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METHODS OF FORMING FIELD EFFECT TRANSISTORS USING
DILUTED HYDROFLUORIC ACID TO REMOVE SACRIFICIAL NITRIDE
SPACERS 5Field 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 10Because of their physical and chemical
stability, nitride films are widely used in the process of fabricating
semicoHdIHO QK HORMNS: HEPLERGHHE m%m@%lﬂ&ter
mechanical stré?%{ T%&WI@H%E%MI&% RNFbarrier
characteristics than, f&%ﬁﬁ%@xﬁyﬂﬁw Iﬁ&%@%,sit is often difficult to
reliably etch nitride films. 15In many cases, nitride films must be selectively
removed with respect to oxiderfimsf e s@aventional etching process, a
nitride film is selectively etched with reslpect fj%% oxide film usiggipchosphoric

I
acid (H3PUAY SPEENEA! KSR SMalRES P ROEH ARG R Gk i

S 5 Hithde film
antareoxide filre aretifodarhd tnavy thedp leidednima figld sfharicaditbbsith, and
thg@g}@t&}%&% haated.at a temperature of 20approximately 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 s empera approximately 160 to 170
C is appRecimsteltiz6r joh 24 cH endanremdeles toitgyhighidisosityrepiaisphad
gt mayhewe i Aeashealed SR Ienaisurationdq eliaaneRga e
temperature of approximately 160 to 170 C~ In a JI'[IOI‘], relative poor stai)lllty
oftppisaihhbrice et imssrencatsteamiethsy 3 PRIFShaRAA sy cled 9dfdie the
etehine RHERES SN ehRasPRRLig RCIskiaae il MARsiermed oRtehitgcult to
processes using. phosphoric acid may also be relatively expensive. Summary
of THETRVERR~BHT e TiNRSthods of forming integrated circuit devices include
forming &nfieldettaet, tnangistomhavisgha ghigiettcirode cgadriiicighduitridexide
SARers enapRasing. Al ol e ale £lRF 00 ADG SRS LRI
regions, which are se -aﬂgn%g to the sacrificia

respect to an oxide film using phosphoric acid (H3POjy). 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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5nitride spacers, on a semiconductor substrate. The sacrificial nitride spacers
are selectively removed using a diluted hydrofluoric acid solution having a
nitride-to oxide etching selectivity in excess of one. The sacrificial nitride
spacers are replaced by a stress-inducing electrically insulating layer. In
particular, a stress-inducingstamanadlthednleitigiayer, which is configured to
induce aNightRISHe LM ICAPRIRSSINR S 8SH L dnehRrneeRaioktbe.tied
effect transistor, is formed on the opposing sidewalls of the gate electrode.
ALESrHY 8 \dehiestif tEBRSotFRENR! Stk MYEFTIGR, MR TN dratife U
thendliduie eldryaifiorioaciddsalutionis i wkidaagedenleanl abowtseadiaad

about 85C. The diluted.hydrofluoric aci lution.may also.have a
e RO S0 A e M AR S 90

arfdlentbréypantiewidsinin e farrgehfrdnflabouecis 60ite Abdog 2000de-to
Acseidingniaduetberanhiodicngnts L thednyentian ﬁhﬁﬁ@g@&ﬁ%i@pﬁed
n

stress-induqlré?j electrically insulating layer is preceded by forming metal
silftide ey s RS sttt AL MB RIKE A ARSI S Prurality
of MG 20 ravsisiars ofdiffaientscanddaibdty fyipecte get MDSogircuits) are
formed on.the substrate, portions of resszinducing electrically insulating
it e bl e e oo e o
hanrpgsagiiddeats okile gtchilegtsdiactivity in excess of one. This step of

removing, QNS Ot SHRRSINCMEIRG RISEIHCHVE FRH RHO & 1Y T iSte of
preceded by forming a blocking oxide 25 film on the sacrificial nitride spacers
aﬁaesfélé@ﬁ\}/@fg}r@&mgamé IYERIMG BkidamanPeisipt AR Y hparorastic
acgd°soutkioai had mg Rofitidee terDxddeiaichingise lectivity ess siaR aneme
According to sti furtqaer em&())_qi{gegts 5t6}§1pare(§ent inventiop the field effect

traP&PsTOT HERTIELbXIAE spacers SRIMe dppoaiitG LG RARS bF e gAtE e

eIémodw@O@@Q@dhésWEM(ﬁé films extending b(_atween the oxide spacers
and the sacehfigial f&"iﬂﬂﬁél%ﬁfb%%ﬁrdéh!&‘8?&1@%91%9%&5%%%?%8&%@%m'”9

a stress-inducing electrically insulating layer is preceded by forming metal

siﬁ&q%ﬁé-}agf%%lgrfg%fé%éﬂn g Mg G rEFF g Dh B L B talct skl

adhpsivenanide fitaerBieikdascriptian af thebsawingsluralill g migw/e and

e S T

re$ebemaie, tpoth enatvé dvedreirawihgsinelebicta bR IGSatiAgthneugin il bt are

Cr?égéﬁggﬂ%ﬂfo\(/'%ﬂé @Iﬁﬁ[&%@l%?oﬁ‘i!{b'ﬁ&%&& ggﬁtﬁon 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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illustrate methods of fabricating semiconductor integrated circuit devices
according to embodiments of the present invention; FIGS. 2A through
2C are cross-sectional views of intermediate structures that illustrate
methods of fabricating semlconductor mtegrated crrcurt devices according to
1 Oalternative embodimddticidPeheiptions p FIGS. 3A and 3B

are Cros%?@@&@%%ﬁ'%ﬂiér%dﬂiﬁ%ﬁ&i@% Hf@%%%%é'ﬁ‘t’%@%éﬂ%@ds of
fabricating semiconductor integrated circuit devices according to additional

erRERSERMBILE HIRHET RsisE iR otr | BTk sbrglimget fhereof with
cregsraectionsd vievisofintannediatestructures that 1 Sillustrate methods of
fabricatingermicandusias iniedrated.cireult devices aecording. 0 arher
embodiments of the %esen invention, an VEl glsasc ema IC
exﬁir&m@r@r@ﬁmﬁh@ﬂf@imaajrmwmcgem@ommwmmmte@\cm@mm@@

acoprdingdpeaditiopalsmpodiments of the present invention. 20 Detailed
Description of the Invention The present invention will now be described

more fulb iR reiBidtde?lo e e RTH ANt U AMPGE RIMARI EXRE Bidly
emhgdimnenthodihe fibreatiop sarelahmmomhe e tipoumayyibowexetiieto
rn}?odr d |rérmb%%mdrf er forms ?] should not be construed as being
linfited 10 the em grments SBtFort erern rather these embodiments are
providedf4o$hat thid disetosureswititlhaahorough mtrdreohatdetecamdswilitfully
CONUEY iPecRRaSRE Phiftednveptian tadhesaabiliad inhe actildketsiarenes

numerals in the drawings denote like elements, and thus their description will

bedrtiined cathediments BHde ey tRXUMen an element is referred to as

being "conpsciedihaiugoupledciaanetianelanment, iltcancbrtdiseatlyires that
corﬂnected orhc%up to trge other ele etnt ori mtetr\(/lenrn te ements m%Y
prosSHEGATEEINTASE AMSAURS SEHSaNTUS PLIBISRE S SLOBHRG M echyrain
ccﬁurtécstedibodﬂ‘du&ﬂf/tbommmt tovanatheanglement, there are no intervening
elementspos et L R (eGSR BT AR aR e ARG o

elements, and thus their description will be omitted. As used herein, the term

"arrer A lieRs deFer e dingipitisitirabiabrdsrams 1 Brethressakociated
listeetit@sns

gfo

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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It will be understood that, although the terms first, second, etc., may be used
5herein to describe various elements, components and/or sections, these
elements, components and/or sections should not be limited by these terms.
These terms are only used to distinguish one element, component or section
frolenetiedtkeelpaion, 4ag drothpscdetsriPhes valkis valdiek s cord horeentter
seghan figovsari.balaw cauldiRedeimedR se6RNG aleeRheQRenEMt or
section without departing from the teachings 10of the present invention.
TH@LFéerﬂ‘ﬁélogy used herein is for the purpose of describing particular
embodinienis Bniynderstisdbhinieheled thcherimiting et the, ieventisrbeAsddsed
harein, faeisinalay forms ke fntended to include the plural forme, as el
unless the context c]iearly indicates otherwise. 1t will be turther understood
theenireneringndompeises shbsld ndlde looredrisitlegsoidran. ddwekirethisare
S%ﬁﬂf icalaD.ARECHY:Hh PLERS ARS8 SOPRAERTH SERR: i%%%ﬁ,ti‘é?év
and/or elements, but do not preclude the presence or addition of one or more
otAEICHATSABTE st MG Pl FRRANSCRIY 6P B Hiariesed belgpcedbhiferwise
dafinee] altemsitinehiciogpeshnicalandseigitificépinisy tsadihereichhaye
the ame me mi\pe%t?g commonly understood by one of ordinary skill 20in the
art to which this invention belongs. It will be further understood that terms,
such as thedernefinegyinsedhvmeonly fustd dictiowarialsghivaitpbeitnterpreted
A RAYINGEIVEAYINL AL FORRIFE B IR EMRARIAG NG Contextah,

the relevant art and will not be interpreted in an idealized or overly formal
sehsalpgpne EQnpsare ey hior el uss S Rl trsmtive YeHvanlstidhefontext
"belawty' ilaeneatbliciowent aoesirtbpnaidersid daedike, enay hewpedtirerein
for egse,of descrigotiorx“to des ribtﬁ.one dFVi?e or elegnet t's relation?htigt tg
ariother deViBeS)or & é"Pn‘ésr?féS‘ as iibstrated it the drawings. Wil Be™°
urerstooa thitth e spatiially reddtivdceents hve dnten gedt hole fegmpeass: or
diffgiRILQIRNANONS:OLING doMSHINUSEPL APSIANAN inhadditiomiadhe

30orientation depicted in the drawings. For example, If the device in the
figures iSiIpeotisrisetishinsdicd iy adingdrshni sy epd reistifipirEnps)

elageentsal iaaturesaeuitihpr Reconiaiad uabaveoths, desfelRmentsian
featLtJﬁes. Thus,.the exem Ia%ge m"bﬁl%vi\ﬁ' or'b neati&" can chom ass

1 e art to ich this inventio ngs. be further r3t00 at terms
bO{h an orler‘ﬁa 10N OT above an %éOW Of beneaitn. lll?\e (§eVIC€ mayIBé

ptblmlv\tisﬁlosiaedttﬁm.eamdctbmrwaﬁaﬂydéiaﬁimadﬁshml#beuﬁmjmm As hgving
interpreted aGeRdinaefaRle habaws: e ee ity aldl %E‘?HJ}XQKBHPQH%&F'?

(dH,F) at room temperature and at elevated temperatures. Referring to Table
1, ViBNftipRiBies iRt defite forhoserby tshabrers e tghie el astr
depasition( LPCVD), and RTNit indicates a nitride film formed by

room-temperature CVD. In additjon, TmOXx indicates an oxide film formed by
thermat ORI A AL dLtSe I BB T ok by, “oove

loveppen @raltthe 1BY,hay 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



As the temperature of hydrofluoric acid is increased, selectivity for nitride to
10oxide increases. In addition, as the concentration of hydrofluoric acid is
reduced, selectivity for nitride to oxide increases. For example, when the
temperature of hydrofluoric acid diluted at 300:i (i.e., ((volume of
H2ehqab|diedst iaFN)B06)dhasy s eatatailindide sPiitbo Ttk dssorprots

HowavRreWheethadenpsiatiyis. of hydrofluoric acid diluted at 300:1 is 65 C,
selectivigl for LPNit to TmOXx is increased 15 to 0.81:1. In addition, when

hydrofludfladiahars selesHeiaiardigrebhedrolmeris ¢ 5851 akmeRivity for
RTdNipéentline @idisle led dtetl evpeenuveheRehydngftudrislacid. BN A tefiepesature of

e T
300diehtts anigFlcin fomed hyr@epgsemperature CVD. In addition, TmOx
indicates an oxide film formed by thermal oxidation, and LTO indicates an oxide film
formed by low-temperature CVD.

As the temperature of hydrofluoric acid is increased, selectivity for nitride to
oxide increases. In addition, as the concentration of hydrofluoric acid is reduced,
selectivity for nitride to oxide increases. For example, when the temperature of
hydrofluoric acid diluted at 300:i (i.e., ((volume of H20)/(volume of HF)):300) is
25 °C, selectivity for LPNit to TmOx is 0.32:1. However, when the temperature of
hydrofluoric acid diluted at 300:1 is 65 °C, selectivity for LPNit to TmOx is increased
to 0.81:1. In addition, when hydrofluoric acid at a temperature of 65 °C is diluted at
300:1, selectivity for RTNit to TmOx is2.147. However, when hydrofluoric acid at a
temperature of 65 °C is diluted at 1500:1, selectivity for RTNit to TmOx is increased
to 41.8:1.

20

25

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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1.78:1 1500:1 dHF at 80C 24.5:1 41.8:1 5.83:1 9.95:1 20Table 1 In
hydrofluoric acid, reactive species used to etch a nitride film are monofluoride
species (i.e., F- and FIF), while reactive species used to etch an oxide film

are defluoride species (i.e., FIF2- and H2F2). Therefore, selectivity for nitride
tothspitiedefiuhyideciaors Ackpiditgie theinddobyiyHigmisfidasomyideilioride

sgﬁggglg&qictg@(ggﬁggg@e species occupy a greater proportion of
hydrofluoric acid. That is, if the temperature of hydrofluoric acid is increased

or the contEKtimBrr MR BrsHECL A5 i JisEese In B mslso RSyt Yidies
oaoupyda ¢ eadesfiapoatidrmal hyceafit ames actek afean tbiecdefluoniibespecies.

Accordingly, the selectivity for nitride to oxide of hydrofluoric acid increases.
B B e

toaoxidia ok hipdtelfiladribyseidlveay itendie ThigeintreadidFrrsdledtivityveativibe

53:{%@@}{{_?&!’1\{[}1%%?%{}%&?9 %%i@éh&%@aﬁf&?&{%@@&%ﬁﬁ,%%%@fﬁg to
processing conditions. In Table 1, hydrofluoric acid is at a temperature of 65

or 8O e IR Oar, GO M thaePBIARR U SRc Gcid can be adjusted, for
exampleAbaiwesicapatoxiotaiglyo6ads cnddlowenikansaeplioxiiatelyrdd .

fride.to

Asihe oPhy %&5%‘“89 Lyarofuoric apid IS ree%‘ég?ndSe?eec'ﬁ%ttiVié%nf% e
16)0XI39 0] 3f'|y I'OﬁUOI’IC acnaymay Increase. IS INCrease |nyse ectlvfy can be
ackhieuedconcentration range is properly adjusted according to processing conditions.
In Table 1, the concentration of hydrofluoric acid is 300:1 or 1500:1. However,
hydrofluoric acid can be diluted at approximately 1000:1 to 2500:1, more specifically,
at approximately 1500:1 to 2000:1, in order to sufficiently increase the selectivity for
nitride to oxide.
As shown in Table 1, the selectivity for nitride to oxide of hydrofluoric acid
can be adjusted to be similar to that of phosphoric acid (approximately 26:7 to 27:7).
In addition, hydrofluoric acid is far more stable and less expensive than phosphoric
acid. Since the temperature of hydrofluoric acid can be increased rapidly, no
additional preparation time is required. Furthermore, 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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when a concentration range is properly adjusted according to processing
conditions. In Table 1, the concentration of hydrofluoric acid is 300:1 or
1500:1. However, hydrofluoric acid can be diluted at approximately 1000:1 to
2500:1, more specifically, at approximately 1500:1 to 2000:1, in order to
sufifieid htlyid ererisd 20 erseksprviylfp forBsidride o asuideregionAEhshowh wigl1
Tl Todhe oAl P dxideialtRveric agid can be adjusted
to be similar to that of phospharic acid (approximately 26:7 to 27:7). In
addmon,%Rﬁaaf&ﬂhlcxri@%&?a%or&}uﬁﬁ%rré@f%fé Hherteds axpieAgivdHaL: 2
phois@inarici it dd S thebtemper ghllieno hRylidaf kibkicacial whcobgdntieased
rapidly, no 20additional preparation time is required. Furthermare, in an
S S A R, an
etekimplordbesks usimigoyirofhganic(aeidhieve iarnied ahalpsldtbnelyitolgaen

te@@ﬂ@f‘é@eﬁ%@i&é‘@@ﬁ@)‘Ye%%x@f&rn@@B?ﬁ&@ﬂo‘ﬂ\%@foﬁh@{kﬁé&)(m%tﬁ}.
etchlr;j.%grocess using phosphoric acid (apprommate%GO_to 170 C).

HERETAHER; i SH SBIRLEVAY P dithdertd e iesd S 5ibkexiiNp B 5:1, it
withe mjtes sisOselieativiticfaunitide taloxideiisnddrmed of Htak.dAdibrough

1H are cross-sectional views for.explaining.a ho, fabricating a
s R e MR RS AR ST, e

presenitinventionumn theatr doenidémibstitraaint] 20 caseba/helsisiron-echahnel

meial e SEMIEARIURI; OTMOS) transistor is fabricated is described as
an examglq? 30However, the present invention is not limited thereto. That is,

the pres&stsHRHEIAGalP atstrase pfsiretlts X driefrencdompidexality o the
p-gitanne! spetaiaxigesornieandustaiiRVENS) ficansistate of tieferring to

FIG. 1A, a device isolatjan regio ot sh is formed on a semicondugctor
AR T S e R/ e et

1Jf0radq(hisgﬁmalmolgﬂ® s’ekqt_a/ehuaﬂwmmw_@_mhg atﬁkmirggitm.eﬁhswbaip
well QQH%E‘B&;E&QQX D pARAMIRG ERYREHIRY IR, {nto the active region.

Specifically, the semiconductor substrate 10 may be a silicon substrate, a
silicon oR'FSIAYSE BRI EuBERAd 2 Whiffihsalsalisaedstisthstenasesintils
QEHIRATHUN, SoHnslr 8jR cAiCAIAMNIGhEtFaRica, qualta sHbsicalasphagisplay
glass substrate, for example. The device isolation regiqn (not shown) may be
o R O SRS O SO B IS BrioMhed by local
oxidatiomodsihiesn AL OCOBE, hladditiom the gateinbelaimfitiiidGhmay be
formed gg%Q?HﬁbQNrs%@'i\‘ﬂ?l%%@Mﬁh@ )96 iahK iR GG naterial,

or a film formed of a stack of the 10same. The high-k dielectric material may

benafeRe Ao osPratiTaohhe RafffpekincitesP IR Snbaate ) and

adgifighetba gaigdeimay bERONRIcoR: Waikhns IaiimplaokaenlitBgion.

Iml%gglgF 2?1.1 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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Referring to FIG. 18, a spacer oxide film 130 is formed on sidewalls of the
gate 120. Specifically, an oxide film is formed on a front surface of the 15
semiconductor substrate 10 on which the gate 120 is formed. Then, the
spacer oxide film 130 is formed on the sidewalls of the gate 120 using an
etehirgepcessxisadind Hhaeadphubadklheoctsssprsgantiadly fibmbyatisetisxide
fil G RSt IR PLGIRYr Q&'ﬁ@dlﬁ?n@"(ﬁ@@ﬂclﬁr?g%fr@&@ eebpvithuth BroRBGEL

oxide film 130, is formed. Specifically, N-type impurities, such as arsenic
(AR sy DRSOl RARER RS He ééﬁt‘@ﬁse@%ﬁawﬁ&tﬁ@ KhRestidbafifn
139easerﬁn0ﬁmmmlamcatm Imask adtieivg tikids; filahol Honis fodyegelactbéalhbe
|msplantend1 1'1@ 0 th S iy |v 943{}6 H%!:% rIOQS aarﬁl E%ar;tne&jba{ter tht% gate 1 120 is
formed in or 0 Increase the cancentration of the active region of the
setmtd@ﬁtmdt@ @W@ﬁ&%@Omﬁdqﬁd@ pPEvEnttbepueichthresihghi eifeddatibno

theeducinglaneth,efa.fhaRashediofe. 22tPR% AR ARBAGHE FANEUCHYINY

tystl))e to that of ions implanted to form a source/drain region are usually used
haltS 18RS THERSTEHE, PlypaiiiplhtdscstierddedBrn By analydsrve as
iwuata*ateduﬂt@ thie: aghvevegiar. f”ﬂhereattely Bethiersxahiplecessis performed

r|ve in the m ants |d thermal nnealln $n orI ser
A B e R R SR U eRh 1
a spacerNﬂmdeSmeQB@pmﬁdmdnotﬂtﬁélgMC@nbmd@pﬁm 180dafitimaldo is

adpive pedadim, Jféf%'t% Ttpedlelngen he SeTNCRREHoRT SPRSIARH0

and the spacer nitride film 15 and between the spacer oxide film 130 and
thES Bty RAITETIRA DS oPasperifide i mh Odsanien HpRlaataitprietiin the

forareddamphedrastisn ﬂf@foﬁl@jf Haeesemiaenaijsircsubsttate d thantdvich the
gate 120 and t egga&:er o>§)e§ film 130 are formed Thetnerthg acer nitride

I B e SARAS RS QT HIRY 10 A BehiivEi b g e SR
procpsstsughoas Rasdiombb dbproctssiiSinod tbh@wpacpurrijtncadilm d5and

dogs @&h?&ﬁf%eﬂﬂ@ﬁrf‘eé%ﬁ?q(ﬂﬁﬁﬁ ANGHI SRNILPRLALHBYREHAHRLO.

the adhesive oxide film 140 is forme(% betweén the 5semiconductor substrate

10°4haugenep s hitride Himynse HedBesREEFReispdE8rodKiaeMHSL30 and
thm@aﬁeroaittideeﬁm&muﬁuﬂt& R s thamndbeaivel Mdedﬂm%aeﬁn

S 120 a ctor ate
1d an e spibceﬁf d‘? Elifx @%&ﬂ% s %95%1 H%Li era may
alddﬁleedma@wblsﬁmtﬁmmmemxldmﬁm mﬂm@h;smg RTA
examR g @ oW ilnot};gmﬂ)emgéggoggﬂge (LTO). However, the present invention

is not limited thereto. Next, a second |msj)1t11r|t reglon 164 aligned with the

spacer nﬁ#&ﬁﬁﬁ%@@é%%@@ﬁéﬁf%ﬁt prdindposties nEtidn fasn
arsenigd Ashdmay Peolmpiesiest imdsaaetwwegmmmg shaispreamNIkgle

film 150 lantati d 164
B QBN A GENaio (R ThR THEE S TG TR e
mairiple fdrmiEd dedpentdan lﬂd@gtqmmvhené tiresseconducnpurbgtragioh 162 is
fOWﬂa% tﬁé‘ﬁ iSRS A0S L TR P &%‘%P%&@(gnﬁ‘%&&t‘of%tmstrme

source/drain regions 160 having a lightly diffused drain (LDD) structure

Alliotlsieribe shisida HnHe M hrgortrel ssyrbe/Erasnvapion Moo hEstor,

NMES Wssshsiaesan: Ravespasipyssiidgiures such as double diffused drain
(DDD) mas k 20 |sIaH%ed double diffused dr?ln (MIDDD), mask LD, QMLDD)

and Iatel%‘f ﬁgdtﬁéod? st MOREBRIBE(iRLFaL SO 5V

proeessos iperfbehdtharsing ied AhosiliSd, findiive b fhenkd plaritedoants.
transistor illustrated in FIG. 1E in the subsequent process, the blocking nitride film
174 1s removed from the NMOS transistor. In some embodiments of the invention, the

blocking nitride film 174 may be removed using hydrofluoric acid in which



10

15

20

25

30

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 25be 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

sewirsoind deomgtibs traesidOaxtrses ene. siliclers it izbawt tes e formerdtuThel
pajianRfdhe SeMmiGandleebsubBAtentdivh et {R Allisidedilmsigeorhtede

formed may be, for example, a MOS transistor, which does not require
high-SPeet ChEFalioHd SR T iR ¥ Y S THos bRs ek Ing HifitiE ke 4
forengdanith ef NP G irassistordsoetabed. ahbadvisyr shaceipe siicids §rds to
be fgrmed on.the NMOS transjstor illustrated in FIG. |E in the sybsequent
o e R T B i SRR e st
Inasprsiepipydithert o0k linvdhtioasehddbeking nitddéifin 72aenveshen
regpQv&dpaingi Y dratiesic, acichinoMC IR RIRS VIR fRiDitide Q. xide

exceeds one. As described above, as the temperature of hydrofluoric acid is
inEpeRsBa e B aHtE IO HpAFTRIGIE AR idcdaeredsaes - thstead,
sefeatbfitydorooittigetadexite ingreases ddydeaiiiniig acict ysed heremiay be
at a temperature of a imately 65 C or.higher and lower than

R S e R S TR P 0 2500: 1
more _sp@@Mﬂg taFHpprbxim apeked 50014 fubIIZDﬁDOi the NN Seisa)sier 1s
blogking Lxifg flenkd 2sep4es: anan sish Siorane:ilmothetsiare, not all of

the blocking oxide film 172 is removed by hydrofluoric acid in which
sERERANPTST ittt Susals eivdudas inde 1Rxida ensiedsanfe DISERMYDXkide
filanelspAdemiaiie a5a1sEmManhgoxideimdrdaanibetaseniofrduaiar
substrate 10, the.spacer nitride film 150, and/or the gate 120. eferring to
P e e RO Fn 0 e SRR
paftieuldr; thecspaitedaitiaéSHlmay3@ mayvd remoiredtefsing dyaidofiwdrichacid
in s‘é’fék‘fﬂi?ﬂ%?ﬂi’&%é% pitride to.oxide exceeds one. Alternatively, the spacer
nitride film 150 may be exposed by removin?nghe remainingngide film 15

172a usifighyarsifudat acibeinditicn Serschilmy 497 AMdartbesRidEeTRONds

thagene:dideivih ecRPRAGeRiBHIEEeCtiNTyLRP iMaydae semeKadskisiag one.

hydrofluqric acid, in which seI%ctivit for nitrig to gxide exceeds one.
s descrl edfa ove (%t e temperatute o Xr 0 uorlcfac 18 ncreased or the
Furthermore, parto e adhesive oxide fiim a may turtner pe remove

usingebydrahuofioyeoitinrivhiot seleativity fdrnittidavioydridetislesttidn one.
20fgAescibedaRpKe no&: Jh JRIREIa e RhR¥Aeflugr6 sl s ingigased or

the concentration of hydrofluoric acid is decreased, thé selectivity for nitride

to KRS ABPe BSELCROR ESRPRTIE Y RBIIOS HRAANO In (PidrhebeTetRY §6r
NitHge fp Kt RXEesde anemtiah: ke at @ defppokaiie 9flapproxinzagly 65 C

BB oGO A 0D DRirert SpUER G AP RBpibarhutdiy is00:1
tos2R00vity Hiyrdrofldoticoagid isnlevhibhnsele otnithefdpnitridepte axidaris less than

o;{gr vk IR %%‘é’l@ss%ﬁf&%'lhm?ﬁf@ﬁd‘d@ié‘gﬂd‘ﬁ%ﬁ%%ﬂ%gﬁ&il%&%ha”

h luoric acid in"which selectivity for nitride to oxide exceeds one.

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

is removed, since the distance between the stress film and a channel of the NMOS
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In the first embodiment of the present invention, the spacer nitride film 150 of
30 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
fotraesds(@de TiGcet-pirftisandpsanererviffidemiliniBgdy ed i dhechaind ot tee
disianse beiwesn the stress film and a channel of the NMOS transistor is
reduced, stress can be more efficientlﬁll:[éansferred to the channel of the

NMOS trR¥RIG Whenyths,sBies RUFER ke Sphisdrmenes: Rntaish tepshsivy,
naixadkedfithe sdFeshed oxide §imidshdactormadtar: themambeaatidetdmecause

substrate 1Q.must be removed because 5the silicide film.is, to be formed in
kst e R GG e i
notdésssteork it dan Hirthes tert sebs ratbelowherithosiibidati b misn tee

formede thensilicide flpmis farmesttaominsernithg 9atake® IRtbis.casenthe

probability of generating leakage current increases. Therefore, while the
spAteritribrePRTR TE0YS raTtoHBe tFdk AR ASFR! Siitrasim! 1aBE Ehatidedbe
leasictOpatidaliyrersan amihesemisdirdivetotsieisiialol Ghould Ratasting to
FIG.tl a silicide film 126 arhd/(%r 16 its {omﬁed in the second impurity region
arld/or' the gate 120. Specifically, a metat film, such as NiPt or NiPY/TiN, is
formed drefheinMIO3Grdhsistoliafefithel spacdonitbids-filrmdbo Hessbwed
rem\gﬁ@% Eherealtes: the dhermgl spasassisushasiRTA QichSéngrgrformed,

the(%. 5converting portions of the metal film to silicide films 126 and/or
166 PYREN, ierrasdoamifg NS bt Metdhsimpreseniidetiar PROmEFR al
pracessMayselastaitepapescaacdagdain RA ifus8ated bydhe:highlighied

regions "a" of FIG. 1G, the silicide film.166 ma tially overlap the adhesive
oD B Al s B 0 e e e
fiIm@@@iag_ep@@sequém&aﬂytébﬁimdrofﬁﬁwwmsmbm@pedﬁcalIy, the
;?TQQ'E%ER%B!'B% B@?o}ﬁgcgﬁ%}ﬁp?@ﬂlﬁg‘tﬂﬁé'w ﬂ%‘é?{?gﬁﬁ b IQiARd,the stress

ilm 190 may be a nitride film. When the stress film 190 is a nitride film, an
NIFsil G- BesailidrindéR e tinHe msF tRd s rdss sfirmorols SBpIIES tensile
Stress OIRGHNE S IVESSINEE Sin bad isophiNerMNH/&Y - dooneingratioos are
approximately 1 to.5, the film 190 lies tensile 25stress. If the
RS oy dnae RN iy SRR U eimos Winag
conqyrljzessh/@(mcefﬁsll i@b sir:asb’lfmmm@ﬂlha&r.émg fibndit® singds amhadcéﬂm.
ORGHRHNE.RLRRISUESOf AN MRS AR Aadithe sHeas im0

having compressive stress enhances operating characteristics of the PMOS

trafg e hPHERSTIFEN 4 W apedish MISHYIHE e ASHeN e ss mulr e Fbthie df dhf the
NIM@fEStransiateng SRAacGe Ehng tenthe PrasentHa Ve m 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
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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
fofiechpadimsizpatisie ditives filrmed bagbesibe sridefilne iy fohsicdesathiben

thepseiFRREUAIATL USRS AR SRRcR LA fandeMRen and

spacer oxide film and the spacer nitride film, and a second impurity rgglon

alfy RSO RHE Segian piensd THith i sRcsEiSate Bl 11 érmed teab T6ad Chart
ofXaetspaeex pmﬁiﬂdEtfiﬂ'ﬁp@cwaﬁfﬁﬂﬂ’lﬂdﬂﬁmg-hwﬁ@f&ﬁtgpl@dtdﬂmﬁh@tﬁ& in
selectivit for N itride to oxide ex eeds S A $ flicide.film is
forr%le e conall%ﬁuﬂt?/x}egl Xcefs ‘f(ﬁ?ﬁ Ié&" ]ﬁ% an gi s :i)pplng film
arfdralgirels@enm@@smuemmwm E&Coﬁ@ieaseﬁn@mhcﬁj@mr@fﬂmmé a
(se@eks KamL s ééﬁ%%‘éﬁ&- empiesant H&Mﬁ%%é&f‘%ﬂé‘%@@s&@ mamy €

embodiment. FIGS. 2A through 2C are cross-sectional views for explaining a
mEMBE S TSraEHEHAYAEH Ashitdst intByPanya Erbofi8eVice according
to a secandmAcklifgnLof ke P SetldnYEIIaR f(&iBos dnt PEeeEH ObS
removing.a seacer nitrde tim acearding (9 the second embodiment of the
presen invention is drferen ha accordi ing to firdf embodiment of
the@e@mﬁaﬁemlpwsmwmvbetmes&mbedlﬂpm withefergnceaeRIGRIC2A
(el AfiAP RAURIIAGHP &l hferR SRREBAMIIR (M50 ff BRNMAS

transistor is partially removed from the structure of FIG. IE The spacer
nithBle RIS Py Bt RAROYREEaLM SR TSNS RSB it WHiER %Péré&ﬁﬁﬂy
foagitneattoaxidecexsc easS. Qneh{&ﬁgﬂmlvely, the spacer nitride film 150 may

be expo e% by remn remalnln f|| drofluorlc acid
in 20 Wﬁﬁ NN g]f%‘rgh it Bnoill e |s ess fhah one, ar%l%e

smealmmmmfmthmmmbﬁw Using hydrofluoric acid in WhICh
selectivityfor AtEde I oxide lgé%ﬁﬁﬁe%ﬁloved RefHg e 4B nsHliGIde

film 126 and/or 166 is formed in a Second |mpur|ti;,reg|on 164 and/or on the

gadetop et Rt IO sRETs TP 16 AIGTPE Vehe ermearihgisplsddimlatte

fllmalyE& shewediyrtinolR ds etehednssingiegastiveioniaichien(RUB) ke
A T R el e or g meinod ot briating 2

sevrymcon uctor mtegrate Sretitasdice i accor
thépresemeirnmentdnisRefieydindg dorfe @18k, vandN MOSi tignBiston@adoan BNMO S
BOet}Emgglreare formed on a semiconductor substrate 10. The NMOS
transistor is formed using the method described above with reference to

FIGS. |ARAIGTIGA R GnePiie B Silirahdistes/ i {6fnietpimRsadna iretidd
Simlate t’egm%m&%t&brm@tgaetm NM@stsasasistor. Elements of the

PNIOS tprisior apieh eve.notbeen descried abaye, g an aelgo
is etched using reactive ion etchlng (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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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. When
thedBstresoxifin 119024 )a. Aitrde itk mrs NeHZSIH Hohdinyiaticeglete?dirfes
WReth&! theweiress:iimi20.applar ignsile siestiokgompressive stress. The
stress film 190 having tensile stress enhances pperating characteristics of the

NMOS trah§lshsrorntrgdrad 882 stses Hadha e SpteLsird aphse
ernhaneesiap@iating chafacked siascoN o PMOBM B sigtasdconwrisaly, if a
stress fj ing tensile stress | on,the PM 10transistar, the
o I, e AT S Ao e e SRS R i
wheessHemstt8egiithesle0sHa stteisifecempressiterniretsh&hestrosscidl fird 39 thaying

PMQG @RI UR R ES %Héﬁglﬁ% H@a38ithe &%@W@Sl@gl@@? @Mt Gress

PMOS transistor is removed. Specifically, a photoresist pattern 195 masking

thE RN D4 PP B fo e L BR BNES SBRCEs Fhatar it afdPed MR the
stressifilon. £90iasmed ansthes PMOREianeisli is¢amonveaddstnghayrviaitioric
acld In which seleciivityfor.n 'éﬁd&ctoofeﬁgﬁﬁ(p“se&%%io I8 uAis described above,
hyaarosﬂuoric acid’in wﬁlclh Seled |V|Py or Nitnde to OXIde exceeds one may be
atBhterfiperatiaethd sipprdXim 4981126 5@ idr Hiighertandtboventhiand from the
apRYEmaielk8s C and may be diluted at approximately 201000:1 to 2500:1,
more specifically, at approximately 1500:1 to 2000:1. FIGS. 4A through
4F are cRsderdpe iR B soiiesaiimihty ormathor e MRSty istor is
sagieasdusiesiiagraipdgiesitidavias arsordingaehafouo embedinment of

the present jnvention. Referring to FIG. 4A, a trenc 33?'éjorm dina
oAbt S 1 GRS L B B e 4RO AT

NIt O Sl B30 weiniohcid ussethtoltidhine theidrenehi@8e: arév s dritiadyto
fogmad Qg seMCoRAUGIRG %BQx’?éfr%S%ﬁohuEH? RAFQYASHINE4 iy be

grown by oxidation to a thickness of approximately 40 to 150 A., e})nd the pad
nitHEESiM 33 Ais5eHe aBke P oA thE BB B%iE efARRTSTNBIF Y SE D fo a

thigknass of dparoximpiebi B0 4500 Ad The padirxidedipp3ktnalgves

stress bet  the semiconductor substrate 1 30th d nitride film
320. The pad nitride i IStUsedasane ask when'the trench 330 is
R R S50 L A A AT IEN TR IO trench 350 i
formed dritiSehiabrasghri Btoh-stoppivg dilah vieassivhseplammcherrlioal of

MEGhRMGR P&@H@J@&ﬁﬂi?ﬁ&#ﬁl\é‘@t@&%‘ﬁ%ﬁﬁ- ciléb{%érfc@%i%%%&%{u% formed to a
shallow depth of approximately 3000 A using the pad nitride film 320 as an

etEMPAdSRENT RE thePiereaB YeriPRRMEG (1siil; ok exEie3RiEformed 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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Referring to FIG. 4B, a liner oxide film 340 is conformally formed along the
trench 330. More specifically, on inner sidewalls of the trench 330, the liner
oxide film 340 is grown by oxidation to a thickness of approximately 100 to

400 C at a temperature of approximately 800 to 900 C. The liner oxide film
340 repdtefanmStahilages silisondsidicelniiesresifenfrdimnf theesteling the

Precqss3 an Mednpesialdayallsisidngeat 33 wendRBMRITIROIRFIGIAC, @

liner nitride film 350 is conformally formed along the liner oxide film 340 and

thE1ga RitsigRe Hihb ko datanip AdHRkEs ALRPREp iBa bRk 08 St oxide
filler3mannay ddapeioxiach ayy LSBOCM D00 & thikk nessoafdeGiapproxiepaiicyha O to

300 A. f%l%eferi to FIG. 4D furie 0 i%le film 360 is formed on.the liner
o S ST R o SR A iER. SRR B dRsaln
is $bthedteenh th® . semiconductor substrate 11 to a thickness sufficient to bury

the trenqR.R30n Athaghdhe e Bav e %@H‘@s@ﬁﬁ%&ﬁ%ﬁﬁﬁ%ﬂﬂ&gaﬁ%%ﬁ@”

rules of a semiconductor element, 15the oxide film may be formed by etra
ortiE it & 10 epg HSpad MiEdp BN PP e BREAFYa38r deposition
(AsHeM a0y Alasinar erf@Ined3shemicad ¥apeddepasitian (PECVBEsoshigh
coanc%ltrr%teil%rll p}gx:%)n‘% emical vapor deposition (HDPCVD). Next, the oxide
filfh i Sllanan‘z/e y . Selectively, a thermal process may be performed.
20ReferfeiptorE @.HE, 4be dhbowied oxide film B60sdnungveoiirtbe hiteidexfiln{i880

arespayialy GLAhGHSehatAolon ALifagR of ey Pad iiide fim S20&a5h .

exposed. In particular, in the fourth embodiment of the present invention, the
profeRisesSTSHAY e IRy iR bR Bk ig i sate B pitiaMphough
remavingitive Lumited mxide dilmandand thei grocessiaf paitialiveichingiba,

liner nitride.film 350 are 25simultaneously performed. ifically, the huried
o S e T TG A e T 20 Sy L (g e
hyrtrefiueKibeaoidhlnapdr darselacti vy ¢ i widd aane xidsus @proxieabtepp0. 7 to

1'ée&gﬁi&‘?Wﬁf?&@f&l@&%&?&&'ﬁom}{sﬁﬁ’ JRLEANIRIS: AgRIQubpately
Iton, be b

one. In add the temperature of hydrofluoric acid may be between 30
applekinYAteINes- chaAgidsploinpietssy by, aMP tRelesiebna Amyf
hysheetisiorieyasighdrraynte@. approximately 300:1. Referring to FIG. 4F, the pad

e 201 T SRS O S T 4% o e
are partially etched so that a top 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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Alternatively, the pad nitride film 320 may be removed using hydrofluoric acid
in which selectivity for nitride to oxide is approximately 10 to 50. In this case,
the temperature of hydrofluoric acid may be approximately 65 C or higher
and lower than approximately 85 C. In addition, hydrofluoric acid may be
diluted afBejprogimsielyad 000de (0500 maysreespaeitiewily hagrofluoric
a%(@ﬂ%@h’s@fé@@vi‘t}@&%@& t@&i@@{st%ﬁkﬂﬁﬁﬁfgiy {0GERasedhgs case,

selectivity for nitride to oxide. FIG. 5 is a diagram for explaining a method

of PSURRRRRG L S8 i dBHIGEORS I EPabE FRAFRLTEI R aCcdrBidly tgn fistier
embadippantahiie §Fesent mueniﬂpnyafhﬂddiﬁh srtbaaybedtiokthe present

|nvent|on |s iff o fourth 10e diment in tha SS of
e B e SN BT, ang
théQQﬁbbess)tﬂerémlﬁwgBatbaﬂcma@eﬂfﬁﬁﬁ](@éleﬂm@mFl)l@tréOcUm@Ecutlvely

performqqugafggrmgg}gnE G- pRARGEY [eelpls iV (e]3 f%l{t%%grzl faailityd0Qor
includes a bath 410, a fluorine stoﬁofqe unit 420, a valve 422, a deionized

wé‘%é‘%g(ﬁffi%‘i%éﬁy it A%0 4R 'Q fFibeghod ney Oféll(ispﬂﬁﬁ%‘ﬁé?éam&’“
semicantdyaibsdubstrateny\pissplacedindne bathréht Grohhesesmigonductor

subsirale W iiclides.a pad oxde fil and a,pad aitide fim sequenially
forme ereon atren orme semlco OI' Su using the

padtasteda il (reahiditheEp adidrilei Qeomm dsrgmhmksd amd@flbm@eefffﬁﬁ} 4F)
COJ}EOJSH%%JQ/@T}%@@&%%%%%%%@FHGGS njtrida Jim s eRal SR gAY

alo 20the liner oxide film and the pad nitride film, and a buried oxide film

B Hdae At D hIRiES BaREsHntréAR valviad, JiioBe Bified
omﬂg ﬁ{mag@ajﬁ@ﬁmedmefnmtﬂdeaﬁde the pad nltrlde film are etched
while var the temperature and./or.concentrat roflyo id in the
path 41 ISR A S LR ) S PR e gt e
oﬁdaiﬁhmﬂaﬁdrthé)dtm Witrigd:figmai pwr@edctdlhupoée patbptsdreféit® of the pad

n"sréqgeﬂ M ARGHIE GRREANIALRM, 96 MYAr BTIHRNE ACIh IR AOIEIREHS WA LIE

valves 422 and, 432 such that selectivity for nitride to oxide is approximately

0. thedadpxided 1B iad tbeRrs BT S BT IROHED AR hay iBe, daidedmple,

aﬂfbm&fﬁiall@"fbﬁﬁéﬂ Jal&@m@tf@aﬁemtr@m@ddﬂﬂdﬁquﬁmiﬁmﬂm Wb
o mg the F]d n|t f|Im IS agjuP ed u%ln%the valy s 42 and 432 such
or

sel}ec? i etBaoxI}1 € ablbr%nxma elﬁ'/ 10(5‘t1 %rrmexaorlﬁgfe the

cdmmral&(fdmftmbdmﬂmrmlacld may be approximately 1000 1 to 2500:1,
more spegifically, FrReXINAShad B8P FtPof A% her nitridEMRARAE e pad

concentrations of hydrofluoric acid are mere examples. However, the

cotibidaidmrot iyt afilsrienEe derwrsireATOVRIGtRepEdiARAfe film
mﬂydbﬁlﬂgﬂ&ieﬁ m dae bawen thandha! ipfdryckiefluacia acideusedanhen partially

removm e film the liner nitride film. 5In the fifth

e ABITAR P H HRE i IR T B FReS1 xpon  op surfce
of the pad n1tr1de fllm, and the concentratlon 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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hydrofluoric acid used when removing the pad nitride film is equal to that of
hydrofluoric acid used when partially removing the buried oxide film and the
liner nitride film. However, the present invention is not limited thereto. That is,
when the buried oxide film and the liner nitride film are partially removed, the
temperaitlre b 10hghsiaoesadibydiallussi¢aigd dinrogtherxgmiplcse However,
seleCtyibe AL Mg ic acid@YANiRA Ihedith-embrdiment-ehilye
present invention, the concentration of hydrofluoric acid is adjusted twice
(tRG IS U8 ARG F UL L P AT RS GV b HTE GRIBETFRA AR the
lin@e bitriele diliednoh anc eniniifee gragessnaf removing the pad nitride film).
However, (e present imiention isnollimited lerela. 1aThat s after the
semicon utl:]tor substrate W's pfacgcfln e ba‘i 410, 6fu—:'ptemperature and/or
conckpfiutivreofinddotheorieraeithathy bed adjidtddnthises e mdet tines and,

aqeRrdinalyictheselestivity farnitide e exideafmdrofivoie-asii Mav.ke

adjusted three or more times. In so doing, part of the buried oxide film, Egrt of
thBITs THRH AT CTa Y ReS U AN RPN ATt S Bed BTER e 4o gt en
presedt sxueNtinn MdsHearRMaftice iy 56 pyviadpdedesedbed witbaiaference

to,Sxemplaty embodiments thereof, i uil be undersiand by those of ayinary
skill in"the art that various c anges in rorm and detai

r%ay be made therein
without depdditngfrorthatidtspinbehitavopehoiptecpraventiinytioncgstration
defingd By tbe lauwdng clams:idhenarRmRlanm e hedinnepis shqd be

considered in descriptive 25sense only and not for purposes of limitation.
Witaq¥irg dnerird oxide fiimppdrbel Berolititiiim ibgratda Srdircasvite,
camsisinghtopadi ngraidi Gt effesk ansis praenaisemitand uetomswastiaiao.

sajd forming, &, ofleld effact wansisior.comprising: fopming,a falg lecirode on
the Semidonductor Substrate; *forming oxId& Spaters on opposing Sidewalis
of ahnd g atealeicitode)foydnirity e adidesiyeboxifesfddtionethenmidenspaaeks,
WELsIADR A0SR A6 I A BC U SONACIE MAMIARR AR Be adjustca

semiconductor substrate; 10forming sacrificial nitride spacers on the”
adhesi0E B8 EMfn, 8 aprsingifieraPhhisduidphesids dkieriinhgidppbaenttiile
oppasing sidgnatiseddmgngale wieekioder and forming source/drain regions,
which ar If-aligned ta the sacrificjal nitride spacers, in the semijconductor
cubetrate! BIF e IS B KRR Ao e Rl GiaR ARt e Syt

15séentivedyertohihgythe bidoking txideffilnwilshrgraddituted by troftudric acid

SO&%HWM%%@i&ﬁ@ﬁaﬁ%ﬁ?C%quélqrﬁdﬁﬁt%lﬁydl&ﬁ%I{B "bORfde therein |
ride spacers using a diluted hydrofluoric

selectively removing the sacrificial ni ' _ |
acidtontlePrranya Mitrideitondaerrefiilispserac ivspiivesedeldnst ddheo

thesgbyiexpRsasEhadhaspia-pifieoilMents should be considered in descriptive

sense only and not for purposes of limitation.
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20forming a stress-inducing electrically insulating layer that is configured to
induce a net tensile or compressive stress in a channel region of the field
effect transistor, on the opposing sidewalls of the gate electrode; and
selectively removing a portion of the stress-inducing electrically insulating
lay¥hayssrfgaanaitlitsd hydrofluoric acid solution having a nitride-to-oxide
etching 25selectivity in excess of one. 2. The method of Claim 1, wherein
a temperature of the diluted hydrofluoric acid solution for selectively removing

the sacrificial nitrBEAPHIUTANR 4 afigerlsdinedl dbde 68w REabout 85
C. 30 fodnihfe firethodotailsinw2omheraicotiiadiiiets iydr oiidanemaaich
soij%}i(%hf%r[:a%lectiveé\é removing the sacrificial nitride spacers has a

water-to-HF vo ﬁsr%)é ralilllgrllrsluég:range from about 1000:1 to about 2500:1.

4.The mé&rnooHi SitsivieRirodeere thakendiienddcioydrdfiiagidc acid solution for

Se|'eC_tiVeﬂé!rﬁﬁH§CBéiﬂQE gesRHiG bﬁ%@%ié@@l@%?tﬂ@ RWRIGFoIR-HF volume
ratio in a range from about 1500:1 to about 2000:1. 55.The method of Claim

1, whereifrSaig & pGvaR PefidViRg R oA SRk RMEEivBR Tais ity the
sastifieialnm diidalspasarssusiogaditdedhydiafiuotic atidrartution having a
nitride-tozoxide %%@@%ﬁ‘?{‘%ﬁ jvity \n.a range fiom abots 10,10 S‘Qﬁts“c?% jal
106.The me of Clafm ) Wherein orming a stress-inducing elec rlca(ffy
insutadingpiagereis rbeedepbbye oy simgtaldsiliciieofahe stonlthrode; and

source/drainiREGANy dsing s adnasive et fin ar asilgide maskrite

7.A method of fabricating a semiconductor integrated circuit device, the
mERRGES BN SHRj condusieR AHRsE4E semiconductor element comprising a
semiconghistog suhstiaig, ixigatewbicthés fonmas anrthe spersicamductor

S U 0 R e R e

solution having a nitride-to-oxide etching selectivity less than one;

selectively removing the sacrificial nitride spacers using a diluted hydrofluoric
acid solution having a nitride-to-oxide etching selectivity in excess of one, to thereby
expose the adhesive oxide film;

forming a stress-inducing electrically insulating layer that is configured to
induce a net tensile or compressive stress in a channel region of the field effect
transistor, on the opposing sidewalls of the gate electrode; and

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.

2. The method of Claim 1, wherein a temperature of the diluted
hydrofluoric acid solution for selectively removing the sacrificial nitride spacers is in

a range between about 65 °C and about 85 °C.
3. The method of Claim 2, wherein the diluted hydrofluoric acid solution

for selectively removing the sacrificial nitride spacers has a water-to-HF volume ratio

in a range from about 1000:1 to about 2500:1.
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oxide film which is formed between the semiconductor substrate and the
spacer nitride film and between the spacer oxide film and the spacer nitride
film, a first impurity region which is aligned with the spacer oxide film, and a
second impurity region which is aligned with the spacer nitride film;

25sequehtially Tommaded isldekitig bxidlersitmriheritiletdl doRing usitiicsifliplotothe
S%’&F@&@&w@rr%%%@tihe sa@r‘i@ﬁmgnmﬁiéL%QKQPQHHHQ%IMdJﬁmgolume ratio

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

aftBA&IO8MIMSBLLIIG: hitriakerimOR0iast partially wet-etching the spacer

30nitride film using hydrofluoric acid in which selectivity for nitride to oxide
exceeds.one; ffing, & silicide fifn.1p the seeendmpyrity reaion 8 i.c,
sequentially forming an etc -s%opp’lng Him'and & stress film on the P
setvlisdivelyorr eans thatenarnidcthengetes; spacexvhignain dipsdibndoiitheriadhissive
Oﬂ%tﬂlﬁ‘h@ifﬁgghﬂ&iﬁ@-%%%[h&h:@cﬁﬁ@k%%%ﬁ%h%%ﬁg@%ﬁ;ﬁ%ébﬁléﬁéﬁ%ut

nitride film directly contacts a surface of the semiconductor substrate. 58.The
method of Claim 7, wherein the providing of the semiconductor element
comprises: forming the gate on the semiconductor substrate; forming the

spacer oxide filg on, (e sidewalls of the. date: Jorming the. st mpurit,region
aligned with the spacer oxide fﬂm; 18 orming the %pacer nitride Hm on the
spasdntoxddayfiin ardeiddiindotheredhetelvalioxid &Yitm dGetiveenrtialrain

Sq@agigﬁgqLAQ%@%M@@&Q&@E@%C@&H&G@%&L@ and between the spacer

oxide film andthe spacer nitride film; and forming the second impurity region
aligned with the spacer nitride film. 159.The method of Claim 7, wherein the
stress film is a nitride film, and

7. 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 spacer oxide film and a spacer
nitride film which are sequentially formed on both sidewalls of the gate, an adhesive
oxide film which is formed between the semiconductor substrate and the spacer
nitride film and between the spacer oxide film and the spacer nitride film, a first
impurity region which is aligned with the spacer oxide film, and a second impurity
region which is aligned with the spacer nitride film;

sequentially forming a blocking oxide film and a blocking nitride film on the
semiconductor element;

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

after etching the blocking nitride film at least partially wet-etching the spacer
nitride film using hydrofluoric acid in which selectivity for nitride to oxide exceeds
one;

forming a silicide film in the second impurity region; and

sequentially forming an etch-stopping film and a stress film on the

semiconductor substrate and the gate;
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the etch-stopping film is an oxide film. 10.The method of claim 7, further
comprising removing the stress film using hydrofluoric acid in which
selectivity for nitride to oxide exceeds one. 20

wherein a portion of the adhesive oxide film extending between the

semiconductor substrate and the spacer nitride film directly contacts a surface of the

semiconductor substrate.

8. The method of Claim 7, 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 the
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.

9. The method of Claim 7, wherein the stress film is a nitride film, and

the etch-stopping film is an oxide film.

10.  The method of claim 7, further comprising removing the stress film

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