
while keeping the oxide film or silicon substrate ih a
bare state, followed by formation of a gate oxide film,
introduction;of impurities, formation of electrodes and
wiring, and fermatiOn of an insulating film so as to
form a transistor.

6. A semiconductor device obtained by forming on

IIIIIIII IIIIII III|| LI



e pATED

rel axed. 25 This Shebtlilzs BEsnaeptheed exhi bits an ef emﬁa@%%@&;

stress generated in tnwﬂwﬂuluHWdue to the oxidation-GR i
stress in the gate ox i s can be rel : structure and
electrical reliability of the - 31 - - 23-
oxide filmcan be i nproved.

ot s e b W oFET o8 » w1 ustenen, o o, RTeReg

T con subt -t eb1EERETh ol BB R ERET RSB R I 0 by on
LLIE?traginglghénﬁvgiﬁﬁggo?ni lso#ﬂg%“%xﬁ?ﬂ?%.?ﬁ%c%?%inge 6 t%é ?Pow chart
The i%itial con%?t?gﬁ¥ggm%ﬁ?séE§§E%Iggﬁgetﬁggﬁgg?gnggigggéltzéP%?ﬁﬁgrbf
type transistorapas ?ﬁé%aéftéﬁeaoﬁﬁléﬁﬂon of thkJgaté okidat$oa0dr

after formation of gate electrodes, carrying out a heat-
treatment at a temperature of not lower than 800°C,
followed by introduction of impurities, formation of
electrodes and-wiring, formation of an insulating film
so as to form a transistor.

7. A semiconductor device according to Claim 4,
wherein said semiconductor device is a memory device
selected from flash memory, DRAM, and SRAM or a
computing device.

8. A process for producing a semiconductor device
according to Claim 1, wherein said thermal oxidation is
carried out at least in an atmosphere of a gaseous
mixture of hydrogen and oxygen or in an atmosphere of
H,0. | |

9. A semiconductor device according to Claim 4,
wherein said thermal oxide film is obtained by carrying
out oxidation at least in an atmosphere of a gaseous
mixture of hydrogen and oxygen.

10. A process for producing a semiconductoi device
according to Claim L; wherein the atmosphere of the.
heat-treatment is an inert gas selected from nitrogen,
hydrogen and argon, or a gaseous mixture of these gases,

said gas or gaseous mixture being able to contain 5% or

L



The formation of elgm et canepiigedoxi de film 15 4 and gate oxide film§®6
inthis Exanple is p ﬁ 181148 according to Exanple 1 and Exanple 2 of
this invention, 1 :8 not limtative. _AS . 7, a

pol ycrystalline silicon thin fi|ﬁ]IS for med®2 for s gp;mmﬁWEh is
t hen processed into a shage of el ectrode by a e{c BANTEICess }Fig.
7B). Since streS§% © gEBncentrated into the g de—ti-trr6—of t he

boat Tt vatment 1ECer PoafohEnirBRbheRe  dli bl AckBitiing to R1ain 4,
8o0[err] C, pref %§39L%Pnehe' ApsE £028+2a0k fbkha1 B4 deZ?érm; il OB s

1,410[err] C, preterably not higher than err or at least 5
mnutes and preggr %Hleyhéai:-%eatmenlteiﬁt a%olﬁb&%t %%s fs@le&:'%‘édplffrl%se of

remedyi ng the damage whi ch
the oxide film Rasrsyeher Bgdrbogen gnd04Xxgon, orAhtb&&@bu@hﬁuaﬂﬂﬁﬁphﬂie of
the heat-treatnent is an I nert gas such as nitrogen, hydrogen, argon

or the like theseagasesyr sadll ghsserggasepushmixturep beiagrapleortioai n
about 5% or less, preferably 2% or |ess, of oxygen.
contain 5% or less of oxygen.

: * c L M s *



The materi al conﬁghls het”SBe e el ectrode isnot limted to
pol ycrystalline SI m but high-melting netallic materials
such as tungsten e all oys of hi gh- t ani um
10 cobalt, nickel, tungsten or the liker 83d-la I‘%!"B@.HF’ORF P,c\ﬁtwc ures
made of thin filns of the above-nentioned eri afEEm@ﬁTErﬁl so pe used
as a gate el ectARIRARE OF FHE DISCLOSURE Sub tho-gt

e I S
necessary for forma- tion of transjstor, for.exa |ntroduct| on
of 15 inpurities (306) Afﬁﬁ’?ﬁé’t‘?'ﬁﬁ"%‘? ox rfte‘wr?‘? r%rqguq?%m%@gplng

307), f 0
(()f t%]e vmp{irrﬁzgl %J‘ secondﬁF ayer ?{PI% e {;g r}'ﬂegtlf ornénal o o‘?}{%ncg%% %?fngﬂil: IOR1
15, etc. are oy it eiifleddture of%nﬂﬁf%@w@éypﬁ;téﬁ%éf@r (311). Fig.

7Cis an exanpl e cross-secti1 onal ucture of a transistor

formed by _the Hﬁ%ﬂe&éz&rﬁdm&fém%f'&nﬁrﬁ;wﬁﬁ%@s for Of ofmha@Ebdit Or
formation is not limted to that expressed by this flow chart, and the
nunber of W ri RE laawHahdistor, IWtinmprovell i él/&htfritsalv&?elimmtpr
obtained herein 25 nmay be used in a nenory circuit such as DRAM (Dynam c
Random Access Muwento reddXdt{(isimiofr stareikengemsassted in Mhworolidendfilme | i ke
or in a conputing processor. This Exanpl e has an effect that
t he stress or in the surface of substrate.




- 25 - generated in the gate oxide filmdue to the interna

stress of gate electrode filmin the process for formng MOS type
transi stor can be rel axed, and thereby the - electrical reliability of
oxide filmand transistor can 5 be inproved. - Exanpl e 4

Exanple 4 is explained herein referrind £d O Fig. 9 and Fig. 10. Figs.
9A to 9E are each schematic diagramillustrating the cross-sectional
change of 10 silicon substrate in the process of formng a flash
menory structure by the process of this invention; and Fig. 10 is a
flow chart illustrating the]|process of thrs "Exanpl e.
First, ‘accord'Eniatlo the fl ow chart of Fig. 10, 15 this Exanpl e/i"s’\/1
expl ai ned refE g1t Figs.] 9A to 9E. The initial state of tlhis
"Example is a state that an el ement -separating oxide film4 ar[d a
tunnel oxide film 8 ar e—+erred—eh—sHeon—subst+rate—3—(Hg—9A Fig.

C
10-

FIG. 1B

OO

FIG.1C

N NN XN\

| N T T L A A A O

FIG. 1D

FIG. 1E

FIG. 1F




402). Said elenment-separating film4 and tunnel oxide 20 filmare
preferably fornmed by the nethod nentioned in Exanple 1 and Exanple 2
of this invention, though this is not limtative. On
the tunnel oxide film8 is deposited a thin filmfor use as a floating
gate el ectrode, which is 25 processed 8y ¢t@hing into a floating gate

el ectrode 9 (Fig. 9B). The material constituting the floating gat

el ectrode 9 nmay be any of polycrystalline silicon, high-

- 26 - melting metallic materials, silicide alloys of high-

melting nmetals, titanium qobart—mrcket—tongstemamd tHe—++ke and

| ami nate stryctures made off thin filnms of the above-mentionedi~ 1

mat eri al s. ‘#f _fﬁ& ing the 5 floating gate el ectrode, a heat-trfat nent
may be carried out, iff desired, for the purpose of relaxing the

el ectrode-caused stress nentioned in Exanple 3.
Subsequently, an insulating film 10 consti - tuted of a silicon oxide
film a silicon nitride filmor 10 a lam nate structure thereof is formed
on the floating : '

A e A A e L A A A ™\ 2

FIG. 2B

L

L A T L A L L o e A A 7 7

FIG. 2C

FIG-.ZD |

FIG. 2E




gate electrode 9. If desired, a heat-treatnment nmay be carried out

subsequently for the purpose of relaxing the stress appearing at the
time of formng this insulating film(Fig. 10-405), provided that this
heat-treatnent is 15 not always necessary. Next, a controlling gate
electrode 11 is forned on the insulatind£ilGh 10 (Fig. - 9D). The

mat er.ial constituting the controlling gate el ectrode may be any of
pol ycrystalline silicon, high- melting nmetallic materials, silicide
alloys of high- 20 nelting nmetallic materials, titanium cobalt, nickel,
tungsten and the |ike and | am nate structures made of thin filns of
these materi al s. After formng the el ectrode, a

heat - t r eat ment is carried out at a tenperature of not |ower than
800[err]C, 25 preferably not |ower than 950[err]C, and not higher than
1,410[err] C, preferably not higher than 1,200[err]C, for at | east 5
m nutes, preferably for at |east 20 m nutes (‘Fig. 10-407). The

at nosphere of the heat-treatnent is -
27 - preferably an inert gas such as nitrogen, hydrogen,

FIG. 3
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argon or the like, or a gaseous m xture of these gases, t hough t he

at nosphere may contai n about 5% or | ess, preferably 2% or |ess, of
oxygen. By this heat- 5 treatnent, the stress appearing in the insulating
film 10 due to formation of controlllnﬁhgate el ectrode 11, t he
stress appearing in the process of f or nfk insulating filmand the
stress appearing in the tunnel oxide filmdue to formation of floating
gate electrode 10 can be rel axed. Subsequently, the steps
necessary for formng a flash nenory structure, for exanple,

I ntroduction of I mpurities (408), formation of the wiring of a first

| ayer 12 (409), formation of an intfrgggiqqy insulating 15 film 13 (410),
formation of the wiring of a second 14 (411), formation of an
insulating film15.(412), etc. are carried out to conplete a flash
menory structure (413 —Fig—9E-illusts -an exanpl e of the cross-

sectional structure of ”aBﬁGMIG@F‘SEQE(}'mVE 20 pg dure, provided
that the procedure for fqrOXIDATIO transi st oy’ imted to that

expressed by the flow wiring layers is not
limted to two. Furtjher, the structure of electrodes constituting
the flash nenory i s not I'im'rpd'rn'rhat Qf this Exanple.

SILICON SUBSTRATE }|—_-102

FORMATION OF |
PAD OXIDE FILM | 103

DEPOSITION OF 104
SILICON NITRIDE |+

| PATTERNING OF SILICON
NITRIDE FILM 105

Y

THERMAL OXIDATION }—~+—106

REMOVAL OF SILICON |
NITRIDE FILM 107

HEAT TREATMENT
(800°C OR MORE 5MIN. OR MORE) [+ 108

FINISH OF SELECTIVE
OXIDATION 109




25 This Exanpl e has an effect that the stress appearing in
the insulating filnms |ocated between the tunnel oxide filmor floating
gate el ectrode and . controlling gate el ectrode due to the internal
stress of - - 28 - controlling -

el ectrode or floating gate el ectrode i nStAd O process of formng a flash
menory structure can be rel axed, and thereby the electrical
reliabilities of oxide film insulating filmand flash nenory can be

5 i nproved. According to this invention,.the injury of

oxide filmappearing in the thermal oxide filmformng process of a
sem conduct or device or the injury of oxide filmdue to the
concentration of stresses at the edge 10 part of thin filmpartially
deposited on the oxide film or the insulating filmhaving a | am nate
structure of an oxide filmand a silicon nitride filmcan be renedied,
and therefore this invention has an effect that struc- ture and

reliability of oxide filmor insulatin alil can be i nproved.
Further, this invention has an effect F[G 5ﬂ

4

-
1




that reliability of sem conductor nmenory articles such as MXS type
transistor; flash nenory -and the |ike can be i nproved.

- 29 - WHAT IS CLAIMED | S: 1. A process for producing a

sem conductor device which conprises formng a thermal oxide filmon a
silicon substrate, and carrying out a heaf JtOeatment at a tenperature of
not |ower than 800[err]C while keeping the oxide filmand surface of
silicon substrate in a bare state in an inert atnosphere, followed by
introduction of inpurities, formati on of electrodes and wiring, and
formation of an insulating filmso as to forma transistor. 2. A
process for producing a sem conductor device which conprises, after
conpleting the selective oxida- tion for form ng an oxide filmhaving a
partially increased thickness on the surface of a silicon substrate for
electrically insulating and isolating the sem conductor elenents, renoving
the thin films other than the oxide film carrying out a heat-treatnent at
a _

FIG. 6

BEGINNING OF FORMATION 201
OF GATE OXIDE FILM T

Y

COMPLETION OF FORMATION OF | . 202
ELEMENT SEPARATION OXIDE FILM

Y

FORMATION OF GATE OXIDE FILM |--_-203

ADDITIONAL HEAT TREATMENT |
(800°C OR MORE 5MIN. OR MORE) [~ 204

{

FINISH OF FORMATION OF
GATE OXIDE FILM 205




tenperature of not |ower than 950[err]C while keeping the oxide filmor
silicon substrate in a bare state in an inert atnosphere, followed by
formati on of gate oxide film introduction of inpurities, formation of

el ectrodes and wiring, formation of an insulating film so as to forma
transistor. 3. _ A process for prdﬁ cidg a sem conductor device which
conprises formng an oxide filmhaving a partially increased thickness on
the surface of a silicon substrate for electrically insulating and

i solating the sem conductor el errents,FIGre? er formng a gate oxide.
filmof MOS type transistor and, justia e leting the gate oxidation
or after formng the gate electrodes, carrying out a heat-treatnent at a
tenperature of not |ower than 800[err]C in an inert atnpsphere, followed
by introduction of inpurities, formation of electrodes @And wiring,
formation of an insulating.filmso as to fogna trangngtor. 4. A

sem conduct or devi ce obt ai ne ng @
BEEBTReRaREIE:




thermal oxide film subsequently carrying out a heat treatnent at a

t enperature of not |ower than 800[err]C while keeping the surface of the
oxide filmor silicon substrate in a bare state, foll owed by introduction
of inpurities, formation of electrodes and wiring, formation of an
insulating filmso as to forma transi8ti1.0 5. A semi conduct or

devi ce obtained by conpleting a selective oxidation for form ng on the
surface of a silicon substrate an oxide filmhaving a partially increased
t hi ckness for electrically insulati nft(a &ol ating sem conduct or '

el ements, thereafter renoving the thi i» other than the oxide film
carrying out a heat-treatnent at a tenperature of not |ower than 950[err]C
whil e keeping the oxide filmor silicon substrate in a bare state,

foll owed by formation uction of inpurities,
formation of el ectrodeB WGiQf FQRMATION: OFn | of a@@sul ating filmso
as to forma transi s{ORANSISTOR STRUEGTUREduct of” evi ce obtained by
form ng on
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s :
the surface of a silicon substrate an oxide filmhaving a partially
I ncreased thickness for electrically insulating and isolating
sem conductor elenents, there- after formng a gate oxide filmof MOS type
transi stor and, just after conpletion_of the gate oxidation or after
formation of gate el ectrodes, carryingSo(t! @ heat- treatment at a
tenperature of not I ower than 800[err]C, followed by introduction of
impurities, formation of electrodes and wiring, formation of an insulating
film so as to forma transistor. 7. A sem conduct or device
according to Claim4, wherein said sem condu@ or
selected fromflash nenory, DRAM apk7ams% 27 TINS5
A pr ocess for pr OdUCi ng a Sem ;\;‘;:-:‘_‘"/9,//‘/‘/ ':,’.“)//!_\:\\\\\\“\\\\\'\\\"&éf,{?,%;/'/" \

&4 ////»,%, t «g/'////w gt nosghere of

fﬁﬁfﬁ(Zf in an at /ZKAZ 10. 9.

wherein said thernal oxidation]is 7

a gaseous m xtufe]@, A ogen|and & Y
A sem conduct or devi ce accor di
filmis obtained by carrying
gaseous
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m xture of hydrogen and oxygen.
sem conduct or device

10. A
according to Caiml,

- heat-treatnent is an inert gas selected fromnitrogen
or a gaseous m xture of these gases,
able to contain 5% or

A sem conductor device according to

treated thermal oxide filmis obtained by the heat-treatnent in an inert

gas selected from nitrogen,

t hese gases,

of oxygen.

h
said gas or gaseoﬁlﬁ?f

bei
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