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1 METHOD FOR FORMING TRENCH ISOLATION STRUCTURE
TECHNICAL FIELD [0001] The present invention relates to a method for
5 forming a trench isolation structure in an electronic device, and an
electronic device having a trench isolation structure formed by the
method. More specifically, the present invention relates to a method for
forming a trewEMHERHOR FHORINCUTSRENCISI SO0 DATNORISTRIUSINRET for
insulation in electronic devices in 10 the production of electronic devices
such as semiconductor devices, wherein a silicon nitride liner film is
oxidized at/ahighV teriperditré) BACKGROUND ART [0002] In general, in
elaaropicdevices syeh as daspmicendugiardemaascsermicondugloningg for
elefments, for eyé@%ﬁ% transistors, resistances, and other elements, are

disd<ed bh 4 15 THESRE ethictridtiGor e RMEHE EHYNIE e vice, and

elettricalycimsulated fromedchwdther 2Accerdihglis & aegion forusolatingormed

| h | i t e
e Bl O e o] CEan,Ih itlog relates

thisGsclatioR Fegionifds FHEHE bedn tprovided By séiestivelydeimiity asing a
instilatiog fitmran msuface | phacsemieonthictatisubstiate 00031 ieniheices in

other hand, in the field of electronic devices,. 2.5 in@rec,nt ears, the
de%?s]ﬁy rifg é]géfé%ﬂof f?}tegeﬁa%% 1 Rave @eec‘%%%n&%&@edg %hé%tjggﬁ%u ctor

deflsit) @mel degreecsn integHtion midkesdt Hiffioultitorforsnani iSalationt a high
strietHiee having fineness which matches the necessary degree of

integration, lead emand for a novel isolation structure 30 which

can meet%ﬁ%@gﬁmﬁcﬁiglation structure is one of such structures.
Thi$&litture is such thipt finesdroovies qrei@tﬁzvmiﬂ:'on_a@wm Ofsach as
semicqnAucAr Substaie and an, ﬁ?ﬁ?@cﬂ’?@d@?&ﬁf il is flied into the example,
interior of the grooves to electrically isolate each part betweén elements

: y ,
pro{AiEd 38 fespkeiilEiy BRGsotPdides b e YroovRN Thisstrudtize deed on a
elementistliation canmiealize a parrowenisglation regiemtkans should be

electrically insulated from each other. Accordingly, a region for
isolating elements from each other should be provided between
mutually adjacent elements. This region is called an isolation
region. In general, this isolation region has hitherto been
provided by selectively forming an insulating film on a surface
of a semiconductor substrate.

[0003] On the other hand, in the field of electronic devices,
in recent years, the density and degree of integration have
become increased. The increased density and degree of
integration makes it difficult to form an isolation structure
having fineness which matches the necessary degree of
integration, leading to a demand for a novel isolation structure
which can meet the need. A trench isolation structure is one of
such structures. This structure is such that fine grooves are
provided on a surface of a semiconductor substrate and an
insulating material is filled into the interior of the grooves to
electrically isolate each part between elements provided
respectively on both sides of the groove. This structure for
element isolation can realize a narrower isolation region than
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2 that achieved by the conventional method and thus is an element

isolation structure effective for realizing a high degree of integration which

has recently been required. [0004] Methods for forming such trench

isolation 5 structures include CVD (chel%ical vapor deposition) and
high-density plasma CVD (high density plasma CVD) (see, for example,
patent decimentl)). Thesehmethods, cholener, arectisadvantagedbusin is an
th ' re formed within 0 t : egr S .
o T B e ALt g degree

catfsHive LTad| eBteviotatioR #% PiR/ict ¥reRgA b tHel EBBstrate and
insolating propertesH{0A@5] G the ethennand, ik geder taimprave theolation

trench _groove filling prp ertéé me{h‘ d has,__b?en studied in which, .15 and
a0 USLHAG of SO MGrx e as'4 SSSR the rinkd CHakdg hisme 2"

cansttetbtosilicopldioxide DY hedtitiahtnisnn (doe forexample [patenee, for
documentid.). i this methed hoyever, ineapvertingSilicannygronde &9 are

silicon dioxide, volume shrinkage sometimes occurs resul,tlhrgllg in cracking. )
2 BIRRIOET N BeP 5 sliPpidsals )i Crackiity, & FafHod hikd Bedfie grooves
prepasethis whichypolysilazéare i used istdad ofsilicon hytroxmen@orate is

Zﬁﬁéﬂ%ﬁmem dacuments d-apd ol In thepe methods, Cragking | e of 2

ble to volume shrinkage is “preventeéd by using polysilazane of .
whighaHe (alipie Khrikdgias fitRa ebhversioifts siiebpamadslisnsulating
smallere Ageerding to studies conducted by the present inventors,

h r..these methqds stjll have room for improvement. [0007] In,view

T e DackTiolhG, i Bt Tvh BT e e A e trench
reguiztion df i prelseking: 139, temperetiiedn thesfobmatiors biititeendh  which,
isqlation SUGIWTE USINgPolrazang can feduge the volume,shrinkagemi med

silicon  dioxide anhd conseque@tlé/ can form a goqd trench isolation

StFRAGHB YAtERt dBchRIBKEASEPhikmatHEa TS SheRiethody tHit &hntreatment
prevest thie oceaxramgel of stpudierd defectsn3srRatdnt docimenthis Paterihod,

NQ34£8412 (RAradiaRNSiting silicon hydroxide to silicon dioxide,
volume shrinkage sometimes occurs resulting in cracking.
[0006] In order to suppress such cracking, a method has
been proposed in which polysilazane is used instead of silicon
hydroxide (for example, patent documents 1 and 2). In these
methods, cracking attributable to volume shrinkage is
prevented by using polysilazane of which the volume shrinkage
in the conversion to silicon dioxide is smaller. According to
studies conducted by the present inventors, however, these
methods still have room for improvement.

[0007] In view of the above background, the present
inventors have found that the regulation of a prebaking
temperature in the formation of a trench isolation structure
using polysilazane can reduce the volume shrinkage of silicon
dioxide and consequently can form a good trench isoclation
structure (patent document 4). This method is one method
that can prevent the occurrence of structure defects,

Patent document 1: Patent No. 3178412 (paragraphs
0005 to 0016)
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0005 to 0016) 3 Patent document 2: Japanese Patent Laid-Open No.
308090/2001 Patent document 3: Japanese Patent Laid-Open No.
88156/2002 5 Patent document 4: Japanese Patent Laid-Open No.
273519/2004 DISCLOSURE OF THE INVENTION PROBLEMS TO BE
SOLVED BY THE INVENTION [0008] The present invention has been

made in viewtefthe d1Q-alpave proplenis:ofihe pHorrast and piovides)aen No.

mgtaggag% rgﬁrgﬂg isolation structure formation, which comprises covering
a surfac a substrate with groove(s) formed therein with a silicon

nitride lineP#ilmn¢oating arsiticdn-contal Aipg pesanel adstitonlsritb-theen  No.
siliggn nirige finer film and heating the coated 15 substrate at a high
temperature to oxidize at least a part of the silicon nitride liner film,

thereby alfoWiR§ Voltiffe- Shikagd ‘cal@Bd UBSH theEdmibrston OF theen  No-.

silicaacdptanting polymer to silicon dioxide (that is, a siliceous film) to be
alleviated icli Hm ~and ial with a siliceous film
formed 2f%5’ t‘%@%@t Qd&ﬁE%&i%ﬁ@?@%GTHEwPFgQBLEMS
10009] Ac@&éi%%’kﬁe@e?&%ﬁ%ﬁm,EfP{eﬁ”éﬁE phoyiad st

mﬁg@ggqr formiriglf@t@mﬁ@laii@@ﬁtr#mua;ﬁagcpmﬁs@iﬁgsﬁf Beprol of the
25 forming, on,a silicon substrate, trench isolation groove(s) having a

S ORIl oot Ml Grechr miCHE IALP RIS SoedingEhod for
sulystraas Wwith! a tSofutidniotial rslli€oncosniaining pohymen, seleited fromering a
th%@%%’@eﬁoﬁﬁi%mgtﬂés%@d%@y%%@n%o@@?@yiq@@ﬁé@d@ﬁ%‘%@ﬂd with a

mixtures thereof, in an orga ,Jc solvent to form a silicon-containing polymer
filrH 1 8RG cBiHdHy HUARfreHtiRY tHe ESHIEH SUbSHAR Bt TEMPERRurB &y Mer
fronP Q00C tn120RE wiconwertithede liner film and heating the coated

substrate at a high temperature to oxidize at least a part of the
silicon nitride liner film, thereby allowing volume shrinkage
caused upon the conversion of the silicon-containing polymer to
silicon dioxide (that is, a siliceous film) to be alleviated by the
oxidized film, and a base material with a siliceous film formed
by the method.
MEANS FOR SOLVING THE PROBLEMS

[0009] According to the present invention, there is
provided a first method for forming a trench isolation structure,
comprising the steps of:

forming, on a silicon substrate, trench isolation
groove(s) having a surface continuously coated with a silicon
nitride liner film;

coating the substrate with a solution of a
silicon-containing polymer, selected from the group consisting of
polysilazanes, silsesquioxane hydrides, and mixtures thereof, in
an organic solvent to form a silicon-containing polymer film;
and

curing by heat treating the coated substrate at a
temperature of from 900°C to 1200°C to convert the
silicon-containing polymer film to a silicon dioxide film.
[0010] Further, according to the present invention, there is
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35 silicon-containing polymer film to a silicon dioxide film. [0010] Further,
according to the present invention, there is 4 provided a base material
with a siliceous film, comprising: a substrate with at least one groove; a
siliceous film provided so as to fill the gr@ove; and 5 a continuous silicon
nitride liner film provided between the substrate and the siliceous film,
whereincd deasta partreftithe sllieanitridd lirer ufilmi aving beensing :

oxidized. [0011] FQ@?HQ?{S&QW{H"}%?@%’&%‘?@@ rje&%}mn 10 there

is provided a semiconductor device characterized y "comprising the base
material with a siliBeSisaRMY EFRETTPORTHECINGERTION [001D] fn theoove;
math@d for trench isolation structure formatlon a base material with a

siliceous film can be produced 15 wh h is free vojds or ¢
ithim the oroous And AR oS, S atTan B B L0t argvided
thb siliceous ffim Jorhsddade the dubsaatd) teatuis, ftioses no deterioration

in the performangg %Pe?ﬁméﬁonéé%‘torae'%%‘ﬁ”tcﬁ”%ﬂtﬁsg%ﬁ%'#%amc le liner
Mechanical strength, 20 BEST MODE FOR CARRYING CUT

l\ﬁ’/‘@ﬂlﬂ@‘l\l”ﬂ)é@%@&? f8ff trench isolation structure formatlon In the
megodFor trencﬁmamnmmtumzdormaﬁgn ta tremeh tsalationt invention,

St@’%&‘e'f onmad R %?”%'”%éHé {:&% d?%@g 3HEDS Qt*}%f‘?PQEVLQQuzod by

roove ormlng S ating step ( Cunn
[00%4] Eﬁ&hf&ﬁeﬁ\ﬁnb@e&@eﬁw&«éﬁ@r& M@m a(ﬁ)! GrIoNE f@Wﬁmg step 30 In

the methgd pecordimg tp}{lggem%emtﬂmgantlon trench isolation groove(s)
Eﬂ@d% rmed onIa silicon subs%ﬁ ove may be or ed boﬁfb}lt
scrlbed Tor x‘aamH% Bgt t ocu d??%lr%}th fo-ture
grooveation, a base material with a sili L@OUS film can be produced
which is free from voids or cracks within the groove and has
excellent adhesion between the substrate and the siliceous film
formed on the substrate, that is, causes no deterioration in the
performance of a semiconductor element and has excellent
mechanical strength.
BEST MODE FOR CARRYING OUT THE INVENTION
[0013] Method for trench isolation structure formation
In the wmethod for trench isolation structure

formation, a trench isolation structure is formed by carrying out
the following steps in the following order.

(A) Groove forming step

(B) Coating step

(C) Curing step
[0014] Each step will be described in detail.

(A) Groove forming step

In the method according to the present invention,

trench isolation groove(s) are first formed on a silicon substrate.
The groove may be formed by any method described, for
example, in patent document 1 or 2. A method for groove
formation will be specifically described below.
[0015] At the outset, a silicon dioxide film is formed on a
surface of a silicon substrate, for example, by thermal oxidation.
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formation will be specifically described below, 35 [0015] At the outset, a
silicon dioxide film is formed on a surface of a silicon substrate, for
example, by thermal oxidation. 5 In this case, the thickness of the silicon
dioxide film is generally 5 to 30 nm. [00£6] It necessary, a silicon nitride
film is formed on the formed silicon dioxide film, for example, by vacuum

CYPR.(This & silicom pitriske film 6anunglion #s-3: caskinitheisten Ofenerally
etching which will be described later, or as a stop layer in the step of
pofisHing WHIBR-will be described later. In this case, the silicon nitride film

@s petedlly formediftmadl&;igkaegs af meﬂmtmrfj_e [ﬁm'Vin\ ﬁhmtﬁ$|$:tn the
s gopled pn e Jormed slicon 49 dgxide fm o iisan pigidg fimcTne. s
photoresist film is if _necessar%/*drle. or cured and Is then exposed an ,

devidiepBd it At diten patfertfoGERn aigaftefn 2%kKel ExpBsurd @BnAectching
Ciwiﬁ!%ﬁumu any rﬂ%tf@d kﬁ@l@hi@agém,a&?eé@»owrﬁ@i@SCFé,g@féﬁg rﬁ;}t@%@@ep of
The photoresist.may alsq be a esired,one 1.5 sglected fromthe , ...

T e e T e e, Tt ot e RS A e licon
silitdni divxidefiim amderiing thersikcohimigridb filknaesseguehtially 400 nm.
et?b%%ing the Qhoﬁ}ﬁ%%@@gﬂs%s fMasks vd desiyed patiernds formeds;jicon

N a

in the silicon nitride fi nd the silicon %ioxide film by this_20 etching. o
(08181t dillEdn Qlbatisie’is B dtthel ing theEpattrhbSsichn!Im is if
nitnidedireand dilieah dioxidecfimsasiaimasic to danpo tredch isblatoneloped in

grgoﬁéﬁrgggz' L Hhe widh of the frenc éscﬂ?ﬁ?n g.“ﬁ?‘.’f? 8,%sure can be
etermined by the exposure pattern of the photoresist film. The trench
isCIRfibFgrévie e sericdittetsHElenient Vaifds HEpeRHIY GhoRtABNING
copfgipplated semiepndycior element. Howevelsthe widthhmay Besired one
200 8 200 [ 50 BRe i So g o6 s e e 4 reing to
the€DpreSent inventibis;, &s! bommparddidithfitiencamieritivhat ietod! foxide film
trefih dsplatien sECkrR fsmation dafipwes @nd 888R81tially etched using
the photoresist film as a mask. A desired pattern is formed in
the silicon nitride film and the silicon dioxide film by this
etching.
[0019] The silicon substrate is dry etched using the
patterned silicon nitride film and silicon dioxide film as a mask
to form trench isolation groove(s).
[0020] The width of the trench isolation groove s
determined by the exposure pattern of the photoresist film.
The trench isolation groove in the semiconductor element varies
depending upon the contemplated semiconductor element.
However, the width may be generally 0.02 to 10 um, preferably
0.05 te 5 um, and the depth may be 200 to 1000 nm,
preferably 300 to 700 nm. In the method according to the
present invention, as compared with the conventional method
for trench isolation structure formation, narrower and deeper
burying can be uniformly realized, and, thus, the method
according to the present invention is suitable for the formation
of a narrower and deeper trench isolation structure.
[0021] A silicon nitride liner film is further formed on the



10

20

25

30

W
(0]

burying can be uniformly realized, and, thus, the method according to the
present invention is suitable for the formation 35 of is narrower and
deeper trench isolation structure. [0021] A silicon nitride liner film is further
formed on the 6 surface of the substratéwith groove(s) formed therein,
for example, by CVD. The silicon nitride liner film continuously covers the

susface okthefsubistratelibeltiding theittney sideef( Hhe reavedwharehyin, for
for example, the oxid ?ﬁ'on of silicon 5 constituting the substrate can -

préven e%l.%ur er, at least Igtﬁee sﬁrjfjé%%%aﬂioif;’t 3 sﬁﬁ%ﬁ I?ﬁ?eﬁ%fi}ﬁefg%mfou sly
oxidized bythe stepfoifeutihd Wbichhitbe dedevibed ilatertare inner side of

consequanity, funclignsitoyglaxte stiesswithin the-greave and.at #1e silicon
same time, to |m_ﬁéove the adhesion betﬁ/een the substrate and rEhe 1
i

M % - - o o e o 0 o
silfcdndibKHE Bsiligods ity Bifméd Withh MEYioBYe” AckHangly, @b least
silidon pimdedmear din shotle: cortinuousiyecofiémthies whdldisabistbatethe step

3&2% C%ggggg&gn%hﬁcwteaﬁnofﬁz? grooyepagticlary ingwein%mi%aewy

surf; he silicon nitride liner film is sometimes exposed to a 1
higHRéHperattrerstEam AtmespRere Th thdrstEpoteGingrwhith will bae same
degeribed taterm iy this:cage, theisdicamnitiidelinenfilhaisexidizeske and the

Accordingly, the t@ickn ss.0f the silican nitride liner film is preferably large
o & Vie WSO 51 prSULTRG he RrBdredb 51 1RE oxMBlib todhe o o0ve:

untieel9iHy siliton soBstratec2m whidhi detefiorared device sropeértiesnonuously

the other baadyainge thewddh of the trench gioqyeifsmeddnirior of the
substrate is narrow Hﬁhe thICkneﬁfﬁgf the sjlicon nitride melri film is
u

préfet b snil HoH T VidpBitt BFpréténtity Kiich 4A infalotase:  The
prehamenomthatthe tiénetr grddve is filed withmthig isiicon 25pitridedlinete a

5 Iu@@éﬁ%%ﬁ%@%‘}‘éﬂ% e fing %ﬁﬂ‘f@éﬁ_ jan i_n':'_tég %?@‘ﬁ%%&pcgﬁ@rgﬁ&hich

ove reason, thethickness of the Silicon nitride liner

8 10t prFEraBr [E6%6 30 1160925 ThéiaesHi SRiRon Hitfide! iR film
examplei, g @dstop A layeirin e step offpelishing has hithertoibeem nitride
known: e, SHicop DHg I HSRgP 1 TR PRI PSR S eventing
the progress of the oxidation to the underlying silicon substrate
which deteriorates device properties. On the other hand, since
the width of the trench groove formed in the substrate is narrow,
the thickness of the silicon nitride liner film is preferably small
from the viewpoint of preventing such an unfavorable
phenomencn that the trench groove is filled with the silicon
nitride liner film and, conseguently, the fine irench isolation
structure disappears. For the above reason, the thickness of
the silicon nitride liner film is generally 8 to 50 nm, preferably
10 to 30 nm.

[0022] The use of silicon nitride, for example, as a stop
layer in the step of polishing has hitherto been known. The
silicon nitride film used as the stop laver is not provided within
the groove, particularly on the inner wall. 1t is not known that
silicon nitride is oxidized in a temperature range used in the
method according to the present invention. Further, the above
effect of oxidized silicon nitride is surprising.

[0023] If necessary, a polysilicon film can be formed, for
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the groove, particularly on the inner wall, It is not known that silicon nitride
is oxidized in a temperature range used in the method according to the
present invention. Further, the above 35 effect of oxidized silicon nitride is
surprising. [0023] it necessary, P polysiliéon film can be formed, for r
example, by CVD, on the surface of the substrate with the silicon nitride

lingfilm foemetthetsin, This potysiliconfiiae has tha dollowing funetions:h the
(1) Iﬂ;e on&hgor&ﬁlm IS coqverte to a8 |I%?£ d|0X|de fl |n the cunpgon film

8 f lirer 90!}
volume 5 expansmn enera |s case can rela t

géhéﬁaﬁ’é’tﬁ Hetleenitbe f rtmmihé@ i the) cﬁm@emdmsohmmpéimaéaﬁ@ toerted

siligon glioxide; and @btk adhgsian betwaea the priysilazane filghand, ojume
the substrate can be im ed. The thickness of the qolysmcon film is
GeER 1 96156 RS HeSratly $16-20 A 16VWnen s pohRivoldile ated

i_s Dséddheretisa terdarioyshat the evalomesgansion ohthepmdlysilisamne to
f"@xf%@%"'&%‘éﬂj@e é’ﬂtllkz’“qngwsé%%fé%s%%%v@g!?et%erﬁ% Ysilazane

contributes to significan oved stress relaxation and adh

[062m} (@P@oéﬁﬁg §té%‘i5@ﬁ@x€%ﬁc&&@nﬁ”ﬁl?ﬁ%‘f%%h%iﬁcéﬁﬂéi’ﬁﬁ%“ of the

qum,egiia@camfa!neflagf@e&@h@e@uqflh@ lS{Eormaq! ondiersiliggn3 to 20 nm.
supstrate {Evm% in |ts surfac roove(sg) the rg c%ove formin
s

I‘ .
step. "his difico ccfr? h%%g po fm’é:;r 4% %écte n“gt o§§95I¥S|gP% the
ofm!ysmaﬁw&‘s”lge@tjw@faﬁ@ﬁyd:m!eéfizmaihdfdrmuxmreahi@%éwn to the

[0Q22], e Rolysilazane W?%‘%ﬁh&%@?@th@ﬁﬁﬁﬁwﬁﬁg tQ1thedyBsAMutes to

invention is not articularly limited, and  polysilazanes degcrlbed in patent

douGHERER G2 AR 1 ed 6ha Sxhmsid! o a Pstat 16i°57Ebaring a
pdlygilazanésplttieni2g ls$alple herein will be described. [0025]

Dichlorosilane h%'@gfw%l et ﬁﬁ*?zt%"fn{ﬁ@?’ &5%98%%%1%8 ?Poiymer

dehydrated pyridine erature has been reg[ulat

raf§e 8f -DOAEES0N- iAth sﬁrnﬁﬁ"{@@?‘ﬁ Sib8edderl®/ tHeterfiperhtiffe 6flicon
the sblitiends 30 /iegulated to s20te0Grand aynaia-having @ puttyebove

n%tgrmmg step. This silicon-containing polymer is selected from
the group consisting of polysilazanes, silsesquioxane hydrides,
and a mixture thereof.
[0025] The polysilazane usable in the method according to
the present invention is not particularly limited, and
polysilazanes described in patent document 1 or 2 can be used.
One example of a method for preparing a polysilazane solution
usable herein will be described.
[0026] Dichlorosilane having a purity of not less than 99%
is poured into dehydrated pyridine of which the temperature has
been regulated to a range of -20 to 20°C with stirring.
[0027] Subsequently, the temperature of the solution is
regulated to -20 to 20°C, and ammonia having a purity of not
less than 99% is poured into the solution with stirring. Here a
crude polysilazane and ammonium chloride as a by-product is
produced.
[0028] Ammonium chloride produced by the reaction is
removed by filtration.
[0029] The filtrate is heated to 30 to 150°C, and the
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less than 99% is poured into the solution with stirring. Here a crude
polysilazane and ammonium chloride as a by-product is produced. [0028]
Ammonium chloride produces' by the reaction is 35 removed by filtration.
[0029] The filtrate is heated to 30 to 150&, and the 8 molecular weight of

the polysilazane is regulated to a range of 1500 to 15000 in terms of the
weight&m&e&agam@@@lafvﬁéﬂghpmm raovng the gesisiuadl amomeoniange of

[09301 The, ofga gstlﬁgt begted,io %Peﬂ%ﬁo%@g‘r%&et% ?é'c%?é r weight

pyridine is remo ion under a reduced pressure of not more
thaff %@nﬁﬁiﬁ@‘f’@?@aﬂ'@ dEIGENE SHREN ABIEIN include (i) aromatic

C%@gﬂ}{mys for ems;@olgrggnﬂ@ngoﬁﬁW&sXW@e@e@tmdhwem B0°C, and
enzen, trlmet yipenzene triet ) :

oy e SAINEIITATES 0 GRSt atb AR BB g uced
n-peatane;ei-péntarie fAchexane)i-héxane) H@epté}@dmgpm@nts usable
N-AciAng, |i9ciane: 'joat’flﬂﬁméﬁﬁn%f&ﬁrn%%?ﬁ!@ apd idecadacilpenzene,

cyclic: saturated hydrocarbons, for exampe cyclohexane,

eth§iéieihexane, n'}i%fﬂ‘r;yﬂf‘f/clohexan%t bﬁ@ﬁfﬁﬁgﬁ}ﬁane (iv) {lfpbenzene,
Umﬁiﬂqim@ﬂwwmnw@tby&mme@yplmmer@mﬁmmemami halene,

(li e ) et f X I ther, di r, a

it DGl i bbbl 1l LS
adei&i’é“%?ﬁtﬁva"ﬁm%éf&% ﬂah@mm@etanbﬁﬁéa@%mﬁw%@ﬂ@; .fbu:mtaﬂ@
ketanes 290031} Fyedine isremeved by theldistitationmngder Ihl%c,an@ (iii)

reduc d preszure Até e,sa etlm the orga nic solvent is, also re

to% fate THE PG Sithzale Cohcah SPS% to aéne?ﬁQTBPéﬁge 8%@‘8 exane,
30%I 1yl weighin §eesa}, Thepdlygilayahe solution, is sulsjecfedieyblenzs  (iv)

fitgguon thrauahye SLer i o Blsafion aecyraekatnet more. forn R4 PR anc

to reduce coarse particles avm%a particle diameter of not less than O

pri 3T pARCIEERE BFIRSS, [OY33ETHE Bhole mBirad i EnedRAMPIE ofther,
a thiéthodifoetpreparingda polysitdzanésolutiehetand the method foe, n-butyl

acetfate, i-butyl acetate, n-amyl acetate, and i-amyl acetate,
and (vii) ketones, for example, methyl i-buty! ketone,

[0031] Pyridine is removed by the distillation under the
reduced pressure. At the same time, the organic solvent is
also removed to regulate the polysilazane concentration fto
generally a range of 5 to 30% by weight.

[0032] The polysilazane solution is subjected to cycle
filtration through a filter with a filtration accuracy of not more
than 0.1 um to reduce coarse particles having a particle
diameter of not less than 0.2 um to 50 particles/cc or less.
[0033] The above method is one example of a method for
preparing a polysilazane solution, and the method for
polysilazane solution preparation is not particulary limited to
this method. A method may also be adopted in which a solid
polysilazane is obtained and, in use, is generally dissclved or
dispersed in the above-described suitable solvent to a
concentration of 5 to 30% by weight. The solution
concentration should be properly regulated, for example, by the
thickness of the finally formed polysilazane coating film.
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30polysilazanasolution preparation is not particulary limited to this
method. A method may also be adopted in which a solid polysilazane is
obtained and, in use, is generally dissolved or dispersed in the
above-described suitable solvent to a céhcentration of 5 to, 30!o by
weight. The solution 35 concentration should be properly regulated, for

examipie, by the thipknesssefdhe finaly formed-polysilazarne coatingdilpresent

9£0034% The si.Igesquioxan%h dride usable ir,.thetpﬁrgsent inventionis .

aldd o E&%cd%ﬂ? I%r%iter?]i,3 an)éasﬂggggﬁi%%angmyﬁ des' BEscri é%?’f%;‘ﬁ*@xa”@
exayrple] @ pasitidoesmdnr 3anayhiel duséd. Piwith the caseawithe may be
palysilazanesolufinnntherpesilsgsguioxangydrdeyay betisselyrttinan the

organic solvent to prepare a solution having a concentration of 5 to 30% "
oy WGGHLHETFANAICH GHEILE JaltieRard them Hiiobad BRTGMES e solvent
[0035The silicon-caritabiing polyiey selution deu r40iprepafed nay b % by
C%@%R‘E t??@?ﬂb%ﬂ?@y@@éﬁ%%s.'r rifgthod, r%"%%}%%@éﬂﬁ’ée\?e' before
coating methods include spin coating, curtain coating, dip coating and the
likeé>Bmong them, spin coating is particularly preferred, for example, from

thepwiswpoint of evaenessi ptthe-eoated film surfacayHhd0036ldn.erder tothus
rgalize both t.he trench groove filling pro %r'gy after coating the Jesire
SR ESINTAY Holther SORHEn STU e e BS GAthe DY any desired
siliesrifeodtainifg polyiterceoaiting €in urface!ithe thivkbess of thelude spin
cogled i$iicopceRIAINIAG Nelymer pc%tmgrfr@%iﬁ Preferahlyen theFangs them,
of 0.0 to two times based 20 on the whole of the trench isolation groove
foRAER I A1 GFbotie forFHHig LRy (AL R SHE total (HiokHERE Wt &iikBh the
suhgmtm 'flhé_ sﬁi@mﬁd‘ioﬁde ﬁifnttaecttbre’gsiticﬁmmitsidefﬁlﬂ@" [0037] _
O o et I S, e PR g
CHAMREEVdifiBHR WIPEE | ABsdiisedehy GaKInGISHin Bbahgh wmer solution
examplen©038] Herecent igars simi orderdorimuroveastheotield of coating film
Produetion. Ry many cases. SIemeis haye heeome I9Me o thing polymer
coating film is preferably in the range of 0.8 to two times based
on the whole of the trench isolation groove formed in the
groove forming step, that is, the total thickness of the silicon
substrate, the silicon dioxide film, and the silicon nitride film.
[0037] Coating conditions vary depending, for example,
upon the concentration of the silicon-containing polymer
solution, solvent, or coating method. Coating conditions will be
described by taking spin coating as an example.
[0038] In recent years, in order to improve the vield of
production, in many cases, elements have become formed on a
large substrate. Spin coating involving a combination of a
plurality of stages is effective for evenly forming a polysilazane
coating film on a silicon substrate having a size of 8 in. or
larger.
[0039] At the outset, a silicon-containing polymer solution
in an amount of 0.5 to 20 cc per silicon substrate is generally
dropped in the center part of the silicon substrate, or several
parts including the center part so that a coating film is
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large substrate. Spin coaling involving a combination of a 30 plurality of
stages is effective for evenly terming a polysilazane coating film on a
silicon substrate having a size of 8 in. or larger. [0030] At the outset, a
silicon-containing polymer solution in anthmount of 0,5 to 20 cc per silicon
substrate is generally 35 dropped in the center part of the silicon
smem@, aiysevenabpacts inckidingcthe sebterpdn sattiata coating film
ragely f on the wh bstrafe surf ordet, 1o sp

Eog}op ed [004%%35« sﬂm on- c%ﬁ%i%m %P(S)al me?z%laﬁlj%on o?rﬁg the%ﬁa&m@d

wﬁéﬂ@@mcsﬁ réapEtRate SHFALE] Be s‘?‘liﬂéﬁlé?u’bstﬁé[ﬁé*?s rétitedti@le  silicon

refatively =3 dowi speed foreeskoltcperiad; @&Br’@ﬁef%emm&d a%@éo@l@mwe!y
speed of 50 t iﬁSOO for0.5t0.1 sep respl n|n 0 t th
O rgﬁ % rotat;@n

silidoh SH5StatEs roratbd bt ATER vgw T‘Sﬁs
ro@@@%;ﬁéeﬂ(bﬁsob@@m fiorn 0501 td @meén@aﬁm@m@g)

thickpgss) of the copting filme 14) fio griesied value (Maip spinning), W@f‘@ﬂuveiy

Further, in order to reduce bulg ing of the silicon - contaln#lg poII%/]
cdakiy fﬁﬁﬁﬁ%p t afatitid’ éfSlﬁ(t;oﬁ S(DSHHR Bt B thePSame4i n%@ 4500
tomemoftertiie SolweB0 h thesilicdn-contaimingpalymes cadtitigdilovasing film

my&haaa 45 PO3 é%%bpﬁmlé%n pﬁﬁr%tg RIS rotated at a rotation speed

which'is Righer m or more thanthe main spinning rotation
spdded bt exampl’éuﬁf%ﬁbtati’éh sPEEEbf 1000 ttEBOOE rpMiiti inth 306 the

seg |(final spinninmi :fQQ%bT%mcqai@@ iegnditiensarepreparty around the
re Iated 20,d end| r example, upon tﬁe size,of the slubstr Ee use q
RS e e of IHE BB iE Sormidoronctor SBhient Boqdvent
(O)”iCLi‘ﬁ‘H@ stépcAfteceatting bfahersillgon aontaiaibig polyhher ZBSsdmmmh as
the ¢oafing is tfﬁl§c§ﬁ§@é¥15‘é@%%‘ﬁ%é% p@b%'ﬂgt%‘@p ARichwillihen speed
des rlbed later), The sjlicon containing polymer
ich is ;ghpr y 500 rpm or more than the main spinning
rotation speed, for example, at a rotation speed of 1000 to
5000 rpm for 5 to 300 sec (final spinning).
[0043] These coating conditions are properly regulated
depending, for example, upon the size of the subsirate used
and the performance of the contemplated semiconductor
element.
[0044] (C) Curing step
After coating of the silicon-containing polymer
solution, the coating is if necessary subjected to prebaking step
(which will be described later). The silicon-containing polymer
coating film is then converted to a silicon dioxide film for curing.
Further, the whole substrate is heated to oxidize the silicon
nitride liner film. 1In this case, in general, the whole substrate
is placed in a curing oven or the like and is heated.
[0045] Curing is generally carried out using a curing oven
or a hot plate under a steam-containing inert gas or oxygen
atmosphere. The steam is important for satisfactorily
converting the silicon-containing polymer to silicon dioxide, and
the concentration of the steam is preferably not less than 30%,
more preferably not less than 50%, most preferably not less
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coating film is then converted to a silicon dioxide film for curing. Further,
the whole substrate is heated to oxidize the silicon nitride liner film. In this
case, in general, the whole substrate 30 is placed in a curing oven or the
like and is heated, [0045 ] Curing is genétally carried out using a curing
oven or a hot plate under a steam-containing inert gas or oxygen

atmesphereod, hesieamyis impartantiensatisfacterly, cepverdingrthgon is not

silicon-cqontainj 090| mer to silicon.dioxic#e” nd BP the concentration Of'i
B Y pferBbl) 1o O FCOR!  Hste SR At 1HeL G 1y mer
SOE/6, mbstprefetabtyciot €811 1€ #vahy 709 anpadticutard whemthee quently,

steal SARSERIEATON IS Rakdess hanB0%.the gonversian okifced and the

silicon-containing polymer  to silicon dioxide can easily proceed and,
coREBRGERLRS stvaRiagedidly! derexis sutias (6ids aFe IS ha When
thesb propettiesaf the silicen diexiderfim sam bejimpreved 2¥M/hefm rancirertiple,
gas.i as tm e s..for.example, nitrogen, argon, or
heﬁbﬁgéj%séd?t’%e(ﬁ%] giprﬁ]b’gﬁrlﬁjrésc%[ﬁ ditions for curing vary depending
updhdAé fype of thecsniBeRcdeHRiMiAg OIS 4Ad & U D EovBinatidaptnding
f]t_wc(h Wﬁi%;@” byepifgescgbectf%fée_r)srﬂm@@rgﬁwéﬁIhg_te_rﬁ%eyzﬁée ISand 2
igher, the sjlicon njtride liner film is more likely to be oxidized. As a
oS BaRslon SHIRE. WD EALS K S iuate st Brreblgprever,
immbeimgtﬁhe_ filenmgueztity be dh d3i b éteay . Birn_&he_ib‘myn hza'rtet_jméﬁme Bm is
tempsratyig injowsr e advarse effegtof.oxidation of the slisaRsion of the

substrate or a change in crystal structure on device properties is likely to
e IOTCHBUCERGRAHE (RSUBGHE I 1R IniHode Hcordtig RO prageRp e film
invemntibny cubing isieagied etitein one StagethifrontBEOC 10:200Cwhen  the
PP o S DR s I CTRIEISG gt o
C/EilH; Gind SR BLFHEELIME afteCih@EMperatGiey Fdaches T e tigevaludevice
is gepp@ty dsmig ok \nry preferably dpemin, toGArHinecassapsithe in the
C“g{g%tﬁg §:fastlt e 23 5aMmnsition of ihe,inne aimosehere cane ut
va :
in one stage of from 900°C to 1200°C, preferably from 1000°C
to 1200°C. In this case, the temperature rise time for the
temperature to reach the target value is generally 1 to
100°C/min, and the curing time after the temperature reaches
the target value, is generally 1 min to 10 hr, preferably 15 min
to 3 hr If necessary, the curing temperature or the
composition of the curing atmosphere can be varied stepwise.
[0047] Upon heating, the silicon-containing polymer is
converted to silicon dioxide and thus to form a siliceous film,
and, at the same time, at least a part of the silicon nitride liner
film is oxidized. In general, the silicon nitride liner film is
oxidized from its surface on the side not in contact with the
substrate (hereinafter referred to as an outer surface). When
oxidation proceeds, silicon nitride is oxidized to a deeper
position. Here it is considered that the silicon nitride liner film
undergoes volume expansion as a result of the oxidation and,
consequently, the denseness in the interior of the trench is
improved and the adhesion between the siliceous film and the
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[0047] Upon heating, the silicon-containing polymer is converted to silicon
dioxide and thus to form a siliceous film, and, at the same time, at least a

part of the silicon nitride liner film is oxidized. In general, the silicon nitride
liner film is 30 oxidized from its surface bA the side not in contact with the
substrate (hereinafter referred to as an outer surface). When oxidation
preceedsasdicon nitrigeds exidizethtomr deepen position. Were ibisove effect,

COHEIPS RS I AR e o hrdoraoes sl xRS the

as’a result o) e OXId ton an 5 consequent
inteitR fS2REAEench T afgsrved atrwtmaﬁésqﬁh Hetwdeiée dificéseseed

filppang the 130sybsirateis Ifmﬂmeé i grdento attain thenahove eff'fﬁ@tr film,
silicon nltrlde |s preferably oX the oute

IE? élh or more from o
U PISEEABH Mo datbl o OWECHY prise b Lo Qb gt
thé tickiness 6fdm ﬁh@wr&wﬁmllnérdﬂrﬁv@mmg prafelablyrumfothe silicon

8Q1 ko (ﬁf] m\sﬁ of theysilicon; nitride 'r‘ﬂ%fa&'@‘ rrﬂ@rthwwwgwat thus

of avol oxi atlon of the silicon substrate underl mgthe silicon nitride

lirfeY filh aﬁd@htﬁi??é“\’iéﬁﬁ‘i éiQfaéfér?é?ﬁt@r‘i@r@@fé'&%@rn@%@‘oﬁﬁw&@mce\f\/h@”
Witen ma"mﬁkg@asfofm@e*slilc@mnﬂrmdmemm i$lsmadl, preferablyetdrably,

0’80""‘5%'% gfihgesilicandnjt ”%e '"%e{ t?np?f ete Sﬁe %“Sét{%tgen the

he osmon which'is not es s nmfrom he sub

a@@éd.rm@mb&h%mha:ﬂ% th@léﬁ“éé,é LT @ﬁis@driﬂﬁﬁthde ﬂlmef- i the
is dngrepsed: Thesfilm ghiekness after heating is 15 preferably not less

than i I ferabl tI than 1.5 I th

A Hhickness DBIR REAGHRE (0B8] WHEK M2 potsilon Auen itride
prvided foimthe silicotr atitsicid linerlfilm, thepolysilicorefile: Bfgenefaitpting is
0’%@@?&{?&?'%‘8@”5%3%‘%@ the silicqp aitrige linerdilg)aThg arerably not

polysilicon film may be oxidized either partlally or entlrely, The olysmcon
filh 7 preférably oxidZ8a%ntir8kEREm ihelieipéint' ’Hﬁ"én%hffﬁa”’@ ss before
inslatinggproperties. [0050] In the method for trench isolation structure

[0049] When the polysilicon film is provided on the silicon
nitride liner film, the polysilicon film is generally oxidized
simultaneously with the silicon nitride liner film. The
polysilicon film may be oxidized either partially or entirely. The
polysilicon film is preferably oxidized entirely from the viewpoint
of ensuring insulating properties.

[0050] In the methed for trench isolation structure
formation  according to  the present invention, the
above-described steps (A) to (C) are indispensable. If

necessary, further steps may be carried out in combination with
these steps. Steps which may be combined with the above
steps are as follows,
[0051] (a) Prebaking step

The substrate coated with the silicon-containing
polymer solution may be prebaked prior to the curing step.
This step is carried out for completely removing the solvent
contained in the silicon-containing polymer coating film and for
preliminarily curing the silicon-containing polymer coating film.
In particular, in the method for trench isolation structure
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25 formation according to the present invention, the above-described
steps (A) to (C) are indispensable. It necessary, further steps may be
carried out in combination with these steps. Steps which may be
combined with the above steps are as folows. 30 [0051] (a) Prebaking
step The substrate coated with the silicon-containing polymer solution

maytoa Prehakedcprerta the eyringrstepp Adis:step isicarmied aut f9sing  the
cor pletely rem vm ﬁe solvent contal&gd |nr;[he |I|c0{1mconta|n|nrg imor
poTymer coa(fl Al hd 767 é?préh manf‘f/ cur@ng e sl Con- coné?alnl ng prove
pdlgamei@aaaﬁ@ﬁﬁmof In parttulR OinaHel methdd-forteeAch isdtaidrably, t

stiyiciwg|di3 fosmalion @%‘E—%Wﬂ%@ﬁ'ﬁ“@aﬁ@%@@i WY@’WQ@B%"IQ%W@G (C).
taining poly, treatment can improve t
LA of the SMLBES B DAL OAr S Por ey FHE TpARiakgmethod
stémis bsachinachmphipation wth cs!teﬁr@@i")ntqg(@s) 5:40062) Httlaem_jbcstantza!iy
prEBﬂ‘é‘E&?E%!ﬁHErBE‘%F@” i %H@%H%%H‘E‘%h%‘i‘or%g {%&"hﬁ% coating

eatlng is carried at a substantia y constant temperature Int
conVENBERAD KethBal e Colitity fifts SHiRks IdURRE dGMRgakéaItng threcess

the-formatigre ota rsﬁﬂ%a:awht@rt@emh iselatiomgrapne patianeing: of voids
occurrence gf v0|ds n the interior of the groove. [0053] When the

pre%aklﬁg t trr?en? arri%daout in the method according to the present
inV&tiod | preferabifii e tempeiaburindhy prelaking stepasréentroliddin t

angh preRakingdsocannigd auf Whle raising:the t?ﬁlp@aﬁ%%r# W'ﬁ?@@%at‘ﬂy, the
this 15 case, the tem erature |n the rebakln

R e T o5 BT MR b oty 400 5 H66ce M LRREKING is
reqarrs@tbrcblmé prebakingsstep s @él%rmlmmsetttoeswmim preferablyn this

%to t‘»%mg St[é’p?é%M%thﬂﬁjst@ﬁé "SI I‘Hjﬁwtg t%e éRQP%]?H; in a

e pr include a method'in wh perat

atﬁ%@%“ér%%r\ﬁhi@ﬂ@l@ Kibstiate id platied |§ra%re€?f @@B\y\‘ﬁséq{? g0 300°C.
mem@dtiwmle@dh&tﬁﬁnﬁ@raww ig raised i monatonically ke bighest) sec to

preBaKing tEemper e IndBesec to 10 min.
[0054] Methods for raising the temperature with time in
the prebaking step include a method in which the temperature
of the atmosphere in which the substrate is placed is raised
stepwise, or a method in which the temperature is raised
monotonically. The highest prebaking temperature in the
prebaking step is generally set at a temperature above the
boiling point of the solvent used in the polysilazane solution
from the viewpoint of removing the solvent from the film.
[0055] In the method in which the temperature in the
prebaking step is raised stepwise, a series of procedures
consisting of keeping the temperature of the subsirate at a
specific given temperature for a given period of time, for
example, at a temperature T1 for a few minutes and at a
temperature T2 above T1 for a few minutes, and further
keeping the substrate at a given temperature above the above
temperature for a given period of time are repeated. The
difference in temperature in each state is generally 30 to 150°C,
and the time for which the substrate is kept at the given
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prebaking step is generally set at a temperature above the 25 boiling point
of the solvent used in the polysilazane solution from the viewpoint of
removing the solvent from the film. [OOSSé In the method in which the
temperature in the prebaking step is raised stepwise, a series of

procedures consisting of keeping the temperature of the substrate at a 30
spexifip g temiperature ol g (fiverepetiod3oftimef for cxaampleratarature.

terpperalufe.Tifor g feyyming

few minutes, and further

tf%?g A5, RMPRYAIUIE,}? afave ériié Alificantly

e€ping the substrate at a given temperat

abbveaHePaBbY tBRFJERAUTE feP4 §iveH Periddl 6t iR re repeated. The
35 diffesEnce in teprperaiieringach stateriscgeneredly 3G toghadakand in &

thg&m%or which the substrate is ker%t at the gi
a

18%ec tt%@ B @SP Ech 18

ven 14 t

mperature is ,
BB Bure. VI erret of theeRgiptage

ingertiohkéan be sighifivaritly devéloped By presdkingrindesugrerature)  is
conditions; {QOBRLECL@xAPIR: HLibS 6ase of Rrehalking ib 8 -aMMersigoe the

stage prehaking temperature
, the first-stage prehaking

te[frﬂﬁei%ar"t@]{re is preferablyu m@!ﬁa_ngmof () Ades(@/4)X(Ch BB HiRgr in a
exaipple, dn %Castcr%ﬁj_gﬁ’é%%%b@@ in g, 10 three-stage, m&ﬂéturq:h[(i}gésstage

AR O s

manner, when the

stage prebaking temperature (highest preba

teRiifdratarayis WeIo)p @ia fisestddt phasdking @hijeraturetRipresriblye) 1S
inme%nm@ﬁ(iéﬂ)étﬁgé/%)ﬂt{@ wfm@f t@g@@@@@kﬁ;@g@ gwe%igmgy in the
temperature is, preferably i range of (5/8)A to (7/8)A(C). 15 [0058] Far, .
R, B L e o st Rg R T king
xylefiene (sedria thenssiieiiakdre rsblutiorn and; af thé Sae time/ 88)A(°C).,

teg’@@%%tﬂ“e of 2.G0(; isxsriested asHhe MHobEsy BIRPRKINGE PSRy point

(a) jn the case, of re-baking in a two-stage temperature mapner, ,
1oL SE58 B phafaking WhibeR e e el the Parigiof B0 K1 a7ane

the

1.50G;tiand (b i, thetcadecof gmehakibigriee A threlesstage tmperatiire2 00°C s
mapnes. e UistFHaos RIRREKING MRS AR5 BRIGHARC (a) in the case
of prebaking in a two-stage temperature manner, the first-stage
prebaking temperature is preferably in the range of 50 to 150°C,

and (b) in the case of prebaking in a three-stage temperature
manner, the first-stage prebaking temperature is 50 to 125°C

while the second-stage prebaking temperature is preferably in

the range of 125 to 175°C,

[0059] Specifically, also in the method for raising the

temperature stepwise, multistage temperature setting is carried
out so that, in the whole prebaking step, the temperature

reaches the target temperature by a gradual temperature rise,
[0060] Further, in the method in which the temperature is
raised monotonically, the temperature rise should be 0°C or

above relative to the temperature of the point before that point.

In this case, the difference in temperature between the current

point and any point before the current point may be 0 (zero)
In other words,

but should not be negative,

when the

prebaking temperature is plotted against the time, the slope of

the temperature curve should

not be

negative,

Here the
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while the second-stage prebaking temperature is preferably in the range

of 125 to 175 C, 25 [0059] Specifically, also in the method for raising the
temperature stepwise, multistage temperature setting is carried out so

that, in the whole prebaking step, the tef‘nﬁberature reaches the target
temperature by a gradual temperature rise, [0060] Further, in the method

in swhich théderape atues iz 80i raiged ayenbtonidally] the enperataratisee rise

should be %s?hﬂ‘?%%eg Flative '*95%86‘7 Wﬁﬁraﬁgf@r@ﬁi{?oﬁ% tt%foé?} HRt/min,

point. in this case, ifference Jrtemperature between’the curren
pofb&nit iy peintsEteke tReltaframtpoift May i6 dlifere) Nbiutisnb@a to the
noy bg megative.gpgther wertlss Whigo therdb prekakingtemperatdigds/ er, the
plotted a ai@st the time, the sIQpe;,otfmthe tgm%%rat re curgﬁ should not. ¢
be ﬁé@?&%@ Wisrd the 18 SubstPie ferbarat iris GaHbraily riilelf BPAMTS ©
tesiparRreaisty rat e gangecof Oty SO0OMUs eprefevabii.dke groove
300G(1ein, - When the tempariatyg rise rate s highgy thecontibution e of
the degree of process time shortening is larger. However, the 5
teMPBratl#&3H38 rate is preferably low from the viewpoints of satisfactorily
repiodvig jthe solvattgpresgntamithomthe prooverrsireicititer andisreadining lled so
safisfactori izati lysi .10061] T ression "tike ..
o e T e Hamsiucs e Biehakivd Slepime
is FISEd wittPime?Nddéd fiot ifdhiide, Foroéxaitiple, the@asewhere avhere  a

lonsiertperateie substraiglis transfereed fo highr lemperatugr, Isonsitipns ature
and is rapidly raised to the same temperature as the _atmosphere - th

te SR ST S frd DB IS BrERGIe Wile T T anRa sy Fhare 25 the
subltrate st that teatperataiel 1 this ¢asb e afthbughahe debstrateaked while

5 ICHPRIALIR IS Jaigsd Wilbume,he, lempsralilpise i nekconyplleg ando s

in this case, in many cases, the effect of the present. invention cannot he
atfAineal 0621 T he empertturt tBnFSRRtHe prebiking Sefisotime, the
cargetparfon prevesdings a mapiddentperiddure #isd inithet lcoatingfdm im many

th%é)égg?l%iﬂ% Sé‘?Pe%%Mﬁ%%%&%t invention cannot be attained.
[G062] The temperature contro! in the prebaking step is
carried out for preventing a rapid temperature rise in the
coating film in the prebaking step and for raising the
temperature at a lower temperature rise rate than prebaking by
conventional single-stage heating. The reason why, for
example, the voids within the groove are reduced by the
method according to the present invention has not been fully
elucidated vyet, but is believed to reside in that, when the
temperature of the substrate is rapidly raised, the surface is
excessively cured before the solvent is completely removed
from the interior of the trench isolation groove and,
consequently, the vapor of the solvent stays within the groove.
The present invention can solve the above problem by
controlling the temperature in the prebaking step.

[0063] When the method according to the present
invention is carried out in combination with the prebaking step,
preferably, before the temperature is lowered, the substrate
which has been brought to a high temperature by prebaking is
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temperature at a lower temperature rise rate than prebaking by

conventional single-stage heating. The reason why, for example, the

voids within the groove are reduced by the 25 method according to the

present invention has not been fully elutfiated yet, but is believed to

reside in that, when the temperature of the substrate is rapidly raised, the
susfabgestesicessivety euratlibefiore thieesolvent iscompletelgreimovéthat the

from the dpigiipi-ofdhe; frenchiselation grooyeARd, R conseguentiviby e and

vapor of the solvent stays within the groove. The present invention ran
sofethidi ghea pFEBTEN: Byt bR triling theltE Aflfe i thehrERdkpfRyature
stefk [PR63]Whenthe methodh pecording tarthe lpresentbinkéntion iswhen the
cayried out.in combipation with the prebaking ste referably. re.
Cor oL oAU I 00 S RIFETD S e
higH teRferatire ByHrebdRNG €6, dilisietrod totha Bdrifigstep firsgsmay for
statq that F*@ﬁ é%ﬁ%@%@@é%ﬁ%‘ﬁﬁ@ﬁg@& Rrgferably 50C or above
anf %ﬁ ] |g{the}: tem eratu%%nt e prebaking and a temperature below
th (131 % t Q Qljéi’u &' Brehakinq.When the 5 substrate is
subjected to the dfitag stbp befoce thetempéanatgepof yhe substrateng film is
lowgred ,thﬁw%n%@?’ﬁ@dsﬂ% RECRBSANEIYF FAISIAG e RPREIBLYE 3038 1t g
can be saved. [0064] (h) Polls_hln%??tep After the silicon-containing ,
poljiREF Caking RIMAY €L culéy,HNE cBRst st rPaIbKRERRDMA it9ating film
unpesessary part ish preferdblysenfoved: Toithis end the polysilazaneved by
coating film_provjded o Irface of the substrate is first re by .
polﬁgr!ﬁ%él rrBF%is stcﬁ%% f%%ﬁsﬁ%g%t%p% ngﬁ iééisﬁ?%gg étepﬁsﬁnéaﬁgg %i}?%((e% step
outrEftér fife €afifg treatiiert talte fftdively: I I8 wHER e Piidbaking stemidvely,
CWWQ;@%@ %@Qﬁﬁ'ﬁ@ iR thes p@é?ﬁ'@@ sieR; me&ﬂlﬁblﬁ&ﬁ@ﬁ MaYh the
be catried out mmedmﬁly aﬁe@rg%aklng.?[f%%] The polishing is carried ¢
out By T @?ﬁicaﬁﬁ@cha Lal pB’I i r(\l refttatter rété&rfed c?asaéi\mﬁﬁ ou
Thig 2@ gotishingddy MR chn lbergarried out by conventional polishing
[0065] The polishing is carried out by chemical
mechanical polishing (hereinafter referred to as "CMP”). This
polishing by CMP can be carried out by conventional polishing
agent and polishing apparatus. Specifically, for example, an
aqueous solution prepared by dispersing a polishing material
such as silica, alumina, or ceria and optionally other additive
may be used as a polishing agent. The polishing apparatus
may be a commercially available conventional CMP apparatus.
[0066] (¢) Etching step
In the polishing step, the silicon dioxide film
derived from the silicon-containing polymer on the surface of
the substrate is mostly removed. In order to remove the
remaining silicon dioxide film, preferably, etching treatment is
further carried out. It is common practice to use an etching
solution for the etching treatment. The etching solution is not
particularly limited so far as the silicon dioxide film can be
removed. In general, an agueous hydrofluoric acid solution
containing ammonium fluoride is used. The concentration of
ammonium fluoride in this agqueous solution is preferably not
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agent and polishing apparatus. Specifically, for example, an aqueous
solution prepared by dispersing a polishing material such as silica,
alumina, or ceria and optionally other additive may be used as a polishing
agent, The polishing apparatus 25 may bhé a commercially available
conventional CMP apparatus. [0066] (c) Etching step In the polishing

sepstesleonoris i deaved fonsicensonsani polymer
on ( ace o supstrate IS moslly remaqQved. In grder to,remove e. ..

o o R ogs A e e S e RerSiticon
catriediold. ftiiscanirorepractivetd ysean @iehing réotdionffarithe substrate,

etching et Thegiehiogseluyo waly boed 30 [ 8% m, is

g Seatmant T B foLchart

the silicon dioxide film can be removed. In general, an aqueous
hy@teflubRE ERiE SoltioR BB EBAtainingearm AN HiudFe S Gse il Thd o rmed
concentration:of rammeniumdiuerdderin: s idueausisoltion isrprefaiablys not

not 1 7 less than,5%, mo referably not less than 30%. [0067] Whena ..
SESHATRAS TS ol el o thes AN CHGAUE i B AUyt <

théGurfeice of the etBstride, ssubségently 1dthe etchingGstepo(d)fihe is not
silicapcyitride-filmis: A @lep remaygd By etghings Tihe silicapAiadesiper fbm be
formed wﬂ%m th% groove is tfurled in the silicon dioxide and thus is not.
rerfovEt Niso in'thisTGBRAY! tre BEMERY Gtis RBmATON TractcRRadecdic acid
etshjh_gtﬁmm_tﬂqavir(h@ etchimgcsofitieniismaif padicUkasly limied 36 far as used,
the sticannitpde fimeanHel0 cemoyad. (n.gensral: NoWeyRuB oo C.
aqueous phosphoric acid solution having a concentration of not less than

7096 OG5k 82 A d TR fliiderdiitesidigeRaraIN FBgulated to about WOC.

[0068] Base materiakwithssilicaaus film Thetbase matesiabwitha siticeedsng to
film according to 15 the present invention can be produced, for exampl e
oy e et o B e st e b Rttt Be s g E By the
feaflrbls @f tHe balye malferialowith @rsilideoud fila i ehat.dd teast pankllpl the

oxjdized:silican pHedsdinerdintis-Rrovided betweeso the silieeoysiike ardeast
the base material, . - . . . , .
partially oxidized silicon nitride liner film is provided between

the siliceous film and the base material.

[0069] The partially oxidized silicon nitride liner film can
be formed by oxidizing the silicon nitride liner film
simultaneously with the conversion of the silicon-containing
polymer to silicon dioxide. It is considered that this oxidation
causes expansion of the silicon nitride liner film that improves
the densiness within the trench and can suppress the
occurrence of structural defects. Preferably, the oxiation
degree of the partially oxidized silicon nitride liner film is not
less than 1.0 nm from the outer surface, and the film thickness
after the oxidation is preferably not less than 1.3 times, more
preferably not less than 1.5 times, the film thickness before the
oxidation. When the polysilicon film is formed on the silicon
nitride liner film, the polysilicon film may be oxidized partially
or entirely, preferably entirely from the viewpoint of ensuring
the insulating properties.

[0070] The oxidized silicon nitride liner film contains
oxygen because of its partially oxidized state. When the
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20 [0069] The partially oxidized silicon nitride liner film can be formed by
oxidizing the silicon nitride liner film simultaneously with the conversion of

the silicon-containing polymer to silicon dioxide. It is considered that this
oxidation causes expansion of the silicd® nitride liner film that i improves

25 the densiness within the trench and can suppress the occurrence of
stiuetural-defents: Rraterahly, the exibtianidegree ofithe parialty oxidizedikely

silicon nltrlde I|ner film is not, less than 1.0 nm fro th urfa
Of|Im thick ngsﬁs after the %)xu\j/\é%on fis prefc?g’éll)}‘/n%ot$ess é{i%ri Sglgrﬁqes%m%

m@wg@@remaﬁws ABMIcss IrALS irResSthe filmehickiessasbforedHeing in
OW@%'@QB th@é\?ﬂi@'“cgwﬂi@ﬂﬁﬁ%med R thsf%@ontaltrlgeéwat this
fllmFéhe por%/ Llcon film me%% e oxidized p rtially or entirel prgfe ny ’

erttifdR RIM T "Eh8urirtg’ The ﬁg%laﬁ SO tle%f silicon
[OoTDlidbe lmwmlmé’dl Bﬂlcahmﬁhﬂeﬂmemﬂmﬂt@dtamﬁ% prygendégcaudecofsilicon
its parially; px ﬂﬁt% '?élﬁ?yl%cﬁx eB ishighdh§ess of not

densiness Wlt e tren y\iéi?% to be e ance Wwever, excessive
oﬁlﬁéhowismnéurﬁ@%, JRES W ﬁ%h*yuw&ﬂ@ﬁér@@te e BXRiZEP™ the

resultingrin: eleteriorated device propertles In order to prevent this 5

Ie phen eno com atlon the SI|ICO nlt er, .
fllrllnét% uld be av peC| ca?yﬂ e Sil&dn nr??rlie ner B?y% fck from

prﬁ@aﬁiﬁwatmmzﬁd byey thidkngss e noxildasithanof m%ﬁ,errwéstrate and
Prefirablinot igssdhan i EREDe sphsteaten AIOTHERE BN film is
nitride Ilperfﬁp jﬁPreferjbly thlcﬁfrom thlf wpoint offreventln hf_ ¢

oiddtforrbf e JBStratd AYEEH RN ke e thidkiEsE Bt thediddm, for
ni&bder‘r’rr{d@f,llmwstbme%‘m@lydmg:evﬁoweve«i the fotmatioA of @rdenehy, the

fllmkfagn@%mgkeiwghgq Eg ‘i’v%’ﬁil'%dﬁf Lo ﬁﬁ%oﬂg!;?%ﬁ Eﬁg}gfer&ﬁ ign is

ness of the silicon nitride liner ore the oxi

tolHE iR AhbteSpréret Aol o 6 80FR [6675% The sttukturLotér than the
stiunigre pf the silicen nitridectinee filmemay berthe same asithecture of the
o) ue%tlonr%]tmde liner film may be the same as the conventional
base material with a siliceous film. Such structures are
described, for example, in patent documents 1 and 2.
EXAMPLES
[0073] The following Examples further illustrate the
present invention,

[0074] Preparation of polysilazane solution

3

Polysilazane solution A was prepared by the
following method.

[0075] (1) Dichlorosilane (48 g) having a purity of 99% or
higher was poured into 500 g of dehydrated pyridine of 0°C with
stirring.

[0076] (2) Subsequently, ammonia (27 g) having a purity
of 99.9% was poured into the solution with stirring over a
period of three hr while holding the solution temperature at 0°C.
[0077] (3) After the completion of pouring of ammonia,
the produced ammonium chleride was removed by filtration.
[0078] (4) The filtrate after the removal of ammonium
chloride was heated to 50°C, and the remaining ammonia was
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base material with a siliceous film. Such structures are 20 described, for
example, in patent documents 1 and 2. EXAMPLES [0073] The following
Examples further illustrate the present invention. [0074] Preparation 25
Polysilazane solution A was prepared bWhe following method. [0075] (1)
Dichlorosilane (48 g) having a purity of 990/6 or higher was poured into
50:gafdettydratédh pyritine:af-0 Cowith astiring. @rOQ@@@@]a@M polysilazane

Subserusni, ANIANR (27,01 NAying @ purity 99,956 vigs poured into

the solution WI irring over-a perio ree Ie holding the

solfontémperattive aM@W@OWﬁ%B)’WﬁE@QhérE&néiéﬁorf Gipéarimyf er the

amm@m@;a lﬁ%fr%‘ﬂﬁﬁf@ @r%] MO ﬂﬁ&ﬁ;”ﬁﬂ X\t@&@em@yﬁd %bsflitr@t@r?re @3% 0°C
0073] (4) The filtrate after the remo amm chloride was te
¢ Btoal T8 M i

to 0E=AnT the r%ﬁ?a ning amHoni 1@% HEIHGkERY rdine and
coittaited darodice g polysitazane dwmving laoweightAvesage maeghlar

weight{ 2000. [Q%BO}r@xwé?yﬁﬁ\éé?%wm%'ﬂt%%%%@ﬁE%f h&s purified

removal of ammonia, and the mixture was distilled at .50C 5 under a

reblicéd pHISHIRS of! b FHROgHY RISV Pl e @ fE§lRdiethe ccuracy
pahyfm@r concentrafion to20% by weighir {0080] (6% ¥ hegpalyriersalfitiont |ess
th t d ifi tion f t I t

g S U, R D RGBT v

led4i 10 thareo2qim cCoHtRiRsdiR tHe poiymaersolatsr Was me&dirdl Gvith Ltd.
a payticle sounienK40BE maniaetered-by RION Co., Ltd. and was

’ artchS/cc 081] Preparation of silsesguioxane hydride
o Bl SO eparton of e

urian
a method descrlbéd indgstenttdoturnent 8, arel Ia%@es@m&iﬁandtg was
SOM%“?@‘M%Q@P%?QM%Q?%é%ﬁ%ﬂ‘??%@%@ck%@tﬂfﬁéﬁn@%o and a
sii esqumxane hydride solution B was prepared.
[0082] (1) Benzenesulfonic acid hydrate (50.0 g), 150.0 g
of a 35% aqueous hydmcioric acid solution, and 650.0 g of
toluene were placed in a one-liter three-necked flask, and 200 g
of a solution of 25% by weight of trichlorosilane in toluene was

added dropwise with stirring at 400 rpm over a period of 50 min.
The mixture was stirred for additional two hr.

[0083] (2) This reaction product was poured into a
separatory funnel, and the organic layer was separated. The
separated organic layer was washed twice with 100 ml of 47%
sulfuric acid and was then washed twice with 100 ml of
deionized water. Subsequently, about 20 g of calcium
carbonate was added to the organic layer, and the mixture was
stirred for 10 min. Thereafter, about 20 g of magnesium
sulfate was added thereto, and the mixture was stirred for 10
min. The solution was filtered, and the solvent was stripped
from the filtrate. n-Hexane was added to 17.4 g of the solid to
dissolve the resinous material, and the residual crystalline
material was separated and recovered as a solid.

[0084] (3) The silsesquioxane hydride thus obtained was
dissolved in xylene to prepare a solution having a polymer
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of a 35% aqueous hydrochloric acid solution, and 650.0 g of toluene were
placed in a one-liter three-necked flask, and 2003 g 20 of a solution of

25% by weight of trichlorosilane in toluene was added dropwise with

stirring at 400 rpm over a period of 50 nfifl. The mixture was stirred for
additional two hr. [008.3] (2) This reaction product was poured into a
separatarytfurineh) and HeYordapiclayghwas separatedcThe 26 was purified
separat rganic | ; W, ice wi ; 4 IC, iy ooy
] T OIIG  F clora agay oW ccuracy
Sublsétdently)-abdt 207y '6F BAEIHH RaMEH&AE WaY Hided tl#ife Bfgarié eSS
layera and the mixturerwasn stirred fon a0 mairy Heereaftertiaboul 2@ gokasured

magnesium 30 sulfate was ad ereto, and the mixture was,sti or ..
O TG ok A il o et ind SO el S G oo
filtesate Wi F éxariedwss Badédrdricias b the solid to dissolve the

resingus matsrials anchthe tesidial systalling Hatetal was separated and
recovered as a somm%ﬁﬁé silsesquioxane hydride gws L
obtained was disSOREd in! RIEHEHH prépATS Sesdlitfdn RAVIRGE pdlyferilicon
20sicbntemtatiars of 20kbvoy weight rdivddhet solutimtwas punifiech diynent” in
cir@%%;w ﬂ'gﬁtﬂFfﬁf/&UQh a filter with a filtration accuracy of 0.1 pm. The

number of particles having a size of not less than 0.2 pm contained in the
pol{&6dolution Wwak Me&dlifed wittp ¥ igtifiEeountsr kS4pst by thermal
manyfastised bynRIONGeia bid. candawasifeund touhes Brpaiclesiec. a silicon
[0085]. Faormation of trench-isplation--g m Trench isolation.groaves e

fon e 4 Dlod S LA e P A SIe A tng E Vi
erb&dirmént” in 102Patént NGO B178AER. [0086] (1) A silicobrdioxide dilnformed

wag|ferrped by thesmal; axidationiong éurfgg%@qﬁr%ﬁilcqfr\gé%b\?g%@g%g aand
IIm by :

silicon nitride filar was formed on the silicon dioxide fi (

2 RSB L ESLUT GRERE Yol ok 18 ST EGRSd i A D w2

thécassembhowiaséxploseti aad rdeselopeid byrphotolithogvashy fok um, 0.05

PatteINIRg; The PASMWAS) 5 im, and 1 um.
[0088] (3) The silicon nitride film and the silicon dioxide
film were successively dry etched using the patterned
photoresist film as a mask. Holes passed through the silicon
nitride film and the silicon dioxide film were formed by the dry
etching, and the silicon substrate was linearly exposed.
[0089] (4) The photoresist was removed, and the silicon
nitride film was exposed. The silicon substrate was etched
using the silicon nitride film as a mask to form a groove
structure in the silicon substrate. Further, a silicon dioxide film
was also formed within the groove by thermal oxidation. The
formation of either a silicon nitride liner film or a silicon nitride
liner film and a polysilicon film was then carried out by CVD on
the whole substrate surface to form trench isolation grooves.
In this case, when only the silicon nitride liner film was formed,
the thickness of the silicon nitride liner film was 10 nm. On the
other hand, when the silicon nitride liner film and the polysilicon
film were formed, the thickness of the silicon nitride liner film
and the thickness of the polysilicon film were 10 nm and 5 nm,



10

15

20

35

formed so that the final pattern is linear grooves of 1 prn, 0.05 um, 0.1
i.am, 0.2 prn, 0.5 um, and 1. p.rn. [00r88] (3) The silicon nitride film and
the silicon dioxide 20 film were successwely dry etched using the
patterned photoresist film as a mask. Holes passed through the silicon
nitride film and the silicon dioxide film were formed by the dry etching,
anwﬁméstlﬁwaiyubstrate was linearly exposed. [0089] (4) The photoresist

ab ﬁqﬁb % 1S|I|con 25 nitride film was exposed. The silicon
strate as etc Egbthe silicon nitride film as a mask to form a .
groove structurefn theegificon sahatiae. FifHEELABilivoasdidkide fish by the

wes Ats@ farmedevithin the groovechy, tharmed exidation, ke thasmationselation
either asmc n nitride éne fllm r a silicon nltrlﬁe 30 I ner film
h

nanda . .o
po%fs?l?c%%gfllr% Was then cgr(ra*le Ou\f%fé?i}a tRe ﬁ%@sﬁ@t%@t@ having
suffaséi tformi tréneh lisotatibhrgraovekn asthis fedde, witersodlyniié provided

sil%ngr?g,lm[igmwﬂ% ?rmed the thickness of the silicon nitride liner

film was 10 nm. On the_ othér hand, when the silicon nitride liner film and

the Y8R Silicon 35, WRrESHORARE Sthé ThitkASss/bf MBSSHEBR hitAdo Ve was
lineo filra danch tire thiekndssoot the ipelysiticob filmpiere dzQinmg anddenrupating

ly
formZ‘EPE)%F e o|%%a$&m%%ﬁ%%. cé@l%é\%;éoh% Ing { ﬁ%ﬁ?@ 20 sec.
isofafiem 5@%&65%@&@6&/% aH6Vemathol ta %iﬁmét@&?fﬁ@te under

haping gssitieopdrittidediner ﬁh@@mk%&@s@i 80 ﬂﬁ@a«f@a’t@ﬁBfWQO@th

n film), [()O 1) Polys aza e sol |on A descr ve was
%%eé(?grf the s %3) %ﬂf‘é 2{%% ertidati )y heating
coﬁﬂlﬁéﬁ% 6f &pinAing ispeed 1000 rpm and splnnlng time 20 sec. When

co s carri u [ u t flc G
condnert e th??kﬁeféé’f&ﬁﬁfi%%%ﬁ%%s%%?ﬁ%ﬁ‘@%%g%}’i o) The o€ Ve

coﬁi@ﬁoﬁ}b%?@té W&s Brébdiesa i ha4ing "af1506 FoL WS 7153[%'@%9 here
(3nAfter prebakingnthe ptekaked=dubstragewsasire of the prebaking, was

heated to 1050°C at a temperature rise rate of 10°C/min, and
was heated under an oxygen atmosphere containing a steam
concentration of 80% for 30 min for curing.

[0094] For a film formed by coating the polysilazane
solution on the bare silicon and curing the coating under the
same conditions, the chemical structure was examined by FTIR,
As a result, only absorption of an Si-O bond attributable to
wavenumber 1080 cm™ was observed, neither absorption of
N-H bond attributable to wavenumber 3380 cm™ nor absorption
of S-H bond attributable to wavenumber of 2200 cm™ was
observed, indicating that, in this state, the polysilazane as the
starting material had been entirely converted to silicon dioxide.
[0095] (4) The silicon dioxide film on the surface of the
silicon substrate was polished by CMP until the silicon nitride
film was exposed.

[0096] (5) The silicon nitride film exposed on the surface
was removed by eiching with an agueous phosphoric acid
solution of 80°C.

[0097] (6) The silicon dioxide film was etched with an
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introduced into a cure oven under a pure oxygen atmosphere while
maintaining the final temperature of the prebaking, was heated to 1050C

at a temperature rise rate of 10C/min, ?ég was heated tinder an oxygen
atmosphere containing a steam 20 concéntration of 80% for 30 rain foll

curing. [0094] For a film formed by coating the polysilazane solution an

the agosiicorcdbidi euring ¥né Loty underthe ysameicorditivhs atiignonium

ChefTieR! Blruatre was exan ZQ%Q@NLFJY'I% é\éier%ultaowml%ﬁ?m@@&f the

an Si-C) bond attributable to 25 wavenumber 1080 cm-1 was observed,
néﬂl’fér@gbg&%%fr%? NCH BERY @tk @&&Blé%'@%&ﬁ%ﬁ 8380 cm-1
ndriabsBrption refiBel Pbond attributable to wavenumber of 2200 cm-' was

observed, indicating thﬁ?d? Jhis state té% Aiypilazang gg tg% EJ\?%@Q ) except

material had been ent| ely ¢onverted to silicon d|0X|de
sili€oH diBRIKESTHIRT 8A theSSUHALR Of the Vélieok REPstRfle W&s fstedbyxane

CMPdmtikthe;siligem niride film was expos'd. [00913] (5) The silicon
nmégng Xpose o the surface was removed by etching with an

|d 35 solution of 130C. [0097] (6) The silicon
dioxide film was (m@héu Withchn 22 0AquEeus sbtutlomeuhtainimpBedl/except

byc M@{Q{H @f @ramenivy duopde and-l9eakhydipiluaric.acid tg @rpﬁ§'t!€’@ata ng
Ert e si |con su?&rate to form a trench isolation struczg;g éf |
xARples S Fhé Procddife Grex&thple 1 vas fepaatdd: t fHaCESsively
pafﬁmlazfan“ezm‘rmtmn A was changed to siisesquioxane hydride solution

E. ] he procedure of Example 1 was repeated, except
1&@1%%%?1? @ h% ﬁ%?—gtep in Example 1 was carried out by heating the

coated substrate B £00€0 4808 4h@ OoCrsUEEEssively ed@P R Erlinexcept
(04981 Example 4-Ehe-pracedurerof Example Zwas geprated, exeeptjuioxane

hydride solution B.
[0101] Example 5

The procedure of Example 3 was repeated, except
that the heating temperature was changed to 1100°C,
[0102] Example &

The procedure of Example 5 was repeated, except
that polysilazane solution A was changed to silsesquioxane
hydride solution B.

[0103] Example 7

The procedure of Example 3 was repeated, except
that, instead of the silicon substrate used in Example 3, a
silicon substrate comprising a 5 nm-thick polysificon film
provid@d on a 10 nm-thick silicon nitride liner film was used.

The procedure of Example 7 was repeated, except
that polysilazane solution A was changed to silsesqguioxane
hydride solution B.

The pmcedure of Example 7 was repeated, except
that the heating temperature was changed to 1100°C.

[0106] Example 10
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1.5 that polysilazane solution A was changed to silsesquioxane hydride
solution S. [01.01.] Example 5 The procedure of Example 3 was repeated,
except that the heating temperature was changed to 1.1.00C. 20 [0102]
Example 6 T lie procedure of Example B3was repeated, except that
polysilazane solution A was changed to siisesquioxane hydride solution

B. [0103] Exampieh25 Fhecerogedurs of xample 8 was sepeptest@kcepkcept
that, instead of the silicon substrate used_ in Example 3, a,_ silic o
SOt CHAUAEAG S S PIHEK oty S A i o Bggauioxane
ninytHick silison: higridésliner film was used. [0104] Example 3 30 The

pr[qyfggrrje ol Examele { was repeated, except that polysilazane solution

A'was changed 1o silsesquioxane hydride sol tion B. [0105 ] Esc rripie.
Via, -i he proced—a@eoﬁ%%&%%}ér? Vs gé(paéﬁték gxc@’%}tg 3%3@%@9& except
heatingttempesaturecwas ehangdd t0 13.000 A0186] Eoxdmpte 1y Queg ht.
Thg é[){%:f%lqg gf Eéairg)le 9 was repeated, except that polysilazane

solution as changed to silsesquioxane hydride solution B. [0107

Exampi 11 5 The¥StoBERGRSbExamHE ANareheed, Weept GHat TRE-EPT
steaat Goncentratiog wwas thargedita40% thydrelghr [Q14] WxSrndie rked to
The ﬁrgcedure of Example | was repeated, except that the thickness of

the &ifiden nitride liner film was changed to 10 5nm. [01.03]x moral 53 F

hé pidtedrs et migmple 1 was repeated, except that the thickness of the

silicon nitride liner{ilmyas ehanged forxample 1 was repeated, except
that the thickness of the silicon nitride liner film was changed to

2 nim,
[0110] Comparative Example 1

The procedure of Example 1 was repeated, except
that the silicon nitride liner film was not formed in the

preparation of the silicon substrate having a trench isolation
structure.
[0111] Comparative Example 2

The procedure of Comparative Example 1 was
repeated, except that polysilazane solution A was changed to

silsesquioxane hydride solution B.
[0112] Comparative Example 3
The procedure of Example 1 was repeated, except

that, in the preparation of the silicon substrate having a trench
isolation structure, a silicon oxide film was formed instead of
the silicon nitride liner film.
[0113] Comparative Example 4

The procedure of Comparative Example 3 was

repeated, except that polysilazane solution A was changed to
silsesquioxane hydride solution B.
[0114] Comparative Example 5

The procedure of Example 1 was repeated, except

that the heating temperature in the curing was changed to
800°C.
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2 nm. 15 [t 110] Cgm arativeExarnol.e 1. The procedure of Example 1 was
repeated, except that the silicon nitride liner film was not formed in the
preparation of the silicon substrate havigg a trench isolation structure, 20
[0111] Comparative Example 2 The protédure of Comparative Example, |
was repeated, except that polysilazane solution A was changed to

silsedduidxamerhydridt gelution B @ £2] Comparative Example 3 25 The
procedure of Examrrp]lg | W¥as seneateds exceph that inihe;Preparatien obx cept

the silicon substrate having a trench solation structure, a silicon o |de f|Im

waE fornteGinStedti B e LdPhitige Relfiffn, ‘E@‘ﬂ@?c%% ed to
Exaniple 4 30 The procedure of Comparative Example 3 was repeated
Etitg e solution A was changed to silsesquioxane
;]ge de s 49 rin.par_tive ExarnDle 5 The procedure of
Example 1 was réE@at%@ lontidit selRe it heuiifg tehp&dtupein five the

C%L“@%ﬁét@%awr@ 8001 26N (044 B 61 Enpatalve BxamplediThe each
ﬁfé edure of Example 2 was repeated, except that the heating

&'in the curing was changed to 800:C, 5 [0116] Evaluation The
foll@vimhg bvaluatrbh)wﬁeea&rt@teouf fon ehe usulistrice s heling atighetbserved

ISQ|alRL) sy HC%%'@&F%??“@QA R ﬁ?r?% ﬁﬁ%%‘)‘?o[ﬁ% 1ohEbeThesate@ithged to

substrate surface was observed 10 under an electron scanning
mitFoscod (hdfeindter FerEradHs U SENINFoTVISOH BVaRFatiint&rnk &nch
snmpeothness of the trench part

[0118] (2) The substrate was cut in a direction
perpendicular to the longitudinal direction of the groove, was
immersed in an aqueous solution containing 0.5% by weight of
hydrofluoric acid and 5% by weight of ammonium fluoride at
23°C for 30 sec, was then well washed with pure water, and was
dried. The groove part in the cross section was observed under
SEM at a magnification of 50000 times from above at an
elevation angle of 30 degrees to the direction perpendicular to
the cross section and was photographed. The ratio between
the etching rate in the surface part in the cross section of the
substrate and the etching depth in the surface part of the cross
section of the substrate and the deepest part of the groove was
calculated based on the length on the photograph by
trigonometry.

[0119] When the siliceous film within the groove is even,
the above ratio is close to 1. When the densiness of the
siliceous film in the deepest part of the groove is low, the above
ratio is lower than 1.

[0120] (3) For the substrate in each Example, the
thickness of the silicon nitride liner film not subjected to
oxidation was measured by ocbservation under SEM, The

thickness of the silicon nitride liner film in its oxidized part, the
thickness of the silicon dioxide film derived from the silicon
nitride liner film after the oxidation, and the coefficient of



5

10

[0118] (2) The substrate was cut in a direction perpendicular to the
longitudinal direction of the groove, was 15 immersed in an aqueous
solution containing 0.5% by weight of hydrofluoric acid and 5% by weight
of ammonium fluoride at 23C for 30 se@%was then well washed with pure
water, and was dried. The groove part in the cross section was observed

undes SR aba magnifieation of G000 imenfropyabave ataB20 film  were
elevation arj%e fBQ(tde?grees to the directtion perpendicular to the cross
1 kot

se@ﬁ' fi'dhd {:[ a%h%%§bfﬁ%rPh§f3 between the etching rate in the
suffatée part in thé bs=s sedtiomafithea sulistrate andlthiel ecHingodépth in
thi(wﬁ?ﬁe[ﬁ%%% tp? cross section of the substrate and the deepest part
of the groove was 25 calculated based on the length on the photograph by
trigonometrd P61 19] Wikttt \Gieehis Hilm withirs e (G dove #C6ven, the
above rati 3@@?&@% to 1.\\When the Ltensjn‘@a@s of the sticeousHilmrin ther . m

2.0 $4 H ] +la a4
avlyvc oOvU Ial.l})\lb TUYWCT U L,

deepest P ortne-groove ts-tew-th P
[0120] (3) %&W&?@ trate in‘each [Example, the thitkness ofthe si icon@
nitride lindr Fiff{ e stibjdctedto _oxidatién was medsured by dbservation ©
under SEMET#H@PtRicknass ofdhe silicon@itride linedfilm in its Gxidized ©
part, the 35ethickpisa of the silicon dioxide film deriggd fram thesilicon ()
nitride lingr filaafiershe oxidation, and thg co fflCle@t of 25 thermal © o
expansior'g&mg@nmfdﬁmerﬁlar were fetermined by this =
measuren%%gt. 0121.] The results were as shown iﬁgFabk.‘ Tables 1-t64. [0122}F
[Table 1] %1 %ﬂl‘&ﬂe \/isual.evaluatian.of ‘Stibstrate facel 0.5t 1Loam1 .
'MI width (0505 Kt ~+ Exdmiple 1 Example 2 | ((P1J (; [Exaffiple 3191 ©
Example 9 © © © © ©
Example 10 O O © © - ©
Example 11 Q Q © @ @,
Comparative X
Exaf'np]@ 1 AKX KK WX
Comparative
| Example 2 ’ ) < N
Comparative .
Example 3 e o
Comparative , )
ExamD[e 4’ XX XX <X ;<tA‘ L i
Comparative , ) /
Example 5 8 JA A » A
Comparative |
Example 6 * X [ VAN AN VAN
Evaluation criteria
©: smooth surface
O : Smoothness maintained although slight

separation was observed.

/\: Separation was slightly observed.

x: Immeasurable due to severe separation

xx: Deformed trench shape due to oxidation of
substrate



Eramle 4 Example 5 Example 6 Example 7 Example Example 10 <) "/
Example 1].~ 0.017, pa ratlve Example 1 Comparative 3 h.xamplP 2
Comparative Example 3 Comparative Example -d > z Comparative n L~
Example 5 C omparative ~, Example 5 Ealuation criteria Smooth surface
Smoothness maintained although slight 10 separation was observed.
Sepatativoh Wadb slightly observed. x: Innrj-eassurable due to severe

separationsy Delormesl EHEN AIAPS AU 1D RUdBHR A, reubsir—te 15
- e A R T D e peal Pt O - roove: M ‘ehch_ trench |
groove in pach trenc E[t’q; ia, e X é{/m%%dékigﬁéae@tgtMr@g rate
ratio nrri min 0 05 arm QA7 L. 0%itim D rh 1Examp! %mo@jﬁ '%@ [, 1 ;»18’1
pmpla 1111010 1.0 1.0 L 1O
1.0 Exam')\:xampie Z 12 1.2 1.1 1.1 1.0 1.0
Example 3 E) 1.0 1.0 1.0 1.0 1.0
Example 4 10 1.1 1.1 1.1 1.0 1.0
Example 5 30 1.0 1.0 1.0 1.0 1.0 |
Example 6 | 10 1.1 1.1 11 1.0 1.0
Example 7 80 1.0 1.0 1.0 1.0 1.0
Example 8 9 1.1 1.1 1.1 1.0 1.0
Example 9 7 1.0 1.0 1.0 1.0 1.0 |
Example 9 1.1 1.0 1.0 | 1.0 | 1.0
Example 15 1.1 1.1 | 11| 1.0 | 1.0
Example 10 1.0 1.0 | 1.0 | 10 | 1.0
cxample 10 1.0 1.0 | 1.0 | 1.0 | 1.0
Comparativ
;;E Example 10 1.0 1.0 1.0 1.0 1.0
Comparativ
e Example 11 1.1 1.1 1.1 1.0 1.0
éorﬂparativ ]
%e Example 10 1.0 1.0 1.0 1.0 1.0
Comparativ
e Example 11 1.1 1.1 1.1 1.0 1.0
4
Comparaliv | Immeas- |Immeas . 5
% Example 28 urable _urable 3.5 2.8 1.3
'Comparativ . e
N Immeas- |Immeas -
%Example 30 urable _urable 3.4 2.8 1.3
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(N,..."NIWEx30is Lr) 28 The polysilicon film was in an entirely
oxidized state, and the silicon nitride finer film was also in an oxidized
state. 529 CLAIMS [J ] A method for forming a trench isolation structure,
comprising the steps of: forming, on a sifidon substrate, trench isolation
groove(s) having a surface continuously coated with a silicon nitride liner
filar; coating the substrate with a soldtigiilgfsa silicon-containing polymer,

sefacied fom the oy sorying A pRlySladanes, SIRESENE. cture,

rides, and mixtures thereof, in‘an organic solvent to forma silicon-
containif§ polyise R filrhn &nelt&lirin§ by heat treating the coated substrate

ata temperatufg a?f_nﬁfﬁg} 9Q0C tg 120Rs 10 C%‘M%'ﬁr@@ﬁ“@%@ﬂ@%@tim
polymer film to a silicon dioxide film: f%‘%The method for t{ench |solﬁt|on ith
structurd fSH4E0 a%@éfra’?r‘?g 0 TR AChePdln tetHiERnes8 bt tHe With @

silicon rittide tineftfiliids! 8wors0inon. [3] The method for trench isolation

structure formaigh AS6Orcing 10 G- 92 WhetBin the Neafiidon of 2
temperature in the curing step is from 1000C: to 1200C. (f4 The method for

trench iSOIAGBA stk B atiin YAEGdingtthah§ Gne’ 6F Claindd'€ to 9 rou P
wherein the)bialing tr¢apentiscarried ouiis @pgoentgasoroxygeres, and
S A oA Sl S oS AT Bl
of claim$ i B -amitkefivther polymer film; and
curing by heat treating the coated substrate at a
temperature of from 900°C to 1200°C to convert the
silicon-containing polymer film to a silicon dioxide film.

[2] The method for trench isolation structure formation
according to claim 1, wherein the thickness of the silicon
nitride liner film is 8 to 50 nm.

[3] The method for trench isolation structure formation
according to claim 1 or 2, wherein the heating
temperature in the curing step is from 1000°C to 1200°C.

[4] The method for trench isolation structure formation
according to any one of claims 1 to 3, wherein the heating
treatment is carried out in an inert gas or oxygen
atmosphere having a steam concentration of not less than
50%.

[5] The method for trench isclation structure formation
according to any one of claims 1 to 4, which further
comprises a step of prebaking the coated substrate at a
temperature of 400°C or below prior to the heat
treatment.

[6] The method for trench isolation structure formation
according to any one of claims 1 to 5, wherein a
polysilicon film is formed on the silicon nitride liner film
by CVvD.

[7] The method for trench isolation structure formation
according to any one of claims 1 to 6, wherein the



comprises a step of prebaking the coated substrate at a temperature of

400C or below prior to the heat treatment. [6] The method for trench

isolation structure formation according to any one of claims 3. to 5,

wherein a polysilicon film is formed on the silicon nitride liner film by

CVD. j7] The method for trench isolation structure formation according to

any oneldficlaines 4 tof6 iwherlicthe 30 tthibknEsseof flersiliconvitddesed by

liner filmyis4ngreaseq Pyb ?é"f”?st%r@%% by taghaatjreatment. [8] A

base material with a siliceous film, comp rlsm(% a substrate with at least
ondroove; a MiddeR fite Eﬁé\ﬁ(ﬁéﬁl’gé &5 10 MR Gidtle; G R 1SING:
continuous silicansnityidte dinerilrhprovided tbetwegndbe stibstrate and

the siliceous film, wh re|n flﬁ'%%‘»t %rtdoef(%he silicor Q”ﬁ”f’?‘#f?ﬁ ré"é“éh and

having been OXIdIZ e base matena a siliceous film-accor
to claim 8, Wheﬁeln”@é"iti eme@rﬁmmd@mmer filtirhas bebie bxifiized b@rovaded

heating. {19l Jdhe-base @éﬂ%iﬁ*e%haﬁ@”@ﬁ@l@fi'&%@@%ofﬂiﬁq to claim 8

or 9, wherein said silicon nitride liner film ha heat.oxidized up.tp .
not less than 1.9 R frin gﬁﬁgc@ on%e? smgoﬂ'\ﬁtrﬂg 'iREr Iﬂr‘ﬁ%ﬁp@tsg ner
s!ele notfinncomtadinwith el sukstriated[11] The base material with a

silicepus film a‘%e%‘?éd'ﬁ(%%% A AT GlamsS 19 aJc,% d%?'iﬂﬂ;ae? g‘?ﬂ@; to

fil further provided between the siliceous film an he silicon nitri
Ilner filmCAPT AseiBEhgiRtorHEVIEE KothprisiHd depdleamatidral Nt feen
siliceoussfidid iaeadrdindgh tesanycone of claims 8 to 11,

[10] The base material with a siliceous film according to
claim 8 or 9, wherein said silicon nitride liner film has
been heat oxidized up to not less than 1.0 nm from the
surface of the silicon nitride liner film on its side not in
contact with the substrate.

[11] The base material with a siliceous film according to
any one of claims 8 to 10, wherein a polysilicon film is
further provided between the siliceous film and the silicon
nitride liner film.

[12] A semiconductor device comprising a base material
with a siliceous film according to any one of claims 8 to
11.





