1 ETCHING SOLUTION AND TRENCH ISOLATION STRUCTURE-FORMATION PROCESS
EMPOLYING THE SAME TECHNICAL FIELD S [0001]The present invention relates to an etching
solution by use of which spin-on dielectric layers (hereinafter, referred to as "SOD layers") serving as
insulating layers are etched in production processes of semiconductor elements. 10 BACKGROUD
ART [0002]In an electronic device such as a semiconductor element, semiconductor parts such as

transistor, resistor and 15 theﬁ@qw@r%%ﬁ?@ﬁ %IN%SF&\%R.E%@Q FO88 R§HiE Rpust be electrically

insulated from each other, it is necessa%/ to form an area separating them. This area is referred to as
an "isolation area". %W&[‘éﬁﬁg RerdifaR MALLAN @&Qg a@’kﬁr%@ﬁ' g‘y?&ﬁ]ﬁ@%nsulaﬂng

layer selectively on the 20 surface of the semiconductor substrate. [0003]Meanwhile, recently in the

field of electronic device ﬂﬁé@'ﬂwp‘w%ﬁnﬂw and the integration degree have been more and more
increased. According as the density and the Integration degree are becoming higher, it is getting more

25difficult to¥orm an isolation structure having fineness corresponding to the required integration

degree.lt is, thergippp fipsired toprevide peRew tSOliparYAtUrecsalielying he auieefnggess.As
one of the isolationfﬁ uctur%s capable gf satisfying the requirement,.a trench iscl)d?gion .303 ructure is

|
proposed. The traRCH Koihtd% dirfeudte 19 Mbfic H15)9'fbr ﬁ&ﬁ Htreffotfids on HEEEMIBohTlctor
substrate and thenefitlimg thetdeashe SWID ilsyikaitisio) meeenah go as tordedatiaky sapearseatre part

positioned on onggigeHam 1A @0 dBR AHIGYES S8 £3FN JEENGEo bR EHYFIHIE MhuR gbelectrically

separating the parts can reduce the isolation area, as compared with the conventional structure, and
accordingly,4s 2 effective in achieving the integration degree required in these days. [0004]The trench
isolation structure can beBpigicGROERaNRIE, according to a self-aligned shallow trench isolation 5
process. This process normally comprises the steps of: coating a composition containing insulating
material (hereinafter, referred to as "SOD material") onto the substrate surface beforehand provided
with trenches, sol89@3il the tredéhedrvig] BesrEIMH odiEYIE S 2SR InG theaSOBMERNAHIEYTiFing or

10 the like, so asdregRByRit theraRB merietial tpPre aguesHIANG Fayesi SEMFOVIRG RteRS SRl dhe layer
on the substrate surface by chemical mechanical p0|ISélln% (Eeren}%ﬁer rzferred toa Ch’ﬂ‘ribg and
flattening the subllfscl SEraEE B MR ARRIRY! (GOCHLSIAE Hbo s R dtO TR BAL M bolutions
15 have been stlakee| Fobr imiplesnsollaiad dronforeaamplhan dtusousdgsisafiyotio doichsolution
and a hydrofluorig geid Redfes dpahairih A RmmPIes fidnesaioes sy Ierrasy an

[

alcohol-added aqueous hydrofluoric acid solution IEldiscl_osed in Patent document 1) and a solution of

hydrofluoric acid S5 PIRRAI&GRIn orGHHREEERehh RIRAOLPM PERHNRTREEN HEPRIGWYART
DOCUMENTS PAREGNT &0 ByMEDFRIAT0006][Pateribdiroymengal Uss @etang Rubticationeo.

30DISCLONURE D e TR B LR e LTV ELE By THE INVENTION [0007]The
present inventord A8&3tbund thattaarvidileadif géenthprovdme i eltief @eedraonal deydess
described 35abovecthhaflisgie@iehige mateyn dedvehetartegreeeiirdegree have been
more and more increased. According as the density and the

integration degree are becoming higher, it is getting more

25  difficult to form an isolation structure having fineness
corresponding to the required integration degree. It is,

therefore, desired to provide a new isolation structure satisfying

the required fineness. As one of the isolation structures

capable of satisfying the requirement, a trench isolation

30 structure is proposed. The trench isolation structure is
fabricated by forming fine trenches on a semiconductor

substrate and then filling the trenches with insulating material

so as to electrically separate the part positioned on one side

from that on the other side of each trench. The structure thus

35 electrically separating the parts can reduce the isolation area,

as compared with the conventional structure, and accordingly, is



may be uneven depending on the trench isolation structure. 3 For example, in a narrow trench, the
etching rate of the periphery is often relatively so large that the material at the center is left more than
that at the periphery to form a ridge. The material in a wide trench is also often so unevenly removed 5
to form ridges and furrows in the trench. Those defectsf the structure are unfavorable in view of
insulation failure and mechanical strength, and hence there is need for improvement. MEANS FOR
SOLVING PROBUEMARIBORR] En REGTRB! IEntispuigrintfsrn d8qelinpenaliifien coniemiae
hydrofluoric acid and an organic solvent, wherein said0organic solvént has a OH value defined by
Hansen solubilitﬂf‘éfﬁmeters in the range of 4 to 12 inclusive and the saturation solubility thereof in
water is 5 wt% o 00043t 20C. 1FHROGPE ot prestatitveBlipnEigpd esigies e afpiaerss, faidprming a
shallow trench isglation struc ising the S_0f; i iti taining
insulating materia%%%@éhb%é%?ggﬂf cg(grogvid%%ﬁ/vﬁﬁ%r}%dncgﬂs%rﬁl@ﬁ?re%ﬁo cé))rﬁm g%g%gia%ﬁg layer;
firing the coXed BIBSESS-to hAYiGep TRERSSLRARGRHIC AP ASESs fone shepsurRfing®adn@ind
subjecting the ingylatinghigyesiafisn Pobshrd tRiglghing YapimaeRt Dywaeedian elohéie rodftien
containing hydroflu?ric 25 acid and aqg&gﬁnic solvent V)Z/?erei sai organi%sElvint has :}OH value
defined by Hanséft ﬁﬁﬁmtyﬂﬁareﬁﬁete th&"4 85'6* o ¥ heltldfve B THE gtur%lﬁBr?gglubility

thereof in water ?bsfwr%wndorp_ral\ﬂd@c_IB@EiEﬁEtr'E lﬂlhEEI,I_E N\/_EBJTtOI\f[bOIb]&n h’_eamh}emductor
element productign#{ogges BRAISY AN 1 artalaWi HENER SAHWPN SIMErTST IBYNFHFRPIBFeSS,

trenches of various widths on a substrate are filled with Thsulating material to form an insufating

layer. The prsentRBilik&isA e viQeSUMVEELiFRSABn TPt SRRk LS fRIBInRNdReEHat40Glly all the
trenches and evdalydhe neaieval iigeagices dresfchh€oksasiuenilytHiee Rt ibcasel usiorfaoableg to form

mechanical stergle b e Cra A on B L A e e T B o™
schematic section&NRWs idistrtaig @ningidhershdrsigabaoristractitey f¥tpiafds pioBess employing
the etching solutipno $1e presentdpvaniona Bog.e2] pith CesoWs Seftrisatia epstgnajoligwsns

10ill [ hall h isolati - f ' loyj ional etchi
coluton. [Fg) 3175 5 08 SEnan e Barial EcHlNA G 14 UG EVer LoD SRl BBy,

15BEST MODE EQR@NRRWN@MMNW@H [anﬁZEmbdqoﬁle.mgicf a@qulaeéf&ﬂnvention
are described belflwmQﬁtaBtF?@.l%éﬁ%%lé@ﬁ%SFﬁEO\@éﬂ%ﬂ@Bﬁ%O'ﬂ#eme@%?? ?QSB}FH@QPQ the

etching solution of the present invention will be explained with reference tq Fig. 1 in the following
description. [001ZJ€PH04 HIRD QAHE AKS i VBrRRH YArG ASIFae Al BiiABe (HisRIRES il Yilm. The
substrate can bePaadeof doy oratenal delectad framseimtdondusforhyadtestaiso 2t sadicasssalicon or
other matexigls. T IrCH he Jj n rme bstr n as etching
or printing?élAaccor%Ij]l%C#(ln t %Orgéc(zéé%/ﬁ g %g%glé’@foeﬁgaﬁ%eﬁ%#eﬁé%&%ﬁhﬁﬂ@?ﬁ%%ﬁ; The cap 3
has function of protecting the circuit or the like in the etching procedure 30 performed later, and can be
formed by use of, for exaprie phetorepssiCUMERT S is not necessarily formed after the circuit or the
like is formed. Specifically, for example, after an even metal film is formed on the substrate surface,
the cap 3 is formed thereon by use of photoresist and then the metal film is 35 etched through the cap
3 serving as a mask to fdPERNdiIrQACEPENS[SUbsequently, the substrate 1 is subjected to etching

by use of 1ha caly 8@ 6 mask. q s ABEdRRIfN1] MBISTeTEteRte BstTHestBIR e form &
trench isolation sfructure FI%. 16@).
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[Patent document 2] International Patent Publication No.
2006/126583

30 DISCLOSURE OF INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION
[0007] The present inventors have found that there is
room for improvement on the conventional process described
35 above. That is, the etching rate in the wet-etching procedure
may be uneven depending on the trench isolation structure.



5[0016]When a trench isolation structure is formed by use of the etching solution according to the
present invention, there is no particular restriction on the width and depth of the trenches. However,
the width is generally 0.02 to 10 pm, preferably 0.02 to 5 pm, and the depth is generally 200 to 1000
10 nm, preferably 300 to 700 nm. [0017]According to, f@r example, CVD method or ALD (atomic layer
deposition) method, it is also possible to form further a silicon nitride liner layer, a polysilicon layer, a

silicon oxide layeg 9 the like gi-the;subsgtrate stiface: papvided with 1éttéﬁqﬁlgesréqg18g)'\€hecrﬁéfter, the
substrate surface provided with trenches is coated with a corhposition contai ig%SOD material, from

which a SOD layBfiE RNEEndeicO Bipihat ehativéabheourtafitis fatinksom afasdd athd koD
material is preferabyt2@ Seleleiftd fravndhergrauphtansisting of pehipiteanpesdyfdrogerateidige.

resicton on the {3 SEINE o an) SN E o L . Ui e N fr OB e

y poly
present inveptiorkOT @l’[ﬁﬁly’siﬂjeﬁﬁﬁeamdyfgé‘@twa Hh fRgbre@ ebmpouhasst setrgani®@brid18t is most
preferred for the pelyfilazane dp €omptise dha Falowing vnily (ftoifelineRspbiralingye InlfdH I\

Si-N)N-fr 4.ill 'm2 \( rn3 _(la)(l )%E 30in which m| to m3 are numbers indicating the polymerization
degrecs. FurtherMAE AR (5 BH b BN & TSR E ! & a0 CHE e A erage
molecular weight of 700 to 30000 in terms of styrene. [0020]It is also possible to adopt a polysilazane

havinga number averagfRR|ecHiaRveigt ahaosk 38 temO0000 and Shaving a skeleton

comprising the following_unit (11): (H) * 1/ fl, R _in'which n is a number indicating the =
polymerizalin dé3@88dnd each IR 1, KE28RAR3 RS RAdeRBY H R drdBen 3fbmESRHRG! group,
an alkenyl groupsaleydloalkybgreaimiag Idyatybfhnoopicaraaliyisdyidranm, sngdtyiamsadvgsatp, an

oo on IRSFL LB R IR R I RA iR AT dleslyp e
may be modified 36 lygailitwoPaaaie teii§sinzbhe 19 868Rpelirtisttal/ddckisiy @oaibthding.
[0021]The SOD myaterialtrORtaping fRPRIRdien Bsadvate REL SRV EHFGR GraTaINS B Salvent
capable of flssoly g 48] above § R e TR et o e R D rocess for
forming a shallow trench isolation structure, comprising the
steps of:
coating a composition containing insulating material onto
a substrate surface provided with a trench structure, to form a
20 coating layer;
firing the coated substrate to harden the insulating
material, so as to form an insulating layer; and
subjecting the insulating layer after polished to etching
treatment by use of an etching solution containing hydrofluoric
25 acid and an organic solvent, wherein said organic solvent has a
OH value defined by Hansen solubility parameters in the range
of 4 to 12 inclusive and the saturation solubility thereof in water
is 5 wt% or more at 20°C.

30 EFFECT OF THE INVENTION
[0010] In a semiconductor element production process,
particularly, in a shallow trench isolation structure- formation
process, trenches of various widths on a substrate are filled with
insulating material to form an insulating layer. The present
35 invention provides an etching solution that makes it possible to
etch equally all the trenches and evenly the material in each



the solvent as long as it can dissolve the components of the 20composition. Preferred examples of the
solvent include: (a) aromatic compounds: such as benzene, toluene, xylene, ethylbenzene,
diethylbenzene, trimethylbenzene, and triethylbenzene; (b) saturated hydrocarbons: such as
n-pentane, i-pentane, n-hexane, i-hexane, n-heptane, iheptane, n-octane, 25i-octane, n-nonane,
i-nonane, n-decane, and i-decane; (c) alicyclic hydrocarbons: such as ethylcyclohexane,

methy'CyC'OhexaE‘Feﬁ&ﬂ?heé@?%é%ngﬁﬁg?h%”&m , SeRANYYOBARINNACRS: figRteye, and

limonene; (d) ethers: such as dipropy. , dibutyl ether, diethyl ether, methyl 30 tert-butyl ether
(hereinafter, refe@i0Ws WFESIEN aheciAlioR; SHYsiuEtonbBedinsh fewethyrrebasikernd

(hereinafter, refeerrddd @s tVpBEpektiesd thamsutatie prefed ath athdn) isailstieshiythiocarbons, (c)
alicyclic hydrocarbons, (d) ethers 7 and (e) ketones. [0022]Two or more of those solvents may be

properly mixed for the purposes of controlling the evaporation speed, of reducing the harm to the

human bodyp and of adjusiifd e BESHHR Y bt @ALIREoMPENBRAWINGS
[0023]IfnecessarydlpaSQDmateripErntpining copgpsition ngRY {vgthes cratigteptiosakadshtives.
Examples of the additives,include; a crosslinking accelerator, whjch promotes crosslinking, reaction of
the SOD material A5 18 WASIA-Aren 2 LaM S EERRr Aol ior b e ' SEB AABHal nto
insulator; and a isusitysrentifido fongohirellglyr hisvo iyl otibe airbusiive semthery entivased for a

semiconductor devise, thmgmg?sition cgggqon&ain&g%gp@&%ﬁqgtp@u%%m views
tris(trimethllsilyl)phos hate for the sake of 15Na-gettering effect. [0024]The amount of each

component escHbedtsBbiRGdefendS BHANE cbrffths 6TRHRY, fithEUatY §8 onfaHBBLIRBNt of the
SOD material is prederaddy dntpBOWMtl, amoompeaiialpls [2docing % dlagedon the total weight of the
20 composition. However,this ky, no me restricts th ti j B ri nd the
composition can contain Tr@sc% materiﬁ%’ a%t Fa%m%u%@gg ﬁrgig%s?ljtgcﬁrlfg gﬁv%éjaf'%renc(13 isetl)‘ea?t\fon
structure defineddfyane preeie m fitwe vl e ddtiessbiRer than the SOD material are contained in
various 25 contents, but the amount of each additive is preferably 0.001 to 40 wt%, more preferably
0.005 to 3Q wt%, most pr ly Q.01 t W% ' aterial. [0025]The
aforementi?:)\r%ed composigﬁﬁilgr%&%:]%a%é?%#é@@ﬁ&ggtwﬁjﬁgg?&%mmods, such as
spin coating, 30 curtain coating, and dip coating. Among them, spin coating is particularly preferre

: : : . 4 d : h : - cularl tarred

because of surfafggygr]ness of BEER5HiITE e to he fopmed. ‘B}%ggﬁt{ng lMEENRRRElY, dipe layer

formed by coating on thé substrate, has a thickness of preferably 20 to 150 nm, more preferably 30 to
100 nm in the 35%FE5TPRF: RRIQMNELEEERY not provided. [0026]The substrate coated with the
composition 8 cqud 0& Bijebaked. Ahe ptetakiyesiepsh aboied vk fortihei porptikenof prisess partly
removing theg sol i oafing . 100271 er o] I 3 rate js 5
normally hggted \é?@h fgg@@ i;ﬁygcéﬁéﬁh%%eégqu%%e. héﬂgnl\;se?rﬁgs%@gl\ﬁée ﬂe}riooﬁ/ﬁiﬁlﬁ?egthe
condition that the2Z0R M i dbesitanmeR ik bigdaliom dtiehky diendesctititi2Beordingly,

the solvent is remover4at a tempejagtre ¢f nefpally SO tocd50¢h erefigiablys80rtr AY9& . fongemerally
0.5 10 to 10 minutes, preferably, 1 to 5 minytes. [0028]After the SOD_material-containing composition
o coated and (e TSISLScey IS5 B AL FITOVEIT o L LG 1y GG R and
thereby convertethiattearoisatatinglayeria(Feglec)rd h&ﬁﬂmgftg mhfemdlyqteﬁomgmlﬁ a
hardening fisnace RiPR & BRTRIMENGER 8rSIRRITerPRIEININEHREE; BAS; PTGHAGB-FAaRERg 9y gen

atmosphere. In this procedure, steam is important for fully converting the SOD material to form an
insulating layer. TREMB&LeARatbE of SRaHIE S rO%r ARY1 6L , RiFRr 26 pRERMBE 5% or
more, particularlyppiatéraply 208cordioe.tih thh coneertsiiy) of stepn3sig0fo mnmdreriheneOD
material is readil rted intQ insulator and d such oi reyle r at the
resulting insulatir%ﬁ%rg'}\{e?r h%a% ;}tnﬂéojggéchg?ggfe%%%tj)\?\/_heﬁz%’ ir%ér%?s isFl Sa\éoemﬂ?ﬁ@ﬁzm%@phere,
25 gases such a® RREe§EH) argbheandi Fellifm e4n beexdbjs@d.i[poEberhetehiperatbf® e66diien for

hardening ggpenge o tigddnd sfdhe SR maleripeartdamn e ynhiratianrof fhe REQAWATIB steps. At
a relatively high teﬁ(?erature the SOD material tends to _be converted rap()f'\%lly to f rmﬁn insulating 30

layer. On the othB &%,eﬁé%\;ever, iffhe €D a{tserigpl'é H&?&&%@&IX 10X &HiSerd % the Fesultant
device tends to heiveghacciehietiikéeds Soffeniad frobpedificalbie &fccexgineplpy afidwiti@nor

crystal structure eRanNg&,064a¢ SHRFUAPoMMER 1D MAPROE SHSOraRR IR PRecd) WRW ehihas fae SOD

35 material is heated at a temperature of normally 1000C or below, preferably 300 to 900C. The
elevation rate to ,cgé'meél tpﬁerr)eon by use o? ﬁ\;hotoresist and IC%hen tlpé metal film is

35 etched through the cap 3 serving as a mask to form the circuit
2.



9 aimed temperature for hardening is normally 1 to 100C/minute. After reaching the aimed
temperature, the temperature is kept for generally 1 minute to 10 hours, preferably 15 minutes to 3
hours, to harden the material. If necessary, the hardening time 5 or atmosphere can be changed
step-by-step. [0030]After the SOD material is convertedsto form an insulating layer 4, an unnecessary
portion of the layer is removed.For the purpose of that, the insulating layer is polished according to the

necessity, so as [q)@me the pagt, 12 &y med ,th@H‘@t Yifece-gf the pubstrate é@égavgot_he part

formed in the trenches on the substrateéq#hus,tqt\ge insulating layer in the part abovggthe cap 3is
removed in this pAGRIAG rOXnesR (FBf. 119).GaR pdlidsing trBd@sknt ROcdial dharRimed
hardening procegisetdtoweyetrtisofebiread wititthe: heprebbking peockdtwe fivapolshingritdatment
can be carried oy jat bakj tep. [0031]The polishing treatment is generally
carried out accoﬁc%%ggf%ﬁlg}rln%tlﬁgﬁiﬂai:gm t of CMP can be performed by use of normal

polishing mévlia 48P B&ikhers. T PONpaliEFRIY-MdaR Ak fosExaaTPIES d§uEVT® ediUbYndSE which
abrasives such agfstisa, at¢ming aswl GerénatrceisRenagdto eambiralianwith péiaigaditrRS e

according to the necessity. As the polishers,.commercially available CMP systems _can ed.
(00351 The abovelGe BB EUNARG (EAMISH Atdves SEEmAE B By aRbiheot the
composition-deriteersiives. dioxitewayee in tteepantiidtmedborg tedtat burfAcd 2f thee b 3 Rgwever,
in order to removisdhe-inayiatingdayes remManing HH”E?]8%@3&‘%"?&?@%‘%%‘@%@%‘%6%“ 2, the

layer is further subjected tq etching treatmentgb% use of the etching 30solution according to the present

invention. TH& etdMiRg RESHBERR BAPPRY &RriéBd R the conventional manner except for using the
etching solution ¢iDa Piesent inyardord 06330 hismtckirg sotution CoiDainsatvated hydroflubric acid,

and a particular grganic .sol I n re 35than_jts_salubijlity. i ter. T ount of
hydrofluoric acid depen % o@?&epk%%?%%@gD %}%ﬁt(gc@e @tc%eoﬂ%ﬁ ig slﬁgp%%er%%lﬁ. to 2
Wt%, more prefefadithEI @ Si0eHaxéaadn tHe estdrvafhBoPBl shilaRn. [PYSH] TReSHHaRuIar

organic solvent hggia&Hiaaive ovhigleis fSingd hHasee selvbilisuprsR@CEIG\AE Y AWR S
indicating \t,?; stripé;%fegdrogen bond, in the range of 4 to 12 inclusive. The saturation solubility
0

thereof in eri more at 20C. Examples of this organic solvent are as set forth in Table 1.
11 [Table 1] Tablg0D 18 Saturatibhessalftiey, Acttealdelpsiesate aay KeseneTavangdcetiicetone

trenches is coated with a composition containing SOD material,
from which a SOD layer is to be made, so that the trenches are
filled with the SOD material. The SOD material is preferably
20 selected from the group consisting of polysilazane,
hydrogenated silsesquioxane and mixture thereof, and is more
preferably polysilazane.
[0019] There is no particular restriction on the poly-
silazane, and any polysilazane can be used unless it impairs the
25 effect of the present invention. The polysilazane may be either
an inorganic compound or an organic one. It is most preferred
for the polysilazane to comprise the following units (Ia) to (Ic)
in combination:

| i N
%Si_l?l—} 1 Si—'I\l%mz Si_l}l%mB
bohTm ey + 4
(1a) (Ib) (Ic)
30 in which ml to m3 are numbers indicating the

polymerization degrees.
Further, it is particularly preferred for the above polysilazane to



6.2 16.0 wt% Ally! acetoacetate 8.6 5.0 wt% Butyric acid 10.6 any Crotonic acid 12.0 9.4 wt% Diethyl
ether 5.1 6.9 wt% Diethyl ketone 4.7 5.0 wt% Diethyl glycol butyl ether acetate 8.2 6.5 wt% Diethyl
glycol monobutyl ether 10.6 6.5 wt% Dimethoxymethane 8.6 32.3 wt% Dimethyl diketone 11.7 20.0
wt% Dimethyl ether 5.7 32.8 wt% Dipropylene glycol mgnomethyl ether acetate 8.0 12.0 wt% Ethyl
acetate 7.2 8.0 wt% Ethyl acetoacetate 8.3 11.6 wt% Ethylene glycol dimethyl ether 6.0 any

have a weight average molecular weight of 700 to 30000 in

terms of styrene.

[0020] It is also possible to adopt a polysilazane having a

number average molecular weight of about 100 to 50000 and
5 having a skeleton comprising the following unit (II):

in which n is a number indicating the polymerization
degree; and each of R!, R? and R® is independently a hydrogen
atom, an alkyl group, an alkenyl group, a cycloalkyl group, an
10 aryl group, an alkylsilyl group, an alkylamino group, an alkoxy
group or another group, such as a fluoroalkyl group, having a
carbon atom directly connecting to a silicon atom, provided that
at least one of R!, R? and R® is a hydrogen atom. This
polysilazane may be modified to use. Two or more polysilazane
15 compounds may be used in combination.
[0021] The SOD material-containing composition used in
the present invention contains a solvent capable of dissolving
the above SOD material. There is no particular restriction on
the solvent as long as it can dissolve the components of the
20 composition. Preferred examples of the solvent include:

(a) aromatic compounds: such as benzene, toluene,
xylene, ethylbenzene, diethylbenzene, trimethylbenzene, and
triethylbenzene; (b) saturated hydrocarbons: such as n-pentane,
i-pentane, n-hexane, i-hexane, n-heptane, i-heptane, n-octane,

25 i-octane, n-nonane, i-nonane, n-decane, and i-decane; (c)
alicyclic hydrocarbons: such as ethylcyclohexane,
methylcyclohexane, cyclohexane, cyclohexane, p-menthane,
decahydronaphthalene, dipentene, and limonene; (d) ethers:
such as dipropyl ether, dibutyl ether, diethyl ether, methyl

30 tert-butyl ether (hereinafter, referred to as MTBE), and anisole;
and (e) ketones: such as methyl i-butyl ketone (hereinafter,
referred to as MIBK). Among them, more preferred are (b)
saturated hydrocarbons, (c) alicyclic hydrocarbons, (d) ethers



Ethylene glycol monoethyl ether acetate 10.6 23.0 wt% Ethylene glycol monomethyl ether acetate 11.6
any iso-Butyric acid 11.1 21.0 wt% Methacrylic acid 10.2 9.7 wt% Methyl acetate 7.6 25.0 wt% Methyl
acetoacetate 8.9 46.0 wt% Methyl ethyl ether 6.2 5.0 wt% or more Methyl ethyl ketone 5.1 27.5 wt%
Methyl formate 10.2 10.2 wt% Methylglyoxal 9.7 40.0 wt% or more Glutaric acid dimethyl ester 8.4 5.3
wt% 2,4-Pentanedione 4.1 12.0 wt% Propion aldehyde 6.9 20.0 wt% Propylene glycol monoethyl ether

10.5 any Propylegg @'Y‘é‘?' anRpstlyl ether acetate 9.0
[0022] Two or more of those solvents may be properly
mixed for the purposes of controlling the evaporation speed, of
reducing the harm to the human body, and of adjusting the
5 solubility of each component.
[0023] If necessary, the SOD material-containing
composition may further contain optional additives. Examples
of the additives include: a crosslinking accelerator, which
promotes crosslinking reaction of the SOD material such as
10 polysilazane; a catalyst for conversion reaction of the SOD
material into insulator; and a viscosity modifier for controlling
viscosity of the composition. Further, when used for a semi-
conductor devise, the composition can contain a phosphorus
compound such as tris(trimethylsilyl)phosphate for the sake of
15 Na-gettering effect.
[0024] The amount of each component described above
depends on the conditions of coating, firing and so on. The
content of the SOD material is preferably 1 to 30 wt%, more
preferably 2 to 20 wt% based on the total weight of the
20 composition. However, this by no means restricts the
concentration of the SOD material, and the composition can
contain the SOD material in any amount as long as it can give a
trench isolation structure defined by the present invention. The
additives other than the SOD material are contained in various
25 contents, but the amount of each additive is preferably 0.001 to
40 wt%, more preferably 0.005 to 30 wt%, most preferably
0.01 to 20 wt% based on the weight of the SOD material.
[0025] The aforementioned composition can be coated on
the substrate according to known methods, such as spin coating,
30 curtain coating, and dip coating. Among them, spin coating is
particularly preferred because of surface evenness of the
coating layer to be formed. The coating layer, namely, the
layer formed by coating on the substrate, has a thickness of
preferably 20 to 150 nm, more preferably 30 to 100 nm in the
35 area where the trenches are not provided.
[0026] The substrate coated with the composition



5.0 wt% or more Propylene glycol monomethyl ether 11.6 any Propylene glycol monomethyl ether
acetate 9.8 19.0 wt% Tripropylene glycol monomethyl ether 10.4 any 12 above organic solvents can
be used in combination of two or more. [0035]In contrast with the above solvents, solvents such as
isopropyl alcohol (OH=16.4), ethyl lactate (OH=12.5) agd 5acetic acid (OH=13.5), which are contained
in conventional etching solutions, are incapable of giving the effect of the present invention because

they have too largg IQI-E)galggéb[QQég]_Ammthsl%%\éqaﬁﬁhgwbini Japle. 1. 1hosq hayig QL values

of 11.6 or less are preferred. On the other hand, the 10 OH value is also preferably 5 or more, further
preferably 7 or mek PAREs A ratioleastRY i wERER AVHDE NG RAMANE JRod BenfRatingher

preferably 10 wt%@g@emore. In view of treatability and cost, preferred are propylene glycol monomethyl

ether, propylene Gglﬂ‘nonometml ?}pﬁcﬁﬁcgﬁtﬁgﬁy SE%etga?\g e aﬁ%o%g'gp%w & her,

methyl ethyl ketohe and-ethylene glyco . Particularly prefetred are propylené glycol
monomethyPethdt@fid abétoRe dekduaé the egesesttiné presenstahti@npasats Fémarldifly when

they are used. 2QJ@RATHENS KBRIRN 196 the: RAGHAMAT RERINC TRl ers iR BIching Seliios (smenerally

determined so that the components cgn be homogBene sly mixed ir\the salution, and hepce is not

especially restricf@@tﬁBWé\%?,etﬁeqﬂ rd 'f'rﬂaegglﬂti ! As Y eRBVENE L MBR 55k I9'?he effect
of the present 25Azamitn gdyids thappsalvBetalse afetaovhd arabura oftéenprgeaiic selvadt is

preferably 1 wtvo Q8 Fiosey JUBEf Pretasally pMdPe AIHIOTE Hazed B e I Y_ﬁ{]%iHEPSTI 1qekehing

solution unless it is mare than the saturation solubility of the solvent in water. If"having a limited
solubility intflatefhEDIGHAL RS s NEAEISBN¥rek iy 2IRMIHEG S as close an amount to the
saturation solubiljig @@ ®pssible. Jfesificetly, BO Donteatefislchmmgadsglvenhipprsiteably80% or

more, further prefeyaply 90y oryare. hased g atuialion solbiiy{Bereg. Solagagiondhe other

hand, if the etching solution contains the organic solvént'in alarge amount, the eiching rate tehds to

13 be lowered inthe etth@lg peocddne:. |aYesrdm diiefl orded tEhaTRbY tied BN PINig dald theadbntent of
the organic solvejpids Rygiesa Yy BOt 40pHAGIEL dgtne OrgARICFROIYG i Heeah Byl pEeLb sattedlity in
water, it is'ﬁgough for the content thereof to 5 be not in excess of the s turjtifn solubilitey. If the
organic solvent & Lse®an MR GiSSBRAd in W8 an(s)/rprof))&tior?, the' 85nteaf %erém(ﬁs ref@rably 95
wt% or less, furtlshieaafecab DM ingo ori ek, bages on e tosbwaigiaoof tthendtghingosongm.

10[0039] The etchjpg,sallfir-accoring adhe RiesRN iavertien cenfainsiyereluarieacidang the

particular organic solvent described above.If necessary, the solution further contains other
components. ExaRVEEEA RN ESMBSHEnDREGhiR! ARniBATIMANHRULAE PEokH¥BFic akid@which
are 15thought to esaisttig-atibing dfncitea and isurfpetsfiaica biyichidye tlought o dénpifome weattability

tthe etch . : : el | S
the part betgben IS e et Ot b 51 BoL Ny e et QPR D30T s
etching treatmentfisti@sred € akrapopphtetanimy | amtOierebym Ed, bEso oasenial

structure in whichdhe:Hemehes Afpcited Wit dhmisg1saier umtp therleve) @fubn bsimigssaiface. The
present inventior] es to remove \%ﬁinle/ the insuﬁltin layer %\{.etchL%%eVﬁ if widths between
, Wid 0

e cent Imoe SR GG st e crosy g s LRt R B S s o chown
in Fig. 1(e). [004t}sakseirmriaticahe dMpSrisaemoesd lgabtinussituéard rewateh diapk ef ehe circuit

are separagegl byjhederehas dhitifdgen, argon and helium can be adopted.
[0029] The temperature condition for hardening depends
on the kind of the SOD material and on the combination of the
production steps. At a relatively high temperature, the SOD
material tends to be converted rapidly to form an insulating
30 layer. On the other hand, however, if the SOD material is
hardened at a low temperature, the resultant device tends to
have characteristics less suffering from unfavorable effects
given by oxidation or crystal structure change of the substrate,
which is made of silicon or the like. In view of that, the SOD
35 material is heated at a temperature of normally 1000°C or
below, preferably 300 to 900°C. The elevation rate to the



30[0042]An etching solution hitherto used is, for example, an aqueous hydrofluoric acid solution
containing ammonium fluoride. Fig. 2 illustrates a conventional trench isolation process employing
such solution. The steps of Fig. 2(a) to (d) are the same as described above. However, since the
35conventional etching solution is used in the wet etchidg procedure, the etching rate varies according
to the etched point 14 and consequently the insulator at the center of each trench is left more than

that at the periphgnpiaJofaha, E%ecGFé‘FBth%‘rﬁiQn%ﬁ%g%h%cﬁtﬁﬁégl{PTE’EB %‘(ﬁ?@d@?ﬁmﬁﬁ‘ﬂt_%iﬁl'

removed (Fig. 2(f)). As a result, those often cause Insu nd Sinsufficient mechanica
strength. [0043]I16585t ERAENRGHHE B HIMESHIERBARS REWRsdNEntRMIBR EANIBs B K&Rtihe
insulator evenly, fait tgefielletipgimaciraniants Qreshmeds Op tbfesalbdiyatessurfaset & tos@ating
layer at 10 the p tactin inper wal cht ong tensile str d hence
Hbgpaack adedasiong wall g aach A0y JHan aRRlA SpsR AR

tends to be readily . Accor Ing rate in the area n€ar the inner wall enough
to form a ridge aOth@teHRSPRZRICEBNRR &hanuadistep ¥y stsPo44]Meanwhile, in an etching

solution containirfg pgdygfluoric agietdiFeh NS EIE thaHebFtelIcoatriue el tetheopighirgreaction.
It is presumed that toq large contribution of HF2- ions promotes the uneven tcﬂlﬂ%q escribed above.
However, it s al<b BHHGUHSH (RFSh the o@Hing ARG 57 e StPBHABn HveHton, BSparttuiar

organ_ic solvent agsqm'mesl with _Ftﬁtoti’@@luq:miqmdn&iomfhélieat ,intbl”leFZnE_smlﬁah‘tghelmeeno leswver the
effective concentfian i di=dgRgiAde i Brsaussie] thab the etehiRgHe & treatesipear the

inner wall is lowered while that in the center area Is not changed, so that the 25 insulator can be

evenly etchdl. 1t HENRDOR LR hla ki Bfce @hhbBene skl Pt hPrdaavagtie part
concentration of fiyeno#idorin adie, andnlol esceasahyetosugdsstira etchinpmpdytiohedesydiagitoghe
present inventio 5]Thg etching solution of the tipvention.is, 30sui faor ing the
shallow trench isr]o yt%)ﬁn ﬂru@:}%re_g §epstcr8|#§:|®a%bé\lﬁ% t?ﬁ?ss_eglsfg a%%ﬁ‘ﬁ:g\é%ﬁ[oﬁgtrﬁﬁlgségi%ﬁ@ ample,
the solution can BEQ&&0 esrtwekigng Eotiact hdiBs wirehshid\dmbtardideatici fef@feted &1UMD")

layers and pre-mgfakdieigetried FefeARIGIoA® oM laye1s areviermer #bAsHiedRiofuehoprocesses
of semicongductor deyices.The contact holes, which have small djameters, are provided with 15 layers
on their in wal?{%?ﬁ?‘tﬁb%}re%% Etert Hh AU MBS RIRT i GELL BretAth S &t o, the
etching solution éMmheguiéstelyinvBrtiobreampchakirgstgpt holes evenly. Accordingly, in contrast
with the conventiE)@@ISBLqrocessequi{éWBishélpﬁ Wﬂtet@iwygmﬁ g theetehipg time

must be so controlled as to keep the shapes of the contact holes, thé etchi(r;# solution of the present

invention makes MRS afPo cBHroMmsiRo®oas] ThE ple&aMeBAHG isEMiReCatpldifed by
use 100f the follganrfoexaagles: (084 ) Examples pididhiay Hevmratie fxhsines 1 tdhe
First, a sili su -havi ren tr r urf r e.sfr re had
trenches of 80 nrﬁgi%ﬁnﬂr% andéaldé§0 %?né:‘(/vm‘?hus %a)r?g 'ﬁé | épt%%%ﬁ:arg v%g)je[%%(ﬁ thS Ir?mwg'g 18]The
above substrate ABEaPiveSoa3EWitA S EHiEA ety BHINAorRBIthohRiiidz ameS(sEiSRDFFER: 1D wt%

based on the totalgyaigiihaichreiatianotprad £ d 190 snceod dieg the shvans wasspgytiallxsemoved
at 150C for 3 minutes. 2 Therpolysilazane corn ositioq I@/er ed ogéhe substrate surface had a
hie 3605

thickness of 600 HIT i ML othaF AR naN&s. e SUBSirae WA trieh HrsePat 350C
for 2 hours ina stE@@3exk]dation furhacebevinafsaddresarkp PisintraficeatthienKomogaso

Systems Cg LIl AlIaHHRSHISHpN YN SAABBIRRIRR AU 02 AR -8R melek.

flowing at 8.34 L/minute, to form a layer of SOD derived m%alysilaz ne. [0050]Subsequently, the
layer was polishd@ ¥§'Clib {80 PAE tHOEMMRHaR R ulBe. fitk itiitsEs st fle weRhedr
subjected to etchihgvireatmerihab2dér Incheetabing ttéadniesty thei ntghiag dmeeavas wsineg io sample
the substrate. T tching, s@luti in. q&n X S.3s sef. inra . r subjected
to the etching trgg?r%eﬂtfgﬁe(%%%%# ?Ed&a ﬂ;%e su %sj:]ﬁgl:\?va\“?o sgr\%g%@%ezdng Ilg?za Isé&%%irlqg

electron microschPEt 1760 PiaaERshrkp nfdstinguit@ByMrathilYd.Yise6 @b 486 RedBE the
etching ratgg in tBe RrEam of e SPdIAYWidE aitkl8pBayantidinlienties and tpHietesriperie ridge
height in the 190 nm-\{_vidth t£ench. ere, the "H'dge heri1th means thetlevel difference "h" betV\éeen the
parts where treatment can be cCarried out mthe conventional manner excep

for using the etching solution of the present invention.

[0033] This etching solution contains water, hydrofluoric

acid, and a particular organic solvent in an amount of not more

35 than its solubility in water. The amount of hydrofluoric acid

depends on the kind of the SOD layer to be etched, but is



5 the SOD layer was most and least removed, as shown in Fig. 3. [0051]The results were as set forth
in Table 2. 17 [Table 2] Table 2 HE concen- tration Organic solvent Etching rate in trenches Layer in
190-nm trench compound SH concen- tration 80 nm- width (A) 1800 nm- width (B) rate ratio ridge
height grade (wt.0/0) (wt.%) (nm/min) (nm/min) A/B (ngn) Com.1 0.98 absent

preferably 0.06 to 2 wt%, more preferably 0.1 to 1 wt%, based
on the total weight of the solution.
[0034] The particular organic solvent has a OH value,
which is defined by Hansen solubility parameters as a value
5 indicating the strength of hydrogen bond, in the range of 4 to
12 inclusive. The saturation solubility thereof in water is 5 wt%
or more at 20°C. Examples of this organic solvent are as set
forth in Table 1.



52.39 25.52 2.05 107 C Ex.1 0.98 PGMEA 9.0 1 50.40 25.52 1.97 59 B Ex.2 0.98 PGMEA 9.0 19

25.04 14.97 1.6759B Com.2 0.245 absent 7.28 3.89 1.87 87
11
[Table 1]
Table 1
OH Saturation solubility
Acetoaldehyde 7.9 any
Acetone 7.0 any
Acetylacetone 6.2 16.0 wt%
Allyl acetoacetate 8.6 5.0 wt%
Butyric acid 10.6 any
Crotonic acid 12.0 9.4 wt%
Diethyl ether 5.1 6.9 wt%
Diethyl ketone 4.7 5.0 wt%
Diethyl glycol butyl ether acetate 8.2 6.5 wt%
Diethyl glycol monobutyl ether 10.6 6.5 wt%
Dimethoxymethane 8.6 32.3 wt%
Dimethyl diketone 11.7 20.0 wt%
Dimethyl ether 5.7 32.8 wt%
Dipropylene glycol monomethyl ether acetate 8.0 12.0 wt%
Ethyl acetate 7.2 8.0 wt%
Ethyl acetoacetate 8.3 11.6 wt%
Ethylene glycol dimethyl ether 6.0 any
Ethylene glycol monoethyl ether acetate 10.6 23.0 wt%
Ethylene glycol monomethyl ether acetate 11.6 any
iso-Butyric acid 11.1 21.0 wt%
Methacrylic acid 10.2 9.7 wt%
Methyl acetate 7.6 25.0 wt%
Methyl acetoacetate 8.9 46.0 wt%
Methyl ethyl ether 6.2 5.0 wt% or more
Methyl ethyl ketone 5.1 27.5 wt%
Methyl formate 10.2 10.2 wt%
Methylglyoxal 9.7 40.0 wt% or more
Glutaric acid dimethyl ester 8.4 5.3 wt%
2,4-Pentanedione 4.1 12.0 wt%
Propion aldehyde 6.9 20.0 wt%
Propylene glycol monoethyl ether 10.5 any
Propylene glycol monoethyl ether acetate 9.0 5.0 wt% or more
Propylene glycol monomethyl ether 11.6 any
Propylene glycol monomethyl ether acetate 9.8 19.0 wt%
Tripropylene glycol monomethyl ether 10.4 any

In the above table, “any” means that the organic solvent
in the same row can mix with water in any proportion. The



C Ex.30.245 PGMEA 9.0 36.04 4.39 1.38 20 A Ex.4 0.245 PGMEA 9.0 193.202.76 1.16 16 A
Com.3 0.98 absent 53.64 23.32 2.30 107 C Ex.5 0.98 PGME
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above organic solvents can be used in combination of two or

more.

[0035] In contrast with the above solvents, solvents such

as isopropyl alcohol (d6H=16.4), ethyl lactate (dH=12.5) and
5 acetic acid (6H=13.5), which are contained in conventional

etching solutions, are incapable of giving the effect of the

present invention because they have too large 0H values.

[0036] Among the solvents shown in Table 1, those having

OH values of 11.6 or less are preferred. On the other hand, the

10 OH value is also preferably 5 or more, further preferably 7 or
more. The saturation solubility in water at 20°C is preferably 8
wt% or more, further preferably 10 wt% or more. In view of
treatability and cost, preferred are propylene glycol monomethyl
ether, propylene glycol monomethyl ether acetate, ethyl

15 acetoacetate, acetone, dimethyl ether, methyl ethyl ketone and
ethylene glycol dimethyl ether. Particularly preferred are
propylene glycol monomethyl ether and acetone because the
effect of the present invention appears remarkably when they
are used.

20 [0037] The content of the particular organic solvent in the
etching solution is generally determined so that the components
can be homogeneously mixed in the solution, and hence is not
especially restricted. However, the more the solution contains
the solvent, the more strongly the effect of the present

25 invention tends to appear. Because of that, the amount of the
organic solvent is preferably 1 wt% or more, further preferably
5 wt% or more based on the total weight of the etching solution
unless it is more than the saturation solubility of the solvent in
water. If having a limited solubility in water, the organic

30 solvent is preferably contained in as close an amount to the
saturation solubility as possible. Specifically, the content of
such organic solvent is preferably 80% or more, further
preferably 90% or more, based on the saturation solubility
thereof.

35 [0038] On the other hand, if the etching solution contains
the organic solvent in a large amount, the etching rate tends to



10.51 60.87 27.67 2.20 51 A Ex.6 0.98 PGME 10.5 15 22.53 13.44 1.68 51 A Ex.7 0.98 PGME 10.5
30 13.96 8.07 1.73 44 A Ex.8 0.98 PGME 10.5 45 7.67 3.94 1.95 44 A Ex.9 0.98 PGME 10.5 60 3.60
2.02
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be lowered in the etching procedure. Accordingly, in order to
ensure the etching rate, the content of the organic solvent is
preferably not too large. If the organic solvent to use has a
limited solubility in water, it is enough for the content thereof to

5 be not in excess of the saturation solubility. If the organic
solvent to use can be dissolved in water in any proportion, the
content thereof is preferably 95 wt% or less, further preferably
90 wt% or less, based on the total weight of the etching
solution.

10 [0039] The etching solution according to the present
invention contains hydrofluoric acid and the particular organic
solvent described above. If necessary, the solution further
contains other components. Examples of such components
include: ammonium fluoride and phosphoric acid, which are

15 thought to assist the etching function; and surfactants, which
are thought to improve wettability of the etching solution.
[0040] As the result of the etching treatment, the
insulating layer 4 remaining in the part between adjacent lines
of the circuit 2 is evenly removed as shown in Fig. 1(e). The

20 etching treatment is finished at an appropriate timing, and
thereby it can be possible to form a structure in which the
trenches are filled with the insulator up to the level of the
substrate surface. The present invention enables to remove
evenly the insulating layer by etching even if widths between

25 adjacent lines of the circuit, namely, widths of the trenches, are
different from each other, as shown in Fig. 1(e).

[0041] Subsequently, the cap 3 is removed to obtain a
structure in which lines of the circuit are separated by the
trenches (Fig. 1(f)).

30 [0042] An etching solution hitherto used is, for example,
an aqueous hydrofluoric acid solution containing ammonium
fluoride. Fig. 2 illustrates a conventional trench isolation
process employing such solution. The steps of Fig. 2(a) to (d)
are the same as described above. However, since the

35 conventional etching solution is used in the wet etching
procedure, the etching rate varies according to the etched point



1.7840 A Com.4 0.245 absent 10.255.27 1.94 87 C Ex.10 0.245 PGME 10.51 7.934.51 1.76
47 A Ex.11 0.245 PGME 10.5 15 4.22 2.99 1.41 43 A Ex.12
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and consequently the insulator at the center of each trench is
left more than that at the periphery to form a ridge as shown in
Fig. 2(e). The ridges remain even if the cap 3 is removed (Fig.
2(f)). As a result, those often cause insulation failure and
5 insufficient mechanical strength.

[0043] It is not clear why the etching solution of the
present invention enables to etch the insulator evenly, but the
following mechanism is presumed.

On the substrate surface, the insulating layer at

10 the part contacting to the inner wall of each trench undergo
strong tensile stress and hence tends to be readily etched.
Accordingly, the etching rate in the area near the inner wall is
high enough to form a ridge at the center in each trench as
shown in Fig. 2(e).

15 [0044] Meanwhile, in an etching solution containing
hydrofluoric acid, HF; ions are thought to contribute mainly to
the etching reaction. It is presumed that too large contribution
of HF,  ions promotes the uneven etching described above.
However, it is also presumed that, in the etching solution of the

20 present invention, the particular organic solvent associates with
HF to reduce ionization thereof into HF,  ions and hence to lower
the effective concentration of HF, ions adequately. Because of
that, the etching rate in the area near the inner wall is lowered
while that in the center area is not changed, so that the

25 insulator can be evenly etched. It should be noted that this
effect cannot be obtained only by reducing the concentration of
hydrofluoric acid, and it is necessary to use the etching solution
according to the present invention.

[0045] The etching solution of the present invention is

30 suitable for forming the shallow trench isolation structure
described above, but is also applicable to other uses. For
example, the solution can be used for washing contact holes
when inter-metal dielectric (referred to as “IMD”) layers and
pre-metal dielectric (referred to as “"PMD”) layers are formed in

35 the production processes of semiconductor devices. The
contact holes, which have small diameters, are provided with



0.245 PGME 10.5 30 2.391.68 1.43 43 A Ex.13 0.245 PGME 10.545 1.22 0.87 1.40 43 A Ex.14
0.245 PGME 10.5600.500.411.220 A Ex.150.98 EAA8.3 1
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layers on their inner walls, and the layers are often

inhomogeneous in the thickness direction. Even so, the etching

solution of the present invention can clean the contact holes

evenly. Accordingly, in contrast with the conventional
5 processes in which the components of etching solutions and the

etching time must be so controlled as to keep the shapes of the

contact holes, the etching solution of the present invention

makes it unnecessary to control them.

[0046] The present invention is further explained by use

10 of the following examples.
[0047] Examples 1 to 19 and Comparative Examples 1 to 5

First, a silicon substrate having a trench structure on the
surface was prepared. The structure had trenches of 80 nm,
190 nm and 1800 nm widths and the depth of them were 540
15 nm.
[0048] The above substrate was spin-coated with a
dibutyl ether solution of polysilazane (solid content: 19 wt%
based on the total weight) at a rotation speed of 1000 rpm, and
then the solvent was partially removed at 150°C for 3 minutes.
20 The polysilazane composition layer formed on the substrate
surface had a thickness of 600 nm in the area other than the
trenches.
[0049] The substrate was then fired at 350°C for 2 hours
in a steam oxidation furnace (VF-1000 [trademark],
25 manufactured by Koyo Thermo Systems Co., Ltd.) under an
atmosphere of oxygen/steam mixed gas (H,O/(0,+H,0)=80
mol%) flowing at 8.34 L/minute, to form a layer of SOD derived
from polysilazane.
[0050] Subsequently, the layer was polished by CMP to
30 bare the substrate surface. The polished substrate was then
subjected to etching treatment at 23°C. In the etching
treatment, the etching time was varied to sample the substrate.
The etching solution used in each example was as set forth in
Table 2. After subjected to the etching treatment, the section
35 of the substrate was observed by means of a scanning electron
microscope (S-4700 [trademark], manufactured by Hitachi Ltd.),



56.28 26.88 2.09 59 B Ex.16 0.98 EAA 8.3 11 30.07 16.40 1.83 51 A Ex.17 0.245 EAA8.3 1
8.48 4.98 1.70 55 A Ex.18 0.245 EAA 8.3 11 5.87 3.99 1.47 43
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so as to measure the etching rates in the areas of the 80
nm-width and 1800 nm-width trenches and to determine the
ridge height in the 190 nm-width trench. Here, the "“ridge
height” means the level difference “h” between the parts where

5 the SOD layer was most and least removed, as shown in Fig. 3.
[0051] The results were as set forth in Table 2.



A Ex.19 0.245 Acetone 7.0 15 5.86 4.22 1.39 41 A Ex.20 0.245 MEK 5.1 15 5.11 3.48
14747 A
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[Table 2]
Table 2
Organic solvent Etching rate in trenches Layer in 190-nm
HF trench
concen-
tration concen- 80 nm- | 1800 nm-| rate ridge
compound 5H tration | width (A) | width (B) | ratio height grade
(wt.%) (wt.%) | (nm/min) | (nm/min)| A/B (nm)

Com.1| 0.98 absent - - 52.39 25.52 | 2.05( 107 C
Ex.1 0.98 PGMEA | 9.0 1 50.40 25.52 |1.97 59 B
Ex.2 0.98 PGMEA | 9.0 19 25.04 14.97 | 1.67 59 B

Com.2 | 0.245 | absent - - 7.28 3.89 |1.87 87 C
Ex.3 0.245 | PGMEA | 9.0 3 6.04 4.39 |1.38 20 A
Ex.4 0.245 | PGMEA | 9.0 19 3.20 2.76 |1.16 16 A

Com.3| 0.98 absent - - 53.64 23.32 | 2.30] 107 C
Ex.5 0.98 PGME 10.5 1 60.87 27.67 | 2.20 51 A
Ex.6 0.98 PGME 10.5 15 22.53 13.44 | 1.68 51 A
Ex.7 0.98 PGME 10.5 30 13.96 8.07 |1.73 44 A
Ex.8 0.98 PGME 10.5 45 7.67 3.94 |1.95 44 A
Ex.9 0.98 PGME 10.5 60 3.60 2.02 1.78 40 A

Com.4 | 0.245 absent - - 10.25 5.27 1.94 87 C
Ex.10 | 0.245 PGME 10.5 1 7.93 4.51 1.76 47 A
Ex.11 | 0.245 PGME 10.5 15 4.22 2.99 1.41 43 A
Ex.12 | 0.245 PGME 10.5 30 2.39 1.68 |1.43 43 A
Ex.13 | 0.245 PGME 10.5 45 1.22 0.87 |1.40 43 A
Ex.14 | 0.245 PGME 10.5 60 0.50 0.41 1.22 0 A
Ex.15 0.98 EAA 8.3 1 56.28 26.88 | 2.09 59 B
Ex.16 0.98 EAA 8.3 11 30.07 16.40 | 1.83 51 A
Ex.17 | 0.245 EAA 8.3 1 8.48 498 |1.70 55 A
Ex.18 | 0.245 EAA 8.3 11 5.87 3.99 1.47 43 A
Ex.19 | 0.245 | Acetone | 7.0 15 5.86 4.22 |1.39 41 A
Ex.20 | 0.245 MEK 5.1 15 5.11 3.48 |1.47 47 A
Ex.21 | 0.245 EGMEA | 10.6 15 3.94 3.00 1.31 28 A
Ex.22 | 0.245 CA 12.0 9 7.39 4.89 |1.51 36 A
Ex.23 | 0.245 PD 4.1 10 5.68 4.08 |1.39 24 A

Com.5| 0.245 IPA 16.4 20 2.91 1.48 |1.97 81 C




Ex.21 0.245 EGMEA 10.6 15 3.94 3.00 1.31 28 A Ex.22 0.245 CA12.097.394.891.51 36 A
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In the above table,

PGMEA stands for: propylene glycol monomethyl ether
acetate,

PGME stands for: propylene glycol monomethyl ether,

EAA stands for: ethyl acetoacetate,

MEK stands for: methyl ethyl ketone,
EGMEA stands for: ethylene glycol monomethyl ether acetate,

CA stands for: crotonic acid,

PD stands for: 2,4-pentanedione, and

IPA stands for: iso-propanol.

Further, according to the ridge height, the layer in the
190 nm-width trench was graded as follows:

A (excellent): ridge height of less than 57 nm,

B (good): ridge height of 57 nm or more but less than
76 nm, and

C (poor): ridge height of 76 nm or more.
[0052] It was also found that the insulating layer could
not be etched with an etching solution not containing
hydrofluoric acid in each example.

BRIEF DESCRIPTION OF THE NUMERALS
[0109] 1: substrate
2: circuit
3: cap
4: insulating layer



Ex.23 0.245PD 4.1 105.68 4.08 1.39 24 A Com.50.2451PA 16.4202.911.481.9781C 181In
the above table, PGMEA stands for: propylene glycol monomethyl ether acetate, 5SPGME stands
for: propylene glycol monomethyl ether, EAA stands for: ethyl acetoacetate, MEK stands for: methyl
ethyl ketone, EGMEA stands for: ethylene glycol monargethyl ether acetate, CA stands for: crotonic
acid, 10PD stands for: 2,4-pentanedione, and IPA stands for: iso-propanol. Further, according to
the ridge height, the layer in the 190 nm-width trengh wgs@faded as follows:

[1] An etching solution containing hydrofluoric acid and an
organic solvent, wherein said organic solvent has a dH value
defined by Hansen solubility parameters in the range of 4 to 12
inclusive and the saturation solubility thereof in water is 5 wt%
or more at 20°C.

[2] The etching solution according to claim 1, wherein said
hydrofluoric acid is contained in an amount of 0.06 to 2 wt%
based on the total weight of the solution.

[3] The etching solution according to claim 1 or 2, wherein
said organic solvent is selected from the group consisting of
propylene glycol monomethyl ether, propylene glycol
monomethyl ether acetate, and ethyl acetoacetate.

[4] The etching solution according to any of claims 1 to 3,
wherein said organic solvent is contained in an amount of 1
wt% or more based on the total weight of the solution.

[5] A process for forming a shallow trench isolation structure,
comprising the steps of:

coating a composition containing insulating material onto
a substrate surface provided with a trench structure, to form a
coating layer;

firing the coated substrate to harden the insulating
material, so as to form an insulating layer; and

subjecting the insulating layer after polished to etching
treatment by use of an etching solution containing hydrofluoric
acid and an organic solvent, wherein said organic solvent has a
OH value defined by Hansen solubility parameters in the range
of 4 to 12 inclusive and the saturation solubility thereof in water
is 5 wt% or more at 20°C.

[6] The process according to claim 5 for forming a shallow



A (excellent): ridge height of less than 57 nm, 15B (good): ridge height of 57 nm or more but less than
76 nm, and C (poor): ridge height of 76 nm or more. [0052]It was also found that the insulating layer
could not be etched with an etching solution not containing 20hydrofluoric acid in each example.
BRIEF DESCRIPTION OF THE NUMERALS [0109]1: 3@bstrate 2:circuit 253: cap 4: insulating layer
19 CLAIMS [1] An etching solution containing hydrofluoric acid and an organic solvent, wherein said

organic solvent has.3 QH e fslined vddpasen, ﬁ@k@fhtys%@%ﬂ%ﬂﬁ%e FRAEERAL f0 12

inclusive and the saturation solubility thereof in water is 5 wt% or more at (2] The etching
solution accordingYSHRFANGhERIMRANE RBTLFRIdcin RUBhiaBelPiein ismBuatlferstto 2
wt% based on thefigtal weight of the solution. [3] The etching solution according to claim 1 or 2,
wherein said organic solvent is selected from the group consisting of
propyleneglycolmonomethylether,propyleneglycol monomethyl ether acetate, and ethyl acetoacetate.
[4] The etching sbiition ato6rdmPEessy elcaairdéNdtot® wHeieh Sidsrdanf®solfermin®ngined in

an amount of 1 W4 aproRone ased @btaeumalmméthwwﬁom lﬁﬂé’rpt@*?ﬁﬁﬁ*fgé@rfﬁég a
shallow trench iso atlon ructur com sm the ste compgsition aining
insulating materidl 8&003[588¥ﬁ1‘t ﬁ? b%tla V\ﬁth 3%?(% ur%nto(ifb‘? ?3811'{91 Iayer
firing the coated atﬁbstrafeetcsbanjetﬁ me gulating material, so as to form an insulating layer; and
subjecting the insulating layer after polished to etching treatment by use of an etching solution
containing hydrofluoric acid and an organic solvent, wherein said_organic solvent has a OH value
defined by Hansé® $olublifEpREATEess RLFRN Fldﬁéb 50 4GP ind 1 JQVe R miIRGs Aushidi QWiubility
thereof in water isremt¥ oisierei ah 2Q6Er U6t U e, pradesscancotbing stefminnt fpolesiming a ghallow
20 trench isolatio ipsulat e |I pound and said
insulating layer |sgg§é[| eous[\folrgn ¢ ]‘ﬁﬁg pﬁ%céj]sgg‘c!ggrdmg &%Iﬁﬁ‘% 1 géﬁ%ﬁr‘:ﬁgmmg a shallow
trench isolation structure, which further comprises the step of polishing the insulating layer formed on
the substrate after the step of firing. [8] The process according to claim 7 for forming a shallow trench
isolation structure, wherein the step of polishing is carried out according to chemical mechanical
polishing.



