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METHODS OF FORMING INTEGRATED CIRCUIT DEVICES HAVING
ION-CURED ELECTRICALLY INSULATING LAYERS THEREIN FIELD
OF THE INVENTION The present invention relates to integrated circuit
fabrication methods and, more particularly, to methods of fabricating
integrated circuits that utilize trench isolation regions therein. 5
BACKGROUND OF THE INVENTION In a semiconductor device, a
pluralitérof unit elements such as transistors, bit lines, or metal wires can

be inMEEHQARK L LORMING INTEGRATER FHRGLHT-RE WER BAVING
be insulptaq-CYRELCEANEERRIGALCY NS A TING A ANE RS FIHEREIN

insulate the unit elements from one another, and an oxide film has been

used as a typical insulating film. A BPSG (Boro Phospho Silicate Glass)

film, a BSG (Boro Silicate @|gs$s) thp. RSN VENPRORC Silicate Glass)

film, a TEOS (Tetra Ethyl Ortho Silicate) film, an USG (Undoped Silicate
Glass) filtRedPrE LM BENGR RHElaihis i tassated gireyit &Rrigation methods
'néH&tmgrfé_fﬁért%?aPﬁl?tB'%%@%Pfdﬁ%ﬁﬁg%é&?&@@%iﬁﬁﬂ%ﬁf utilize

device, a distance between patterns thereon is decreased and a height of
eHianpaioIRtinRyeHARERBMN-As a result, an aspect ratio of the pattern
may be increased. When a gap is filled during the deposition of an
insulating film, an 20 increase in the aspect ratio of the gap may cause
defects in the insulatifASEROUNENQE fIHEINYENTION (High Density
Plasma) |qrde-fie Siagueesindésasbas plLiRHWasNG eI diaving syealiest
gap-filling characteristics. However, since the HDP oxide film is formed b

a IIISIgENSItP b IASa Op SR WifeSicanResiNiaRERigaiBiAaBY girate. The

EXRRIPy BRiRIFFAEABAHRIII) ofdn DR GASSRAJY FBMIaR-daBaHYr. An
plasma. Accordingly, a HARP (High Aspect Ratio Planarization) method
hipsulating film can be used to insulate the unit elements from one another,

and an oxide film has been used as a typical insulating film. A BPSG (Boro
Phospho Silicate Glass) film, a BSG (Boro Silicate Glass) film, a PSG
(Phospho Silicate Glass) film, a TEOS (Tetra Ethyl Ortho Silicate) film, an
USG (Undoped Silicate Glass) film, or a combination thereof have also been
used as insulating films.

Due to a high degree of integration of the semiconductor device, a
distance between patterns thereon is decreased and a height of each pattern
may be increased. As a result, an aspect ratio of the pattern may be
increased. When a gap is filled during the deposition of an insulating film, an
increase in the aspect ratio of the gap may cause defects in the insulating
material used to fill the gap.

A HDP (High Density Plasma) oxide film has been used as an insulating film
having excellent gap-filling characteristics. However, since the HDP oxide
film is formed by a high-density plasma, plasma attack against lower patterns
(for example, gate electrode patterns) may be caused by the high-density
plasma. Accordingly, a HARP (High Aspect Ratio Planarization) method has

been proposed to solve problems generated when an insulating film is
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been proposed to solve problems generated when an insulating film is -1
deposited by plasma. However, seams may be formed in a material of a
HARP oxide film due to the characteristics of the deposition process.
Moreover, because a wet etching rate of the HARP oxide film with respect
to a hydro-fluoric acid (hereinafter, referred to as "HF") is larger than that
olfdisoritddB P ke e, MeWRRST sEHREeRARBEIRMABHIRD RTRAENAIHRY
become recessed to a large depth, thereby generating internal stress

withR R Qi iR LR i BipislryRRIRTsTERiPHINARRP R RIPPRSE:
Thifo rdEVERN HERILER MefBpdecafgrratabathidiagiRred iU ANige respect to

according to _embodiments of the present invention utilize ion implantation
aR AR AHRY caRid rss paftapractetrrideaasy bBifdeisdangsldiign that of the

regoPsoi§dR fFANake isppEiosuresiensd avitieraBrniseraied eikaUkay become
substrate. Methods accordinﬂato some of these embodiments include

foieafrRsadrichararg seriieieebrasRaRline s st RieSHhWiNIAg the
trenpBaMtl ANy SesHER I dpHtaingréanian/igedlg a seam therein. The
trench may be filled by depositing a sufficiently thick electrically insulating
layer on sidewalls and a bottom of the trench. Curing ions are then

implanted into the electrggiiyNnnsRMtDE BIOMALENTUERIent energy and
dose to reduce a degree of atomic order therein. The 20 curing.ions may

be ones MEKIAE] ROIArDHIBGY HoIRIIERRY SiibEENM ER 2CERESPRRS (P),

beiaB dBimaraeni (s breadianrfonfoacmni(2e e iMprIHAtitaandeliBaling
(He), neon (Ne).and xenon (Xe). These curing ions may be implanted at

. (Xe) . .
a%Péheiay%ﬁ tq InReNBdhestREY QhdeyigedsQiationteqigns - Bxitsanch
ioRslaeh féwcneriRRlly arsiaiiiateyristbepaniealebiieddaccording to

sufficient temperature and for a sufficient duration to increase a degree of

aftfE SdbERRIFMBRINRAMR N6 WL iaimy & 8ide n&RIBrRiRYigee of
additssh anepadsmestael Hirlinvientior theBRRMARIAS electrically insulating

region having a seam therein. The trench may be filled by depositing a

sufficiently thick electrically insulating layer on sidewalls and a bottom of the
trench. Curing ions are then implanted into the electrically insulating region at
a sufficient energy and dose to reduce a degree of atomic order therein. The
curing ions may be ones selected from a group consisting of nitrogen (N),
phosphorus (P), boron (B), arsenic (As), carbon (C), argon (Ar), germanium
(Ge), helium (He), neon (Ne) and xenon (Xe). These curing ions may be
implanted at an energy of at least about 80 KeV and a dose of at least about
5x10'* ions/cm®. The electrically insulating region is then annealed at a
sufficient temperature and for a sufficient duration to increase a degree of
atomic order within the electrically insulating region.

According to additional embodiments of the invention, the implanting
step may be preceded by a step of planarizing a surface of the electrically
insulating region. The annealing step may include annealing the electrically
insulating region at a temperature of at least about 600°C for a duration of at

least about 30 minutes.
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step may be preceded by a step of planarizing a surface of the electrically
insulating region. The annealing step may include annealing the
electrically 30 insulating region at a temperature of at least about 600C for
a duration of at least about 30 minutes. -2 BRIEF DESCRIPTION OF
THE DRAWINGS The above and other features and advantages of the

present invention i bEqOMSCrRFERORAGIFITYEIEFEANN (getall
preferred embodiments thereof with reference to the attached drawings in

which: 5 H1&8b@¥ergdher JRal4res pichadvnigeratrighiduesssy tywgntion

”Wm%cﬁirﬁ@ﬁ\ﬁ?étﬁﬂﬁﬁrérﬁ%?i@_@@@%iﬁb Q@‘dé@aﬁ%‘é‘f@i’?@d‘éﬁfbodiments
embodiment of the present invention; FIG. 2 shows graphs of wet etching

rdfi BP Wi TiRiER eGSR S GRChHAd HraN RESPHYHEES, a HARP
process a2 1Kaeess efravRMBedgRwRiI MitkeMingedsressios pie

performed, respectively; FIGS. 3A to 3C show comparative samples of a

senGAtiALBAALALULNG A eXeRIALAIAr Seits@ i dBmicoRBuctor

devisannrertiog fecahrcaxmodieanbaf the present invention; and FIGS.
4A and 4B are cross-sectional views of a comparative sample 15

semicondlftts 8ROWE SAPRSBhHES RIGRIBE dRiRsLheXPRIIMERIaf*amples on
emhrWmsMDPthede@sery MR BEs3CAHE BN daEsTdilan embodiment of
PREFERRED EMBODIMENTS Advantages and features of the present
inhBEFSSALIRYERTRR BfeBeiREnssidisrRaAe Ene may be understood

more regdty\greterg s riqiiming dpiaiddlesarsdianehalRiRireévice
embodiments and the accom()aﬁ%ymg drawings. The present invention
R é‘rgH‘aﬁ‘?ﬁ

nayd REWRNRSTIBIE BIRLBKREAPIR Hh§THEn derasRGERIYIBEHR an

cesbogithanbefnadipitadie theemibhodingents set forth herein. Rather,

these embodiments are provided so , . ,
FIGS. 4A and 4B are cross-sectional views of a comparative sample

semiconductor device and a semiconductor device according to an

embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Advantages and features of the present invention and methods of

accomplishing the same may be understood more readily by reference to the
following detailed description of preferred embodiments and the
accompanying drawings. The present invention may, however, be embodied
in many different forms and should not be construed as being limited to the
embodiments set forth herein. Rather, these embodiments are provided so
that this disclosure will be thorough and complete and will fully convey the
scope of the invention to those skilled in the art. Like reference numerals
refer to like elements throughout the specification.

The term "and/or" includes any and all combinations of one or more of
the associated listed items. As used herein, the singular forms "a", "an" and
"the" are intended to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood that the terms

"comprises" and/or "comprising," when used in this specification, specify the
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25 that this disclosure will be thorough and complete and will fully convey
the scope of the invention to those skilled in the art. Like reference
numerals refer to like elements throughout the specification. The term
"and/or" includes any and all combinations of one or more of the
associated listed items. As used herein, the singular forms "a", "an" and

3Qrékenageonieaderkiainriddmiag aisratdprns s ARIhd iR R &R, and/or

context clearly indicates otherwise. It will be further understood that the

teFRIBPRIBREISAE A AR PERATSIRIRG, PiRseRcR & AAEHIORIGR& A MOre

SREREY fégrd P REEErOLEPE bieaitiBhs NERIAENRIBIERSMPRAEHIBNENd/or
elements, and/or components, but do not preclude the presence or

adiRiRP SRBIROLr iR deBTHEPlRAYHES iGN SR CoBErRASRLT describing

eleaeaitaCeMBPOARNENtAHG aBEP1P8IhRARPIH ddneotBemiRMREy disee
herein is for the purpose of describing 5 particular embodiments only and

is'HYRMRMded to be limiting of the invention. FIGS. 1A to 1 G are views
Sequentiﬁltﬁﬁluﬁﬁ(@(ﬂW&?@ﬁv@fsél?]@ﬁﬁﬁwmgs@féﬁ@%@mrof

device according to an embodiment of the present invention. First,

rdRANHERRYEIRS 3 AeiARAEYHAUIAGIRGRESRENN 90 A S MkeRjmRMY of the
Spessisalvivamrshoiedilreranthg Ra¢ IGLHR, fildnareSRAVRIYIBIGh aspect

laminated. Then, a pad oxide film pattern 112 and a pad nitride film

piRtien 25e 'erariimeReriicalmr aaferide ibsard foere\nikidg tim are
phetreaski(posshexed duinhphgiacBdigichinopesasIas Aeatpal nitride

each of the portions of the semiconductor substrate 100, which are .
el R thi 115356 S0 st Aliyh SREVRAN Xl MO Rie PRLYHIBIRE 2
panstdieesimheatrsw) lduimgtehetbtarthuechingcgriessiaed derththat, each

thereby forming each of trenches A and B having a high aspect ratio. For

cOhVRRIBREIHP RIS BBMIcoRAEiRtHasiclR AAGHENIAT R IR FXRgsed to the

agpesidatiorbighttHepathakiektientfriwhB1 Howadahdhraaresese fiim pattern

iny 162:[i?sneitscﬂgélitgqiﬁ%%hae rg}rté)dgtggrmﬁed depth, thereby forming each of
trenches A and B having a high aspect ratio. For convenience of description,
the trench A has been shown to have an aspect ratio higher than that of the
trench B. However, the present invention is not limited thereto, and the
trench A may have the same high aspect ratio as the trench B.

Subsequently, referring to FIG. 1B, a side oxide film 118 is formed in

the trenches, and a liner film 120 is formed on the entire surface of the
structure of FIG. 1A. The side surfaces of the trenches formed in the
semiconductor substrate 100 are thermally oxidized to form the side oxide
film 118, which compensates for damage in the surface. Then, a thin nitride
film is formed as a liner film 120. The liner film 120 may be formed as a
nitride film, which is formed by a low-pressure CVD (chemical Vapor
Deposition) method, a plasma derivative CVD method, or a high-density
plasma CVD method. For example, the flow amount of a nitrogen source is
controlled to change the stress of a thin film into compressive or tensile
stress, so that it is possible to improve the properties of the nitride film formed
by the plasma derivative CVD method. Further, the stress of the nitride film
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20 trench A may have the same high aspect ratio as the trench B.
Subsequently, referring to FIG. 1 B, a side oxide film 118 is formed in the
trenches, and a liner film 120 is formed on the entire surface of the
structure of FIG. 1A. The side surfaces of the trenches formed in the
semiconductor substrate 100 are thermally oxidized to form the side oxide

2%olied 15y waichgrramaisaRssinadovBIRdthie canBeadhgRRgPIn
nitride filﬁjis formed as a liner film 120. The liner film 120 m!ay beo?g?med

aSAHANIAS FONGPRIMNETERARIFY RORIBFES IO A Qe P RSy apBrS, it

Drpesdignbredde i Blagaimdeavaiveriny Papethod, or a high-density
plasma CVD method. For example, the flow amount of a njtrggg;n source

is 30 contRIfEtNS hEHge the 3RARSTHFRORNIRIAKERS Lomisreaositad on the

testpilet FERSISF RS, thBL BdstRestibleréh EResoxR tireBroRe RS QlIEre M gadErilling
film formed by the plasma derivative CVD method. Further, the stress of

tHeXIRitRY i 22 I IRREP By R R RABRS (Bl SsReelTANR s 3drAbEN)

a?ﬁdﬁéﬁ‘sbw eIy BiSE SOHTSRAANSITIRE Q@ﬁlﬁﬁ?"@&@eﬂ‘@yﬁ@‘#’%&?%e a
of gas. Thus, it _is possible to selectively form the liner film 120. Referring

P1Qs; BESA8-Hliag AspeabiiatioPlanarsatian Psnl gk -ty Qntcor

FiShidats) sadhatdhewenshng aesnidach Jntrsrivyier Gooarddliag niagdse
layer 122 is formed using a HARP (E%?h Aspect Ratio Planarization

er 1. g | ) .
pigelicantinsaler DAt iBRANIGH Hap-AMRYBkideed e inoeassdspasition
HARE §7% PRSs¢ishiosare Retin AP @izatmPaTetmicig (stpas the

Silicate) material. While the flow amount of 03-TEOS material may be 10

SigRRICAIRE Ui ANRaAtRe B ORsIAITGH: affuhARB e ickadiym can be

depeadivasratRoMBJAEES idriaNDY BRHAMME 3 BRIAF dimavdigdnisitivity.
used as the gap-filling oxide layer 122, is performed. The HARP
0P EEAiA ESAPAN PR IUEIEhEhbYERESIRIRIGESES HHE R HiRing

a GepRIb RlveERasa BRIy o PENARR SRATEDY hatiranedRikustrated, a
gasggirwqugrr%%eysgéj %Jc?rrtr?etcri]%t an interface portion. In particular, the seam 124
may be formed in the trench A having a higher high aspect ratio. The seam

124 may cause the formation of a void, which can reduce device yield.
Referring to FIG. 1D, the gap-filling oxide layer 122 is then planarized.
Before the gap-filling oxide layer 122 is planarized, a first thermal treatment
(annealing) is performed. The first thermal treatment may be performed, for
example, at a temperature of at least about 600 C. For example, the first
thermal treatment may be performed at a temperature of about 1050 C for a
duration of at least about 30 minutes. The gap-filling oxide layer 122 may be
planarized by a CMP (Chemical Mechanical Polishing) process. Even though
the above-mentioned planarization process is performed, the seam 124 may
still exist in the gap-filling oxide layer 122 having a high aspect ratio. To
address this problem, curing ions may be implanted into the planarized gap-
filling oxide layer 122, as illustrated by FIG. 1E. These curing ions 126 may
be implanted into the planarized gap-filling oxide layer 122, so that the upper
portion of the gap-filling oxide layer 122 is converted to a state having less

atomic order, including an amorphous state.
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15 deposition characteristic of the HARP 03-TEOS material. As illustrated,
a seam 124 may be formed at an interface portion. In particular, the seam
124 may be formed in the trench A having a higher high aspect ratio. The
seam 124 may cause the formation of a void, which can reduce device
yield. Referring to FIG. 1 D, the gap-filling oxide layer 122 is then

planarized mé)Bedesn, o GRMHGITEhe 128 IR Be DolssPsnssteadraireiroups
thermal treatment (annealing) is performed. The first thermal treatment

Liheopesesifirblgif glppenisré of sxaaRialbaBbgions
Fapexaapls: BAdIH|dbridmbfealgienp BaddisiRgrEIAIREGRIA(N), phosphorus

temperature of about 1050 C for a duration of at least about 30 minutes.

THR) gRBIRMHE b RERE G D CRIAP B Db BIERAHALY B AERIBCHShiERIUM
MesdrnisahRnlishing Rsaeps&ver thgwghtiBermprRanen iRtions differ

planarization process is performed, the seam 124 may_ still exist in the

g SSRGSk G AYRS ST EHARY HORyh Bepexararls. the Aulasdatin condition

PraBleTAcRIGE EraRpEAaReHBRBIEIHO KerhtpHZRsE 837 THI0Y ions/cm?.
oxide layer 122, as illustrated by FIG. 1 E. These ,curin% ions 126 may 30

beliRfplAIRANTAHS tHesREhaFiba glaiieg exingiigns 126 reavig. s

upRempritiapcftthe@anrrfibinorexidedaringttivrrovetegdaiastaéen the
having less atomic order, including an amorphous state. -5 In more detalil,

tHRFERAMRY B SR IS8 BreRGN KMepiRNroinesrBRIRNaliansighidnamhave

pergdiaiabiesabalsareiie. e xamplsnhiel Guting igperigspaydpenetfap-
selected from a grou%é:onsistin of nitrogen (N), phosphorus (P), boron
FREPR

(B)lingsexide eed deRE RaGURNIGIAYESE), helium 5 (He),

neon (N®)aaseixgnerHie ) FustBesdhe invnaniarieaeriittopsdifieted on the
depending on the type of curing ions. For example, the implantation

cERMtBINIRY IRk AP mBiIaAion BRGEY M R &EAMPRRISE ofhe
xEatonensiemyal frbatimantaljasedssito ahiiedmplentpe uURg dpRs (b6t

may be, for example, about 100 nm, but may be changed without
d8BR4RORaf tier example, the second thermal treatment may be performed

at a temperature of about 10501 C for about 30 minutes. Accordingly, it is
possible to facilitate an increase in atomic order of silicon and oxygen in the
upper portion of the gap-filling oxide layer 122. This increase in atomic order
may include a partial or possibly complete recrystallization in the oxide layer
122. As aresult, it is possible to change the upper portion of the gap-filling
oxide layer 122, into which ions are previously implanted, from a possibly
amorphous state to a more organized recrystallized state. Although not
wishing to be bound to any theory, it is believed that the silicon and oxygen in
the upper portion of the gap-filling oxide layer 122 are rebonded and then
regularly arranged, so that the seam 124 formed in the upper portion of the
gap-filling oxide layer 122 can be at least partially removed. Further, the
upper portion of the gap-filling oxide layer 122 is changed from a less
atomically ordered state to a more atomically ordered state, so that the gap-
filling oxide layer 122 can become denser. Accordingly, the damage to the
upper portion of the gap-filling oxide layer 122 can be physically cured.
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10 scope and spirit of the present invention. The implantation depth may
have any value as long as the seam 124 formed in the upper portion of
the gap- filling oxide layer 122 can be at least partially removed. Referring
to FIG. 1 F, a second thermal treatment is performed on the gap-filling
oxide layer 122 into which the curing ions are implanted. The 15 second

thermal tregverie Mitth B SrRSHEAEIRM B IRMGFEAR!TE SEAbIARSY AR9W thermal

600-C. For example, the second thermal treatment may be performed at

a YERPREAUIRRIEAIR]D 65 61090 (RHHGr 3l FRIKLASCALRBIANYED ThR

p@‘iﬁﬁ&@iFﬁéﬁ@Hﬂf%ﬁ%%é@%ﬁ%?éﬂtﬁﬁﬁﬁe%@%@bﬁﬂM @F‘%@Wﬂlimg oxide
the upper portion of the gap-filling oxide layer 122. This increase in )
al8’RE b?@e?%bﬁé‘;ﬁﬁﬂﬂfégféoﬁhﬁiﬁpéﬁ%éém9f9&ﬂwte to a more highly

resiysiialliFaiend) heraxidadaren ke famrrsivied i ﬂ@%&?ﬂ%?cbéh%}g@f the

the upper portion of the gap-filling oxide layer 122, into which ions are
pRARUERG AR 18y ef dArLRBLRRIT RRNEFH LINS ARV R BERYRNed process.
or@iiad Spy SkElUgHerpiftiORIUER Bap-Mishexiadrpernddihas¥mes

theory, it is believed that the sjlicon and oxygen in 25 the upper portion of

y
tHEEGSE RS BlRh a9 LAt withd eeRS AL AR AL H8L§88 Iy arranged,
so that tiar 588U Ry orEResiHy the RIBRer@ortien af tbidaamrillgterddel 2 and

%er 122 can be at least partially removed. Further, the upper portion of

|
tHOGREFIMREASIHBRgHE T 1€ Harl§EYsH 59468t A8 mieaIR bigelRlPN
stalgiéh a oK cATPIS R, OTURY s 8talea S 9ifah e 9P 1304HiNt©Xd nitride

Iager 122 can become denser. Accordingly, the damage to the upper

oSHTbRAIRHS bib- VR BB dEE0 2% s her BIRJY (R edregmigpnductor

TharyeEee i Ut HRplairiRY Qycwanaians dsupitp Enadrasd @diermathis case,
treatment is performed at a high temperature in accordance with the

eRiBERIARIR B HRAY B RDNEbRIGAG SRl WRiGrSBEFHAQEP-FfirmgPlution,
0X¢9ARPEDLIE OB fimcanBechitre deppsFidyeyneanRans Sisévéonientioned

more highly 5 crystalline state. For this reason, the seam formed in the

uBﬁ%?%?ﬁtid’r'P&‘qu%r’ as described above, the gap-filling oxide film 122
according to the embodiment of the present invention can be made denser
through the implantation of the curing ions 126 and the thermal treatment
process. Accordingly, the wet etching rate of the gap-filling oxide layer 122
according to the embodiment of the present invention with respect to an HF
solution can become lower than a general HARP O3-TEOS film. For this
reason, the gap-filling oxide layer may have a recessed depth smaller than
that of a general element isolation film.

Next, a nitride film 140 is formed on the entire surface of the product
structure formed as described above. The nitride film 140 may be used as an
etch stop film, but is not limited thereto. An interlayer insulating film (not
shown) may also be formed after the formation of the nitride film 140.

FIG. 2 illustrates a comparison of experimental etch rates using an
HDP process, a HARP process and a process according to an embodiment of
the invention. In particular, a graph "a" corresponds to a case where a trench
having a high aspect ratio is filled using an HDP oxide film process and the
nitride film pattern is removed by an HF solution in order to form the element
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gap-filling oxide layer 122 can be removed in the above-mentioned
process. Further, since the upper portion of the gap-filling oxide layer 122
becomes denser, a wet etching rate with respect to HF may decrease.
Subsequently, referring to FIG. 1 G, the pad oxide film pattern 112 and 10
the pad nitride film pattern 114 are removed, so that an element isolation

rqg&ﬁtib?ﬁiﬁr@@fﬁf??%%@rn@%%t&'@ aafteiihtie deddeenad isolation

nitride film pattern 114, which are formed on the thermally treated

séificsrarRes Rufilinge fncirbasineaig) AeReetially YeiRghe HARP Os-

satpiess-Himhie ARSMInY tAe Q?sEﬁF?éWhMBQt%B%WEHSFﬁB%W@ ¥itos0 C
respect to an HF solution, 15 a HARP 03-TEOS film can be more deeply

ok ehayinhaniBees. manaizac pRecEédIPiGleelBRadiHBs BRpBIEL i1
mfe%ﬁd"l’l‘f?egrﬂé!q fﬂléﬁ?—aﬁﬁ% é?d*éeo?’HBBH{'BBBt%ffBPa{HSEFQB

invention can be made denser thI’O the mp lantation ofthe curing 1ons

12ftﬂmﬁ§9ehé_ft_ﬁefﬁﬁm\{r@9tﬂﬁ@rﬁtltm@c@§3 pagesramigyae hveokiipmgrially,
b HaB"fHB'Pu%Qév&ﬁ‘F‘d?Y@%%&%%‘FBWB% QH&F@QQﬂBHE’I’]hPfst'?&rmed by

t iInvention with respect to an HF solution can become lower than a

géﬂmﬁmmgbhm Ahighaspretr ety Witihéhga AR x ey étm,

I
AR e AR, DRSNS i g
pRRiovn@e stplanaddngrice hb%ﬁ%@b&&%fnhﬂhepmmnae lasnratp the
m%lt%ﬁ% %im '(A‘r%?]s own?fr%lay alg) Qﬁé #Ic})“ @Ag @%‘ﬂ%@ﬁ%ﬁﬁo ment at
nlarltdaerfpmaimﬁe Bi0> Utu‘stﬂﬁbeé) a[anmbpanh%mﬂmﬂﬁermrmmh&mmgaﬂee
u3||n% d% f|I%DP roces cess rocess ,aggﬂrdlngn ap a
er%) ment's %We m@entlon c1{5%1rr]tlc % SOl pon 510
acmwﬂmemeretmhémwmgalbrghlasmetmmed lssiﬂigmust[bia proed3B, graph
de film groce s,and the nitride fjjm ttern s relmo eg H¥ qHF ,
so t%%rrﬁ (g)can ?0? GaRe W ?é?n% emen Isolation fil ormed using a
general HARP O3-TEOS process, and graph "c" corresponds to a case where
the element isolation film is formed using the HARP O3-TEQOS process
according to the embodiment of the present invention.

In FIG. 2, a left Y-axis indicates a wet etched area of the element
isolation film corresponding to each of the processes (a, b, ¢) with respect to
the HF solution, and a right Y-axis indicates a wet etching rate with respect to
the HF solution. Referring to FIG. 2, assuming that the wet etching rate
corresponding to the graph "a" with respect to the HF solution is 100%, it is
understood that the wet etching rate corresponding to the graph "b" is 117%
and the wet etching rate corresponding to the graph "c" is 102%.
Accordingly, when the element isolation film is formed using the HARP Os-
TEQOS process according to the embodiment of the present invention, the wet
etching rate with respect to the HF solution is decreased by 15% as
compared to when the element isolation film is formed using a general HARP
O3-TEOS process.

FIG. 3A shows a semiconductor device corresponding to the graph "a"
of FIG. 2. Referring to FIG. 3A, it is understood that voids are formed in the
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isolation film. Graph "b" corresponds to a case where the element
isolation film is formed by filling a trench having a high aspect ratio with
the HARP 03- TEOS film, performing the first thermal treatment at a
temperature of 1050_C for about 30 minutes, planarizing the HARP
03-TEOS film, performing the 5 second thermal treatment at a

tesnAErt SO RIPHINOBE. fr@bouB3anmButssod s s8MREABUBRT device

nitride film pattern with an HF solution. Finally, graph "c" corresponds to a

cESE'RARABAINY dRATBRNIsBI AR Fintis R RAECBIRRg]HeBMRR NAlRAY
ahigbeRSASTE el BB R HHIE @3a1d8 Witen ResfarpiaatdiR firshergy is

thermal treatment at a temperature of 1050 _C for about 10 30 minutes,

plaFERARE EQRAPYEEEDR RIAMAIBIAGHERIAs iatioReneray is 80
pPlRrE§IZe|d HARELOR- TS filhs RAKFOrMIBSHVRIRE @ Lt MR EeRitsnt

at a temperature of about 1050 C for about 30 minutes, and removin

tH 9G3LfiIR GagerraniaseANdR QR.E85ETHIRD éP&dm%laetﬂ%iegp%ﬂ%@y is
tQ@rg@aéﬁd/\él@Eﬁs@% %ﬁﬂﬁlﬁnﬁép@i&mrﬁ@ s %Wﬁﬁmémﬁtﬁ)H @H’ercrqy is 80

process, graph 15 "b" corresponds tg a case where the element isolation

fillt P fBFH SHARTRg RO Rer QMSAARP -0 ¥ FRRABPoREE S PErapA 4C. itis

CQfEePSIRde i at CREBIWBAIR I B P I8 BEeaISolagPb iR isiFPTRCE| diFiBaL
the HARP OB-TEOSfrocess, according to the embodiment of the present

inGQIRRAN B G, Aher VLiSRIRIRISAS alIRARRER YIS BOYR the seam
elepaerdr bt MaleNU PEEPBRRRPBH I (GRARINITY BIEdY #NRS$E 3 PnSlanting

with respect to the HF solution, and a rlégt Y-axis indicates a wet etching

rdeViRPsRpdBe gapidiline AR HI MR drer iy Beterminghisiey el
theayghetafiinadairdante suandinaiebi@Rivtahw pheasmeast htamHF

solution is 100%, it is understood that the wet etching rate corresponding.

1 HEGase 189 899ipEahis iy Al dRmAYEcd EHHRABEHRRG RAtHEIS

OiseuLilsTel ol e nABEO RBREraYh &b iRg RIEMENtASelatreribntissEEned film.
using the HARP 03- TEQS process according to the embodiment of the
present i\@ntidA, AN 6 eSS HARGYRUE & theaTPamissRMPle

deerarsntblytdbHe@Re and a semiconductor device according to an
embodiment of the present invention. FIG. 4A is a cross-sectional view of a
semiconductor device with a trench having a high aspect ratio, which is
formed by a general HARP O3-TEOS oxide film process. Further, FIG. 4B is
a cross-sectional view of a semiconductor device with a trench having a high
aspect ratio, which is formed by a HARP O3-TEOS oxide film process
according to an embodiment of the present invention. Referring to FIG. 4A, it
is understood that the element isolation film 130 is deeply recessed from an
active region 150 so as to have a depth d. In this case, the depth d is 67 nm.
However, referring to FIG. 4B, it is understood that the element isolation film
130 is recessed from an active region 150 so as to have a depth e smaller
than a general depth. In this case, the depth d is 31 nm. Accordingly, when
a semiconductor device is manufactured using a HARP O3-TEOS oxide film
process according to an embodiment of the present invention, the film can be

cured by the implantation of curing ions and a thermal treatment. Further,



compared to when the element isolation film is formed using a general
HARP 30 03-TEOS process. FIG. 3A shows a semiconductor device
corresponding to the graph "a" of FIG. 2. Referring to FIG. 3A, itis
understood that voids are formed in the -8 element isolation film 130.
FIGS. 3B and 3C show a semiconductor device corresponding to graph

"SRt e NN RREERMERpAYSR NN HBRksEtatinat Bf@ﬁﬁﬁf ratd Ath3Rspect to an

corresponds to a case when the implantation energy is large and a dose

isTreetrlcRipsotieR iR AFESasestion energy is 80 5 KeV, and a dose
is 1x1014 iaBsigHHh\braserlilayarffsriainsniant 4 ibeas e O mtictowith

corresponds to a case when the implantation energy is large and a dose

istafEHCAR BRAMPROBEHSIRIpIAR RS Bh NS THasH i) Denarpary to
Isthy30 LkilrsiATe Hrﬁlwawaﬁ@mﬂﬁ&iiﬁ@aﬁaﬁé’)éhdtéﬁa@@?r x $atade
Isolation 1im

a void caused by a seam is _not formed in the element 10 isc
1HerRRWITRUBSSRBIIRS HABLEISH SRPRR PBASPH RS Ha8iRvePHABrmed
in the upper portion of the gap-filling oxide film 122 by implanting Ge ions
into the gap-filling oxide film 122 and performing the thermal treatmentin
accordance with an embodiment of the present invention. Further, since
the seam 124 is partially removed, it is understood that it is 15 possible to
prevent the voids from being formed in the element isolation film. FIGS.
4A and 4B are cross-sectional views of a comparative sample
semiconductor device and a semiconductor device according to an
embodiment of the present invention. FIG. 4A is a cross-sectional view of
a semiconductor device with a trench having a high aspect ratio, which is
20 formed by a general HARP 03-TEOS oxide film process. Further, FIG.
4B is a cross-sectional view of a semiconductor device with a trench
having a high aspect ratio, which is formed by a HARP 03-TEOS oxide
film process according to an embodiment of the present invention.
Referring to FIG. 4A, it
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on sidewalls an ) , S .
electricaflf HeIRE GG & RGHIcRlY IDsHA IR AN Goting eag jaergin at a
degraeiohelemierilaethateior ansLificienngatibihealessisad\y degree of

is understood that the element isolation film 130 is deeply recessed from

an 25 active region 150 so as to have a depth d. In this case, the depth d

is 67 nm. However, referring to FIG. 4B, it is understood that the element
isolation film 130 is recessed from an active region 150 so as to have a

depth e smaller than a general depth. In this case, the depth d is 31 nm.
Aggpraingty Cvhag EDsggniconductor device is manufactured using a

HARP 03-TEOS oxide film 30 process according to an embodiment of the
present invention, the film can be cured by the implantation of curing ions

and a thermelepigest (EiRIRE anIritipaibe drvuresemeas ebysitaliMg:
dense, a wet etching rate with respect to an HF wet etching solution is

decreasEIMIMARGRDE BreseHtriR Rl G MACPEkRIe SHRSIRTR:
connectipfrnyiih e AR MR AHPabaARRY th &l M BTRABRIRKONIPE, dbam

will be apparent to 5 those skilled in the art that various modifications and
changesiei§ BEWABRO S BRRIRSHICRYAR™EATH e sofuidamadsiqnd a
of the inyRyif¢RA-ofLEhMMFENERS CLAIMED IS: 1. A method of forming an

integrated circuit device, comprising: forming a trench in a surface of

semicontilRIBR UG SHARS DAY NEE SIRHNGRIINSHRHNCAIRAIR Bltg

feﬁiﬁibfé@ﬂieﬁé?g»ﬁéﬁu Heseinpedesesitaypscalt eitialty dngelatieadmyeind

a bottom of the trench; implanting curing ions into the

insulating region and curing ions therein at a sufficient temperature and for

a JAMURIRIRRIS T increase a degree of atomic order therein. 2. The

method of Claim 1, wherein the curing ions are ions selected

2. The method of Claim 1, wherein the curing ions are ions selected
from a group consisting of nitrogen (N), phosphorus (P), boron (B), arsenic
(As), carbon (C), argon (Ar), germanium (Ge), helium (He), neon (Ne) and

xenon (Xe).

3. The method of Claim 1, wherein said implanting step is preceded by
a step of planarizing a surface of the electrically insulating region; and
wherein said implanting step comprises implanting curing ions into the

planarized surface of the electrically insulating region.

4. The method of Claim 1, wherein said annealing step comprises
annealing the electrically insulating region at a temperature of at least about
600°C.

5. The method of Claim 4, wherein said annealing step comprises

annealing the electrically insulating region at a temperature of about 1050°C

for about 30 minutes.
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15 from a group consisting of nitrogen (N), phosphorus (P), boron (B),
arsenic (As), carbon (C), argon (Ar), germanium (Ge), helium (He), neon
(Ne) and xenon (Xe). 3. The method of Claim 1, wherein said implanting
step is preceded by 20 a step of planarizing a surface of the electrically
insulating region; and wherein said implanting step comprises implanting

curing iogs e thettibenericesl BurfagROEIne S8 SGAlY IRpIAING '8IRIY ions
4. The method of Claim 1, wherein said annealing step comprises 25

aiMedifaieeiEcRdaRty HEMHRAR GO RSP RIARING SPETRAYM ions at
abpLérePGoPatl RAashakG B0HRIN shavheseiRd saidranneadnaIssapsx10'

comprises annealing the electrically insulating region at a temperature of
alR/B50C 30 for about 30 minutes. -11 6. The method of Claim 1,
wherein said step of implanting curing ions into the electrically insulating
region com&r;;ses implanting germanium ions at an energy of at least

about 80'Ke\N'@eAbaciBsE 61t fe 4412064 £81A BIBNFFALIERIER S PrRgeded
Mejdieh@PHRnbWREIRIE SRR IAOUMRD I gieEedatcrandesitdcyree of

annealing the electrically insulating region to increase a degree of atomic
oRIeMiGPEARr 188 €Fhe method of Claim 1, wherein the electrically
insulating layer is a HARP 03-TEOS layer. 9. A method of forming an
integrated circuit device, comprising: forming a trench in a surface of

semiconBuctBe MRS Bl a6 ARG elastlisAl e atingirysr is a
defimr P theme@ iR rlayer thereon;

9. A method of forming an integrated circuit device, comprising:

forming a trench in a surface of semiconductor substrate;

thermally oxidizing sidewalls of the trench to define a thermal oxide
layer thereon;

depositing a silicon nitride layer on the thermal oxide layer;

filling the trench with an electrically insulating region by depositing an
electrically insulating layer on the silicon nitride layer;

planarizing the electrically insulating region for a sufficient duration to
expose portions of the silicon nitride layer extending outside the trench;

implanting curing ions into the planarized electrically insulating region
at a sufficient energy and dose to reduce a degree of atomic order therein;
and

annealing the electrically insulating region at a sufficient temperature
and for a sufficient duration to redistribute the curing ions and increase a

degree of atomic order within the electrically insulating region.

10. The method of Claim 9, wherein said implanting step comprises
implanting curing ions selected from a group consisting of nitrogen (N),
phosphorus (P), boron (B), arsenic (As), carbon (C), argon (Ar), germanium

(Ge), helium (He), neon (Ne) and xenon (Xe).
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depositing a silicon nitride layer on the thermal oxide layer; filling the
trench with an electrically insulating region by depositing an electrically
insulating layer on the silicon nitride layer; 20 planarizing the electrically
insulating region for a sufficient duration to expose portions of the silicon
nitride layer extending outside the trench; implanting curing ions into the

planarizqq elppisieadinins Wathngiregionrraia et foaTay b Io3sIEved by
reduce a degree of atomic order therein; and 25 annealing the electrically

ind i gl TRV AU RRE At I@é’ﬁ‘iiﬁé‘rﬂfdﬁée aiigaBrritedaitauRt HQRiIE to
resistitnadbpEdlipgiians, and increase a degree of atomic order within

the electrically insulating region. 10. The method of Claim 9, wherein said
implanting step comprises 30 implanting curing ions selected from a

group cofpistng aiEISR OWinPOOPRRSHS 1R duRTRy iR arsaripidMibd at a
carbo_n_édc'g, argon (Ar) ﬁermanium (Ge), helium (Heé;aneon (Ne) and

xSHENE )?UPZGM?W Ae&te FoR iRt tavharerrieiid ihelRgtaelys
folRyrgiRy ragirrteldeamdnshaie i amafipihelih '|'@|UN'Uide layer
from the Ili)g{erréw‘glgf:fonductor sub@te. 512. The xethod %@CIalm 9, wherein

the curing ions are implanted at a sufficient energy and dose to convert at

least a pogtionHy thetRlssbicalkinn$Rlatinersaigsitomhaanag RS comprises
[ ion. 13. The method of Claim 12, wherein said

electrically insulating region , t mn.
aRhesRie s @d?ﬁ%ﬁ‘fééé)’ nsYiategirRgine %i&:ﬁﬁé&ﬁiﬁﬁklﬂﬁlﬁfd%ﬁ g for
a g\diligiertinedupationte antkbixt parHHig Ny skalRFe At dcAlsleadrasiaby the

crystallize at least a portion of the amorphous electrically insulating
rmpﬁ@us electrically insulating region.
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