; VWe3el FI (@vT281 D DEC 2004 FORMATI ON OF | NTERFACI AL OXI DE LAYER AT THE

Si 3N4/ Si | NTERFACE BY H2/ 02 ANNEALI NG BACKGROUND OF THE | NVENTI ON (1) FI ELD
OF THE | NVENTI ON The present invention relates generally to sem tdh 2004
integrated-circuit processing and nore particularly to gate dielectric

|l ayers of MOSFET devices. (2) DESCRI PTION OF PRICR ART The gate dielectric
is perhaps the nost sensitive conponent of nodern CMOS devices. -

Requi renents of a ! i hd Gl ay Nl j i, tric
br eakdown st rengt E?ﬂ&ﬁ?@k@ﬁ@?@?‘?&fﬁ‘%@%ﬁ”@Mﬂ@ﬁd’# %g‘ﬂfﬁ"gw@e operties,
~ low trapping densities an L. I I es. devi ce di nmensions
decrease the requirenent S%B}é‘w{?@ﬁﬁ?ﬁ%é@ﬁ? ew gate dielectric
- structures are needed to neet the nore stringent requirenments. Silicon
~ .di oxi de has been the nost the nost popul ar gate dielectric for nany years.
However, with the recent requirenent for gate dielectric thickness of 15
Angstroms or |ess, excessivCHGROUNDRRIHRINVENTIAN |imits the use of
silicon dioxide as the gate dielectric. Silicon nitride is also a comonly
used gat e (&) BIEEeR QI THEBYYBENTION ch, having a dielectric constant of- 7.5
. as conpared to_- 3.9 for silicon dioxide, is used to reduce the tunneling
_current. Sever dhepEpardnvengomnreiats zarnasdlito seispminetor ntegvaed citmitr equi r ement s,
with different |layers especially suited for a particular requirenment. For
i nstance, Si BNdessivg and mpccegariiatealyity geo ditlediriclayersonf NV@SFEBdevietser i al and an
H2/ 02 oxide |ayer, known as in-situ steam generation (1SSG oxide, provides
superi or (@) BES&RIZTIQNDE PRISR ARFus the ~ 0 DEC 2004 conbination of an
| SSG oxi de | ayer over silicon followed by a Si3N4 | ayer neets the

~ requirenents ofThegderdielgateisgiethprthe mdst. sehsitive.cBmpbitint ofN@odedn BRARHS66 to Hsu
et al, a three-layer gate dielectric is disclosed conprised of oxide,

si l'i con nidevices Rage rém dntsCoTmap@eyRitt BieRetric MRFSnclidy 16h BERVEE@ekaRddvadi ati on
har dened CMOS isolation structure. Chau in U S. Pat. No. 5,763;922 teaches

the pref erswas@habwhaikhpdowichi QbQNifdEie] Shitd frop YS! BwlRbpiB e galgs of PMOS
and NMOS devi%es, V\/nerée&% hg, pgrti clul altr Ia;}erpqci)ﬂs chosgn ?81 p?l%ﬁege

per f.or mancgdasw ifteidcild kiateb YA s 4812 iRRhsiohOleckddsd @B ?ﬁuirffﬂﬁkt;cgécbﬁﬂgﬁd?e rich
silicon dioxide is preferred as the gate dielectric of I transistors,
whi l'e for g nrﬁrﬁﬁ}xséa&rcﬁelb&rit M’Exﬁésﬁfré geg%tméep% $hdrb gtgpxg joxide gate

dielectri.c |aye €ss nitrogen ric u also pgl nts ou hat a dry/ wet

i dat i f Qx: ’ di t I , | di
Che use or averar Piot BoBENR nRIR PR ool o B e iR P ey 5

the gate dj ic. hetta et .al.. U.S_ Pat. No. i, 79> 821 sh

threo.| gyg*e%%fregf’%%‘f"ﬁ ‘?ﬁ‘?ﬁ\e(r?ng%?ﬁ”ﬁq'f‘%ﬂ}%géjagﬁ%lﬂ@&f’%fr\‘ﬁh‘ﬁ?‘ieﬁﬁ o Igi i con di oxi de
d i nt d_bet. dielectric. first layer. and.third |

serves as APENAMEST B FXFervHUr b uANTRE S fimifh dhet PEsificgpetionigeps

particular, the first and third |ayer could be silicon nitride or silicon

toxyni t ri de'e BRigdigisgiric. Rijicon nigrde is ako ¢ gorpmpRly vsed sate dielgctEnagteaial Rl oxi de
process where the oxide is exposed to an N2 anneal |eading to inproved
interface {AVYjscr diplagric gonsipt ?gwi’yéraaewaar%}e‘p ~ox7 Easilisen @Pb‘ges‘% ugeditd | zi ng
I-1CL, H2 and 02 is used to grow a high voltage gate dielectric. Yamazaki
et al., U rgdugspe tuggeling cymontp2 S| p~4" a gate diel ectric conposed of an
oxi de layer and an added silicon nitride |layer ro serve as a diffusion
barrier and to Yavprblrscrs ae dicaaruonnchitisrtbe vasions requisemonts sithalfféronial
process flowto fabricate a two |ayer gate dielectric for nodern subm cron
CMOS t echnboyesggsriesiaBhonviredifor dpagticuldr seqaireméh. FoFlestanee §833$4 fslaaw i nvol ves

exceptionally good diffusion barrier material and an H2/02 oxide layer, known as in-situ

steam generation (ISSG) oxide, provides superior interfacial properties. Thus the



.1.. 0 DEC 2004 three steps. First a thin Si02l ayer, 12, is grown over the
" . silicon, 10, in a NO gaseous anbient, as shown in Fig: la. A grown SiO02
| ayer is chosen to achieve a low interfacial trap density. 'thisIfaPeC 2004
could be about 7 angstrons'thick and requires extrenely precise process
~control. In practice the wafer to wafer reproducibility is poor so this
“process is essentially not manufacturable. A preferred alternative, an |SSG
oxi de layer that results in superior interfacial properties at the silicon
interface, odif ] 1, : h rocess t r ultra-thin oxide
e S8 GaRtte bV iR BRPue o e BB arreernams ayer . 14,

|.ayer (< 10 Angstrons) 1Is uncontrolla

is then depegid.eds s).lJgon di oxide layer as indicated in Fig.lb. A
Si 3N4 I-ayerei ) chag)gﬁ{ogg%lﬁlseeﬁgfcq'?'a superior barrier to contam nants. -

Finally) NH3 ang. e anneal i ng i.s perfornmed. SUMVARY OF THE
| NVENTI ON | t igqéf%'gfaﬁy"ygéﬁ?@g? i@\r}gsuc?lt aly p thrgenlpyas epis dislestny iovisdiosed r eadi | y
control | ed, isggi&qj.%tsl”.cabl e process for fabricating a two-layer gate
diel ectric conprised of 4 Grote FasHiom opyridgilayersdehicapervidedd a CVD
silicon nitpi | ayer .a gate dielectric has the advantages of
superi or |ltr21’lgi %ﬁ?na}éi}’%ﬁ“%F%&*E&%ﬁH‘%W 5&rnhie G- Batcde. i3, Banesckes t o
contam nan{hg: l_ﬁ}'he E\)rﬁfessgn#)f the invention also results in a significant
i nprovenment s P HES OhMT e Hgreptdielpgrie layerk fraghe gatesofi @MR8 addWMIOSCt ric. | n
contrast’ té)evt he conventional process, in the process of the invention the
si l'i con ni T71G% YaiFere pavickaydayer éhdsende optimionpdrfoemandeisnd reliabifisg. 1Rt e af t er
RCA cl ean. .The wafer is then annealed in a H2/02 gas. m xture, Though
si licon ni PPPadONEsaYsohatsaveseanichsibioer diveide Riprefatedmahygaiesicsbsicaxri dat i on,
neverthel ess an oxide layer is developed in this annealing. 1 0 DEC 2004
step. The JYJMEW nsiaves, vbpe frd PMOS ompissoron id drefetrbd GKNEE §ili0kn éiiBﬁd@FJnEi de
| ayer so that a sufficiently thin silicon nitride layer is requifed to

achi eve a 4flpstdohyeiiokissdmtbggrerdchi Ghau dl@%ibﬂﬂﬁ&lt%a&hﬂ%v/w&ﬁxﬁdaﬂ&?ﬁ%g%@ce of

silicon dioxide growth rate on silicon nitride |ayer thickness gives rise
to an | npriowenmmbuilyat elunid iayar Ky aiaf digdb@s tHeahebt &l 6ol flGKISSD, Over that
a thicke

achi eved. by conventional processing. This Is because: B4 con

di oxi de | a¥éde lnger gnounitritedeyer Ritkuaike ﬁglggtg@@a@ghgftg Q%L, Q{g’()_;)gh@%nds to,
| |

di mnish the difference. Control of the grown silicon tayer is -

greatly i nprovEd shecondeetiberdicpott f1atG ; _ . the need of the
oxygen and hydrogen to diffuse through K heﬁ:h |+‘}i%)cj:\§%heg} ﬁpf“g%lnlsg‘ﬁ%'?. Snal |

di f f er enceBoxide exordatyed MmtérhoRd BeeBR) ditlebiih ¢l 14vS] they only result in
smal | differences in silicon dioxide tﬁﬁlrec hglgést,laygﬁ Cﬁhﬁ%%’ﬁ’ﬁc &8 process

repr oduci binladbesidndayee béer@tihe TG afd ﬁ’iﬁgf%aszyc_’i,% éah cugar}‘r’ég 1 on r&&%er s the ISSG
iérectyi

silicon dioxide-silicon nitride gate & epd, l&vest ruct ure.

O her enbedildeatssiced nfhe dr@M%E‘ﬁ L%izﬁ@é’}'i}.ﬁ dﬂ‘"‘g 3}0253?535’70' ied to silicon

nitride |ayers too thick to perm’ form™f @Maigict pleon di oxi de
| ayer beneedchesi 4 wnntiN8xide process where the oxide is exposed to an N2 anneal leadi‘ng o
improved interface properties. A low temperature wet oxidatién process utilizing HCL,
H2 and 02 is used to grow a high voltage gate dielectric. Yamazaki et al., U.S. Pat. No,
5,917,225 show a gate dielectric composed df an oxide layer and an adcied silicon nitride
layer to serve as a diffusion barrier and to improve the breakdown characteristics.

A conventional process flow to fabricate a two layer gate dielectric for modern

submicron CMOS technology is shown in Figs. 1a and Ib. The process flow involves



silicon nitride layer is deposited in two steps. First a silicon nitride
.layer is deposited to a thickness appropriate to the growmh of the silicon
"di oxide | ayer beneath it. Subsequently the thickness is increasef bPFE 2004
'second silicon nitride deposition to the desired total silicon nitride .
| ayer thickness. BRI EF DESCRI PTION OF THE DRAW NGS | n the acconpanyi ng
drawing formng a material part of this description, there is shown: 10
DEC 2004 Figs. 1 a and | h show a conventional process. Figs. 2a and 2b
Show a_pr odksesienc pirslinngin'S601 fagerl, 1y @b AoveF i silof X Al 190 ol PT OVerTEnt
of gate dielectric thickness uni for_mty. Fig. 4 shows the n%proverrent. of
“gate diele it b ke e Fig Ok f bk Yo l: THE PREFR D,
%NBCDI‘ NENT%@F%& -aBga ang?%'i?.ﬁg@%ﬁgﬁ% lgg%%stgl 8@%&%"’%’9}‘%‘5’%‘%{& erred
~enbodi ment §,.afi.tHe -y i o AFL er. cl eani,ng ,of the silicon surface, to
elininate g tdfif’:ﬁgsl@%5‘%"&%9‘&?&%@3%&0 PG 1 CERISS BRCEED BIgRR 14 1 n
Fig. 1 a) i ited directly an the_ silicon surface. An annealing step
follows in Pz%cq%g“% gg&gg'sprﬁ%t%f h}ee"’?a %t%WFﬁeEE?ﬁrOSR‘?‘B‘gtYI 13 peer so1lus pygeessiops under
~the sili COQSQL&M de aS#Qomﬁl iR Fi.g. 2b. The growth rate of the silicon
“dioxi de | ay&r i s a s [P BHECFRIE 1 Brsfated aliemaive; sdASHiowidedeyer Hiabieadss because
t he oxygen ng -cp r(ir ﬁeggn 1rrust di fflﬁse_-_t hrough the silicon nitride |ayer
" before reactimg W tH EHE EPRIESA heprjcorrigieripen srews pyencesterand thafwoteay er s t he
oxygen and h¥dro e‘g p netr, tLﬁgn is too low and a silicon dioxide |ayer does
not devel op" ﬂ&@\/ fra-tyig pxage @yer (i P dwgstpmshisimeonmotae.h EVDusilidcmyer, and
t hi s depends an ot hgr _growt h conditions, notably the tenperature, a silicon
di oxi de | ayRF9gBeEn 4&JEihep demositadonahe siiipop distside lavienss inftbated irdtyabtages of
t he i nvent ;ﬁ%\@ffgm_f romthis affect. RCA cleaning procedures, to elimnate
particles & FrARFiRaPR Becayss ih is aypipaerdasice tonehtanimmisn Finall$, INIsRareki | | ed i n

the art. A cLean surface i s necessary to insure
subsequent N2C annealing is performed.

SUMMARY OF THE INVENTION

It is a primary objective of the iﬁvcntion to provide a readily controlled and
manufacturable process for fabricating a two-layer gate dielectric comprised of a grown
_ _ISSG' silicon dioxide laycr and a CVD silicon nitride layer. Sﬁéh a gate dielectric has the

advantages of superior interfacial properties and of being an excellent barrier to

contaminants; i i ) results §
ontaminants: The process of the invention also results in a significant improvement in

the uniformity of the thickness of the gate dielectric.

Inc i i
0 contrast to the conventional process, in the process of the invention the silicon

nitride layer is deposited directly on the silicon substrate after RCA clean. The wafer is

then annealed in a H2/02 gas mixture, Though silicon nitride has good barrier properties

and strongly resists oxidation, nevertheless an oxide layer is developed in this annealing



the integrity. of the gate dielectric that is being forned. Preferably, a
CVD silicon nitride layer is deposited using LPCVD or RTCVD techni ques. The
t hi ckness of the silicon 5 1 0 DEC 2004 nitride |ayer could bef @eﬂ‘&@elz[m;i
about 8 to about 25 Angstrons. At such thickness the advantages of silicon
nitride as a-barrier layer are realized at the tenperatures encountered
-during device operation) yet the layer is thin enough to grow an
~-appropriate oxide | a%/er t oxidation tenperatures. The H2/02 anneal, during
whi ch the ﬂ%éjﬁwmﬁ Eitg S%Pﬁﬂdscﬁ“_@%]déﬂﬂw gkriess ¢fithgwnitridedaycbeo therd or ned at

t enper at ur esf fr og) apout 700 to 1000 degrees Cel sius. pressures fromabout 1
to 100 Tor Putfisienttythingiijces nitridedasasostequireg00athieve azflicandiodiskedsyieotn f r om about
5 to 60 seconds. This H2/ 02 oxidation process, also referred to as ISSG is
known by tFa¥@aple sowi Thid depenténse af tilicon dipxidy goocvtiaste 0n siicbih figideNaer Ng
superior interfacial properties, which derive from sinultaneous. reduction
and reoxi dtidkoessuives éssosan iBptoyementéd the Lhifdmstyldf 68 deblXd 8ick @%EEver 6- 8
. Angstraonms, is required since its main purpose is to achieve a | ow -

i nt erf aci athat zrcapvctem,sm_nyremtontaheo@isdiﬂxgccrﬂisiimeeadseﬁemcﬂé?%mtczé\%ibﬁ)ﬁ@iaygé electric
~thus achi eved has the advantages of being an excellent diffusion barrier
- .and al so p3gse&SLNGr MRS kifitod MtRE[\AGe RAQRS UljiRsh tﬂc‘cmfﬁ'eﬁé.SG llayers grown
directly on silicon have such a very fast growth rate that the 171't) CCSS
- 20 grow an oxi deodiRY 8f the ' : : is_uncontroll able.
Control of the 1SSG sili fggdrrﬁgﬁ%%ggb "?‘g%‘” é%é%ﬁ%é%% c% %:agﬁeﬁ?ec%ﬂ% tride

| ayer 1S Ofeak e h.rate.is.sl onwed wn by the
need of t he%ﬁ%&%@ﬁ@ﬁ%?ﬁ%ﬂéﬁﬁ | @?%Er‘é&la.vﬁfocgﬁg,ﬁo &ﬁfg‘ses%ﬁu@gﬂwni tride
| ayer. Smakili.&h fif-er. €. I i ion tinge are not critjcal, since they
only resul %llui'cﬁ{ rfsﬂ;rrglllfmﬁfﬁ éap ecﬁ%‘éerg&}esnmsolxﬁag%maf’ BEi QECHYRRE RIFES ey g t hus

i nproved p o1 8Rf: oty 1S hieved. T process of the invention
renders th%glﬁg% Lgﬁl?%gﬁaeglmo%l%g d xﬁgééfﬁkr}‘fﬁ’ F?‘E§9§§P!€°Eﬁddqr@@§?i c a

manuf act uP, cture. Anal her advantage of the process of the invention
is an irrpr-%\?leo%ﬁtgﬁ%ni?t h@e‘lﬁeﬁi ?%WFP‘EVS tp‘? enjiondengices| the 15SGesilioni s can be

eXP' ai ned Wo.tcirae-tsm%or?hﬁrié%f gathI rgélegffic ém%lm!t aé:u?rgblc structure.

Other embodiments of the invention enable it to be applied to silicon nitride
layers too thick to permit forming an appropriate silicon dioxide layer beneath i1 ‘Th.e |
.silicon nitride layér is deposited in two steps. First a silicon nitl:ide layer is deposited toa -
thickness a.ppropriate to the growth of the silicoh dioxide layer beneath it. Subsequently

the thickness is increased by a second silicon nitride deposition to the desired total silicon

nitride layer thickness.
BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawing forming a material part of this description, there is

shown:



~1,.0 DEC 2004 nitride | ayer 14 had been deposited that is not uniformin
t hi ckness, as is depicted on the left of Fig.3. During t(te H2/02 anneal
~the silicon dioxide |ayer grows faster under the thinner silicon{rdj DE@d?UU’}'
which tends to equalize the total, nitride plus oxide, dielectric |ayer
‘thickness, as depicted on the right of Fig.3. The magnitude of the
i nprovenent in gate dielectric thickness is shown in Fig.4. Fllipsonetric
t hi.ckness nmeasurenents are plotted for a nomnally I8 Angstromsilicon
nitride fiFign bedndrid shpw@zorymbenal pRGesse 16, and after H2/ 02 anneal, curve
18, during which on the average about 4 Angstrons of silicon dioxide was
grown. Theigt 2natalrdb diewiagiroass dvedrdme tathnandntian. 5. 68% while after anneal
“the standard deviation i.s reduced to 1.05% a very significant reduction.
Thi cker siHig.Gaixphirtsthaieipravweearest cfamtehigelatid thickttst mifomyltyt he fol | owi ng
preferred enbodi nents of the invention. After RCA cleaning of the silicon
surface, trigelshaivi@edmparvementes gad dieketicaivigis uniormitf i r st CVD silicon
nitride layer is deposited directly on the silicon surface. 'This layer is
sufficiently thin so that during the H2/02 annealing step that follows a
silicon oxide |ayer, 12, devel ops under the silicon nitride. The growth
rate of the silicopriCRIPITONCGETHE PREFERRED EMBODIVMENTS he silicon
nitride thickness because the oxygen and hydrogen nust diffuse through the
silicon nitride |layer before reacting with the silicon. Thus for thick
silicon nitride layers the 02 and H2 penetration is too low and a silicon
di oxi de | ayer A L L £d Bk i ilicon
nitride |ayer, df?%?ssz ? 3%%%%@%2& t(})lftﬁ}gréysgra %Cv(\)/t(ﬁﬁgc%r@#%{r%ﬁ%, n(k)l%{%r{gﬁﬂ?ie
t enper at ur - Si kb QX 6 doese devels i LN easonabl e ti ne.
A second (,\?)E)e@llc |Jé}c§%q§1t|:$rclfé elq 3§t§¥?l§t§&n%v§ga é%o%’ﬁ?%# %ﬁ\}ggeﬁ@ first silicon
nitride |aye i.t hou t.r.ictia n its. thi gkness sin the 1 $SG silicon
di oxi de |aé"e“&a“\ﬁnﬁ%f“é‘rI#S;’gffs’@%"é‘ﬁ“?‘g? F?‘é‘éfe 1# ‘“ﬁ%qﬁ)ﬁ@%ﬁﬁe%‘:ﬁ&‘é?‘é i ng
procedures,..to elinnate parti.cl and c inants fromsurfaces are well
known to t HOEE sélﬂjl""fﬁ' "“inﬂgaﬁﬁ%sﬁ? F‘ﬁloﬂsb"} @glﬁi@?,gpsd@g@rg-fh&lg%% to insure
the int egrLl':y%l g:f t‘hg [?‘Ia%lg djel.ectric that is being fornmed. Preferably, the
first cvD S¥F% Lo hiom ey By rcannigdnas shavm i Sig 4o Pevapwib rir efthe
t echni ques..,.The .t hiig ness of the fi rs} CVD silicon nitride |layer could be
bet ween abdEersiPtdalBet's 259usgurignet hasilisenmitide thigknsesteceyse i | i con
nitride layer is reasonably.uyniformand yet the |ayer is thin enough to
grow an apé’r‘y@ﬁP f"é‘{ @"‘%%caé“‘iéé?éﬁ“?e thrpagithe giticempitride layesbefars raprting Withe
underlying_silijcon_ dioxide |ayer is grown) can be perforned at tenperatures
f rom about NPEHIPY Tropderdigk sbeonaige gwsrsﬁmggﬁwdﬂwémmbmmimds 100 Torr,
H2/ 02 ratios fromabout 1:500 to 1:20 and duration | TOm about 5 to 60
seconds. THIdOM2IHS shixpridierion layestoss ot davedep. Hefvevareldr b suffisient§S8in i s known
by those practiced in the art to grow oxides on silicon having superior
i nt er f aci aFlipPopEideilesT. aphthindaperdsywa otheo grositnedntgicas wstabbdbet i on and
reoxi dati on processes. Only a very thin silicon dioxide |ayer, 6-8
Angst r oms, {TPEFAEH G ¥ Bliconidhadds laer dudsnieprioppeiian iasedsansbbiey eMajot ow
interfacial trap density at the silicon interface. The second CVD silicon
ni tride | agéfaniagesgighe iprettion ateinyfrate fosaffeed usi ng LPCVD or RTCVD t echni ques.
The multilayer dielectric thus achieved has the advantages of being an
excel | ent dif f usi BRAxdeaningprenedusas, soelpmisste patitlgs sidnhiagdindnfd fedh ace
properties. Thin 1SSG | ayers (< 10 Angstrons) grown directly on silicon
have such awfasesyart ast! kgowmtdthostskillet &1 th e ml@ﬁﬁﬁ@f&ﬁﬂ@&@&&*@'ihﬂ?& e.
Control of the I1SSG silicon dioxide |ayer grown under the silicon nitride
| ayer is gtheatkyritymprevat ddeais@atibseid N ' ' MRy the
need of the 02 gé{rnd H2 Fﬁ di ffuse thr oug%mt{\%gd sl)?%i?régl?l” %F?\ﬁ%%&ﬁgl%py Smal |
di f f er encewyernis axpgdatd @hng i PEVDILE ROV LR ARY, Th iE6 LB ROB L €SUl t i n
smal | differences in silicon dioxide thickness, and thus inproved process
reproducibility



1 Q DEC 2004 is achieved. The process of the invention renders the |SSG
silicon dioxide-silicon nitride gate dielectric a manufacturable structure
even when a thick silicon nitride layer is required. Wile the i ﬂl\[ktﬂﬁ(plzgp#
- has been particularly shown and described with reference to the preferre
~enbodi nents thereof, it wll be understood by those skilled in the art that
various changes in formand detail nay be made w thout departing fromthe
spirit and scope of the invention. What is clained is: 9 - 1 0 DEC 2004 1.

A et hod of; {anIu.Ng, Ahd HhEEIBBLAS @%bAE 25 ANBYroRls, At SRAHGORIUAROT /
dielectric interface conprising: providing a partially processed

 sen conduck gr gl et BEY] NG SO saAtiGl LA ShURRReMeh sat e

~dielectrict posed; cleaning sal em conduct or surfaces of
contami nants and particles: depositi Al B Qr RTCVD,
~ siticon ni {:quaréteqa:g?gygtg %eﬁ'hdgé:’lpflﬁﬁosnsg?tglges%rﬁgggotﬁﬁ)%P %%ﬂi e‘)?%l1 J??dﬁgtaﬁgla:itlseous

envi ronnment wherein the.annealin S .| m xtyre of,. and .10 i nduce
~ the growt hoﬁ\&q&ﬁe‘&%i"ﬂ aﬁ‘%}éﬁr‘pﬂﬁt&%ﬁg@ﬁi}@(gﬁ?‘?{w@v@@% \i"l@%thﬁiupcrlﬁr Y ayer. 2.

The nethod of Claim 1l wherein said sem cqnduct or waffer 1S a_@il i EQ(? waf er .
3. The et RbEowRoTHa TS AR teaptomse wraerse am porl 0o 08 {Con
surface. 4. The nethod of Caiml wherein said surface cleaning.is.
acconpl i shdaerees Grisivs. reEasuEssdiam shyupl 9cld8Jorr, H2/O2 ratios from about 1:500 to

1:20 and duration from about 5 to 60 seconds. This H2/02 oxidation process, also
r_eferred to as [SSG, is known by those practiced in the art to grow oxides on silicon
having superior interfacial properties, which derive from simultaneous reductjon and re-
oxidation processes. O.nly évery thin silicon dioxide layer, 6-8 Angstroms, is required
since its main purpose is to achieve alow interfacial trap d.ensity at the silicon interface.
The two-layer dielectric thus achieved has the advantages of being an excellent diffusion
barrier and also possessing superior interface properties.

Thin 1SSG layers grown directly an silicon have suc.h a very fast growth rate .,

-~ thal the process to grow an oxide layer of less than about 10 A;lgstroms is uncontrollable.

Control of the 1SSG silicon dioxide layer grown under the silicon nitride layer is greatly
improved because the growth rate is slowed do% by the need of the oxygen and |
hy_drogcn to dilfuse through the silicon nitride Jayer. Small differences in oxidation time
are rot critical. since they only resuit ip small differences in silicon dioxide thickness,
and thus improved process reproducibility is achieved. The process of the invention
renders the ISSG silicon dioxide-siticon nitride gate dielectric a manufacturable structure.

Aunother advantage of the process of the invention is an improvement in the

uniformity of the gate dielectric. This can be explained with the aid of Fig. 3. A silicon

S—



5. The method of Claim 1 wherein the thickness of said thin CVD silicon
nitride layer is between about 8 to 35 Angstrons. 6. The nethod of Caim1l
wherein the tenperature during said annealing i s between about 7D@ %Clgm-

degrees Celsius. 10 1 0 DEC 2004 7. The nethod of -Claim1 wherein the
~anneal ing pressure is between about 1 to 100 Torr. 8. The nethod of Caim1l
wherein the Hz/OZ ratio is between about 1:500 to |:20. 9. The net hod of
Caim1l wherein the annealing duration is between 5 to SO seconds. 10. A
met hod of HBIGil#HGT dhhidieer deporitad thatiicnot 1eifosm iathicknsesricis depiceden thei el ectri ¢
~interface conprising: providing a partially processed seni conductor wafer
havi ng senicBeofifisct Surisnifedt?o?2 aprsal thhsibtonghoddaliapresewd agemumdet the be
di sposed; cleaning said semconductor surfaces of contam nants and
par ti cl es; thinner silicon nitride, which tends to equalize the total, nitride plus oxide, dielectric Iayc_r

thickness, as depicted on the right of Fig.3. The magnitude of the improvement in gate

" dielectric thickness is shown in Fig.4. Ellipsometric thickness measureménts are plotted

for a nominally 18 Angstrom silicon nitride film before H2/02 anneal, curve 16, and after

H2/02 anneal, curve 18, during which on the average about 4 Angstroms of silicon

dioxide was grown. The standard deviation before anneal is 5.68%, while after anneal the

standard deviation is reduced to 1.05%, a very significant reduction.

Thicker silicon nitride layers can he achieved through the following preferred
embodiments of the invention. After RCA cleaning of the silicon surface, to eliminate
particles and contamination, a first CVD silicon nitride layer is deposited directly on the
silicon surface. This layer is sufficiemly thin so that during the H2/02 annealing step fhat
follows a silicon oxide layer, 12, develops under the silicon nitride. The Qow‘ch rate of |

| the silicon dioxide layer is a strong function of the silicon nitride thickness because the
oxygen and hydrogen must diffuse through the silicon nitride layer before reacting with
the silicon. Thus for thick silicon nitride layers the 02 and H2 pepetration is too low and -
a silicon dioxide layer does not develop. However, for a sufficiently thin silicon nitride
layer, this depends on other growth conditions, notably the terﬁperaturc, a silicon dioxide
layer does develop within u reasonable time. A second CVD silicon nitride layer is now =~
deposited over the first silicon nitride layer without restriction on its thickness since the

ISSG silicon dioxide layer had already been farmed.



depositing a thin first dielectric layer; annealing said sem conductor

. wafer in a gaseous environnment: wherein the annealing gas is a mxture of OZ
and HZ to induce the growth of an oxide |ayer under said thin fifdk DEC 2?[]4'
~dielectric layer depositing a second dielectric layer. 11. The nethod of~

- Caim 10 wherein said sem conductor wafer is a silicon wafer. 12. The

~nmethod of C aim-10 wherein sem conductor surface is a silicon surface. 11

-1 0 DEC 2004 13. The nmethod of C aim 10 wherein said surface cleaning i-s
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V © the integrity .of' the gate dielectric that is being formed. Pr_eferably, the first CVD silicon
hit_ridc layer is deposited using LPCVD or RTCVD techniques. The thickness of the first
VCVD silicon nitride layer could be between about 8 to about 25 Angstroms. At such
Vthickness the silicon nitride layer is reasohably uniform and yet the layer is thin énqugli '
to gro;v an appropriate oxide layer. The H2/02 anneal, during whicﬁ the underlying
silicon dioxide layer is grown, can be performed at temperatures from about 700 to 1000
degrees Celsius, pressures from about 1 to 100 Torr, H2/02 ratios from about 1:500 to
1:20 and duration from about 5 to 60 seconds. This H2/02 oxidation proﬁcss, also
referred to as ISSG, is known by those practiced in the art to grow oxides on siticon
baving superior interfacial properties, which derive from simuitaneous reduction and re-
_ ,rclnxidation processes. Only a very thin silicon dioxide layef, 6-8 Angstr'akhs. is required
since its main purpose is to acﬁicve a low interfacial trap density at the silicon interface.
The second CVD silicon niwide layer is also preferably deposited usiné LPCVD or
RTCVD techniques. The multilayer dielectric thus achieved has the advantages of being
an excellent diffusion barrier and also possessing superior interface properties.

Thin ISSG layers (< 10 Angstroms) grown directly on silicon have such a
vbry fast growth rate that the process is uncontrollable. Contro! of the ISSG silicon
dioxide luyer grown under the silipon nit.ride layer is greatly impmved because the
growth rate is slowed down by the need of the 02 and H2 to diffuse through the silicon
r'\itride layer. Small differences in oxidation time are not critical, since they only result in

small differences in silicon dioxide thickness, and thus improved process reproducibility



.dielectric layer is hPCVD or RTCVD sili con nitride. 16. The method -of Claim

.10 wherein the thickness of said deposited dielectric layer is between
~about 8 to 25 Angstroms. 17. The nethod of O aim 10 wherein the hfng&( gm
tenperature i s between about 700 to 1000 degrees Celsius. 18. The netho éf
Claim 10 wherein the Hz/OZ ratio is between about 1:500 to 1:20. 19. The -
.method of Claim 10 wherein the annealing duration is between 5 to 50
‘seconds. 20.. The nethod of C aim 10 wherein said deposited second

~diel ectric ib agigvet STHOWR S JF U Inrkibh 68.derd the I§§G SHEEHQQKQIE ﬁ’lc@h Mok Wherein

‘'sai-d deposited second dielectric layer is LPCVD or RTCVD silicon nitride.

12 10 D@ta?&aectazamﬁh@famatarequaém@e@w%ﬁ& PBRIRIRoA AR@NARRY N9 pressure.

.is between 1 to 100 Torr.
required.

While the invention has been particularly shown and described with reference
to the préférred embodiments thereof, it will be understood by those skilled in the ért that
various changes in form and detail may be made without depéuﬁrig from the spin'i and .

scope of the invention.

What is claimed is:
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wherein the annealing gas is a mixture of 0, and H; to induce the
growth of an oxide layer under said thin CVD silicon nitride

layer.

2. The method of Claim 1 wherein said semiconductor wafer is a

silicon wafer.

3. The method of Claim 1 wherein said semiconductor surface is

a silicon surface.

4. The method of Claim 1 wherein said surface cleaning is

accomplished using a RCA cleaning process.

5. The method of Claim 1 wherein the thickness of said thin CVD

silicon nitride layer is between about 8 to 35 Angstroms.

6. The method of Claim 1 wherein the temperature during said

annealing is between about 700 to 1000 degrees Celsius.

10
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9. The method of Claim 1 wherein the annealing duration is

between 5 to 50 seconds.

10. A method of forming an interfacial oxide layer at a
semiconductor/ dielectric interface comprising:

providing a partially processed semiconductor wafer having
semiconductor surfaces upon which gate dielectrics are to be
disposed:;

cleaning saild semiconductor surfaces of contaminants and
particles;

depositing a thin first dielectric layer;-

annealing said semiconductor wafer in a gaseous environment
wherein the annealing gas is a mixture of O; and Hp to induce the
growth of an oxide layer under said thin first dielectric layer

depositing a second dielectric layer.

11. The method of Claim 10 wherein said semiconductor wafer is

a silicon wafer.

12. The method of Claim 10 wherein semiconductor surface is a

silicon surface.

11



10v! 109& ()-J58s99: e: : dE~_@! % 110%1& () -wW 10%& () - Z- 109%& () - Y*10%&' () - W' 10
9% ()-1$10%& ()-:u;Vv;wX;; &WEk=~\=4!v i

10% & ()-!t#y9%dov& ()-P!'\)10%z52z& ()-9%0% ()-Z 10 10 18 DEC 2004
10310%&' () - k=men=0=p=}==f>> @' 109%R2& ()-!3f 109R2& ()-63f

109R&' ()-6940%2& ()-v 10 10

[AViIL
10: 10%&' ()5 >3 L 100R& () - 3VL09RE () - 3! 109R& () 3160R%" () |
109R2& ()33 6@5%%%@%4 ﬁén RN ARV £

Tooma () SETHIIREE) Sl Todee {%e.a ReeRepERse: |
10210981 & () -, 109! & () - CLOSI & () - pgl0%sl & () - 109! & () - 940%8| & () -Z
102BBBCYCCCAE: /

102) c109%4 & (e ;ng%%éc do HAYR! fo (b QUWR! &.(d -JQUARL&.0) (GO &, () - CCCDI DD
dE:/ 102i* 1098l & (

08I & &1 ()7 11 10961 & () - DDD2ECEEEME: /
1029610%?%%&5%00 I}?)é&gg?o%/%][ ]&ﬁs nfrklac

10981 & ()-<.: 10981 & ()- 3p, 910%8| & () - EEEEEEEFFb@

102! v96 10% | ' 1 & () - pl09%SI & ()-110%l & () - %40%I & ()-w 108

15. The method of Claim 10 wherein said deposited thin first

dielectric layer is LPCVD or RTCVD silicon nitride.

16. The method of Claim 10 wherein the thickness of said
deposited dielectric layer is between about 8 to 25 Angstroms.
17. The method of Claim 10 wherein the annealing temperature

is between about 700 to 1000 degrees Celsius.

18. The method of Claim 10 wherein the H,/0, ratio is between

about 1:500 to 1:20.

19. The method of Claim 10 wherein the annealing duration is

between 5 to 50 seconds.

20. The method of Claim 10 wherein said deposited second

dielectric layer is CVD silicon nitride.

21. The method of Claim 10 wherein said deposited second

dielectric layer is LPCVD or RTCVD silicon nitride.
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