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
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HDP oxide film'is formed by a high-density plasma, plasma attack against
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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

15 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

20 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

25 (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



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 of the
5HDP oxide film, the upper surface of an element isolation film may become
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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

20 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

25  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

30 insulating region at a temperature of at least about 600°C for a duration of at

least about 30 minutes.



least about 30 minutes. BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the present invention will
become more apparent by describing in detail preferred embodiments thereof
with reference to the attached drawings in which: 5FIGS. 1A to 1G are views
sequentially illustrating processes of a method of manufacturing a
semiconductor devic®gteordmgiaian Mo B dssent invention;
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"comprises” and/or "comprising,” when used in this specification, specify the

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Advantages and features of the present invention and methods of

20 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

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
30 "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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presence of stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of one or more
other features, integers, steps, operations, elements, components, and/or
groups thereof. The terminology used herein is for the purpose of describing
5particular embodiments only and is not intended to be limiting of the
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example, s TOUhaBRAUR] 8 RIYIPIEPRRY4EB. 1S or 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

20 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

25 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

30 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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30controlled 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
formed by the high-density plasma CVD method can be adjusted by
controlling source power and bias power or the flow amount of gas. Thus, it is

possifsienedskycbg /eighrsiensthie Miaema q MR onetbest 6ag ke paisied by

gap-fibnganidesayRe bbivis AARASHS ORI I8E Helv et IriCof YBs STHIA! it
the trenches are filled. In§articular, e;ﬁg -fiIIin%oxide layer 122 is formed

using SRARPEI9iGRIREEY LTI MRS

process. In this case, a
material of tRefgajndilinglGxitie,laygplZinyayite aydARE 8dERxBtHahthe

N A

genefyid®IRENdER IS SERSiHEIRG S HepOSItEh apeehEplioddasasrataning
the HABEOS3- TH-RR BHYe VA RBLHFEAIRS éa?-ﬂmﬁd ingeasiris 'Ryembdds

performed. The HARP 03-TEOS film can be tormed as a homogeneous

nuclegfii 15t REvbiasARIesfatia EEaeR) oM\l SEWARTTY be

formesllicazeparaitling wWitkesih e tievcatheLthde msTEOS haaaeiarisiay dkthe

RP.03.TE material, As.illustrated, a seam 124 m e formed at an ...
Y enaiabanty SRian AL BERGE RASrAMGAT Iy AABIASE 8b8Rion

havin@ig Hioh eratgssdepévminioteHaAfRE Mt Pk Gl wavducinés fasathas thef
a VOi%’aW—'?iI‘HHEFBQi&Sqé% qeyice yisidrRefering [PaHP oL IRR-EHinge

oxide layer 122 is then planarized. 20Befare the gap-filling oxide layer 122 is
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planarization process is performed, the Seam 124 may still exist in the
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B R L e s 5 S S TR
(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
25 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
30 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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portion of the gap-filling oxide layer 122 is converted to a state having less
atomic order, including an amorphous state. In more detail, the curing
ions 126 may be ions selected from Groups 3, 4, 5 and 8 of the periodic table
of elements. For example, the curing ions 126 may be ions selected from a
group consisting of nitrogen (N), phosphorus (P), boron (B), arsenic (As),
carbon (C), largie Aptalelta=aiting (0 1REIMARY SEHON e AINE frant RENGRS
(Xe). & uthesnthg dnplapation cembionadiaisepspdingethedeing ions

curingl]%ions. For exam$le, the implantation condition maﬁ/, include an
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Jrpatrment may be perdosmed at a femperature.of about 10501¢ far about 30
minutes.p,&ccorcﬁﬁglly, itis ossﬁﬂe to%acﬁltate an m%rease In atomic 0|yder 0

silicoaranertie/gertongthe insraequoitihfofrtas gaphllinganpadipyef t2gathis
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recrystallization in'the oxide layer 122. As a result, it is possible to change the
upper portidﬁe&ﬁrﬁégdﬁrﬁﬁinb%%a%"%%Frﬁﬁ‘,elhtt@%m%ti&ﬁeg@ BRAASLYIS
implagéa@eki firgoadoBsidy amntpheniststateciariagnione arganiziadied. The
Lgcrystalliz% state. Although. not wishin%to be bquanpe to any theo;yatq IS

at
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124 f8¥@?&ﬁ%é?§td+899ra%%ﬁi%86¥@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
20 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
25 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-
30 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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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-
30filling oxide layer 122 can become denser. Accordingly, the damage to the
upper portion of the gap-filling oxide layer 122 can be physically cured.
Therefore, iff ifsataftalithgometaiiaiiNiohsuseiesmieaaiitBet anta thermal
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embodiment of the present invention, the upper portion of the gap-filling oxide
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pad nitride film pattern 114 are removed, so that an element isolation region
130 iSBFRpIERE! PIRNIPEJ BN TiFESREREIN I 53 PRESFSA nitride film
pattern 114 Swhsely@sathprrettrong tocHid: rnGa |y & patedxidganiitonsitteior 112 and
bstrate 100..are removed b t etching using ap. HE solution..In this case,
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oxide film 122 according to the embodiment of the present invention can be
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yer 1 carding to the embodiment of the present invention with ..
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formed on the entire surface of the product 25 structure formed as described
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solution can become IO\r/]v%riri:an 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
25  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
30 theinvention. 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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HDP process, a HARP process and a process according to an embodiment
of 30the 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 isolation film. Graph "b" corresponds to a case where the element
isolatiePltianiglrrrrsansy allieR L SRANES hadingse MERraspe@lemriviAlahen

HARRIR3s T&mediby rimagerméngrnaling DRigRaldpRatmany wite tesmaraus-
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raph "a" corresponds to a case where the element isolation film-is formed
E%ing:%) s P pkATAREHNES MM RB s B R 1 a  manine (aairng Bieche
isolatmmfﬂmég fanReUQISTRGS qm@;ﬁ%%ﬁﬁﬁgomérl Eé@%ﬂrma;ﬁﬁala?ém@nhat
"c" carresponds to a case w. the element isolation film is formed using
the HASP O TEG S AR LR ot e e LD DB s
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understood that the wet efching rate correspon the_gra&g)h "b"is 117%

: h ding to
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according to the embodiment of the present invention.
In FIG. 2, a left Y-axis indicates a wet etched area of the element
20 isolation film corresponding to each of the processes (a, b, c) 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%
25 and the wet etching rate corresponding to the graph "c" is 102%.
Accordingly, when the element isolation film is formed using the HARP Os-
TEOS 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
30 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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Accordingly, when the element isolation film is formed using the HARP 03-
TEOS 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
30 03-TEOS process. FIG. 3A shows a semiconductor device
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and 3C show a semicgonductor device correspondin of FIG. 2. In
S el R R N SR

whenlzhkmmﬂanwamsemggy Bdacyarapid sGioen isplgeafar exargpie,8Be

”D&Jh %b“’g GOSE 1? FPOKRY AR ﬁl&'ﬁﬁgﬁe 18548 ﬁﬁgﬁauon

e lon Implantation process o corres (0] 0 a case

whenpﬂmeﬁﬁomrmio?fe@@rgyngmdﬁg@ mmb@néwmplwam@m@m
ion m’%@@%@a 8HE59Y 5. Ke SRGhRIE08R i P BN dY hgo
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not fdfﬁ]\éoaﬁptﬁ@i%mﬁi‘h%uslﬂaﬁ/&mfnnﬁ”lté‘ﬁ BREL TR SHA Y 1o st

partiallyd@siove thet seasil taddetrbed isctine isppatrfporigenntibeigamefiting
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prese*rﬁ4rfoernﬂdnn Mﬂuﬁth@lﬁeslmélmeoéémrgaml|i@p&ﬂdﬁ;[ll‘@‘rﬁ6€éw inglanting

undeysiogAdhaidtie %B%ﬁf%%%@rﬁ%ﬁ?ﬁ‘éﬂ“&n@ﬁ&f&’%@%&tf@%@ﬂ in the

element isolation fil S. 4A and 4B are cross-sectional views of a

comp&rate Ydmpre YERRES it &5t BrPRRRA L EHIR IR RAM (O BRNACe
accorlimgée, amemhetﬁmmmﬁtlsepprﬁawtém@rmrt iElGndéfsisa that it is

oss-sectional view of a semiconductor. de ice with a trench n hi
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process. Furiikes, FAGMBAHS arewmeeﬂmwwsba@emmdmadw@e
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03-TEOS oxide film process according to an embodiment of the present

invenBERORIEIER Y HorrREsan, 'ﬁ@ﬂﬁ&?&erﬂ@oéﬁw'ﬁt%ﬁ‘é@%ﬁ?&%‘?&@léﬂ?‘dﬁ i
130 igstarphydiasessedifonitam 2eaeliveagaipa High sepasttebayaadhepth d.

éB thl%c';%seed E)r)}eadge erz(ijl ﬁﬁﬁzly&o;-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

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. Accordingly, when
a semiconductor device is manufactured using a HARP O3-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 thermal treatment. Further,



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 03-TEOS oxide film 30
process according to an embodiment of the present invention, the film can be

curecBihgeHeemapRansiesPaVEieg beRsR] a wRimiehine saieemMithreapRst to an

smceﬂhq,\fgﬁé{gﬁmpbﬁsgsag}é@gg@@ a wet etching rate with respect to
an HF wet etchlng solution is decreased. Althou h the resent invention has

been describ&eOHACRRRESHAHY ﬂ%’%@(@ﬂf‘p éﬁﬁ%ﬁl&%‘ﬁ PREGrR N
inventienexewitloy apdinidots of tse skidet ||n\let|art [thativasapparent to

odi ting fr
om0 o ERE R B 6
formiﬁ'@éﬁiqméb@aﬂeﬁﬁéﬁ&mdm@?%ém%ﬂﬁ@. setihipfgletievrRiana surface
of semiconductor substrate; 5filling the trench with an electrically insulating
region having a seam therein by depositing an electrically insulating layer on
sidewalls and a bottom of the trench; implanting curing ions into the
electrically insulating region at a sufficient energy and dose to reduce a
degree of atomic order therein; said 10implanting comprising implanting
germanium ions at an energy of at least about 80 KeV and at a dose of at
least about 5x1014 ions/cm2; and annealing the electrically insulating
region and curing ions therein at a sufficient temperature and for a sufficient
duration to increase a degree of atomic order therein. 15
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2. 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 20planarized
surface of the electrically insulating region. 3. The method of Claim 1,

wherdideid S eMMHEDs8p comprises annealing the electrically insulating

region at a temperature of at least about 600C. 25 4. A method of forming an
integrated circuit device, comprising: forming a trench in a surface of the

semiconductor STIARELHARY AR dHTRIaY ST L ARty SRIIRLRING:
region havingrmisgantrtetein hysdeacsitingsancelediiiesl yuinstdading layer on

idewalls ar}uﬂ.a ?Ittqm 3?,0f tthe tfrench:.im IantinI%curin ions into the
: 1 mga e trench w ctric insu reqio av51 a seam
electrically insufating

ith an tin |
region apa su‘ﬂ‘leuenfae%ergy and dose to Tedute &
degree of atbaiRirobyetapesiting and:lectrigaty nisigaiiesdrygricalsidaw@kgiagd a
region and gligehignehEgEsighat a sufficient temperature and for a sufficient
duration to increase a degree of atomic order therein;  wherein said
annealing st&Pl@oHisEEdgrARSIMg the eleciifaiin/BiH&iagrgYegish®t a
tempedtigienobabayyt A4PA6sEtoateaut3Q dtuéesof atomi®ofldee thetbiag sfid
ﬁ}laim 2 Wi}erein said. é)lanariqig}%istegeirs receded b%(sa steReof an?eﬁuan tthe
e ea

ect/ICRIR) NG TG Y Rerehae T AAGRO0P FORILIE Ve TheraTh.

egree o
6. ThebeetiBodeNGiathatla Wheeah ahleas et it Ul isgcmyeains a HARP

03-TEOS laygro1ind 1 WBHICLAY IREMHERIRIGIAG A ARGENS ARRLIRInga

forming a trench in a surface of the semiconductor substrate; filling the trench

with SN R8T CaMPRISHERIRG Yd8ichAHRy Edkkafien to increase a degree of

atomic order therein.
15

2. 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
20 planarized surface of the electrically insulating region.

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

25

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

forming a trench in a surface of the semiconductor substrate;

filling the trench with an electrically insulating region having a seam
therein by depositing an electrically insulating layer on sidewalls and a bottom

30 of the trench;

implanting curing ions into the electrically insulating region at a

sufficient energy and dose to reduce a degree of atomic order therein; and
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20therein by depositing an electrically insulating layer on sidewalls and a
bottom of the trench; implanting curing ions, which are selected from a
group consisting of nitrogen, phosphorous, boron, arsenic, carbon, argon,
germanium, helium, neon and xenon, into the electrically insulating region at
a sufficient @RBegYINEbHhedetRaEcR]lydasidating sgain shatcriiodieks theiieimat a

said igypiain Péi%@aiﬁejmifégfmﬁ‘eﬁvaﬂﬂai%éﬁ R e aldeast
about 80 KeV and at a dose of at least about 5x1014 ions/cm2; and

anne 8N I RELRREEWY insulating region and curing ions therein at a
temperaturevbbediteasicedrmu 4o g Stapd donpisedfmerhingatiersiocinicetigse a

@de%rgu aqrn%t%?ﬁgr%) 8 %rttehr%ee'rnature of about 1050°C for about 30 minutes.

5. The method of Claim 2, wherein said planarizing step is preceded
by a step of annealing the electrically insulating region to increase a degree of

10 atomic order therein.

6. The method of Claim 1, wherein the electrically insulating layer is a
HARP O3-TEOS layer.

15

7. A method of forming an integrated device, comprising:
forming a trench in a surface of the semiconductor substrate;
filling the trench with an electrically insulating region having a seam
20 therein by depositing an electrically insulating layer on sidewalls and a bottom
of the trench;
implanting curing ions, which are selected from a group consisting of
nitrogen, phosphorous, boron, arsenic, carbon, argon, germanium, helium,
neon and xenon, into the electrically insulating region at a sufficient energy
25 and dose to reduce a degree of atomic order therein, said implanting
comprising implanting the curing ions at an energy of at least about 80 KeV
and at a dose of at least about 5x10'* ions/cm?; and
annealing the electrically insulating region and curing ions therein at a
temperature of at least about 600°C and for a sufficient duration to increase a
30 degree of atomic order therein.
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