WO 01/ 80298 PCT/ US01/ 12286 UV PRETREATMENT PROCESS OF ULTRA- THI N OXYNI TRI DE
FOR FORVMATION OF SILICON N TRIDE FILMS FI ELD OF THE | NVENTION 5 The
present wovarsbiesn rel ates generally to processes for m niptiTzaisogi1i2se surface
roughness of ultra-thin dielectric filns for VLSI applications. The
processe¥V RRFERPIMENT (FRAFEH PR TAGE-THAN M WS E/ To0 FOF SPH’(“}FQ‘O&(? SOHIG™Mt ri de
films on silicon sem conductor syhkgtpatesmav th chem cal vapor deposition
(CVD) techniques. 10 BACKGROUND OF THE | NVENTI ON As the channel |ength of

t he met al - oxi de-sem conductor field-effect transistors (MOSFET) is
reduced, the gate dielectric thickness nust be reduced in order to maintain
accept ?g SEErEﬁl}Sgﬂﬁl £fects and to nmaxi mze drain current. The

f unda } aling of thin silicon dioxide (Si02) is the

| arge | eakage current due to direct tunneling. The 15 gate oxide | ayer is
typi@al Iy fg'hﬁﬁtﬁsw mveatipa releirs generadly toprosesses faroningeizingdhel swfase roughsessat e
in a substantially pure oxygen atnosphere. In ultra |large scale integrated
(VLS| ) ofultratthingdielbaivie fikms fordUicSI apatieations.dEhd prpeesses hinve partiORFEdvanaige exhi bi t
undesi rabl e characteristics, such as relatively high defect densities and

char gewhea pgddnar formehg €liesn M&idé fi181¢ ohlicBRIstrnichnditdor RBEHF RS Whiabikgnita hot
carrier effects. 20 Various in-situ nulti-layer gate stack processes have

been u$e taend RIS, a}rﬁ@% sectric characteristics. One exanple includes
an in-situ d?y cI eani ng o e silicon sem conductor substrate, followed
by a sequence of rapid thermal processing (RTP). The in-situ dry cl eaning
process typically conprises three steps: (1) applying UW-ozone (100 Torr

pres%u e). 8’] I 0298 PCT/ US01/ 12286 HF-net hanol vapor (100
Tor r! 0 I chlorine (10 Torr pressure). The

As the channel length of the metal-oxide-semiconductor field-effect transistors

(MOSFET) is reduced, the gate dielectric thickness must be reduced in order to maintain
acceptable short-channél effects and to maximize drain current. The fundamental limit to the
scaling of thin silicon dioxide (Si0O,) is the large leakage current due to direct tunneling. The

15 gate oxide layer is typically formed by thermal oxidation of a silicon semiconductor substrate in
a substantially pure oxygen atmosphere. In ultra large scale integrated (ULSI) circuits, however,
such gate oxide layers in the MOSFET can exhibit undesirable characteristics, such as relatively
high defect densities and charge trapping, and relativelly low reliability and low resistance to hot
carrier effects.

20 Various in-situ multi-layer gate stack processes have been used to improve gate dielectric
characteristics. One example includes an in-situ dry cleaning of the silicon semiconductor
substrate, followed by a sequence of rapid thermal processing (RTP). The in-situ dry cleaning

process typically comprises three steps: (1) applying UV-ozone (100 Torr pressure); (2) applying



UV-ozone and UV-O 2 dry cleaning renoves organic residues and netallic
contam nants, respectively, fromthe substrate surface to prepare the
surface fwoossiasequent deposits of desired gate diel ectrpPCTUayENRsss The
BF- et hanol vapor renoves any surface oxides forned during the 5 UV-ozone
treatnment. Once the substrate surface has been cleaned, it is subjected to
a series of RTP processes that may consist of. (1) grow ng an oxynitride

| ayer w i.tric oxj NO) ;. (2).  depositi.n sidi.co itride i

aver oot elabdl feaBi 8 Tor Rk S B B EhigrRE Pyt epr b ()
rapid rmal a qﬁsghng the substrate with the SiN |layer in an amoni a

( NH3) PF@?ﬁ%ﬁt IV Al pleanig rgmones organig Fesides Apl gkl gepfamipants.n an N20
environment. 10 The surface roughness of a CVD silicon nitride film

deposi fespedively., fiom hesublitield Wefacatpeprepare thetsgrface fou sabsequbat depmbity ofdegired
(i.e., root nean square (RMS) roughness of about 10 A and even up to 20 A)
when t lgetepligledtdalayeisi ditedHsmethahblevapot renttevel anyyesurfase akided forned\dartig thel ow.
Publ i shed research papers have indicated that the coal escence of nitride

nucl eattivazérd wdadfel0Ehce Mt subdtkdte Alrffed hbdbdeh ldaBed i ik S@B)edtbd {d fgerfel bM
physi cal thickness exceeds about 20 A. See H 15 Resinger and A. Spitzer,

o b NG 550 A0 OLBRUTS: LTI 0
STt cosBtseiessitifRla (i) HyefPRT afbio JRRg REBSEh irelenosiith v - et

al., " -Situ Re Ti me. Measurenent of the Incubation Tine for Si
Nucl ea@BhQ’éﬁ Pﬁ?@@s;% fapﬁa{h?famiﬁ@}%ang iesubsrate wiih the Siphlayer 1p gp pmmagia g
p. 700 (1995). 20 Thus, because the growth of silicon nitride filnms on
oxi de I(N¥leyenviippagnts and(4p sapdé fendelannggmg thésubsirgte s pf NeOenvirenro¢rdat i on
sites, thinner nitride filns have had unacceptabl e surface roughness

| eadidng t o (hacudpicablighngss &f adC ¥Desilicanmitidafimtdeposited on.a 211000 DIAXi8O RS
PCT/ US01/ 12286 One proposed solution to resolve this problemuses |ow
ener gy ha®beddeaiikd ddesirablit high (i.e., root mean square (RMS) roughness of about 10 A and

even up to 20 A) when the physical thickness of the nitride layer is about 25 A and below.
Published research papers have indicated that the coalescence of nitride nucleation islands does
not take place until the silicon nitride film physical thickness exceeds about 20 A. See H.

15 Resinger and A. Spitzer, “Electrical Breakdown Induced by Silicon Nitride Roughness in Thin
Oxide-Nitride-Oxide Films,” J. Appl. Phys., V. 79, p. 3028 (1996); M. Copel, et. al., “Nucleation

of Chemical Vapor Deposited Silicon Nitride on Silicon Dioxide,” Appl. Phys. Lett., V. 74, p.

1830 (1999); and Y. Huy, et al., “An In-Situ Real Time Measurement of the Incubation Time for

Si Nucleation on SiO, in a Rapid Thermal Process,” Appl. Phys. Lett., V. 66, p. 700 (1995).

20 Thus, because the growth of silicon nitride films on oxide layers appears to be dependent upon
having sufficient nucleation sites, thinner nitride films have had unacceptable surface roughness

leading to unacceptable gate dielectric characteristics.



He+) to pre-treat the oxynitride surface and increase nucleation sites. Y.
Hu, et al., "In-situ Surface Pretreatnment Effect on Nucleation and Film
Struct uravobi/8bg/silicon in a RTCVD System™ 4 h Int'|l Opaf/usédeassced
Thermal Processing of Sem conductors, RTP "96, p. 128 5 (1996). Mre
recently, some studies showed that renote plasnma oxidation nmay inprove the
ultra-thin oxide interface. See Lucovsky, et al., A n~ 1. Phys. Lett., V.

74, p. 2005 (1999). .Unfortunatel .renpte pl asma oxi dati,on requires
speci al procesd" Sgﬁﬁ?rlbﬂ%rh{é rﬁ?fﬁv?yg“s Qfgﬁﬁm @Sf 3’& EnsTeNsion bepms (o v &r
appr oaires to create nore nucl eation sites and reduce surface roughness of
thin sitl§ LEPreitest the oxynitde sprface and|inggeqss guelgafipm sites. 0 Y sty Gp-stiiE
I NVENTION I n this invention, we use UV-excited gas (preferably
chl or i SeffaiobPretrastmeniglefieqt Ra Nustationand EilmsStofctupd of Belgisilign ine RTEVIDX eat t he
oxide or oxynitride filmformed on a sem conductor substrate surface to
cr eat e System, hditIntaConf) Axivancedf THerGyPotdssing @f Semadndicors, RTP 694, ppl2gess,
after 15 an oxynitride layer is formed on a sem conductor substrate
(pr efse(rgasw_ay. Moré tdcemty, S61ik SRIdfEd Sh&Wed BP0t Shsmd BdAIMhhY ol @ier 1S
treated with UV-excited gas. Then, after such pre-treatnent, a silicon
LT IS bSACRROT OGO RoybP of LA SN 9074, 3Y S5 (ogd)er ab1Y.

I's sing’ra at” a

the oxynitride layer or e d thermal processin

t enper re of .at | east about..800C. Preferabl the si.licon ni.tride film
o HepstiipduhisifserRE Radi e rapdieS e rirerer R a8 ivsi ¢ on 20
(CVD) processi at a tenperature_ in the range of about 700 C. to about 850
o nostcom]BP%?ft%‘P tgwsg- psratiye gpryeachssip deatg morerusisation sitesandirgduss sufacehout
1.5 Torr to about 3 Torr, and wth a gas flowratio of 1:40:50 of
Si H4: NEughnessDfion gilicgn rggdeEimse 5till beg soyghthave found that the surface
roughness of the silicon nitride filmis substantially

10

SUMMARY OF THE INVENTION
In this invention, we use UV-excited gas (preferably chlorine(Cl,), nitrogen (N,) and
mixtures of Cl, and N,) to pre-treat the oxide or oxynitride film formed on a semiconductor
substrate surface to create more nucleation sites for CVD nitride deposition. In our process, after
15 an oxynitride layer is formed on a semiconductor substrate (preferably a silicon semiconductor
substrate), the oxynitride layer is treated with UV-excited gas. Then, after such pre-treatment, a
silicon nitride film is deposited over the treated oxynitride layer. Preferably, the oxynitride layer
is formed using rapid thermal processing at a temperature of at least about 800°C. Preferably,
the silicon nitride film is deposited onto the oxynitride layer using chemical vapor deposition
20 (CVD) processing at a temperéture in the range of about 700 °C to about 850 °C, most
preferably 700°C to 800°C, and at a pressure in the range of about 1.5 Torr to about 3 Torr, and

with a gas flow ratio of 1:40:50 of SiH,:NH;:Ar.



reduced follow ng such pre-treatnent. In one exanple, when a 22.6 A thick
silicon nitride layer (physical thickness) was deposited on an untreated
oxi de, tiwosusiage roughness RVS was 9.2 A By contrast, Peh@Roiz22d. 5 A
thick silicon nitride |layer (physical thickness) was deposited on an 5

oxi de layer that had been pre-treated with UV-excited chlorine gas, the
surface roughness was reduced to RV 2.1 A The process thus inproved the
quality of e, layer at..was deposi.ted. . The UV-excited gas pretreatnment
step may bet\ﬁ%%"e{fgmﬁ @‘ﬂéﬁhg sprfaceTapghngRrRiho silisen Fige ft%B“ gé&@ﬁ%‘glaﬁlﬁe nitric
oxi de treat ng)nt to grow an oxynitride layer. The Bretreat ment step

accor diFfliced Hllondng fHebRrs-HratMENE JA ARe e8tMmplei when 22-Ad ik stligenmitde deyer
deposition step to enhance nucleation site 10 density and prepare the,
oxyni t (Plsicalithickness) wype derfositedson arcuntreatedraxide, frecuefsssd rogghiBRl RMPDESCR2PT. ON
OF THE DRAWNGS FIG 1 is a schematic representation of a prior art process
wher ei Byaosirhitcwhema 22.5 dethidkl silidon niwidpllayed (shysesl thickaest pwadepsyitdd ¢ de

| ayer without a pre-treatnment step; 15 FIG 2 is a schenmatic representation

of t I%e oRIdeaBfes tidt hidBecnPrereated Wi ldRcidtEchi S Yok the SurfR¥ Sbudhiels watL ed
with UV-excited gas prior to applying a silicon nitride filmso as to

t ' j ot - : 3A and
35 ar o " SRR 30 Blerie Rl BHMRed IR FUEDATS RYE 1B depiihea™ 20
CvD-d it I, i itri fil ith. (FI 3B i t hout (FIG .3A
V- exc ted a3t REael ptetEptmant Bab fakbeged TR e e Rty Pt Sl i
4 is a graph conmparing_ filmroughness for processes with and wthout W

pre- t (RECRYAthe MingeXide tsesimentpo-graysan p1ypEkle laer Al hepyeteatorpisteropecording
PREFERRED EMBODI MENT FIG 1 depicts in schematic formthe known prior art
proces$o thennyemtign ,'rﬂ}:@dgcptpql poor tpithe sieon nitride deposition step to enhance nucleation site

10 density and prepare the oxynitride surface layer for silicon nitride processing.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of a prior art process wherein a silicon nitride film is
applied directly onto an oxynitride layer without a pre-treatment step;

15 FIG. 2 is a schematic representation of the process of the invention wherein the
oxynitride layer is treated with UV-excited gas prior to applying a silicon nitride film so as to
create more nucleation sites and reduce the surface roughness;

FIGS. 3A and 3B are schematic representations showing the surface morphology of
CVD-deposited silicon nitride films with (FIG. 3B) and without (FIG. 3A) UV-excited chlorine
20 gas pre-treatment of the oxynitride layer; and
FIG. 4 is a graph comparing film roughness for processes with and without UV pre-

treatment.



| ayer over an oxide or oxynitride |layer on a sem conductor substrate. The
silicon sem conductor substrate 12 has deposited thereon an oxynitride

| ayer 14woypswas |y by exposing the 5 sem conductor substrar/@sdi2izbss a
nitric oxide (NO atnosphere to oxidize the silicon surface. The
oxynitride thickness is estimated to be ordinarily about 6 A based on
analysis of ellipsonetric and electrical data of the final gate stack.

Ther eaf i Wi ht A fl j ' QST t he oxynitride

| ayer ﬁﬁiMEEﬂbE PIONGrA. M puélﬁtlu CVvD) process. The
sem conduct bstr at.e iitride |ayer 14 i posed to a m xture
of silane (nglﬁi;f dsé‘i’GtSdPn'?é?ﬁ“ha ‘C&F@}ﬁ]& APORNARBIOT B rpfoqeﬁsfg glrﬁg%aé‘ﬁﬁ%éwl% a
pressure of about 1.5 Torr. While held at that pressure and in that
gaseouda¥siPV eiHHEHde on grynyTide layen an 2 senieanduigtor substretsmIdesilison semicabéuator
800C. The CVD processing can last for a pulse (1 second) up to a few

m nut esubstyaté t2Ahas ¢uposiessishergon amesynitride layeri g, typicAY meegosiag tHhe silicon
nitride film16 formed over the oxynitride |ayer has a physical thickness

of abPukemidnductorsubs@atal2 s a AldridoxiiBiNOY atr@o%t%@@ko dRide e dlibaVarfBe. The
equi val ent silicon oxide (SiQ2) thickness (EOT) from about 24 A down to

about  Jkoniridd fhicknW i9EstinBe PR W&Qﬁlafaﬂl aﬂﬁhf% ﬁ'nlﬁ%ﬁi; d &z }Ist 0 C% Qhretr¥cCr Y

thin silicon nitride filnms of 20A an S|ca ess are

desir edanh%lecﬁ?capgﬁia og%gqfn% %289 Ft%f:k Uh?ere V' & conlj\}%de%h?lelg# 1%%1?&65%&? 8\beerrrat e

a
form the process accor e i hVeRt o excl

pretretrrent t akes before the silicon. nit f|Im| deposited
bt he (65 R C e B AR P10 HiopBal PRN LB TSt (TS PRogSp

conponents in FIGS. 1 and 2. As shown in FIG 2, the UV-excited as 20 is
appl | edemiconducteysubseate 42 Witheoxyniimifle layerel4 nypaposed ton minereefmilesnthitor
substrate 12. By interposing this pre-treatnent step, the surface condition
of th& aoxyenia (NHg) dndyaegon G\rWD Ddl6SU2HBMPETIt d30dsswR286big 1. Moy ddhibeiedd e
the silicon nitride filmis deposited. In this way, the surface roughness
of the at $tiat presureand Ind@atf dabeoud @nvirsnni@EUube Substrerds H@tédlolarfﬁlﬁlpé'ﬁdlré of AHoRt

processing. To illustrate this
800°C. The CVD processing can last for a pulse (1 second) up to a few minutes. Typical
processing times are from 5 to 60 seconds. The silicon nitride film 16 formed over the
oxynitride layer has a physical thickness of about 36 A down to about 20 A. This gate stack
15 should have an equivalent silicon oxide (SiO,) thickness (EOT) from about 24 A down to about
16 A. In view of the advances in gate dielectric technology, very thin silicon nitride ﬁlms of 20A
and under in physical thickness are desired in the next generation of ULSI devices.
FIG. 2 depicts in schematic form the process according to the invention. An UV-excited
gas pre-treatment step takes place before the silicon nitride film is deposited on the oxynitride
20 layer. Like reference numerals refer to like components in FIGS. 1 and 2. As shown in FIG. 2,

the UV-excited gas 20 is applied to the surface of the oxynitride layer 14 on the semiconductor

substrate 12. By interposing this pre-treatment step, the surface condition of the oxynitride layer



advant age, the peaks and valleys on the upper surface of the silicon
nitride film116' shown in FIG 2 are |less pronounced than the peaks and
val | eys omobheo2ss | i con nitride film 16 surface 5 shown i npE/Gso1l12295ccor di ng
to the invention, the oxynitride |layer surface is nodified or conditioned
with an UV-excited gas prior to depositing the silicon nitride filmonto
the oxynitride layer. In the preferred enbodinent the pre-treatnent is

carrie i ite r £ m .es of . these gases.

- excrt o M Rbdrlede s WepgiieE, ShUNE S0 s WHERE R e
gas, WV.,10 radiatjion_js emtted from.an external Xenon | W th a broad
wavel efjieAn (’%56? ék@gdn‘ﬁfe‘l%ﬁci’giﬁd?naﬁ%?’ﬁ%p&“ qﬁ@rﬁ?ﬁﬁsﬂ%a’g‘hp@%ﬁr%tg %TIF om a
Xenon lanp are 6.2 - 1.1 eV, which are higher than nost bond enerdies for
seni confvatage. dgpstlsandyalleyscn the upmir swiface of thasiliyn nigrgledfilant 6' showici=3. 9
eV; Si-N=4.0 eV; Si-0=4.6 eV. These bonds can be di ssoci ated under W

r adi at iFé@, 2 brgtlesstpmesyounoed tham tite peeks i valdybacthesdicbheaitridé film 1 atsiudace
potentials far exceed 10 eV. 15 The preferred process includes the

f ol | owshgvsirePis. 1( 1) optionally dry clean the surface of the sem conductor
substrate, preferably a silicon sem conductor substrate, with UV-excited

ozone 10 I eNM¥ErdNPRTHE ifveBHEHL &R oxlyRlti 8B el irfal is TR 80P dARRIontd GAkTENT

to renmove any grown oxide, and then use -excited chlorine to renove
an at mig SROPRAR AR bfor & el SR ch AR AL AR IR R BB B 7T
P B L B SRS S B00.
PCT/ US01/ 12286 3) pre-treat the oxynitride layer with UV-excited gas,
such adhasv/gesesi Pddexaited chlosing gas isiesnesiadly pseferrpdit Tip ebtainghe ERpexited sehd IV
oxynitride layer to the UV-excited gas for 30
10 radiation is emitted from an external Xenon lamp with a broad wavelength (200-1100 nm)
output. Preferably, the photon energies from a Xenon lamp are 6.2 - 1.1 eV, which are higher
than most bond energies for semiconductor substrates, such as: Si-Si=3.1 eV; Si-H=3.0 eV, Si-
Cl1=3.9 eV; Si-N=4.0 eV; Si-O=4.6 eV. These bonds can be dissociated under UV radiation, but
they would not be ionized because their ionization potentials far exceed 10 eV.
15 The preferred process includes the following steps:
(1) optionally dry clean the surface of the semicoﬁductor substrate, preferably a silicon
semiconductor substrate, with UV-excited ozone to remove organic residues, followed by
HF-methanol vapor treatment to remove any grown oxide, ana then use UV-excited
chlorine to remove metallic contaminants;
20 (2) expose the semiconductor substrate surface to an atmosphere of nitric oxide at a

pressure from about 0.5 to 500 Torr, most preferably 0.5 to 100 Torr, and at a temperature

of from 800 °C to about 1000 °C to thermally grow an oxynitride layer; -



seconds up to two mnutes at a tenperature in the range of about 80C to
160C and at a pressure fromabout 5 Torr to about 20 Torr; and 5 (4)
deposit avédboi/sn2ed silicon nitride over the pretreated oxypCTUS@2bswyer
using a chem cal vapor deposition process in which the sem conduct or
substrate coated with an oxynitride layer is held within an atnosphere of
Si H4: NH3: Ar preferably in amounts in a ratio of from1l: 20-50: 40-60,

preferably 1,40;50 t at. ratur.e iy th ange of C.t 50C, and at
a pressure | Rrﬁ'zre?tatﬁ&8X%Ifl?qr$§?ﬁeéﬁvd§’tu??e§°$%({ $a5y 8“’388382%"%3@%? from5
to 10 35 seconds, preferably 20 seconds, Wth this process of silicon
nitride depBYFQEEBAT MuKFescRy FH9gne disoxyaitide fayeetw thy UMoexcitedganiosdQar e
(RVB) is reduced substantially when the pretreatment step is included prior
to deposit sepndhvp &1 tWecwmugdstat p temperatireondhe range ofkabout 80 Weto HPEE. andsit an
addi ti onal advantage of the invention, we have found that as the thickness
of the sili pomsnt trondaebduay diori toabeaXsTort;lwddsur f ace 15 roughness may still
increase, but at a lesser rate than is shown for |ayers deposited w thout

the sinterveqyegosit £ filrh REINESHH nitli®Pover MESprbnUQVATRNREdé DytNRiss ERefical
condition is expected even when thicker silicon nitride filns (greater

than 30 A pl@){ﬁdrcd% o%li\gégﬁ@@%)in %ﬁﬁhi e W%duc@?%%ﬁgﬁéﬁtedﬁlw&%&hgg 3i S

not limted to us ormng ultra nnitr B

conpare the,actual .surface norphol ogy.gbtai ned en.a. silicon nitrid 20
filmwas depost 1531?1@\7& na¢ a&‘?ﬁgﬁq‘tﬂﬁ ‘%@ﬁa@s- -qr\é\géarl?@' W%‘Bﬁ’?s 3 .aﬁ@{l%ﬁgi ted
chl orine gawretreat nent accogdi ng to the invention. These_ Figures were
sket ched fr L2050, peeterably i 40:3Q at & temrestytsdn Hhe gt 1% s tof
actual sem conductor substrates with silicon nitride 7 WO 01/80298

PCT/ US01/ 12888°Candrat a gegsers iedhe rangead irom abpput 15F org®) abenti3 Wptrhfu fronFf @
3A) processing according to the invention. Al processing steps were
carrliled out 36reands,hyeefeeabty 2sedondsons, except that the ~

With this process of silicon nitride deposition, surface roughness as measured by root
mean square (RMS) is reduced substantially when the pretreatment step is included prior to
depositing the silicon nitride film over the oxynitride layer. As an additional advantage of the
invention, we have found that as the thickness of the silicon nitride layer increases, the surface

15 roughness may still increase, but at a lesser rate than is shown for layers deposited without the
intervening pre-treatment step. Thus improvement in the surface condition is expected even
when thicker silicon nitride films (greater than 30 A physical thickness) are intended.
Accordingly, the invention is not limited to use when forming ultra thin nitride films.

FIGS. 3A and 3B compare the actual surface morphology obtained when a silicon nitride

20 film was deposited over an oxynitride layer with and without a UV-excited chlorine gas
pretreatment according to the invention. These Figures were sketched from representative

atomic force miscroscopy (AFM) views of actual semiconductor substrates with silicon nitride



sanple in FIG 3B was subjected to UV-excited chlorine gas pretreatnent of
the oxynitride |layer for 60 seconds before chem cal vapor deposition
processi mgooos@eoOwW a silicon nitride filmon the 5 oxynipci@solays . |n
FIG 3A, the sem conductor sanple had a deposited nitride filmwth a

physi cal thickness of 23.5A and the surface roughness was RMS 20A. As shown
in FIG 3A, nunerous el evated peaks or discontinuities appear on the

nitrid il ce, indi i a rough f,ace. By.contrast, in FIG 3B,
The depit tEPE fefeonnPf (96 38 fud Qaeh gk oA Proctisngeaine toshe 7a and &
surface r ougltmgﬁ[swof RVS 10A. The pretreatnment with UV-excited chl orine gas
10 per AEPEEN & FESHNS BEPs WetecrEied on wndegithesame gopditions, skeapt faaks or
discontinuities, and a smoother filmsurface. Experiments were conducted
t o conpainpleinElGr ¥ wgs sub)egtebiodi gxeited ¢hdorinpygas prasreatunant of theowpnitnidclegsaes .
The results of these Exanples are shown below in Table I. 8 WD 01/ 80298
PCT/ USGdr 62286nds *before ChéwhioalNapar depQsition ptocessing togrowa stlcon Nithd&\filn Nnithe VI
~ ~ vl Lt) ,f NNNNNM OUy O”y O}+ VMM VMV V1 kn N, .
5 oxynitride layer. In FIG. 3A, the semiconductor sample had a deposited nitride film with a

physical thickness of 23.5A and the surface roughnéss was RMS 20A. As shown in FIG. 3A,

numerous elevated peaks or discontinuities appear on the nitride film surface, indicating a rough

surface. By contrast, in FIG. 3B, the deposited silicon nitride film had a physical thickness of

~ 28.7A and a surface roughness of RMS 10A. The pretreatment with UV-excited chlorine gas
10 permitted a more uniform nitride layer with fewer elevated peaks or discontinuities, and a
smoother film surface.

Experiments were conducted to compare the processes according to the invention with

known processes. The results of these Examples are shown below in Table I.
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denonstrated in the Exanples, the coal escence of nucleation islands should
take place at thinner nitride thickness. The RMS roughness is 2.10 A for
silicon nitride (thickness = 22.5 A) deposited after a |ow pressure (0.5
Torr) NO oxynitridation and UV- Cl2 5 pretreatnent, whereas it is 9.2 A for
nitride (22.6 A filmthickness) deposited after a standard (100 Torr) NO
oxynitridation only. Conpare Exanple UV-1 to Exanple S-1. FIG 4 shows
graphical ly f%%lﬁn?%@mt@é 1} @5(ﬁxtagmlqsnthyggapl@scpncemfdmpieﬁ@or} islgAnehwyldfgke ys

place at thinner nitride thickness. The RMS roughness is 2.10 A for silicon nitride (thickness
=22.5 A) deposited after a low pressure (0.5 Torr) NO oxynitridation and UV- Cl,

5 pretreatment, whereas it is 9.2 A for nitride (22.6 A film thickness) deposited after a standard
(100 Torr) NO oxynitridation only. Compare Example UV-1 to Example S-1.

FIG. 4 shows graphically the results reported in Table I, plotting roughness versus
total film thickness of the SiN, films deposited with CVD. The UV-treatment of the
oxynitride layer reduces signiﬁcaﬁtly the CVD-deposited nitride roughness.

10 The foregoing description of the invention illustrates and describes the preferred
embodiments. Nevertheless, it is to be understood that the invention is capable of use in
various other combinations, modifications, and environments, and is capable of changes or
modifications within the scope of the inventive concept that has been expressed herein. The
description is not intended to limit the invention to the form disclosed here. Alternate

15 embodiments apparent to those skilled in the art are to be included within the scope of the

appended claims.
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total filmthickness of the SiN,, filnms deposited with CVD. The
W-treatnment of the oxynitride |ayer reduces significantly the

CVD- deposvoedsmps ri de roughness. 10 The foregoi ng descri ppCDUS@l 12286
invention illustrates and describes the preferred enbodi nents.
Nevertheless, it is to be understood that the invention is capable of use
in various other conbinations, nodifications, and environnents, and is
capabl G\VF ? es or nodifications within the scope of the inventive
concept that has been expressed herein. The description is not intended to
limt the inyention to the.form di.scl osed g.e Al ternate 15 enbodi nments
apparent to hoséA‘BTacFﬁs gr forminga siheongpindedilmon the surdass afiasmicopAectal ope of
the appended clains. 10 WO 01/80298 PCT/ US01/12286 WE CLAIM 1. A process
for forSHPSrﬁ’@tea"%mPF@B& nitride filmon the surface of a sem conductor
substrate, conprising: treating a thin layer of oxynitride fornmed on the
semi conduct dreagnghs thimtayendf dxyaitiiie fdmest on thedsegasorsiattoc swdtrateonittt HEVgr oup
consi sting of chlorine and nitrogen and m xtures thereof; and depositing a
fi | mbofexsitdd gaoseladted frdm the grouph@dnsistiral eftthivtinBiahd nittodeAMAd miduresHigersfocess

of claiml1, wherein the thin layer of oxynitride has a physical 10

t hi cknggg of from6 Ato 10 A 3. The process of claim1l, wherein the
UV-excited gas is introduced at a pressure from5 to 20 Torr and at a
tenperature m. erein the

UV- exci t ed g?%g .Ytg’gg%éﬁ”%g lélol%rea CE‘%?%%§§€9{IGF§°|?( g]"?éal)a} r for at least 30
seconds.

2. The process of claim 1, wherein the thin layer of oxynitride has a physical

10 thickness of from 6 A to 10 A.

3. The process of claim 1, wherein the UV-excited gas is introduced at a pressure

from 5 to 20 Torr and at a temperature above 80 °C.

15 4. The process of claim 1, wherein the UV-excited gas is applied to treat the

oxynitride layer for at least 30 seconds.

5. | The process of claim 1, wherein the silicon nitride film has a physical
thickness of 30 A or less.
20
6. The process of claim 1, wherein the silicon nitride film has a physical

thickness in the range of from 20 A to 36 A.

7. The process of claim 2, wherein the oxynitride layer is formed on a silicon

11



5. The process of claim1, wherein the silicon nitride film has a physi cal

t hi ckness of 30 A or less. 20 6. The process of claim1l1, wherein the
silicon wopoi/gesi | m has a physical thickness in the ranpermioiness 20 A to
36 A 7. The process of claim2, wherein the oxynitride |ayer is formed on
a silicon 11 WO 01/80298 PCT/ US01/ 12286 sem conductor substrate using
rapid thermal processing at a tenperature of at |east 800 C. 8. The process

api d | . at a temperature of at |east 800 C._ roc
vapor - aanrendZ6 B A6 udhe R sl s BRaR e ST o s 300675 “The

process of claim8, wherein the chem cal vapor deposition is carried out at
a pressure of from1.5 Torr to 3.0 Torr with a gas flowratio of 1:40:50 of
Si HA: NH3: Ar. 10. The process of claim1l, wherein the Uv-excited gas is
chlorine. B0 11.Thappcsesalscisioy S, véeiein thy silieonmitside fidaris depasited (1E) sur f ace
roughness of a silicon nitride filmfornmed on a sem conductor substrate,
conpr i shemical vapat depgpsitiohay & tenyferaimnerin the rlegd of #@0i°Ono 8H@°€enm conduct or
substrate with a UV- excited gas selected fromthe group consisting of

chl ord ne, nitrogen and m xtures thereof, 15 before depositing a film of
silicon nitride over the treated oxynitride layer. 12, The process of claim

i é, AWner ei not he apyRddebAst dIanes, WiRPeift tRIBHeInEA vifYr GERSRFon PRl lLemp 6At 0

a pressure of from 1.5 Torr to 3.0 Torr with a gas flow ratio of 1:40:50 of SiH,:NH,:Ar.

10.  The process of claim 1, wherein the UV-excited gas is chlorine.
10
11. A process for reducing the root mean square (RMS) surface roughness of a
silicon nitride film formed on a semiconductor substrate, comprising:
treating a layer of oxynitride formed on the semiconductor substrate with a UV-
excited gas selected from the ‘group consisting of chlorine, nitrogen and mixtures thereof,

15 before depositing a film of silicon nitride over the treated oxynitride layer.

12, The process of claim 11, wherein the oxynitride layer has a physical thickness

of from 6 A to 10 A.

20 13.  The process of claim 11, wherein the UV-excited gas is introduced at a

pressure from 5 to 20 Torr and at a temperature above 80 °C.

14.  The process of claim 11, wherein the UV-excited gas is applied to treat the

oxynitride layer for at least 30 seconds.

12



20 13. The process of claim 11, wherein the UV-excited gas is introduced at
a pressure from5 to 20 Torr and at a tenperature above 80 C. 14. The
process o¥ooli/si2zas 11, wherein the UV-excited gas is applieBctrmstreats t he
oxynitride layer for at |east 30 seconds. 12 WD 01/80298 PCT/ US01/ 12286

15. The process of claim1l, wherein the silicon nitride filmhas a

physi cal thickness of 30 A or less. 16. The process of claim15, wherein -

the sili itri ' , ical . 5.thickn £ f 20 Ato 36 A
17 The' prodsss dreardoeRt diEtafh EEHeRS el Ph AR Ty s s BREGHE © oughness

of thesilico 'trilde filmis less than 5 A 10 18. The process of claim
11, wh 181“?'?'5? ﬂ€3(g§)?ﬁi‘isﬁ'i de layer is forned on a silicon sen conductor
substrate using rapid thermal processing at a tenperature of at |east 800
C. 19. The process of claim1l1l, wherein the silicon nitride filmis
deposited using chem cal vapor deposition at a tenperature in the range of
700 C to 8506C. I'heddoceThef ghaiocEs whetein twisiticb8 nitwkde fibmrhat hehgdieati cal vapor
deposition is carried out at a pressure of from1.5 Torr to 3.0 Torr with
a gas fhioesabdf @or@f201A 368, of Si HA: NH3: Ar.  21. The process of claim 11,
wherein the LTV-excited gas is chlorine. 20 13

17. The process of claim 11, wherein the root mean square surface roughness of

the silicon nitride film is less than 5 A.

10 18.  The process of claim 11, wherein the oxynitride layer is formed on a silicon

semiconductor substrate using rapid thermal processing at a temperature of at least 800 °C.

19.  The process of claim 11, wherein the silicon nitride film is deposited using
chemical vapor deposition at a temperature in the range of 700 °C to 850 °C.
15
20.  The process of claim 18, wherein the chemical vapor deposition is carried out

at a pressure of from 1.5 Torr to 3.0 Torr with a gas flow ratio of 1:40:50 of SiH,:NH;,:Ar.

21.  The process of claim 11, wherein the UV-excited gas is chlorine.
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