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METHODS OF FORMING FIELD EFFECT TRANSISTORS USING
DILUTED HYDROFLUORIC ACID TO REMOVE SACRIFICIAL NITRIDE
SPACERS 5 Field of the Invention The present invention relates to
methods of fabricating integrated circuit devices and, more particularly, to
methods of forming field effect transistors in integrated circuit substrates.
Background of the Invention 10 Because of their physical and chemical
stability, nitride films are widely used in the process of fabricating

SeNGPRSIY HiegBied PVE iRavissFNiCdeIRRANSYB P BENG
better mechgyjicahsiBNgip KDPL, PG CCRRAS LI iGavpA/0dium
barrier characteristigy fFRiFfeTRNPISUDIIS PR kPWwever, it is often

difficult to reliably etch nitride films. 15 In many cases, nitride films must
be selectively removed with respect to oxide films. In a conventional
etching process, a nitride filmdkl seldatilelynttoned with respect to an
oxidedilm using phasphoric acid (H3P04). ifically, a_semiconductor
cubst M AR A JE R ATHCRIN, RuererUEY
deplaceadnith anptrosphionzdyidobatithedrdothietvaithe ield & dwe atetbmtas in
. ture.of 20 approximately 160 to 170 C. In this case, an etch rate
mﬁ)gé?#eg%?t%g%ﬂ% %Elra%g%e approximately 40 to 45 Amin, and that of the
oxide film may be approximately 1.2 to 2.0 Amin. That is, selectivity for
nitride to oxide at a tempetefdeud QbR xiYRIIaRN 160 to 170 C is
APPreyiEAlel¥ AR pHyAMENEERENE 1P SONED YiRAASTHINRNASRIRES used
_acid may have to be preheated 25 for a lengthy duration to reliably reach
inhe PEATBET QILADBEAPIT SKMERBAN A0 i eerged ciis Wb dR1deEsraTaAS Hdes
tySERIVR RlRRORP RUA AGIAIRYIAHIIS 8 IRASENRardMEHON S ERING dium

cycles before the etching process using phosphoric acid is actlghw .
bapaefbiE el dhpPotessEym g pHESPRGrELQWRY fhaly 4188 wedifficult to
relRIAMES SXPRIRSNEs1 Summary of the Invention Methods of forming

integrated circuit devices include forming a field effect . .
In many cases, nitride films must be selectively removed with respect to oxide

films. In a conventional etching process, a nitride film is selectively etched with
respect to an oxide film using phosphoric acid (H;PQOy). Specifically, a
semiconductor substrate on which a nitride film and an oxide film are formed may be
placed in a phosphoric acid bath, and the bath may be heated at a temperature of
approximately 160 to 170 °C. In this case, an etch rate of the nitride film may be
approximately 40 to 45 A/min, and that of the oxide film may be approximately 1.2
to 2.0 A/min. That is, selectivity for nitride to oxide at a temperature of
approximately 160 to 170 °C is approximately 26 to 27.

However, due to its high viscosity, phosphoric acid may have to be preheated
for a lengthy duration to reliably reach the temperature of approximately 160 to 170
°C. In addition, relative poor stability of phosphoric acid may require at least two
dummy etching cycles before the etching process using phosphoric acid is actually
performed. Etching processes using phosphoric acid may also be relatively

expensive.
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transistor having a gate electrode, sacrificial nitride spacers on opposing
sidewalls of the gate electrode and source/drain regions, which are
self-aligned to the sacrificial 5 nitride spacers, on a semiconductor
substrate. The sacrificial nitride spacers are selectively removed using a

diluted hydrofluoric acid sglifigRRayiae aRikHdeno oxide etching
selectivitﬁ in excess of gne. The sacrificial nitride spacers are replaced b
1

a strédsthindaahfpeniegityng et citritdgdcemipeliteermipg a field effec
traERSSriNALEING clecldealidnsidiationl aveid\pisdeis SOBPPNRY todRdheeof
a net tensile or 10 compressive stress in a channel region of the field

the gate delErdomn SR8 178 VpspBdiicy arasnlindi Bresldoghgesacrificial

niglastipslerderordingiterpine fubie-am hodineRtscafl thieriayepiians the
temperature of the diluted hydrofluoric acid solution is in a range hetween

selastye gz dusne s8eueh S vliofliPHy D soitigRiBtig oM tids Wiso

oxi@yeréhmatesrietivinvialurrest dratie. Mt kasgadamiakRWphe8Q ateteeplaced
about 2500:1 and, more ]oarticularly, in a range from about 1500:1 to

bya%&ﬂ?%ﬁé%‘f?%c%?&ﬁ‘f@ £ R SR I6Y e AnVErtioH HHES ep
el@tfAning qul sties friRd U tighelecticallirdasu idngd ayest ik iigsceged by
forming metal silicide layers on the source/drain regions. Moreove|£1 in the
COBURIAPRBISTERTY DB S BIRR St RS bfir?ﬁ%?&%ﬁ&ﬁ%m%% (@ghe
oppMAS GiewiiB) areHoumeedientthg:. substrate, portions of the
stress-induging electrically insulating layer may.be selectjvely removed
gl e e M S A e
thsdieeiddityy i ekeass fi@selulibisistiemehiganingpaBinns sfcthad about
tress-inducing electrically insulating layer is preceded by formjng a
S foc ki LS ST GO SO MG s YA B dame
ra@iciingdheechioaking oxidodinmousiog a3dilileshbyaiadyiiccatid palutiennge
having a nifride-to-oxid hing selectivity less than one. According to
fr%?ﬁﬁ?ﬁﬁ Qﬁ’nﬁb"dﬂ%%‘ﬁ%@@ﬂie present invention, the field effect
transistootaiipde supttickecaitaeknsear fatapiposing sidexvals of tbergaten

elec.trade 30 and.a esivemoxid? films extengi between the icie ”
St RS S R e RSSOt e ekt
lapdriosmihg sositesBinciegings lécttnally iin shi avegtlaydirdipyecad b by

formin tal silicide layers.that extend source/drain regipns and
traélgh té)(rg é?e%ha?} I %ti é)rb(? |8tévf1iﬂ£n%],pe Ee.g., 851\/[8? circuits) are %rmgdo on the
substrate, portions of the stress-inducing electrically insulating layer may be

selectively removed using a diluted hydrofluoric acid solution having a nitride-to
oxide etching selectivity in excess of one. This step of removing portions of the
stress-inducing electrically insulating layer is preceded by forming a blocking oxide
film on the sacrificial nitride spacers and selectively etching the blocking oxide film
using a diluted hydrofluoric acid solution having a nitride-to-oxide etching selectivity
less than one.

According to still further embodiments of the present invention, the field
effect transistor includes oxide spacers on the opposing sidewalls of the gate electrode
and adhesive oxide films extending between the oxide spacers and the sacrificial
nitride spacers. In these embodiments, the step of forming a stress-inducing
electrically insulating layer is preceded by forming metal silicide layers that extend on

the source/drain regions and contact the adhesive oxide films.
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2 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: 5 FIGS. 1A through 1H are cross-sectional

views of intermediate gideiEgs th@bnibishats-metads of fabricating
semiconductor integrated circuit devices according to embodiments of the

preseGiabaKtiand eHss fesiiss sgr e nag s 85 e PEsma i HrEsRdog will
belfUgIENaeia I sl adhaibilushata MmehodsAf apdaatiests thereof with

semiconductor integrated_circuit devices according to 10 alternative

relRtBet M el (ragengsibettich: FIGS. 3A and 3B are

CrossFRestionahyiswE PHintetnRdisteRIndCiuees thrahtilustrie maibedss dhat
) fabricatina methods of fabricating semiconductor integrated circuit

iygated JH SO SRS AtS e e e i AfiprEding to

enfiGfméfAtddate prédkearenctassnsectional views of intermediate structures
that 15 jllustrate methods of fabricating semiconductor integrated circuit

devideORccording @ Alrier ErbOBHHERS ot hrSEREHUS Bt Wiy that

illfrdfeatd iscthsahomRBE fafi X painiogda metheebafiéaitaling: SRR GRBEIEHR to
integrated circuit devices according to additional embodiments of the
altsraditys %\%’é’rqﬂgﬁmﬁd’ﬁziiaﬂgaeﬁe@é’ﬁﬂfwﬂ’of the Invention The present

invergigrsyalAngiy BB slesaibesetnvigfullywyitt efetasgrtostigtures that
...accompanying drawings, in which ex lary embodiments of the
lllﬁﬁféﬁﬁigﬁ%gﬁf ICAHas mehedn ‘?i%%%%ﬁ%éﬁ%&o oofidnssAiethy
cidifiie & Jeyms @achgacshaditibngit isbodnste d e dpivgelimieentoihe

embqgiments set forth herein; rather,. these embqdiments are provided so

il St e R e A e
illitheaoncapbol vrgipueniinnstihtosaskdiadibytiedeirdikelefgferencerding to

f %mer s in the dr vgin s denote like elements, and thus their description
i DS AP T SRR A , when an element is referred

to asHI€ing icossteei@d? for explaining a method of fabricating semiconductor

integrated circuit devices according to additional embodiments of the present

invention.

Detailed Description of the Invention

The present invention will now be described more fully with reference to the
accompanying drawings, in which exemplary embodiments of the invention are
shown. The 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 concept of the invention to those skilled in the art. Like
reference numerals in the drawings denote like elements, and thus their description
will be omitted.

It will be understood that, when an element is referred to as being "connected"
or "coupled" to another element, it can be directly connected or coupled to the other
element or intervening elements may be present. In contrast, when an element is
referred to as being "directly connected" or "directly coupled" to another element,

there are no intervening elements present. Like reference numerals in the drawings
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or "coupled" to another element, it can be directly connected or coupled to
the other element or intervening elements may be present. In contrast,
when an element is referred to as being "directly connected" or "directly
coupled” to another element, there are no intervening elements present.

dehie elespnaent el awdnibe drawings 3wWenetenike elamania Rnd dhie

their description will be omitted. As used herein, the term "and/or"
teRLidadO P AHEEa AL AN AL FOTRDEINE Y IRBFO B QELRTRag alsthd
listemetwill be understood that, although the terms first, second, etc., may
be used .5 herein to describe various elements, components and/or

sectioh¥i HssendrsnetidhatahBenehtacaREns st rsrenhsisia Ma b used

heiBnites R dNBSe iaoNS[EhRsG [RIRDGienRAlIused dadistiingw eangts,
element, component or section from another region, layer or section.

COPHSCH U ATUREFREHO oAU B Lutieh RidBass EaBeIdhF o it e

onBrRed @ FaenidiclesnerlcaRMPENBPbAERastRbMITRYH dapaiéing JIem layer
the teachings 10 of the present invention. The terminolog9y used herein is
I

OrRSHRN pliigos G HESEMBh G PRREG Ot Rt ISHES SAHANY FOREte

tetiendeecton Helimiingcohihenbnvention Aswisashhespiinh ersin ghatc foKmss
zﬁ:g:l intended to include the plural forms as well, unless the context clearly
ofi GPLESEHIALARHES: 1t will be further understood that the terms

"comphsesmihodsie)/ eiscaaimRiisivgor Wegiikssd 4T Hisspiegifivetonar
. ni‘?é?ﬂc{@ thse resence of stated, components, steps, operations, and/

| -
HHHd: SRR S R S CHIGHIBI H Bt e reerein.
thethearentpanents isiapkdapanatiorsihanduial alementsvdinlesssotihervisext

defined, all terms (including technical and scientific terms) used herejn
St orselisticon YDy ey S A,
andbi' toenprisiagyhidiethisdave o R faeidicgsolt, Wil die i hessencemtaactd

that terms, such as those defjned jn commonly used dictionaries, should
A St e A S A A o
addidioa cpoiexirahtie selevashponand, wihnaipeeaiiirspiatedirlamdealized

o e TS e T L e AU kT
ustibyehenised leysimformeasia ghdesaripiioly imdaserddebonge of ordinary skill
in the art to which this invention belongs. It will be further understood that terms,
such as those defined in commonly used dictionaries, should be interpreted as having
a meaning that is consistent with their meaning in the context of the relevant art and
will not be interpreted in an idealized or overly formal sense expressly so defined
herein.

"mnn

Spatially relative terms, such as "below," "beneath," "lower,"" above,"
"upper," and the like, may be used herein for ease of description to describe one
device or element's relationship to another device(s) or element(s) as illustrated in the
drawings. It will be understood that the spatially relative terms are intended to
encompass different orientations of the device in use or operation in addition to the
orientation depicted in the drawings. For example, if the device in the figures is
turned over, elements described as "below" or "beneath" other elements or features

would then be oriented "above" the other elements or features. Thus, the exemplary

term "below" or "beneath" can encompass both an orientation of above and below or
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device or element's relationship to another device(s) or element(s) as
illustrated in the drawings. It will be understood that the spatially relative
terms are intended to encompass different orientations of the device in
use or operation in addition to the 30 orientation depicted in the drawings.

beﬁ@&tﬁ@ﬁ%ﬂl@vi&éhﬁa@%@Qﬁﬂ&ms’eflﬁwﬁt%dsaﬁ@ &B@Gpaﬁ%ﬂﬁ@m%%lescriptors
described as "below" or "beneath" other elements or features would then

usgd Reteindrfernseiod - efserdingelements or features. Thus, the exemplary
term fglew'sRswReBRRtIViGasY ancm pgasobRlienqdeatation Riakove

and below or 4 beneath. The device may be otherwise oriented and the

tepate ARt lGeasiorectrEtr hdtelRTRE ford tiicdc b oMb giicpiasia 1
nigNE seleetvity Pidiseddyd wiuacs aaibidefosatFRoNPASDPIAIURE Nit

. and at elevated temperatures. Referring to Table 1, LPNit indicates a 5
indlicates AmiUHsin a0 G bre LR s tEMBRTRIAS Spd? - dasuiditiint LBEvD),

inagedt & BN ibxiadi edie SornitiiBe dilrmiar syad s roama-terapeiatiates @l Bxilde film
addition, TmOXx indicates an oxide film formed by thermal oxidation, and

fopmed ileRtdSmapeERIE P formed by low-temperature CVD. As the

tempakady eeafeysiat s @othisriocia@asethgelestivibidaiiitigse tmll o
oxide increases. In.addition, as the concentrgtion of hydrofluoric acid is

OXida dregass ML AV I At ORI e eL RIS ATAIS T the
selectipRiator aief dbydwildericcagisk ¢libde dxahdfeo); when, tiyeuiperafire of

i A0BE T L i P RO A 0 A AN e
o T e i
RS R s B T ST TN o s ngrgsed
to® SerNpkyaddiei . GhEnikydituTrbAL 1600iLa selqeiindar BT NIt odm@kat
S R R R AT 0K 12 o Hli e Acica o WOy deid at a
teyfvatuic 13.45 2600 dildHH &t BOE 124k dtiditBrdrRINL HIHORAsTiableaded
to 41.8:1.

LPNit: TmOx | RTNit: TmOx | LPNit: LTO | RTNit: LTO
300:1 dHF at 25 °C 0.32: 1 - - -
300:1dHF at 65 °C 0.81:1 2.14:1 0.65:1 1.78:1
1500:1 dHF at 80 °C 24.5:1 41.8:1 5.83:1 9.95:1
Table 1

In hydrofluoric acid, reactive species used to etch a nitride film are

monofluoride species (i.e., F- and HF), while reactive species used to etch an oxide

film are defluoride species (i.e., HF,- and H,F,). Therefore, selectivity for nitride to

oxide in hydrofluoric acid is determined by which of the monofluoride species and the

defluoride species occupy a greater proportion of hydrofluoric acid. That is, if the

temperature of hydrofluoric acid is increased or the concentration of hydrofluoric acid

is reduced, the monofluoride species occupy a greater proportion of hydrofluoric acid
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In hydrofluoric acid, reactive species used to etch a nitride film are
monofluoride species (i.e., F- and HF), while reactive species used to etch
an oxide film are defluoride species (i.e., HF2- and H2F2). Therefore,
selectivity for nitride to 25 oxide in hydrofluoric acid is determined by

thirhicd Qirthe-rnogeilicride chagiesamd e «deflyqudaisracies oeuwy a
reater proportion of hydrofluoric acid. That is, if the temperature of
hyl%‘&ﬂﬂb‘ﬂ’ﬂﬁr?&‘&di‘&c@%ﬁ?reased or the concentration of hydrofluoric acid is

reducedih e Menefke HH R REAIRST OGP FndFeNET, PReRBIIQIV Y for nitride
hydrofluoric acid 5 than the defluoride species. Accordingly, the selectivity

tO & ARAd QXS BRI IS A dPaHUBFE A IS OSERSC AL HERYHY SRR of
achudiaflwaes aeichiseiaaRasade RSP vilyupe i diReayidoessing
hydroflugric acid may increase. This increase in selectivity can be 5

coglftigtect e e Ao it dsial grisserRr AR e RP i dingHE wever.

th@ferpesiige GIMIiiATR dN T dn Bydigiledcracick isnpla tempeerature of
65 or 80 C. However, the temperature of hydrofluoric acid can be

ApREAYIRAe L PR GrpE OB BN 2B E RIAiEER 65 C and lower than
approwintebnh&natds bhgengarrtindak hydiedu et agigisfoe diterd, to
selecéivit% for nitride to 10 oxide of\%rofluoric acid may jncrease. Thijs g

XL B¥AFP BURIORY A% PRCLATRVEYS WINETSE o EsRtNRb ARG adyeve

wikepe @divsiod aeqerdingojseRroaEasing £eotitlions pivdabigsloiétions.
ncentration of hydrofluoric acid.is 300:1 or 0:1. However
I s LA SRR SR B e ol S 2 HR S Srore
hyspegifwadlyci@tappeakinnately 4520x1nat@Q0MA0:in rdsnda swidieiepedifically,
to oxide..As.shown in Table 1, the

o SEEAUR R TR ) U o BTG R DA S GREY for
nigidilas éaithat of phosphoric acid (approximately 26:7 to 27:7). In addition,

g G W T S i
caﬁ@&@@m&madqommmﬂ@mm_mmmmﬁh&dx (ﬁmmﬁrﬁatm}a%elcbigﬁ).
BRI S else g s oo oot o
acidnfiecatticetdaperairaatthy &b Govichigidanand iawesdbdrmplllE)iban an
ad%&%r(])ir?aq gfgpca?gﬁo%sgﬂge‘}??5&@?&59 lglcl:litqlermore, in an etching process in which
similar selectivity for nitride to oxide is required, an etching process using
hydrofluoric acid is performed at a relatively lower temperature (approximately 65 °C
or higher and lower than 85 °C) than an etching process using phosphoric acid
(approximately 160 to 170 °C). Hereinafter, when selectivity for nitride to oxide is,
for example, 24,5:1, it will be written as "selectivity for nitride to oxide is 24.5."

FIGS. 1A through 1H are cross-sectional views for explaining a method of
fabricating a semiconductor integrated circuit device according to a first embodiment
of the present invention. In the present embodiment, a case where an n-channel metal
oxide semiconductor OTMOS) transistor is fabricated is described as an example.
However, the present invention is not limited thereto. That is, the present invention
can also be applied to a method of fabricating a p-channel metal oxide semiconductor
(PMOS) transistor.
Referring to FIG. 1A, a device isolation region (not shown) is formed on a

semiconductor substrate 10, thereby defining an active region, and a gate insulation
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(approximately 160 to 170 C). Hereinafter, when selectivity for nitride to
oxide is, 25 for example, 24,5:1, it will be written as "selectivity for nitride
to oxide is 24.5." FIGS. 1A through 1H are cross-sectional views for
explaining a method of fabricating a semiconductor integrated circuit

fildleYiee-A0Gosding 10 a-fksiamBarintenhaf shenerasent iBveRtioReH fewell

resent embodiment, a case where an n-channel metal oxide
3isREBRE RetdnBIeNIeRSh (RsiRB i $A BRICR PRI L6 #I98d as an
exangPeciBioa OBy 8enthe RIgSSRLIHERONITAPHMItestiesesawrdiaad is,

the present invention can also be applied to a method of fabricating a

sikicen QRrBIHEeAI Xl WRHIRE I GRHOY BRI T URLFESr ARBerA g Ranium

subdrattAa 2ENMIkSs IBRIANIRNI §0IRN. CUBEERRVYR ) g {pIINad Q0 @bstrate, for
semiconductor supstrate 10, ,therebé/ defining an active region, and a gate

exgonlatidhe 8ire 1503408 Lgiar (s SHF@”E%&‘E?&n‘?%W%M‘@&Sﬂ%&‘&%ﬂ\%
(STEgieNa fibRINe:adR wreliX $ekis daimeska b indansd Ldyre MRBATEDDUS).
the active region, Specifically, the semiconductor substrate 10 may be a
InggldyipauihiRas s Wakh Ui S0 mr teénsraubetrie2> 3 unt Nsenide
G@@bﬂgat%xsiwé;mfﬁekr?wmmc %atﬂaﬁg,&te:ﬂiﬁﬁlrﬂﬁmﬁ @ @gbatgeeta( alfquartz
substrate. or a display. glass supstrate, for example. The device jsolation
S A R A S e A
siliE4eX bregioshfarmedca |asaldaxidati ek ehslictnnh PEePO)ysincaddition is
. the gate insulation film.110 may be formed of SiO2, SiON, Si3N4,
1ops URPIIRICIMUSIBUTigh K dielectric material, or a film formed of a stack
of thRfesarpeo Fie. highaksliedeeitiaamateniabmayhect trside® 21 A3,

£ e FETY LRGN CSH 5 AP AT PR UFHES O fering to
sefnliCorkiceo s patagraxitediwHidR tscforrpad®n sitewallsiaithae gpiect Ride
T R T LA
anspalb@raokipi®ctily) haghisidimedor the sidévalis. of the gate 120 using an

ot i G LSRRy O EB e R oA e
filap&gey ioxisendins fifiialigrMNedpS papificady, sNety pearnylicitias), sugybas
im%ﬁﬁﬁ?éﬁ &At\(s)) th@gé/t?\/ee region using the spacer oxide film 130 as an ion
implantation mask. At this time, halo ions may selectively be implanted into the
active region. Halo ions are implanted after the gate 120 is formed in order to
increase the concentration of the active region of the semiconductor substrate 10 and
thus prevent a punch-through effect due to the reducing length of a channel region.
Ions of an opposite conductivity type to that of ions implanted to form a source/drain
region are usually used as halo ions. Therefore, P-type impurities, such as boron (B),
may be implanted into the active region. Thereafter, a thermal process is performed to
drive-in the implanted dopants. Rapid thermal annealing (RTA) or laser annealing
(LSA) may be used in the thermal process.

Referring to FIG. 1C, a spacer nitride film 150 is formed on the spacer oxide
film 130, and an adhesive oxide film 140 is formed between the semiconductor
substrate 10 and the spacer nitride film 150 and between the spacer oxide film 130
and the spacer nitride film 150. Specifically, an oxide film and a nitride film are

formed on the front surface of the semiconductor substrate 10 on which the gate 120
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20 implanted into the active region using the spacer oxide film 130 as an
ion implantation mask. At this time, halo ions may selectively be
implanted into the active region. Halo ions are implanted after the gate
120 is formed in order to increase the concentration of the active region

an@fl e PRBIGARGLIEIRE $BO MBS HE ANtheURNEMRR I RUNEMTNISIGY the

effect due to the reducing length of a channel region. 25 lons of an
adbgHyeins ids it ity ty setisah ar BeidisshrpRarEer tssrovRh 4sbsreisubark

priREiONSHeURH AP s ek 3gNalR IDsBddJhaiefersil P HyRedmpudties: SUEhmS
oron (B), may be implanted into the active region. Thereafter, a thermal

b
the, %H&%%qé%&ﬁé}’rh%a & 18rithe-adheeivin prafitddadnsioaptostaRnthe
seAIORIINGRTMHAtdasamannespnerhiaiemnay heousebveire e Hlcer

process. 30 Referring to FIG, 1C, a spacer nitride film 150 is formed on

oxie Blncki0nddhsithreSoniside dH R dROshR S rtneAsihe shimRapde film

14oedirepiminecaimicondpeted shistraie 10@aithe spacamalitdse fimdse 10
and between the spacer oxide film 130 and the _spacer nitride film 150.

bydBecRftcafiy! SHIoLidR kit ARat & it hfivvarex ke biPgxdne serve as

a stir{aeadéihEnsednesivd wside subsIatanky be, Ydriekathplgate dw0 7 and
the spacer oxide film 130 are formed. Then, the spacer nitride film 150

Tepeetabra Shad-dde MY 9 BrPaesrRb UMYty e RACHRYSS s
suchsxihe alebhbachupi9GessonSiBga i &Paterthikpa-fimiithi? doesivotis
easily adhere to th _%,ate,izo and the emiconduéor substrate 10, the,
form s???&%& ¥'r|r1§ RS IRBTHISH BUERESATHR'S Landdhabtie oSt 4t
thd Qcaing tbe spasak nieideabbnnldanthbesoaenihenspasantadenfisr. 13

anddthe spacer nitriqe?éilm 150. F#%h rmgée, the adhesive ox'ﬁe f&m 140
SR AAEL SRS B s i i oply g e e AL i
infjuibBiraégidd 1by the spades futridd tikeptbthahhateisioihe kdbekive axide
._film.140 mq%%/%zg srerve 35\;5%(?”6%51 bguffer. ghe %dﬁesive .ct)xide.film I’Lézo d
R KPRl T bub O reipRratebg eSSl RSy RIS | R
1 Garesent daventionn sapoddiTicechtheigto li dlaxytdEfaeed dchim@UDLY) regiofre.

64‘%{ ned with the spacer. nitride film 150 is. formed. Spe glllfezI}} §-type
ATTRBLES, Uk LICEHIS (R, e B VAN B hd e Ao Heon
tramsivgthamshacey aivide filrond®d aslansidoubip EhtiaiidrdmaskD Dby, sesknd
. Impurity region 164 - hayv igher dopi tratio thantﬁe%ist
o R e AT S T PR TR G
difhiegeMDE (LDMOS) structures. Next, a thermal process is performed using RTA
or LSA, to drive in the implanted dopants.

Referring to FIG. 1D, a blocking oxide film 172 and a blocking nitride film
174 are sequentially formed on the NMOS transistor. Specifically, a silicide film is to
be formed in a subsequent process, and the blocking oxide film 172 and the blocking
nitride film 174 are formed to block a portion of the semiconductor substrate 10
where the silicide film is not to be formed. The portion of the semiconductor substrate
10 where the silicide film is not to be formed may be, for example, a MOS transistor,
which does not require high-speed operation.

Referring to FIG. 1E, the blocking nitride film 174 formed on the NMOS
transistor is etched. That is, since the silicide film is to be formed on the NMOS
transistor illustrated in FIG. 1E in the subsequent process, the blocking nitride film
174 is removed from the NMOS transistor. In some embodiments of the invention, the

blocking nitride film 174 may be removed using hydrofluoric acid in which
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impurity region 162 is formed. That is, the first and second impurity
regions 162 and 164 form source/drain regions 160 having a lightly
diffused drain (LDD) structure. Although not shown in the drawings, the
source/drain region 160 of the NMOS transistor can have various

seRiEHGIH esrsHEN s HHBleHifdasd raly HeRBbemMASK OaiSIRRUGHIPURIS of
diffused drain (MIDDD), mask LDD (MLDD), and lateral double_ diffused

hygiedraris skl dBEaIFd R CORRRIFATITLPb bedEollyosidaicitbis desrgpsed,

th&Refecliv lepfortRigivadbiigd iplamiesd doaaitsoReieriingato el mby 1R at a
blocking oxide film 172 and a blocking nitride film 174 are se,quentigaﬁg/OC

R RISt NS s tEro S8 BRTANA Loy &HithaR 3mRTee igaissy
anf@ g hiARUb SeapSIvkRIREaSSI GUd the bookindheidepfiliddfand the

blocking nitride film 174 are formed to block a partion of the

apgEeiceiEhctoPSSeitdlib MyHure e SirdRREKing 3t thd farifegs as an
etdha@piRoihtEnsRITIEY MUEIPG StHRBIatR nkowiae g1 h ¢79ilig ikdenfivads
not to he formed may be, for example, a MOS transistor, which does not
by By tEPAINRGIS- apal SPLTAfEIT N R AR MR R X e CRrE Wb ek dMifAde
palitref 1 Hyere oritheiNV O3 réiansistardseiehads bRaldsilgincRing the
silicide film is to be formed on the NMC%%],i tranfistor ilustrated in FIG. IF in

SeRRic RBCL RS 5AST s R SPARSEIBHE R kR Hidh 2PHRrRERRIGed Yrom the
NMORefeansistoFia somehespacstimands aiihesovemioNMES blacking: is

nitride fiim 174 may be removed.ysing hydrofluoric acid in which 8
re@éﬁ‘é“c&r\ﬁwlﬁ%ﬂj?&et% B BLE 8£E?18r¥(§6@33£’§0%%8 8V8&as the
hyl@mpesatusei @inhypiaflvaeaiatid fisrintrRRsebeidhexcontenisatidreafatively,

hydrofluaric acid is decreased, the selectivity for njtride to oxide .
AL RO SRR O RSl il
172ppsndrhately166ric sribighehiehddroukvithdorappreximaiete 8516 Siandone.

may be diluted.at approxjmately 1000: 1 to 2500: 1, more specifically, at
T 5, RS U 5 RO, B TR g BISERT B e osh
sekerndasydoaii ttdehestapfirg dieds dherefore, not all of the blocking oxide

film 172 is removed b drofluoric acid in.which, selectjvity for nitride to

oxitd SR EEHE B e B o e e P
usagza yerodimng axidlénfilhidly 2eeer the faOseidicensekidtois Sedsstiatconf), the

spacel&rsn'tridebfiléza%50 and/or the %ate 12 R&fgﬁrin to F(llG. IF, the

] t . y h
spachr Gt 13t of Y KRRBE S SRy uonic acid s increased or the
concentration of hydrofluoric acid is decreased, the selectivity for nitride to oxide

increases. For example, hydrofluoric acid, in which selectivity for nitride to oxide
exceeds one, may be at a temperature of approximately 65 °C or higher and lower
than approximately 85 °C and may be diluted at approximately 1000:1 to 2500:1,
more specifically, at approximately 1500:1 to 2000:1. Hydrofluoric acid in which
selectivity for nitride to oxide is less than one may be, for example, at room
temperature and may be less diluted than hydrofluoric acid in which selectivity for
nitride to oxide exceeds one.

In the first embodiment of the present invention, the spacer nitride film 150 of
the NMOS transistor is removed for the following reasons. In a subsequent process, a
stress film (a tensile stress film on the NMOS transistor and a compressive stress film
on the PMOS transistor) is to be formed (see FIG. 1H). If the spacer nitride film 150

1s removed, since the distance between the stress film and a channel of the NMOS



10

15

20

25

30

removed. In particular, the spacer nitride film 150 may be removed using
hydrofluoric acid in which selectivity for nitride to oxide exceeds one.
Alternatively, the spacer nitride film 150 may be exposed by removing the
remaining oxide film 15 172a using hydrofluoric acid in which selectivity

trdRSi bHeedaddla g e st thRMRe offidRAI 8 SRAGRENT g fipmASComay
be removed using hydrofluoric acid in which selectivity for nitride to oxide

NW@éﬁ’é‘%ﬁ@?Furthermore, part of the adhesive oxide film 140a may
furtheydiecremoNRE tHsimiprdielue fieraaishins Whitdvaglastivibofaho iR ve

to oxide is less than one. 20 As described above, as the temperature of

ORI dermed Rerds s inopl Aol P R r o B pecd dacayse

thélegreasetnthetsalectimitydon it ieq@xide rinesasasrior examnie
hydrofluaric acid, in which selectivity for nitride to oxide exceeds one,

adBesyVBOSHIS T SAMR RS TR S Sk e P BECe G i aibS e Tolfe heeihe

siladppEamately B senadt] tayihe dilEladi afappexaately 000 date 120. In
2500:1, 25 more specifically, at ai)ﬁproximately 1500:1 to 2000:1.

thigyarE SRR M HiBRN SaIEtRF18F ARFGR A TRATES s RIS Hpin ghde the

spatey heiderexarnpls, @hieoan, tenapaesiweriad Maylbealessutlutagathan
pal%éjroﬂuoric acid in which selectivity for nijtride to oxide exceeds one. In

Y BB S RS EBY ERBPILCEH BRS8N, the spacer nitride film 150 of

30 thrIWMVHAD taIEISG |9 keloauedlfon tteatallowing reasensl i @e second
. Subsequent process, a stress film (a.tensile stress film on the NMOS
IMPLRLY: 8%18’?1&‘hd/c%ﬁ#’ﬁr%%t&jé%%tg‘é’é?ﬁ‘lﬁ%”éénatﬁé@ﬁ%ﬁ FHRISON 1% be

Nifewmied (sesrint@ ohtie INVIOSpagsisdrigecfiine 1pAcds irMRVATN SIBO@iR®cen
R TN T
cohfdipgisursisiiooHaver, fivhen tkcxpatansitidafiror s iThemaered,

not all of the adhesjve oxidg film 140a for on the semiconductor
e Tk S P L BEET0E e S EER RS BiYormed
selacthe:BUbs pefenh ategais (seilnatdGhy ki plgiaiveroxidestilm d#0a
s AL G RS LR a8 Ui he B 58 10

case Ri¢ferpirgbabillty. di e ne satingtigpkag € louMreh hincisases filihargiaie,
Se\({]\{lheilll%atl“?/ formed on the NMOS transistor. Specifically, the etch-stopping film 180
may be an oxide film such as an LTO, and the stress film 190 may be a nitride film.
When the stress film 190 is a nitride film, an N-H/Si-H bonding ratio determines
whether the stress film 190 applies tensile stress or compressive stress. That is, if the
N-H/Si-H bonding ratio is approximately 1 to 5, the stress film 190 applies tensile
stress. If the N-H/Si-H bonding ratio is approximately 5 to 20, the stress film 190
applies compressive stress. The stress film 190 having tensile stress enhances
operating characteristics of the NMOS transistor, and the stress film 190 having
compressive stress enhances operating characteristics of the PMOS transistor.
Therefore, a stress film having tensile stress may be formed on the NMOS transistor
according to the present invention.

As described above, in the first embodiment of the present invention, a gate is

formed on a semiconductor substrate (see FIG. 1A), and a spacer oxide film is formed
on sidewalls of the gate and a first impurity region aligned with the spacer oxide film

is formed (see FIG. 1B). Then, a spacer nitride film is formed on the spacer oxide

10



10

15

20

25

30

spacer nitride film 150 is removed, the adhesive oxide film 140a should at
least 10 partially remain on the semiconductors ubstratelO. Referring to
FIG. 1G, a silicide film 126 and/or 166 is formed in the second impurity
region and/or the gate 120. Specifically, a metal film, such as NiPt or

il hitke isviorxiad amihediMU taneisite atiendbeisersraupitiss-fimthe

150 has been removed. Thereatfter, the thermal process such as RTA or

SPResA i Hids b and brivasy e SBACR AN G EMIb ARIIP P ARER A BiFE (3lm., and

a SbisiE Mpasid 2@ AbH/AHeE Wit hetbpad@maliegiRaicemelitheaeal 10).
film are removed. The thermal process may selectively be performed. .

Neifafih S48 AP BRPRSE HIGH IR Y OrEIHeR B Yl ol ARt

whilen d&i6cinayy Fartiatiycevsriapdtexasthrsive @seitim tAQ Ratede oo
FIG. 11H, an etch-stopping film 180 and a stress film 190 are 20 _
foumed In AR MBI I S S et driSistidr) Spdan il siaping film and a

stitSTistOPRIRETIkNELEY MR Rhexide fdnisHeh abafatel GheaNUGNEH).
stress film 190 may be a nitride film. When the stress film 190 is a nitride

HeHaY i (REMSIent BRHRRG AR HEBHTHEL NG ARAKE PRRRC LAY film 190

appligsasnsiletbitrgh oUCaRIRSSivesassichRabisetbthming kifRthbd of
g{onding ratio js approximately 1 to 5, the stress film 190 applies tensile 25
o R el D G RN p B ey S 6 S L PRYB ARSI B2l 30600 Stresss

enibddAenemlieHeRBIRIassiealsERe thestiass iR ngvingdensii@ide

_stress enhances operating characteristjcs of the NMOS transjstor, and
fﬂfﬂél%%f’éi‘]&%ﬁ% %é"ﬁg{}ﬂw8‘“@89?%&‘5‘?5&%@&%%%%&% {‘ﬁ'ia“ from

thehavagtirigtiosHef fing BVMO& ansistoe piherefidnent siress fild@dtitbed in
tensile stress ma ed on th OS transistor 30 according to the
deﬁ?ﬂé@kﬁ‘? ﬁﬂ%#o,z@{%sr%ﬁbggﬁo E\zéﬂln the first embodiment of the
presauifiiviaptioFIa gase iSsspgarenadide & BaMCosICINSDD sHiAt e (SE8
FIG, IA), and a spacer oxide film is formed on sidewalls of the gate and a
Paﬁlgﬁlm{éﬂ}ﬂ‘ffggfgfﬂ ﬁ?ﬁ%%&oﬁ@pﬁer oxide film is formed (see FIG.
1B). Therpacspacadaiiiicel §omisyformadnrdhgispageratided Aciidnn amich
dhesive oxide film is fqrmed between, the semiconductor substrate.an
Setinaa R R e R
mintidedposcany rarsecmachirapiiitin pegiade allgn€TRwiikitlaeh gpadhrionitrided in

film is formed (see.FIG. 1C).. Next, at least part of the spacer nitride. film.is
W%c;%_%cilceﬁgﬁl{ysﬁé rH§,r1 16 %%c%lé]s eI:F]st an one, an ttHen tBe spacer mtn(fie ilm

150 may be removed using hydrofluoric acid in which selectivity for nitride to oxide
exceeds one.

Referring to FIG. 2B, a silicide film 126 and/or 166 is formed in a second
impurity region 164 and/or on the gate 120, as illustrated.

Referring to FIG. 2C, the remaining spacer nitride film 150 shown in FIG. 2B
is etched using reactive ion etching (RIE).

FIGS. 3A and 3B are cross-sectional views for explaining a method of
fabricating a semiconductor integrated circuit device according to a third embodiment
of the present invention. Referring to FIG. 3A, an NMOS transistor and a PMOS
transistor are formed on a semiconductor substrate 10. The NMOS transistor is
formed using the method described above with reference to FIGS. 1A through 1H,
and the PMOS transistor is formed using a method similar to the method of
fabricating the NMOS transistor. Elements of the PMOS transistor, which have not

been descried above, include an N well 40, a gate 220, a spacer oxide film 230, an
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5 which selectivity for nitride to oxide exceeds one (see FIG. 1F), A silicide
film is formed in the second impurity region (see FIG. 1G), and an
etch-stopping film and a stress film are sequentially formed on the
semiconductor substrate (see FIG. 1H). However, the present invention is

adRetiNBeridaithe abayve Lukediment Jide Se@A tQuahaieaai@ion 262, a
cross-sectional views for explaining a method of 10 fabricating a

seeoidi EBRULIBISF HR8 g ate ANk SiticidiEE ) 228rNAG 96 a second

embQgineRAt Qb HPEnPIERENIBIMYBDHRSINGBIAR PIEL SS0fUMS YHIEA
spacer nitride film according to the second embodiment of ther{{)yresent

rGeatibh S Girrererform thar Ake ORI thBYHIP drmbtiteny Betike

stiRES FaAT IeRtomnidwiliae sescrbsdinbaiaiaibwitivreferencr o ks @a
through 2C. 15 Referring to FIG. 2A, a spacer nitride film 150 of an NMO

stizshEBol A 2BBIFAIS TR SUES RERO TR SHIIESHE B Eie .Sﬁ@?%ﬁ%b%%ﬁvﬁlg

tefifridariiNchhohaRa Y- perdemaIRadaing oy Gt ouvias drimtithand the stress
_selectivity for nitride tg oxide exceeds one. Alternatively, the spacer nitride

filgd e Vingy B RSSHYE BT SRIGUTS SREAIDRINT BsE R 2h 8y hHE
trdnydhiofuonievasiel i 2@ whighraalechvity farsniridedoi oximéd astthpriose,
and then the spacer nitride film 15 mag/ be removed using hydrofluoric

rapSISRE WIS AR LAIR ST RSHRIeHEE 2h BB QX LEWSE R CIRERIARY to FIG.

Thifsfars|ligies iih® sL26samedandaf i3 faTRaE s S BN Be iIFBRIGNRI RgIR the
1%and/or on the gate 120, as illustrated. 25 Referring to FIG. 2C, the

PR ¥ acer nitride film 150 shown in FIG. 2B is etched using

reactiRerdain@teh g (RIS thE KaSssIAmN9IBRane ConsssEMIOB ataisiusfoy

explajning a method of fabricating a semiconductor i rated circuit .
refie: SRR e T P e i T e itor s
foRede sinthéasEtcodduanrNMeR i dosigionianstess MioS 30 fisansibtor taee

f ed on a semiconductor sybstrate 10. The NMOS transistor is formed
Py R HE B Bl B BB (A - FSH LS B RESC 1 GBI
oxaddethe VIS, trangistaibis! fasovedHiginrglaome thadlisimiantectbeivietHod

of fabrica%nﬁg_ the NMOS transistor. Elements of the PMOS LE} §i§&gr,

Ve € § te 220, a

MR RAVTEE BRI ELBRNET AbbURTRSERIYE ShRPAIAY:
highaceardboger fitmn2graxithately 85 °C and may be diluted at approximately

1000:1 to 2500:1, more specifically, at approximately 1500:1 to 2000:1.

FIGS. 4A through 4F are cross-sectional views for explaining a method of
fabricating a semiconductor integrated circuit device according to a fourth
embodiment of the present invention. Referring to FIG. 4A, a trench 330 is formed in
a semiconductor substrate 11. Specifically, a pad oxide film 310 and a pad nitride film
320, which is used to define the trench 330, are sequentially formed on the
semiconductor substrate 11. The pad oxide film 310 may be grown by oxidation to a
thickness of approximately 40 to 150 A., and the pad nitride film 320 may be stacked
on the pad oxide film 310 by LPCVD to a thickness of approximately 600 to 1500 A.
The pad oxide film 310 relieves stress between the semiconductor substrate 11 and
the pad nitride film 320. The pad nitride film 320 is used as an etch mask when the
trench 330 is formed and serves as an etch-stopping film in a subsequent chemical
mechanical planarization (CMP) process. The trench 330 may be formed to a shallow
depth of approximately 3000 A using the pad nitride film 320 as an etch mask. The

trench 330 may be formed using, for example, RIE.
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adhesive oxide film 240a, a source/drain region 260, a first impurity region
262, a second impurity region 264, and a silicide film 226 and 266. An
etch-stopping film 180 and a stress-inducing film 190 such as those
illustrated in FIG. 1H are formed on the NMOS and PMOS transistors.

Whe gharia steessdilapl0iie coridiog imaan Mokt Borginadrating the
determines whether the stress film 190 a]{EpIies tensile stress or

tresith prds Mrsestresifieatly QL0 Foear i ofige dergle P fedinss side
filape1otingehal astekisditoRitheNMERsENstokiRrt M emt s (il §0

having compressive stress enhances operating characteristics of the

e reah ARt BRI AN OPAG HesE MM AOHG T Khrepaifs the

daﬁﬂg&ﬂsﬂw&QﬁM@%ﬂﬁﬁfﬂgﬁiﬁi@foﬁhGh@B%ﬁ@@ﬂl@%@%ﬂﬁ@qﬁ&frtﬁ@ewalls
PMOS transistor deteriorates. Therefore, when the stress film 190 has

Oftg‘r?stﬂﬁngﬂéég; it must be removed from the PMOS transistor. Referring to

FIG. RBretit steBrdilnTl 90ifermed qrrithe 3V Sdnesisisloy foriemnansatd: the
. Specjficgqllliy%z @Zotoresist pattern 195 masking the NMOS transistor is 15

ling e HIEORRILS Bt ate 10 25haltHe St 190 formed

SRoitRIRM@S]thensistiy fishessovesy s igrhsdrpiluprevanie in twidietess of
selectivity for nitride to oxide exceeds one. As described above,

ApRIRITBRBEHE Leia A WRich selectivity for nitride to oxide exceeds one may

be atre:teimpeiatrre of ppruxisiaseiMohifm 960nighemnandianeritkadxide film
proximately 8 nd may be djluted at approximately.20 1000:1 to
3 . %tr‘r%rg%%%gﬁ@éiﬁp%? e %&@W@@oép PYIS b0 15 fﬂ%ﬁslﬁ& the

sethieuigh4br 3 srasstsactiomatMiews iof @xplanbigyatsetbash 6B0. Although

e S LT e et eV cecodpp .

théasriedfinmanssroicasauct oy hsiraierdio Speatigally, @pad pxideiiinedd 0
S RSB i 25 920, M6h s gl e e 220 i
defikoni B30 (PBY VB gravichy exddatianoi dathigkhessal approdipaiely0 to
oA B RSa e e SRS g e o
proxéderfitm R peréhienes. stress between the semiconductor substrate 11

ek e R TR et Fees
aréparsabgegthedtson@migabp surface of the pad nitride film 320 can be exposed.
In particular, in the fourth embodiment of the present invention, the process of
lowering the height of the buried oxide film 360 by partially removing the buried
oxide film 360 and the process of partially etching the liner nitride film 350 are
simultaneously performed.

Specifically, the buried oxide film 360 and the liner nitride film 350 are
partially etched using hydrofluoric acid in which selectivity for nitride to oxide is
approximately 0.7 to 1.4. The selectivity for nitride to oxide may be, for example,
approximately one. In addition, the temperature of hydrofluoric acid may be between
approximately 65 °C and approximately 85 °C, and the concentration of hydrofluoric
acid may be approximately 300: 1.

Referring to FIG. 4F, the pad nitride film 320 is removed to expose the pad
oxide film 310. The pad nitride film 320 may be removed using phosphoric acid.
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mechanical planarization (CMP) process. The trench 330 may be formed

to a shallow depth of approximately 3000 A using the pad nitride film 320
as an etch mask. The trench 330 may be formed using, for example, RIE.
12 Referring to FIG. 4B, a liner oxide film 340 is conformally formed along

the trangh33enMokepaRatificrliyiRn20n8s pilewallsy e thent eyabodadsrithe

liner oxide film 340 is grown by oxidation to a thickness of approximately
acichth i hief S@%&“a‘(“t%ﬁﬁ’ﬁé‘%‘éﬁé?e%l(b%ﬂﬁrﬁﬂﬁ?&?éw%%d %05@ yfhifgase,
th@xdele B34 BB RIS e S AamadeBSipetkiatieay whiah seauteam theer

etching process, on the inner sidewalls of the trench 330. Referring to

then apRreximatdy Aride MAdgHPR By 361 BaYR6 1t #her oxide
apiox3Aatand oo -pad mowe, itvrS2p-anit algns: tipanahe§0:500:1 to
S geci,ficall , the liner oxide film 350 may be formed bty.LPCVD, toa
Z%E?Ckﬁggg 16 S Brosaa B eAse e 6 sk iRy Tis'e 16 0418¢-a buried
oxideriiin 360 igifermedRR iPRiHISs @XideritnrIdbRathatthedientluadp

can be buried. Specifically, an oxide film is formed on the semiconductor

INGERURA Y R IR BRI T BOR R TN dhesBs Rl HbisgHO™

THB G BAbHE HeMe Cile [Ragss aeeatidhn g o desantrode sheffaurth
iconduct%r element, 15 the oxide film may bilr‘;]cﬁ)rmed,by 3-tetra ortho

se X )

CnRrRey A8 YA RS PO HRY FeRre e ACTISS VLd5 UG dorner
ni(ARGNIR X e (HESNMIE L AMANRSH 68T EabIRPE g dgRASHM (RECVIRFIE. 4F)
high concentration plasma chemical vapor deposjtion, (HDPCVD). Next, . .
AT TR S Bt M EHST BRSALOR G 1y

400e peitmasht2Q Refemiogio fiagdmnthedoynedioxigzfiindS60ianthvhaer
liner nitride film 350 are partially etched so that a top surface of the pad
(Drﬁtﬁtrﬂ’éaﬁﬁwll‘%]éé% r"i"?)(gaé'é) YVFh%?rticular, in the fourth embodiment of

the presehisiriedtiossificoptacess obstawenng flecoeighihefting buiethe
s lneaR Pl epoimg e fuice e Amaspaggite
sepesformedoSpatifieayn, therdnstidmdderiihe S&QiantitheolinebhitidaMilming
3300, parally qighed ysing fydafluorig adid Jn which selectity for
conformally formed along the trench, a liner nitride film conformally formed along
the liner oxide film and the pad nitride film, and a buried oxide film formed on the
liner oxide film to bury the trench.

Next, part of the buried oxide film, part of the liner nitride film, and the pad
nitride film are etched while varying the temperature and./or concentration of
hydrofluoric acid in the bath 410. That is, hydrofluoric acid is used to partially
remove the buried oxide film and the liner nitride film in order to expose a top surface
of the pad nitride film, and the concentration of hydrofluoric acid is adjusted using the
valves 422 and, 432 such that selectivity for nitride to oxide is approximately 0.7 to
1.4. The concentration of hydrofluoric acid may be, for example, approximately
300:1.

The concentration of hydrofluoric acid used when removing the pad nitride
film is adjusted using the valves 422 and 432 such that selectivity for nitride to oxide
is approximately 10t o 50. For example, the concentration of hydrofluoric acid may be
approximately 1000:1 to 2500:1, more specifically, approximately 15 00:1 to
2000:1.
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approximately 0.7 to 1.4. The selectivity for nitride to oxide may be, for
example, approximately one. In addition, the temperature of hydrofluoric
acid may be between 30 approximately 65 C and approximately 85 C, and
the concentration of hydrofluoric acid may be approximately 300: 1.

Referriptatd fd Gottlenthri St ilydeofild B2 0cia FRERRIt SRS eIthife ver,

pad oxide film 310. The pad nitride film 320 may be removed u_sinfg
thp REREHGHE AR of hydraftuersmrds, 1 Baen Frmexiftgihsserdaifisls film may

bel 8NRNES BB IR BHHANS SO dfovThisit SelaGiveiwRENBEIGRIG RXIHS 18
thaEpr,oximately 10 to 50. In this case, _the temperature of hydrofluoric acid

i5e aHdrdimatslyss ieepititrelihd lower than approximately 85 C.

In additigs fimdeaibadigatidmayphadiluiseaion aprrexipateirelo00:1 to
2500:1, more specifically, at approximately 1500:1 to 2000:1, in order to
hyglipitiarf i read ey SeRRIVIR RS PRt HEIHS Sdnds paesl 594ha dihgram

hyl@oexpiadNiBE asnethiach ohiabnicading dSCIaaneiictRi d R8T atRI IS GHEr
.device according to a fifth embodiment of the present invention, The fifth

iR S Sl ET e BraYEREThUBITIGN 1< SRPL FERE O Mt rdUith g gvhen the
b@méb@sa:imeﬂmmgaahﬁmi@m&ﬁmﬁ%aﬁ%ﬂyﬁWVMa@u firc@xjsigailive of
and a liner nitride film (see FIG. 4E) and the process of removing a pa
hygRRIBATA ARG U S o d S Lo RRIRA e R ?Fﬁ’é&yﬁ%ff@ﬂﬁh‘b%’ ﬁi%‘?%
a semiceiaticionTfaksiaatiomipediiie QST thelpetssna athddl), tacftigidetration

torage unit 420,.a valve 422, a deionized water (DI) storage unit 430,
Ofiw&r gﬁ?b‘ﬁ{é“r WE ﬁéa&‘.sfgfk‘??ﬁ 1501 A E RO RELFEST & W is

reflacied thdhamatiy:dae fihesemidonaductod s tdsteaie Mcinicl une sradesaslof

oxide film and a pad nitride film sequentially farmed thereon, a trenc
S s e e i
THpadk niffiele i as @it oiasksh Arlirewoxiga di thincoefoamal i feheechpton@re

the trench, a liner nitride fijm conformally formed along 20 the liner oxide
R S e TR S Ay
acoxidin il tieeBulycthatirénchiaiexic paidobihs hofiedraxidadfitmy parddiitihel

liner nitride film, and the pad nitride film are etched while varying the . .
O O5PAES, T T LA AR, DI AURFOAE T T o S Bgitice
filihahibHeychothuorie st ¢arusedtaopadially

While the present invention has been particularly shown and described with

reference to exemplary embodiments thereof, it will be understood by those of
ordinary skill in the art that various changes in form and detail may be made therein
without departing from the spirit and scope of the present invention as defined by the

following claims. The exemplary embodiments should be considered in descriptive

sense only and not for purposes of limitation.
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25 remove the buried oxide film and the liner nitride film in order to expose
a top surface of the pad nitride film, and the concentration of hydrofluoric
acid is adjusted using the valves 422 and, 432 such that selectivity for
nitride to oxide is approximately 0.7 to 1.4. The concentration of
whvdrotuariceascid may be, for example, approximately 300:1. 30 The
concentration of hydrofluoric acid used when removing the pad nitride film
is adjusted using the valves 422 and 432 such that selectivity for nitride to
oxide] is appexématebs i6Hhamlal R amPlesdie &aneerbatipniak:
hydrofluoric acid may be approximately 1000: 1 to 2500:1, more . .
specﬁ?&&f?ﬁ%‘?&ﬁ‘%ﬁ%@@@%@? PayingaEate AesHdgpiificial nitride

spaests MR B fshidvaliyiofithacigtare-PaRke: axatRIRS/ (e eYEIbn N hich
concentration of hydrofluoric acid used when remaoving the pad nitride film

gy - SRRl i e oW THAR YRAEH IR SRTHFR LRI SEEREN
partialyetEmayingn shen purieshoxidedinnand she dnrersrifrigaifilmed hyardiioric
fifth embodiment of the present invention, the temperature of hydrofluoric
acktRpLRT IEReR B X e R ShIRT Y LY i Prs dhuplopne: and
hyd[Q‘ﬂﬂﬁfi{g %Qiﬁ;dls%ﬂduaﬂ@ a@iﬂﬁﬂmrﬁmmmmgﬁﬁw rigt Qf@dﬁff(%mm
. the liner nitride film. However, the present invention is naot limited thereto.
m@ﬁrﬁ 4 1A EhE" GRmBEFSikide iy dha thaer TRthRa AT g?igpq{‘rll&'ﬂy
tra@Reedntihe ppnenatir whldIHelvodraeidénay be raised in order to
increase selectivity for nitride to oxide. In addition, in the fifth embodiment
of the present invention, the concentration of hydrofluoric acid is adjusted
twicex(that ighenaethddhs planass whpaitiallyermperaningoihd bdiieddxide
film _and.the liper nitride film and opce in the pro of removi e pad
PR HONUER 1 Arer LR ot a0 SHEPY 1 ot
is, after the semiconductor substrate W is placed in the bath 410, the
temperature,_and/or concentration of hydrafluoric acid may be.adjusted .
b sphs s S LA R P A e
hakyokaikoiicHiIEicoinae batiadjusted gthfieenabmaredidmeso libsatdsiog, part
of the buried oxide film, part of the liner nitride film, and the pad nitride
film can be removed. 20 While the present invention has been particularly
showh and dascribhdd\ifiClaim 2, wherein the diluted hydrofluoric acid solution

has a water-to-HF volume ratio in a range from about 1500:1 to about 2000:1.

5. The method of Claim I, wherein said selectively removing comprises
selectively removing the sacrificial nitride spacers using a diluted hydrofluoric acid
solution having a nitride-to-oxide etching selectivity in a range from about 10 to about

50.

6. The method of Claim 1, wherein forming a stress-inducing electrically
insulating layer is preceded by forming metal silicide layers on the source/drain

regions.

7. The method of Claim 5, wherein said step of forming a stress-inducing
electrically insulating layer is followed by a step of selectively removing a portion of
the stress-inducing electrically insulating layer using a diluted hydrofluoric acid

solution having a nitride-to-oxide etching selectivity in excess of one.
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reference to exemplary embodiments thereof, it will be understood by
those of ordinary skill in the art that various changes in form and detail
may be made therein without departing from the spirit and scope of the
present invention as defined by the following claims. The exemplary
embodiments should be considered in descriptive 25 sense only and not
for purposes of limitation. 15 What is Claimed is: 1. A method of forming .

an integratelh&ireaihad ol Bhp AdIRE iR iiFiG RO dRITBHEA iLTsidpdrcing
cl@@Mthgl pigie.slRCtigeeisTaadlicialyyitigde PoTRBRREE Oy ARRESIRG Sistaviciof

of the gate electrode and source/drain regions, which are self-aligned to

theRerescmRISngi e SAbel biH AS Bre St ol Sk it uarie acily

solgfiyviagithe: sagiticial siiidde cpagess ssing yviflibwtedshdsgédluoric acid
solution having a nitride-to-oxide etching selectivity in excess of one; and
forming a stress-inducing electrically insulating layer that is configured to

10 induce aTig! iABIE 6f CRAMRESSHESIregsdihvalghanisinggignkthd by:
field effect transistor, on the oéPposin sidewalls of the gate electrode. 2.

The MY BOEISINE ORWHBEM A8 E oF HHETMRAEH S hffofluoric

acid seletiprRIig dechingnBe fletweernaleuiabusiand anavl 89drofllibri ddhe
method of Claim 2 Whereﬂiﬂ the diluted h)t/.dr.ofllj%oric acid solution has a

solptied ke dANHHS YRR S AhES HORTABBLEBY™ Weabout 2500:1. 4.
The method of Claim 2, wherein the diluted hydrofluoric acid solution 20
has ater-to-HF volume ratio in a range fro oyt 1500:1 to gbout
2000105, THEETHEN O Rlh W S S e BRI

cORDPFIREISESi deaipaibrelyn arvoping e sseskificiad ite da s RACRr6d¢sing a&lhesive
dijuted hydroflyoric acid solution having a nitride-to-oxide etchi

ST FAIE QS R oL 95 Ao BBen g e EHEaRgEers:

an@ lalerdinWbereny tosmingiadsicRgScleduingyalacircaliylaisulapiegddyenis

receded y.{or. |qg met%I silicide Ia1¥ers on the(fource/drain r(ngons. 30
foPmmg metal silicide 1ayers that extend on the source/drain regions and contact

corresponding ones of the adhesive oxide films.

11. A method of fabricating a semiconductor integrated circuit device, the
method comprising:

providing a semiconductor element comprising a semiconductor substrate, a
gate which is formed on the semiconductor substrate, a nitride film which is formed
on sidewalls of the gate, an oxide film which is formed between the semiconductor
substrate and the nitride film and between the gate and the nitride film, and an
impurity region which is formed adjacent to the gate and in the semiconductor
substrate;

at least partially etching the nitride film using hydrofluoric acid in which
selectivity for nitride to oxide exceeds one; and

forming a stress film on the semiconductor substrate and the gate.

12. The method of Claim 10, wherein the temperature of the hydrofluoric

acid is approximately 65 °C or higher and lower than approximately 85 °C.
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7. The method of Claim 5, wherein said step of forming a stress-inducing
electrically insulating layer is followed by a step of selectively removing a
portion of the stress-inducing electrically insulating layer using a diluted
hydrofluoric acid solution having a nitride-to-oxide etching selectivity in

excess.of onge Ihcthotisy MRIhPU0WAIGHTH IhdhRIRMRAIE ARPIOHRARING
a stress-inducing  electrically insulating layer is followed by a step of

ApRENSERHRY rLAGAHG 2508Hion of the stress-inducing electrically insulating

layer using a diluted hydrofluoric acid 5 solution having a nitride-to-oxide
etchin%selectivity in excess of one. 9. The method of Claim 8, wherein
|

selectbrely rERfafHad prédadmd by hasrmithy L utselhagiosrid matlgesy

appaeXiigiad[9irsde-spaceysn:and selectively etching the blocking oxide film
using a diluted hydrofluoric acid 10 solution having a nitride-to-oxide
etching selectivity less than one. 10. The method of Claim 1, wherein the

field effect tramsistandaishenagamprisasrer del&Ra6er SRMmiRIORPESIAY of the
sidewalls of the gate electrode and adhesive oxide films extending

hygraieerAE L FRRIAHBALCLA AR Whcrificial nitride spacers; 15 and
wherein forming a stress-inducing electrically insulating layer is preceded
by forming metal silicide layers that extend on the squrce/drain regjon

and dbhtact | BPRESBRH Ao SR b WA RERRIE B RIS Ay icale Him in

thenaipedigiréabsichéingea s@mieand yatak integrated circuit device, the 20
method comprising: providing a semiconductor element comprising a
semiconductor substrate, a gate which is formed on the semiconductor
substrate, amiyigdetfibn sytithins fermaesrcdnthidaicts afihpgaityavaxige
film which is formed between the semiconductor substrate and the nitride

thﬁl%lgﬁﬁ tween the gate and the nitride film, and an 25 impurity region

which is formed adjacent to the gate and in the semiconductor substrate;

at least partially etching nitride film. using hydrofluoric acid in which .
celoctiity fol TGS B g e SRR e Qaan S sippine
fillhesehsisantuveidicsolsitateenthd@ggie bdfbre forming the stress film.

19. The method of Claim 18, wherein the stress film is a nitride film and
the etch-stopping film is an oxide film and further comprising removing the stress

film using hydrofluoric acid in which selectivity for nitride to oxide exceeds one.

20. The method of claim 10, wherein the semiconductor element further
comprises a remaining oxide film formed on the semiconductor substrate and/or the

nitride film.

21. The method of Claim 10, further comprising:

partially etching the nitride film using hydrofluoric acid in which selectivity
for nitride to oxide exceeds one; and

removing the nitride film remaining after the partial etching of the nitride film

before forming the stress film.

22. The method of Claim 21, wherein the nitride film remaining after the

partial etching of the nitride film is removed using reactive ion etching (RIE).
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12. The method of Claim 10, wherein the temperature of the hydrofluoric
acid is approximately 65 C or higher and lower than approximately 85 C.
17 13. The method of Claim 12, wherein the hydrofluoric acid is diluted at
approximately 1000: 1 to 2500:1. 14. The method of Claim 13, wherein the

hydroffuoric feigdsodibitesh At abimPRLexiaiRlcfrGRichiacaQQR: it 4svitBahe
method of Claim 11, wherein selectivity for nitride to oxide of the
merbFRBAESIR is approximately 10 to 50. 10 16. The method of Claim

10, fyihanERMREGING AATRIRG:R il Al ith dRe dmpwibutesieniRaiesea
formin%the stress film. 17. The method of Claim 16, wherein the silicide

iy Bishisilp OB QPP BISARIMHLT B A1 PRefsb A ufR i ang a spacer

nitHHO ELEO0MRISING Jeditneaan RiGheatoRPING Jtvamihg srigendlsdatsive
substrate and the gate before forming the stress film. 19. The method of

oxgdein svhietelRtRedRRoeE D fsSSTREABEURT SWRFUSE AR B Bhing
nifHide i 1ah mddedfilserning fpdhersemepTisingdemone i stie senfilaTiuaing
. hydrofluoric acid in which selectivity for nitride to oxide exceeds one. 20.

IMPHE BhETRISE SeEi AeReR erEh e RO ELBY SRttt RIGHBIP UL

re SRMPISES i9 48R NGHOXEepilker fRitma@sdfamthe semiconductor substrate
and/or the 25 nitrjde film. 21. The method. of Claim 10, further comprising;

partidfiy @tL RGN WehakHrg hergassarowids i B e kiR a1
wiaehniielei tocpxide exnaees s ane crps&Doigmoving the nitride film

remajning after the ial .etching of the nitride film before forming the
stres Ofﬁ?ﬁl.lgzﬁ.s*"‘r‘fé fn [Hb’tﬁ‘&‘i’fl%iﬂ‘i‘ IMRHEreiRER8 itde film remaining

after bguepdidia) edehing of tiehnitogsididmilis reavee 4ising @agidve ion
etchin éRIE .18 23. Adr'rhethod of fabricating a semiconductor integrated
segﬂgﬂm_ﬁ% (0E l’ﬂiyﬁtéate and the gate.

24, The method of Claim 23, wherein the providing of the semiconductor
element comprises:

forming the gate on the semiconductor substrate;

forming the spacer oxide film on the sidewalls of the gate;

forming the first impurity region aligned with the spacer oxide film;

forming the spacer nitride film on the spacer oxide film and forming an
adhesive oxide film between the semiconductor substrate and the spacer nitride film
and between the spacer oxide film and the spacer nitride film; and

forming the second impurity region aligned with the spacer nitride film.

25. The method of Claim 23, further comprising:

sequentially forming a blocking oxide film and a blocking nitride film on the
semiconductor element before at least partially wet-etching the spacer nitride film;
and

etching the blocking nitride film using hydrofluoric acid in which selectivity

for nitride to oxide exceeds one.
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method comprising: providing a semiconductor element comprising a
semiconductor substrate, a gate which is formed on the semiconductor
substrate, a spacer oxide film and a spacer 5 nitride film which are
sequentially formed on both sidewalls of the gate, an adhesive oxide film

whichds formgé heiywaest thaise M cRRekeiahs UhstatBRMILRAMRAE8H, and
nitride film and between the spacer oxide film and the spacer nitride film, a

the ehsigRRS SR & WhieHIE Hkgned with the spacer oxide film, and a
second impurity region which is aligned with the spacer nitride film; 10 at
Ieasté)artiallg wet-etching the s)aacer nitride film using hydrofluoric acid_in

which Selectility 1B ARRIE B d del Bt BB RS ARG AP 8RS A Fitfnf S

ustig RGN HMP HEILY iFEFIRIah ABR B eRYIEHtIRHY deiy hd R eteBdstemping film
and a stress film on the semiconductor substrate and the gate. 15 24.
The method of Claim 23, wherein the providing of the semiconductor

elemegt compiisafsdOMUBE dhiengalecan dbgdservicanduatar SHhstradeice, the
forming the_spacer oxide film on the sidewalls of the gate; 20 forming the

method AMRESFion aligned with the spacer oxide film; forming the spacer
nitridgriimipR therspassicoxiie dinelamd foamingesbracieasiveh 0udds Element

between the semiconductor substrate and the %Jacgr nitride film and
ittfd

fOHB B AP ARVt S BFACB AR B AR AR B8fing the
seGacoNLtTR eI cagicbapgrachwiits foensppertnitsidei fdidudd2ubitige and
method of Claim 23, further com%ing[: seﬂuentially formin%a blocking
angeneatinT o %‘iﬁ‘éﬂlijﬁ ATFRAACHIRT B EHedLBHIE SHAIIB e bat6re
at leastjpaitially Wweinaighimgothenspadeae fithice il lamehgGietrlimgrthen the
. blc%c;ﬁin nitride film usin hé/drofluoric 3cid in which selectivity for nitride
flr&s dsgc es&%l%q@li r €lements; an
etching the blocking nitride film formed on the first semiconductor element

using hydrofluoric acid in which selectivity for nitride to oxide exceeds one.

29. The method of Claim 28, wherein the temperature of the hydrofluoric

acid is approximately 65 °C or higher and lower than approximately 85 °C.

30. A method of fabricating a semiconductor integrated circuit device, the
method comprising:

providing a first semiconductor element and a second semiconductor element
formed on a semiconductor substrate, wherein each of the first and second
semiconductor elements comprises a gate formed on the semiconductor substrate and
an impurity region formed adjacent to the gate and in the semiconductor substrate;

sequentially forming an etch-stopping film and a stress film on the first and
second semiconductor elements; and

removing the stress film formed on the first semiconductor element using

hydrofluoric acid in which selectivity for nitride to oxide exceeds one.

31.  The method of Claim 30, wherein the temperature of the hydrofluoric

acid is approximately 65 °C or higher and lower than approximately 85 °C.
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26. The method of Claim 23, wherein the stress film is a nitride film, and
the etch-stopping film is an oxide film. 27. The method of claim 23, further
comprising removing the stress film 5 using hydrofluoric acid in which
selectivity for nitride to oxide exceeds one. 28. A method of fabricating a
semigonductpeipiearted GigHit olavitgeinehdRathodi R MAN iSiRLRIAMIdIAG
a first semiconductor element and a second semiconductor element 10
theichsstppadHmtbrduticsiBetrate, wherein each of the first and
second semiconductor elements comprises a gate formed on the
semiconductor substrate and an impurity region formed adjacent to the
gate arid in thEEeHHAhE g Hs RIS G AR FBiG iR b ekfTg the
mexXi6e ddmpaneha: blocking nitride film on the first and second
semiconductor elements; and 15 etching the blocking nitride film formed
on théFarertallvidsringgrad meds Herrhgduhbresimintich
sefflesidvityolofuBitige to oxide exceeds one. 29. The method of Claim 28,
wherein the temperature of the hydrofluoric acid is approximately 65 C or
highd PR SWEF A pprEHHRRERF 95 bstRinusng, Hih BadEGRdHmMAS
anGe&@paorductor integrated circuit device, the method comprising:
providing a first semiconductor element and a second semiconductor
elemﬁ?ﬁ%fﬂﬂ‘?iﬂ%ﬁ%{%mﬁaﬁﬂs W RngdhG HERSIh each of the first
and seeenddhyspniaapdudier elefelsncaoiy sediacgatedermeachon diepad
.se i%ductor substrate and an impurity region formed adjacent to the
mﬁég in the semiconductor substrate; sequentially forming an
etch-fiappipa blimanekalstressdilmenibeniiisiantnsedand semiawnguctor
elements; and removing the stress film formed qn the first semiconductor
elomEHT LGB BF HUSHE AL TN L BRSRATIGF S R ile
hyexegaasned 31 whivth Rietbad §f fotailtide tovbietri s thspteriparaly e 7obthet
hydrofluoric acid | rgximately 65.C or higher and lower than
S0 SR AT S CLBh G e HUh b SRR 50, wherein the stress
film isempitrigettidrpadndride film.

34. The method of Claim 33, wherein the temperature of the first
hydrofluoric acid is approximately 65 °C or higher and lower than approximately

85 °C.

35.  The method of Claim 33, wherein selectivity for nitride to oxide of the

first hydrofluoric acid is approximately one.

36. The method of Claim 33, wherein the pad nitride film is removed using
phosphoric acid.
37. The method of claim 33, wherein the pad nitride film is removed using

second hydrofluoric acid in which selectivity for nitride to oxide is approximately 10
to 50.
38. The method of claim the temperature of the second hydrofluoric acid is

approximately 65 °C or higher and lower than approximately 85 °C.
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the etch-stopping film is an oxide film. 33. A method of fabricating a
semiconductor integrated circuit device, the 5 method comprising:
sequentially forming a pad oxide film and a pad nitride film on a
semiconductor substrate; forming a trench in the semiconductor substrate

usingsthe paghpitid8IHBraIaan e RRASK: RO cebfrMalhsflatning: liner
oxide film along the trench; conformally forming a liner nitride film along

ditpiediALrRIERIETIME RN PRe! $ad AR de film: forming a buried oxide film on
the liner nitride film to bury the trench; partially etching the buried oxide

film and the liner nitride film using first 15 hydrofluoric acid in which
selectiity 1o HHARRS Blicl TR ATproiiFANy OeF T HEaTHaRS 4Bl

dikiERgeaphibeiRag RitrRi®filng ispegppsed; and removing the pad nitride
film. 34. The method of Claim 33, wherein the temperature of the first 20
hydrofluoric acid is approximately 65 C or higher and lower than

apprayimatelym@théd sbfabhieameihog e olaimndsimdianeda splestivityifer the
nitride to oxide of the first hydrofluoric acid is approximately one. 25 36.
methad SAIRBSHIS Iaim 33, wherein the pad nitride film is removed using

phOSpﬁ@Hgg&@Qpn%nﬁh@tdiﬂ@ﬂﬁ@tdid@élﬁiadmaaﬁTﬁ%;ﬁiﬁr}f@ﬁﬁﬁﬂ%ﬂﬂﬂd@ﬁ“m
is removed using 30 second hydrofluoric acid.in which selectivity for |
SURRYS f8%§f6¥§§£ﬁﬂmﬁiﬁ£%% %é’éflaé%ﬁﬂﬁﬁg}ﬂbwahﬁEI%‘?ﬂﬁlﬂ%auy

fotanaperaiess, afittbecaenied hyigftphicireidisicapiox matslyH6sivg the pad
o [RERE TelSEMRFOOGIAG SRS hURE S ARSIt
coh@8haite p@@dlalong the trench, the liner nitride film which is conformally
formed along the liner oxide film and the pad nitride film, and a buried oxide film
which is formed on the liner nitride film to bury the trench; and

etching part of a buried oxide film, part of a liner nitride film, and a pad nitride

film while varying temperature and./or concentration of hydrofluoric acid in the bath.

42. The method of Claim 41, wherein selectivity for nitride to oxide of
hydrofluoric acid used when etching part of the buried oxide film and part of the liner
nitride film is approximately 0.7 to 1.4, and selectivity for nitride to oxide of

hydrofluoric acid used when etching the pad nitride film is approximately 10 to 50.

43.  The method of Claim 41, wherein the etching of part of the buried
oxide film, part of the liner nitride film, and the pad nitride film comprises:

etching part of the buried oxide film and part of the liner nitride film using
first hydrofluoric acid, which has a first temperature and a first concentration, in the
bath so that a top surface of the pad nitride film is exposed; and

removing the pad nitride film using second hydrofluoric acid, which has a

second temperature and a second concentration, in the bath.

44, The method of Claim 43, wherein the second concentration is lower

than the first concentration.
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40. The method of Claim 39, wherein the second hydrofluoric acid is 5
diluted at approximately 1500:1 to 2000:1. 41. A method of fabricating a
semiconductor integrated circuit device, the method comprising: placing a
semiconductor substrate in a bath, wherein the semiconductor 10
substirate corpprisaacy PR XA filmRAC ThReRAEAr SR Hibr WRIEhegIRI to or
sequentially formed thereon, a trench which is formed in the

highth {baR I IH SIRBREIE ing the pad oxide film and the pad nitride film
as etch masks, a liner oxide film which is conformally formed along the
trench, the liner nitride film which is conformally formed along the liner
oxide film and the pad nitride film, and a buried oxide film 15 which is
formed on the liner nitride film to bury the trench; and etching part of a
buried oxide film, part of a liner nitride film, and a pad nitride film while
varying temperature and./or concentration of hydrofluoric acid in the bath.
42. The method of Claim 41, wherein selectivity for nitride to oxide of 20
hydrofluoric acid used when etching part of the buried oxide film and part
of the liner nitride film is approximately 0.7 to 1.4, and selectivity for
nitride to oxide of hydrofluoric acid used when etching the pad nitride film
is approximately 10 to 50. 43. The method of Claim 41, wherein the
etching of part of the buried 25 oxide film, part of the liner nitride film, and
the pad nitride film comprises: etching part of the buried oxide film and
part of the liner nitride film using first hydrofluoric acid, which has a first
temperature and a first concentration, in the bath so that a top surface of
the pad nitride film is exposed; and removing the pad nitride film using
second hydrofluoric acid, which has a 30 second temperature and a
second concentration, in the bath. 44. The method of Claim 43, wherein
the second concentration is lower than the first concentration. 22 45. The
method of Claim 43, wherein the second temperature is equal to or higher
than the first temperature. 23
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