10

15

20

25

30

35

40

WD 2004/ 095561 PCT/ US2003/ 041186 COVPENSATI ON FOR
HETEROGENEQOUS NI TROGEN CONCENTRATIONS I N A NI TRI DED
wEhbd4@@h$é61 OXI DE LAYER TECHNI CAL FI ELD 5 Gener akCy/juskdvs/ 41186

present invention relates to the field of fabricating

m crostructures such as integrated circuits
COUTRIEPBHREC ol HEAFRGENERSE N 0GR GOHERYT FRELONS ! AyfJf gRIDED SILICON
OXIMfalf¥®ul arly, to the formation of an ultra-thin

dielectric oxide layer having incorporated therein

nitrogen to increase th thereof and to

reduce charge carrier m g?ﬁ\’?&‘gllt"]b ough the oxide

| ay érener@xCRGRENOINVARIPD 1dairte e fieldyof fatiietimgshicggueessuch as integrated

ciréit§ mlﬁl{)lﬁ&ﬁﬁﬁc@ldsnhcﬁﬁr& Ad WheOfkeV &Mal Bib¥ Iﬁxftlcﬂe[‘rﬂdiéctheg forf¥®n of an ultra-thin
IS .res

oA PER G e S SRR o e e Py e end t recuce
chapgestrrignuderhtiog thrquelr thoexideteyer, are i ncreasingly used in

many types of devices, RekeRouRD Q¥ N9 superi or
control and operation of those devices. Due to

ec o GHTEY- e e REres RiprRfpeiritd e p idsvanipycH groflyctic (Qpp exgmple in this respect
is thelchplagndnh begfegﬁteﬁ cieduitsCthat] Sye w@rikeirC ﬁl’aﬁfe@nlbﬁ ctostd ahd high @erformance, are

mcl-'e@'&ﬁlﬂfseds]}l% es OF%(IQ\Q tﬂgebﬁeailgv%ﬁ %Peq‘%r control Ig.l?ds (g)eratloél of those devices.

m crostructure ever 1 on
Dug fescqnamipgparens. mapiigeiesy of n”tl%@@@ﬂ@%o%ms @te@tawg slroaltsn g ccmﬁpnted with the

tasio Bf yfeatli®Cfihpfo@ing jﬁﬁbﬁﬂéhdég)f Hee rﬁiﬁ’détxﬁ&urﬁb&hfh%é@ R&R odbthticdl B taring on the
a«%ﬁ{f&i&re@er t%? Q%Eo:{l(?ntl?lﬁ Icpnst‘? I111%3 no% onlasr’e ire p{ovm% %erggwfe eﬁfo?)nance but also

I onal e Integrate rcul
derpand a redugprsin Sth? 1 28 ﬁ@roglémner@ rﬁ@méw of thd urgqgragﬁd ciomiy pérmgt chip area. Thus,

in @t Edﬁﬁ&oﬁduatfnem@ﬁtbn GngUﬁQ EdrtO are BEHE Bade RS refiRA Y rfe%tu% s¥z@§ofqgature elements.
eat u esent - day technol %gl es,

n
i B e T PV " PEERPE B BAA 0 . T prodacing
cirut@dlemeggsof tHigorger oftturghitude, pocdsCenighece aan@nidited fvith Mg cbalid@ses, along with
maﬁ)}f otﬁ@QEHeg &Q&Iall}pgl‘lgﬂ“l? fiom 81 gédﬂ(ﬁ ﬁ of fdnfre ﬁgﬂf Ff @)Ea gleV\An% I;]uch issue involves

proglglglé E’i‘t"ﬁinFIQ/' tehglr cﬁéqcﬁ@ lap/?rb?ﬁ %nwédelrléla@@@t?r@hlaﬁg r\&ﬂ'l!@‘glfsl G§rigin characteristics of the
dieiitrie Byer,Fso¢h @ yanplivity aine reisaite kgtidechirfy/@iriéeanneeOMd eh Mgk, have to be
s rlying

im B SRyl 6 BBl b G Y B S BT "0 e

di el%g trrmoxéan g(wle in $higTpspess is ﬁ@rfqﬁngttop o lthg;a thip @dteyinsulation layers of field effect
trasB®1sS bR Qe Mil}}ﬁtr:ﬁﬁlﬁto@ harmg gate &lidldc@xﬁ o‘f dNredidida glaﬁﬁhd edsbifial impact on the
per%o yegnlb Cg}ﬁﬂe trraélg)lséor .As 19@#11911?0% é/ WI t 0 ucm atﬁe s1%eeorcfI 4 1d, egfe % fransistor, that is
redgyiee th%b’é&ﬂt %fr@t CO@%@@WE P@nﬁehthﬁtrfp@s rﬂ"es p@mn df g Sumpnﬂ@romxom hy applying a
corf@bl vﬂltﬁg’eao tahgafé ek Re |f6h§ibﬂ &l e rkatk aﬂéﬁﬁttfon Uyerd bed Qqﬁfeg @felreduction of the

sto

st AR g B ST Th 0UER R QLR PRIe R s glecode o e
chapiebregiper f or mance of the transistor. As is commonly
kno‘@ﬂrrenﬁ:@@ﬁb@t’ d2Ghet lihﬁly%bﬁlﬁtl&ted @nt{gl‘a?eld %r&lﬁtg &&h al Eﬁ@ss ln§1tn%§' rchips and the

hk tb reducin ? a conductive channe

oD phiieeh s B preoitear S Cu BSRAGEDER trddt BR B for e g
inselioh {ayangueato the ol knoin mdlsilp&gt& chapacrigiad ¢ the stieoh [dpdide/§ilidofitebrface. For a
chaBib1 fe ' 8ehe ?ﬂdé}ﬁ)g I1 ﬁ):;k;{) d léy %BW(%VQJ ?119 tlﬁc%ﬁlagg IS Lﬁtagqnsulation layer has to be

reduction o . ness o 8a e 1 NS
redpcss) & 200 2t iy Bih toy PRIt R TR dccapepbability ef thaolpabiptprgpperation.  Steadily
decteagny thdeiclpbseos &lie&ﬁlicdﬁrﬂdi&ude%afehﬁulat&ﬁ l@b@ﬁmver,r RBgk @an mcreased leakage
cun%ljtr tﬁe?é?l&!)t&h t %§ re ufltetg’rt]%eanhdng:ﬁ%yabéo crease o s%egltct%%we!r git)n%%néa%gn as the leakage

rcuits,
CU@F@XR?H%@YGWWSM fptedld?e%rﬁductlt)fh‘éﬂf@ﬂmréhwksw i con di oxi de

has Tﬂefrﬁ‘d‘)r@ rg?@ﬂ HfolROI prat&RY bas: hdue tcﬂﬁhﬁé kifdon fiRkidd l;}lea cﬁ@etc@lc exhibiting a

vighe SR o LS e b e B i Dy S o comespondin siicon
interface. For a channel length on the order of 100
rimand | ess, however, the thickness of the gate
i nsul ation |layer has to be 35 reduced to about 2 nmin
order to maintain the required controllability of the
transi stor operation. Steadily decreasing the
thlckness of the S|I|con d|0X|de gate |nsulat|on
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current exponentially increases for a |linear reduction
of the layer thickness. Therefore, great efforts are
wonresiasicy bei ng made to repl ace silicon di oxi #eThg2@3/041186
dielectric exhibiting a 40 higher permttivity so
dl(Ixhl@ia Fobl'dﬁg e %e%ﬂﬁ&%fco g. QXetthfmgg & ogtg% i L})%Clﬁed capacitive coupling

ngg]a) @% a corresg}ondl ng

2y %’3810 BEHALIBSISY Dot i éﬂess(ﬁ% Slfit?ﬂ'@mFSa‘%walsF%ﬁ\rhaHWW be required
fort helicom ripxidealpgeci Ttitvas @QU]DWWBIQ thatAit Ishilfﬁ&ﬂtes Slc&ﬁd'rate hlgh k materlals into the
co&@ﬁti@hﬂ kn'fbgra@on‘ﬁ)p&gs's falllde 9101% QIH?) gvtﬁe é’g\i‘ll aon to@? ﬁllgmlé materlal a%]%l gate insulation

be referred to as capacit qui
laygroseppsnip HeYe 2 Yegifict oflpraesson; %earrm globjlitydn the quderhereg chﬁlmpl rggion, thereby

reririlablg @xducthig @¢iclEerlniity.and thusthty diiSe Qitbnt cziibﬁMlﬁy €ffencd, Qﬁﬁ)ugh En improvement
of {h§ st%cftlfahs%%L fha}a(c:{?rlsp c% Cr)r%ra? ge a)ttamed 'bg%rmg% a tﬁ*‘ﬁ]f @!ghsik Ilngtgrla] at the same time an

conventi ona proce
uncrRptsble dastarafion eftfe drmm bsha@nr wyéserly Iniakph this appoaeln lessltham gesizable.

gat QX §if Sl |aﬂirda&ﬂtha-:t id aﬁ‘@ﬁﬂy&ﬁ%ﬁﬁ 1st the Qﬂ})\fc@méht St Qﬂhﬂce%rgt@d’]stlhcon oxide/nitride

L AN 14—

Coréﬂfﬂl’lhtﬁé I"Vlth‘rﬁ@ld*r fl EYIO&pebctsk teshnign®. dtrhhsieenciound @t the reduction of the gate leakage
cuﬁfeﬁﬂﬁemlif lidpdhds HReR&e nln‘@éeh RQGR.RR Mc%&rgéfﬁg@ ) s1119Jn & 31%% layer by means of
I Hgt“%PtranS|stor characteristics may be obt ai ne
PSPV My a thick high-k material, at the same time an
unadcéfitrab kpprodédrabkat sugpesiod totd?&cdhéﬁ&l’ﬁr@blelﬁﬁcl’f&ﬁéhﬁl&ent capacmve coupling

of ﬁ’lE %é@ Elwtr)‘der@ lﬁﬁ%hénﬁ% %egﬁﬂp ' %&nim%ﬁlg kr%xo%nthg %a% Ig}:g-ﬁcFe is typically made of

sim | ar ap roac IS current avor e
PORSHSPh YR ﬁthlgef amgpt |°ﬁtd@F§j‘Ptét“§‘6d‘§F4 fociBrieagsk thel spndpativingel the @olysilicon. A
deflgiyie tayg treaykhdwleed, fomy i @eyae elebRdgat fe MRAKAGL the Whtt @Rblation layer, the

B P Ry SH5 B TS UL TR Bt s ot
redjige ssovialh ORIty o ko Chreseres dhacuabasifvofouplvs. GRfore, in an atempt o

extbrB@k hge disaivdnfagddf a H"f@l ddpavit &Lﬁ&ﬁt&@l&l R ztsréﬁ)seﬂl etsrstQigE to the gate insulation
lay%qﬂg gég{;)rr% seo 1nI )p 1£0?1t ete eie OI%%J aFF olﬁcorpkgagl?rf P earo l)é%h amount of dopants,

ewaﬁﬁV@ééﬁmhﬁgrﬁ@@h¢§m§ge%@®ﬁm@0mmvshh@n@mﬁ@@n@kp@hmmmmﬁwIummmd

traﬂsfdﬁtdfsflﬂfeﬁi |ﬁﬁxﬁta &@ﬂ@&édf gaVeereFPa@iﬁB/l ih anblriaﬁorp\ﬁnt}; Deagad Qmannel mob111ty and an
BqLr, he c I s conmonl

nn
offste 2 ga gs 8 éfg alg &agse? é)ygyﬁ gT P?e%%th%gate Bﬂqla}}%q Haye&@rﬁi the underlying
chapet fagiep. hi gh anount of dopants introduced to increase

t he pgandy %%HSJ 1i:h)é 1&t)rpt)xlal@onmln}ﬁ%%énl ifQ thch‘ dlcg(ﬁlglbgste& ?&Qe insulation layers is
formint eeeCtrO Iil

curls T S PRIt halatEh Ry 6F Seupre Segehuilpfe eliable and
repflucible inttodabé presfalgrogan ifith e tlﬁie@fcetedlmﬁded@ﬂl dafdssl the dnkd@ substrate surface as will

be B&Bb&LSHork GEHiIW, reﬂ?&c%@g Aﬁnldl ayer not only reduces
the_overal |l conductivity but also decreases the

caphErt i'g aheBHistY ThowsThepspwstienal view gha serrieahiotor devivg 100 including a
subgipated A ddr exdnipe wesilidbrsveedar aﬁkﬁr@gieﬁame&r & rgPvallOR@ENh semiconductor facilities. For
mst%@ %Fr%c{et@ltséng&nﬁﬁgf H!:lptg:s %?e dC t%r of¥he Sgbslpa Sﬁ)ll Ikl)irlla? W'ég% ﬁ'OIrI]I%OO 300 mm. A

gate I nsulation
siligep Hig¥iflq lpyep H2gnfomned |oe61ers@>ateate rph,evhemmoiopthe m ofsingpflicity, a thickness of the

silidoh ghxﬁmy@twpk idapant ﬁa an eﬁé‘ga&ﬁécﬁlln&n}{eroalhepeg{ 80 shd@hke 101 is depicted as

signi df%%‘gzll?r ae\éi}lced mztllgamesé %ormgn (g;& aﬁ;u% ngﬁ r&gsa CFtOF g{?}é}? g,tng?,dganced semiconductor
devigepf the Ithl‘fkf’%m%th@ eiticon idipride @dergaz @ay engeafoint afpyoxiniately 1-5 nm, whereas the
subﬁ@t@bﬂoﬂ aaly Ql@veV\é icd hedsasH t&hﬁ&geéfuag@%&%étgl% s3I Afdrea micrometers.

reshol d vol tage ca oron 1ons

M"rﬁ%"ﬁ S}e ét‘lF%g‘P ‘1"1’&‘8 aéedt182 g {‘.?Praief‘t(fﬁ insulating laé(?fdhalt Rigy subsequently be patterned
lntom@ensiuwlqngaye@&f ch@ine klen@g orh aFIMOShas @MOSasadidors, WARh in turn are
proxhcﬂz@ Q{aqgéé{ulngé? 019; IBJaﬁt{_} Wréa%ng@h Lc}‘o%é)tge en E%Xlllbgt? bl%? ed

gate insulation ?ayers I's current i"der

attractive approach, although, a plurallty of |ssues

are associated with the reliable and reproducible

i ntroduction of nitrogen into a thin silicon dioxide

| ayer across the entire substrate surface as will be

described in nore detail with reference to Figures

Ia ld. 30 Flgure Ia schenatlcally shoms a

. e A NN
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silicon dioxide layer 102 is forned on the substrate

101, wherein, for the sake of sinplicity, a thickness
wofod4hvessesi | i con di oxi de |ayer 102 is ill ustraPed/uiSznwoans1186

exagger ated manner, whereas the substrate 101 is

depl]&’ﬁg ?ﬂcoﬁsdugcgdesi ggrt JZI Igagq)%éXOVldg(g%I &xerlngl E)Q#Eﬁr%d ﬁ%ﬁ conventional oxide

npar e | ONns
gr%‘évtaﬂ‘rl?wefs Seiae Bpid ﬂ?@m@} oxidgigopop @y othertrenveltiondt Frermee nodcessdge As pointed out

ab&vle| theC okl HlG)l‘idiéjlﬁy& Peavidd2th¥RMssl & Bﬂﬁoxﬁlﬁa@f? AP b A%l H&tsﬁho{ently comply
dev1 enl ulrements vg ne 1 §Ubs$}r¥e%§ eq19% r(/a (¢ N ﬁxﬁrtyp &e jist ti f
Qe A EWLCTHERS jij viow of Jeakasg curtent and capagiyh g oup s ergietore corporation o
hlgh@mglmcpf mitrogen rmee & silicon\igxide aser 102 ney bd ilqccfsgury ®iaexi id@ease the dielectric

cohs@NiStherde® 2s wsll hO edhGRE @R G istaRdR dgﬂl%‘t" lcl?ag‘éel’}grriela)ﬁ%fauorhﬁ}ougp%e layer 102.
I nt atelnSU at1on

AT G T T R
peterrgathe sition gioxivhiayeh1G2rand e mdalymg subbtrapr 10V datig andrafier t]leaihﬂlaltatlon of the
bofdH Y oadl r t
oen%b@gﬁgtg?cg ngc"ﬁjohe% TR fa%ﬁ%n%gg%% 53 %E}aﬂg&q oft e Qficon d[o%de layer 102
wherrsed 3s9 %%IPWET‘I@@’E“‘I@@ TeSPPefiyed IR B RUgEel ayer 102 may be
pr O\Pilgﬂ&dlba.&hefmaﬁhﬁy BI’&)lws @ ﬂﬁwé‘xﬁﬁﬁir erviky 1000Whee rékﬂo&ﬂ&b a nitrous plasma
amgfél!lt ., Sk ep cgn? @ysg‘é ' tht un(% b%ses AS| gllleq bgnmown deposition tools including
oxi daf’i on conventi ona urn ESSE
appueprigi nomn@cpqomwnt aIBWo took riep-urjformpitias 1of pressntly diéaﬂhlel«y gapositigR tools and owing

to thavakda Qlaﬁhetélhdf eenesai©101 20PKIs fﬂainfél ¥hbibntnak Wyﬁéﬂﬁtlc varlatlons across
U|renent

the s],lilt]: {rate ugl zécg \%ilbc?lr e ie\éd tﬁ a ngréundfe rate 8{ Igta &Eﬂ ince oragwe :]Tgx‘f eaﬁ?néple non-planar
eletrpde prrpngsmows ditd Wasma fxcBation glhanam@nhadsto @fvarying mitygeen ignrrpipentration across

thetslil‘@trﬁé 1ol GRYRELH br@&ﬁh@@nc)n@}ﬁ%m 12 Ee eI B M cdABtAE FRES AL th%l?dlé’)?tde layer 102.
g:ncr ease. the dielectric constant thereof as wel

sc}eeﬁrgtlcra Slngg ﬁlctépugb g)faﬁlg]F ‘Ef IfaP(ﬁém](goé?lrr}anen concentratlon as is
obtmngir tarta comventionad wigtidatidneprécesy.e in thi@ 2xampleyith¢ hieogem cangentation gihn center region
104Ms Elﬁrﬁﬂﬁﬁh %%H&%B aﬂ@ﬂph@%ﬁ-&uﬁ? 1 d 5€ g%c%ﬁcoﬂc%nt?atlgl cflifféxle?ll:e%tween the center

barrier boron atons, Wwhi penetrate
el 10% 85 o BREPRREA PPl 103 oy b h el ﬁgcogifbog@fl&fvaélaﬂon of the
mtrib@eh caneertmagpnaumgt, laiveer, nbiie télerblesin paklioig hivh-ehd€MOB dévaras, since especially
C S L.
the! tﬂxtes‘ﬂol@ Q/L)IYa?é l)f‘ £tk %S’slsﬁ)h% J}(ﬁ%ﬂ?ﬁsmsgpg )t(c?%g §?1§!§1§§ftrlit8 g& contained in a

are usual orms on e Si
resg_eﬁtlwgélﬁ nﬁglétd)n é@lera %)gfeéueptllrys Bipmificpy ﬁhrpsgg}é pvarfaggns geross the substrate area may
ocduemaemmwedlt:é’da]ﬂﬁ‘sdgsﬁ Qdncéirdtide Mdﬁea rdtatigely @wl fhreshold voltage of corresponding

Pl\/ﬁﬁ%ﬂ&% C @Mréﬁs Epgl\("ﬁmﬁ QF co%gemra(flg ﬂglgrggsgsrthedc%}/rclesg&dm% Qufe"ch‘)?dn voltage. Thus,

pose %0 a
mt?%‘??@a?i'f?ﬂltﬁ @%fda%trﬁafferqﬂh arpas r?é)}he tsubssage é‘lb‘l in@h@@lfbsﬂﬂknicffmm their electrical

cheﬁ’&féﬁﬁlbst An@ Fhete@@) £ 1da8 GrhbOirmQ mt@ﬂi&fdQﬁEdlt@}n@y Rl @S&Rply with the specifications

ool non-uniformties of presently
eStaeo%fw?{ggtPemﬁ%raedwtcmSn tools and owing to the large

di afigtuerld dsfa zrmi} idngtnting the eunitive frdbebilitiy tof thei scopreasendd a specified threshold

volRBDS ANV EPYan Q6 t’I'h& véiycat a%ﬂ@@p&e@en%éallfe' Iﬁoﬂaﬂﬁﬁ i?C Eh@?ﬁml;e?of PMOS devices
ead non- uni

exlpbétfnésgs'pesctﬁr? lgaszﬂd v?z}&ager p%?a}folr%%ta}/ Ay regriéﬁlﬁs Fl@ threshold voltage of a PMOS
tram@ior. pAamasvides| fewt Figde 14ra ahgeiyenitls range o, Pt aSth@ threshold voltages with a
s1gﬁﬁ&1http%bhlglﬂy [HQ?JQng@WP,, I’?@‘Eibtglgeda AYtQJuZ}& {ﬂg reﬁ'tlor{ﬁlgg gf{ﬂ)we!eﬁ) fle probability, i.e.,

concentration across _the substratée
the BT 4 R S P BTHFh Y sl olgn e@ntbff SETGRHRE, Aerold voltage, i
reptebdtes by & abfandbliyXinete cirey & hevi@hizlessfolegily @mbistraehR mdat Gasihtloyl in threshold
volﬁl VR aink Yl I ﬁ\%s %xrgHBls bt%vg fare gﬂﬁé& \%ﬂ] g%{? 1{1sufa{10ngl%yer having a nitrogen

ncentration as Is

coqq?nfriat}oa xariatigy 2 showm ey exqmplet ip ithg s@gpa ﬁ-}gpuée layel 02 iAltheyglethe distribution of the
find} @GR Condéntriifon Adrosd tHe Cibkteike 10€ ehaPdiffer HImAEM sHon in Figure 1c, for example, the

significantly higher than at peripheral regions 105. A

typi cal concentration difference between the center

regi on 104 and the peripheral region 105 may be on the

order of 1-5% A correspondiﬁﬁ'variation of the

nitrogen concentrati on may, however, not be tol erable

i n produci ng high-end CMOS devi ces, since especially

the threshold voltage of a PMOS transistor is

extrenely senS|t|ve to the armount of nltrogen

T . . o
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characteristics and therefore at | east sonme of the

integrated circuits may fail to conply with the
weoepewicbswat i ons established for the integrated#CT/US2003/041186

circuits. 30 Figure Id is a graph iIIustrating t he

t h ccurrence .
poHH SRR b ol S RREHAPIERSTh B s v o
Figpeerld paymevertheless Peépm@%%ﬁlvcfmt ﬂéurgimdtfamﬂblp digtribytiognon-vpifmities.

numl}bﬁse@fental\/% Qetlié §1651em£mﬁtiﬁlecl bbb, Fhebd) 86t hr Grgent neeﬁ for integration
.esents the

schtelﬁes ac%)ur tlag %(l)r IroP a uum%les of %er‘? %%&h%%%)él{ \glfhm athin m%ula iDg lax_éeﬁ t
fromFigure 1d, a r ePBRCLOSUREQIFJBVENEYIN Vi, Vf of the

t hr %Q %Legeny %&ﬁgﬁﬁ %thonathe Sﬂngﬂgg Y @rfét or%&p flcls! 8eYintbidst of nitrogen
I an i S, obtailne

coq,cg}trgt[lcin g‘éaﬂ?lﬁ V&HELP %lélﬂllalt%m?}?rgb]aﬁf qe cPlypenﬁatge% for Ig%go@f;pélg a thickness of the
inswletimig dayerad cogfoxmity evith tha witroggn aonsqmea:tloﬁ wéldn thi masdmog Hyev.alnttaQweay, a reduced
nltl%Eé;ix CB&QI"I&% rn?asslﬁmlaﬁg mtcl I;eea%'P) tgﬁ grﬁggs'mlgltlﬁ thlcl:kness of the insulating layer

represented by a subst an &ar cu
and, xi6e VETffe | Hsl@e @sualing yayereﬁdﬁéier'afdea 1 lge dsdation Jayer for PYFOS transistors,
correlpohndiifigealiaionk oftha{h_teage&omesuﬁay siggfidaitlyBbkduckd. ansi st or s

t h?:Aézgoré(ﬁngf tg oﬁ‘glgl}]s%ﬁ(a/? ergbr?gg‘ltgrﬁ og Pz% gre@ﬁt 20 t&o%yer ?tho% H%gnﬁellg an insulation
laymwm%s fogmping; sndielesiricilayemwithi ag>initpe thickyesy onlaczmdmbtlmbﬁgm and introducing
nitlok@ ifitb SHer didMdtric QyerOfMérbtRer, fhe Rdkial HidiQOSNhLONERR1ERE 15 Qétally increased
acd %llrno§s ltcgpmsougnsctogcargtr% 101 may differ fromthat shown in

are P ToE RYAMEIS: the” -3 WD 2004/ 095561
PCT/ USZOOS/ 0411 8RRIEERESERIPTAONQIFSEHE BRAWONGY ar i at i ons

rray Thé ﬁﬂénfld)rptﬂiﬁtﬂe )ﬁnd@ﬁﬁ@cﬂgy ﬁﬁreﬁd@@o B6 RRShihd QRcripB@ taldS §Chonjunction with
curve sh rthel ess

pbe
e P EHE ST 1 W i ot BB b gt md Bonich
di sthiguiveifa-brschrgnticallyi show et fomstionCdrgley o kyer adigesdddfor gate insulation

layEnrg gf tﬂﬁ&mr ﬁﬁt@tgﬂeérjcgl?ﬁé Jah&]g m@fbl@a\éﬁrmgtsggé's gcc%ing‘ Iosa c@x@e&ﬂc&@ﬁﬁ)cess flow;

nmes
on TG GEPb oS e OGRRTREBE TRFhORMRY Fmsior ncluding
a gethinsulatinslayeadsifabgcated jreaccordanMBTIHOBIIRECoffentiohl pdEds€owT he
pr e%?gﬂlte bz{]ﬁ/@ﬁhénﬁpca l)s s}B@Stﬁed Ogﬁldtlglhgf :I lchﬂxdﬂngﬁgltlﬁglﬂer QEL‘c?rd% to illustrative
nor e fects of Interest nitrogen concentration
em?/"éilmile&*ls PBPFserDE Rrstiophandng uI ating material may be
conrinsat égicisargraply ilnmdtidg Wiengridion §itiadsn@® Golt@des b PBIOS transistors including
Nggr ogen
o SEMLEL I8 Lot ERILALT s p I gl 000
way , While r &) jeverfion i t jugsgrsivlec bn casiony al‘toﬂ’@?ﬁthfﬁ ands pleemamec forms, specific
emﬁfdﬁx&nﬁ&&re&&a&%@&lﬂh@%yﬁv@f oﬂ%ﬂanip[éﬁﬁ ﬁa&h\ﬁggstaﬁlﬁar& ﬁ&éﬁk&ﬁﬁlﬁed in detail. It
shclu{%isl’)% lrllr? erls océ :hoavgeverr] gchat %%%esgrg)%onaﬁ]eacm of s%lec1¥1c Fr%bod entf 15 t Oui;]tended to limit the
invprgige fo ﬂl@ parmv@sformsaﬁsiosqdobls on theotontesy dwdmrrglow &rtp apveoalk modifications,
eqfalehtl @nd Rifeaaied AnMOWiROaR sPRY andiseipk bf GEMANOPS defined by the appended
1o educed. According to one Illustrative enbodi nent of
“fe present invention, a nethod of forning an
i nsul ati on | WEPEGDHPR CARRYING MUTTHE MNVENFTOXi c | ayer
Wi t Hlll@&htlbﬂnibbcﬁxkengsr&k ﬁ:lg B@éﬁo@a@e &erlge?ﬁlbglb\% aﬂ'ﬂ% nﬁéf‘pﬁ&frcﬁh@ not all features

troducing nitrogen_ into the dielectric |ayer.
of %?C%Cl&plemf%% P Areatoed f Ll RRSEeRP™. ¢ fevilpLrowst b gporeciated tat n the
develaptednt biSanly G@dlaktyal iembdd@dae dumetds &ﬁ)jﬂ@fed:btfb@ speoifi dboidfomd must be made to

aCh%EA&IQ %% I%Egéf&“ﬁc %1% gt%h faTH ngﬂgﬂangﬁﬁgﬂér gﬂgcq; \E_Ie%Fses-rr]eéated constraints,
whicly willyaryffigm) ogennlgmengasion ioﬁthﬂéf’h Ve it Wﬂb@r@PMqu@ﬁt Spht rdevelopment
eﬁdrhﬁlg&leéQﬂﬁﬂ&yarﬁ?mﬁfc&iAhﬂﬁg§ but \lﬁou‘lmrleeéﬁtgélcsk B(\EME] ﬁuﬁﬁeﬁ%@&takmg for those of

nuner. nt i nts, and in ic i gures
ordfngrylsclﬁlls eag%%vmét Ibene thofﬁns%‘lﬁo Si mation of a thin oxide

| ayer as is used for gate insulation 20 layers of

transi stor structures during Various manufacturing

stages according to a conventional process flow,

Figure I d depicts a graph illustrating the variation

of threshold voltages of PMOS transistors including a

gate |nsulat|on Iayer as fabrlcated |n accordance Wi th

o r 1 S ~ ~ 1
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enbodi nents of the present invention; and 25 Figure 2e
depicts a graph illustrating the variation of

woOhomgbsied vol t ages of PMOS transistors i ncl udPagusa003/041186
gate insulation |ayer as fabricated in accordance with

the ”f‘h@;/pgegﬁtn{ YFenBin o\giﬁsn w]c asc?ly\gl ln‘g réfgrgnce QV‘%P ¢ tltaglped fs Jeures- Although the

susce to various rm I catl ons an ernati
vaiqyp rﬁglon%qaé effupiuges ofeadsBigPuTRgier sletidearesdspictdipahasayings hfblmmg very precise,

shzbl)’ cdﬁﬁghrdﬁfms%cﬁﬁ:ﬂﬂil% thﬂsetsfﬂﬂeddﬁ AW GSogaREthAl B rdA8 Shdle regions and structures

arehnofc'as \?remse %s quicg?{]m tha draw ngs ?{2181#011%1&? g’l ﬁeTag?er siztﬁ gﬂ'}e v&rlous features and doped
regiqnb debicted rit the drgwingst mayme emgmjatftdcpr Irddpded ag doep@@i fo rheasirt ioHihose features or

redidds toh) Gavkiediddl cfé%l:é%r NQEIBled] BELAREL, drM%s% ﬂlﬂﬁ‘ded to descrlbe and explain
contr intention is_to cover al ficatio

G, ol RS CRRHOR | PP A1 PSSP RHIFT R b dnderstood and
intgrpiieted to havech Is@mpecooﬁstdnhmth the/edérstonding of thkesé wmrddand phibhdeeby those skilled in

heargﬁﬁﬂlda?td Nocskéka%eﬁmmﬁé og[?hrg;ARBYla Wmlﬁﬁdlfferent from the ordinary

| NVENT [ustrative enbodi ment I nventi on
and PUSIE EFTE G BRI T hop b s p¥engaddy ba ippliaddy comisnt uage
of &l lterth eﬁﬁlma‘seﬁereﬁ STothe exfenbidt 4 @drm ioNHr SO Aft@kiddAB hadk @ special meaning, ie., a

mqu Jtﬂepﬁ‘igl ga@tuil st%odslgl%ﬁlgd a%%g Is och‘h a sél W Jrel‘mmon w11?f5|eh ‘?’q?res?ly set forth in the

ecl at
SP%? eatiap ingdpEiionsd menney s thsand Wﬂ@m@ﬁtyafw@pﬁ-thq:ﬁmaﬂ fleginition for the term
orﬂﬁﬁhSIOHS nmust be nmade to achieve the devel opers'.
Zﬁg lﬂhs?::f%le gvglfllg fﬂé Strat%éed en?az G Or % rclﬁ‘e}'gn%ee %ﬁehrﬁfé% %cl g‘r forg?mtlon %P an insulation
laypy Bhisodeaniagobseare sete inkuwation lyea nbiidireetlect Monsistysespeciatly w PMOS transistors,
sinBéa BEHUcQEd @hﬁf&aﬁ@%&" th® Qa@el'hnﬁlag&lvl%lep@a[m@ Bbtalﬁefdfr%ﬁlhmglhg Beshold voltage of

| d nevert

G PRI &4 e e 6 RGP 267 Gatar e polsion of the

prigdiplés| of jthe prdsent awctntxhatmen@ntetyecab@r@fmmsu]@tﬁontl#yms exhibiting reduced leakage and
exﬂ@h&@lp&%{{l\gty shA]ldV\%\geQQ“rA(Q %’é@@ﬁ'sldgrglr é@gﬂggg/ ﬁ%ﬂe]- 8t§e FGation of very thin

£res i nvention wi Il now be describ reference
ULETE AL HE FPIrES AP hEtigHY o Sriplogst ot GFBAY devices, the
dieeagic of capetters, @s ao ffrequesiymisgion deroting chpacitae inaCO8 @piiced, @opto-electronic

m1ér9st1{uglﬁes th ﬂx%&]&alaﬁg'al Q:ﬁ]\{ \41% rled Bf rﬁ%te&ﬁqofc&? Ialﬂ{tﬁ)e lﬁ(e

configurations and hose
r ec dURey éluihﬁié\te emib?flnpeél§| qf lﬂV prets‘ﬁ]é gléenp@gwlgﬁlgwgﬁ &escrlbed 1n more detail with
refaticel 6l Eifies 2a-ad.eFig@at Zﬁﬁzhemfa&@llﬁ €ho@S a ciddisetibratview of H&miconductor device

206j Etaa}ll\/ieﬂ an&gﬁ'}l & @ ]1“1¥ se&l ﬁc?or %L,\Jm\é %0(? J:o%n f?' eg) g su%gra e,201, which may be
e M s e R !

variou eature ons dep
anyy FRRVAIPTHRIG SR te e f@wgélﬁra%t@ﬁure Flem@w@é aspa%alla emaqteécplrws wherein the
subisti@te 01Z&h@és ah@iﬁﬁa‘tfleﬁs’ﬂinidﬁrﬁﬁct&ﬂayeﬁ fﬁlgtlh@ﬂtﬁrlcﬁtﬁbnfoabifduﬁ 3le@6hts, such as field

effgc?\{rfmsgt%ﬁ a{'}?ﬁleesgﬂhﬁgnse aPn cu(?ar dcnnen , lt}re st strrl?§01als configured to allow the

forggtipayaf ecugfelempgs preerdingto amaﬁemfrdoﬁMO?h@lnw@gﬂ basgchon silicon. That is, the
sulRR AR ap RBiesch Qs Bitdh SRR ¢ aREicdAHEL:ShOQE0H! Ié]l@strate hav1ng formed thereon a

crystnlgjlé {cgﬁgy%h ws%¥ﬁggge(@2 hg P nshftglglg{g'ss \é\"y)t i ﬁ)algeéi on the substrate 201.
The oisildtiagl layen 202 ey qoapese amt apaxropnatel\bd@p@ aiagtialgmEl a3iah jogitle, difat enables the
ms@laﬁn@ erePéoszB r;@(ﬁ/ﬁie tfle 1%qu1re@ pﬁ&@fcél %&réc%stfcb @f micﬁ)stmcalfa? El@lﬂéﬂts or circuit

rom t'he ordi nd customary neani ng
elefﬁ*ﬁl&%‘f@f 6%166%%? ”P%IB%I@“%IFW & i ‘”%eﬁémé‘fl%r emP%dlqlfﬁ\t & destfating layer 202 is
sutisigntialipdomendsedyf siticnsticide nThe st tickmebs 21 N8 déldEMRIPbelqatdt &F to be less than

a Jéﬁlregl gﬁggTﬁcﬁEsg r&fﬁfr&lnfor Ehlg q{)rm@tlo'ﬁec{f %Q)Q elergg{sao% té:rgst In P]artlcular in some

I nten ve a specla
emprdesptsy e ipselpting IQXPFd%fESIF Goploysg fercihe |f<é@atan tof §%¥ﬁ$n5“1§l9@ aygrs of PMOS
trax&B&EsL adheréiﬁ,f innlilgﬂlyo Ebplﬂsticlate&ﬁlte@i@&ﬂ esGlily, Helcokd@pdnbing Midkh@s of the gate
msglgcg)n lar‘{erch vogal %’l]edadrc))gvr? f1nI %nttom?tﬁg tgl Iﬁgecclnatfal g?r%swﬁ |f§ﬁe rfe%)ectlve transistor

the term or phrase. 15 In the follomnng illustrative

enbodi ments, reference will be made to the formation

of an insulation |ayer that is advantageous as a gate

insulation |ayer of field effect transistors,

especially for PMOS transistors, since a high degree

of unlforn1ty of the gate |nsulat|on Iayer may be

I I ' [,
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principles of the present invention to extrenely

scal ed gate insulation |ayers exhibiting reduced
woOeeakagsseand 20 enhanced permttivity shoul d, ROW$2003/041186

not be considered as limting. Rather, the formation

eleq'}renty e &Heréfgl% Nin sGhé lsxﬁ%tirrrde{r\ts ltl‘?ey iﬁ{uﬁm@ Ye? rzoiT?sy supsﬁa%é?arﬁ? comprised of silicon

r el evant |n a uralt O [1 cat ons,
digxidauitty they é\’ilab@§ egs 30 mdl‘}eé?“é%? rame;rowat@a%é inpp ftshoulde gipghasized that the

inifial @cditedsad ilyb vhlnSe@dnlﬁShgdl@CdbMﬂh]hel’b@tue SPAacd dr @fe%uﬂsﬁate@@ﬁﬁae to the high precision
staQ&Yds Sﬁéedhbg degﬁ) e&) teSlLlﬁEGtS oy Pongm%tﬂ% l?]l a? ! é]llély%}’ &J(liftze S, In

m CronecC ni ca structures |
nandt @ éxmital rgpgss flaw dortfpraing jthessemirpduckps deviide [206s the ditsitlgting layer 202 may be

foxgﬁ@ CbSi | B REtSblieHed ttﬁbﬁneﬂ) r@&ﬁ'ﬂ tteclhrﬁ'ﬁﬁ%n tshdﬁ NasW hdpidN@Wmbie ox1dat10n Any other
esc

reference to Fi
PSSl an‘ﬁwelb Pab3he obfufnpr i |S§>°hsaﬁ A dye pgees Piphalio be wed. I
othgj @W(’@melés dterinsolating Uoyen?02.debei.der ex@fifle, htingevmpaiged yf silicon dioxide, may be

fofRA Yy afhridkd ﬁkgos%kﬁ%thoaghﬁlchc‘ ﬁ‘snﬂlé‘sﬁm Qﬁiﬁﬁc@& cl@ﬁﬂ’cldlcﬁpg Qigposmon atomic layer
strate whi ch may

deppSiib, ﬁf“ie &F?ﬂ%’uggf‘%yaltsggfaamme rREFEHTS9F RS SU Pyl TEOS, and the like.
Regiegive posesatndinigep exe ivall ksyablishédeig ttetag dnd thisCidetcSiptionti@e6f il omitted. In still

otlﬁ%boﬁﬁ{gx%st fh@h@ula%gg'lail %2%2 Be @‘%Qe)é Ibgli 51@9\[0 freactlon for. eg(ample during and/or

sem conduct or tron o
after) Genglspndng of g S%Pgtra‘tfi %%lby 8IPFoPEte reagentsi yrhish éhean@wfp@ an oxide layer.

Irréspdc&ve off Fhe @akniqua ndell €od fduihing 1D @EMAARE layer DOE aﬁlb&@t&lné plossfddmeter, such as
prdc?& 9199 fnlag I &)Qtr(glgd %lolbt%w tﬁet}r?itl %%lcf{n Wl{l Q%hhl% selt %Hzrances across the entire

accor
Sultﬁa%%ﬂ)l oﬁs RPYiquely ﬂotedmaévavcgd semrvendu%rtmlma% etypigal dlnlagter of the substrate 201

is i’n&h}f 26 v 200- 3i’)b|nin§ OHowdvgSthé @Je@nt(lﬁveﬂtlon is readlly apphcable to substrates having a

a?rxﬁter lgsg nnhaggpelglrle S gt loolrr rt]oés%lg tes oggu vrlce g%:%rlan%xg,m%r Fe Inﬁﬁ have even greater
digmgigisr 202 haV|ng an |n|t|al thlckness 210 is forned on
t he reuRsiy @h&@naB@fty shoWh @nel BiHdbrALdd? dieligty B0 \%Qg ekfd¥ed to a mtrous plasma

S ielectric material, such
amglﬁﬁgg)(% ] pr%v%ogg\? %WEEIFA@% Eht ngrenole [t]oSPEH;Lg? br’l 51 Pgryxésrp'l%antb&nt 203 is selected
so psrfe\procllée thh @eqpigag witroga cpivysiaiga| wibinaheaicutingslbyiecZ20herein typically process

parin&rQ Sich H@ﬁré&&@é of e BB §030 Enyqﬁag %Haée ?]ﬁleg BB MsFatd ﬂ)l k& ; increasing the
e insulatin one particul ar

f ar ned th
BT LA PCHL PRSP TaFal 203020 b gy 39t Brtdiah fp convol e
pracophintdabingmitopdn igo the thy@ 202 eDurib§ the Iexploiureab the Binkibnin 808 S1ocal variations of

onez(;lerlokeSof % lpl‘olgég ﬁa&a@&eﬁérs‘?‘rﬁ&r g&:{lreagd RO t§§ vprﬁa 1!:>nf of the tn{ﬂl%%n daﬁfﬂty and, thus,

desi red desij hi ckneSs required
of gxﬁ)graréfeéff@rﬂf Qi genlnmg ghe dnsplating rllayﬁegto’l?l Mﬁ»reayer sptﬁle §}@jﬁg_es of the corresponding
plagmdodl i opeiivioss nontlhﬁormm&bfa&tamg:oinﬁ)heﬂts Qe 108, REPAsARAl iR mity of plasma
exéitnlg elfe&lroﬁggt Bifd ré\lﬁﬂ'todg%g th‘la HI?‘GE %ﬁlra%q% %r%‘ err*on-%m{omalvg)e% resulting in a systematic

nsi st or S, I n
varjafgneRy Fhﬁtnéf@ge@WPf@m“?@n viithia the G‘ISVI@@B @N@IZ% acrdss thk swbstrate @91, especially when
largehl&nﬁtalt Sbshbted AASMpREyEdD IBinkSMi@itlatidR Broteds ARmSER R IAOW in kR art, a detailed

h the critical dinensions of the
desgrg"%"“ﬁ‘?r“fy“ }tggny stor -5 WD 2004/ 095561

PCT. /F 992 30 sehouati¢ig shoprk dhpemiepndutiordayice 29, afterthesioepeporation of nitrogen after
or @H‘b@ﬁtb %Bluﬁe- to 'ﬂl@ @11&0@451%5 hotent ﬁﬁer&nggr?to'ﬂ% &ngrf’et AR iR lFlnge lc, in this

ng | icon é‘%? with the initia
cof PRI R DS 15 T TR o G B 6 P ser BRSO sprgiopfpr cxample, at
cenjrp! regivn 3D4] aiveto @ divad hirexdn tdnaehtrdtibveat periphtriladgionh206 K N @BSId be emphasized,
hov?e:\lig har dn? SproQ&L Xoﬂnﬁﬂmitley arﬂlﬁ)g Q(ﬁb? %J]LQﬁngﬁtieg ﬁurﬁlg rtl{eaccf\egtl&f of the nitrous
rate 20 precision _sta

Pla%ffaf@%@&* “’ékﬂ%‘éﬂ#dé‘&f f%@ﬁ?ﬁtlau&laffoa? shpwp i Figyre Jge For instance, the nitrogen
conceng atloa tnia gndr@;eea‘nd 2B easd selveralatiniey pbxﬁ@| the) BB Sof ftheOMvbd@te 201, thereby
genlfer‘% g r}gudgzll?}en%fslg(%]eﬁ%}% a(}lﬁglrbrgale Xil tﬁei méo en B(}:nbe%ﬁilitlgg ;’I rre?pectllge of the precise

gromﬁh technlques such as a rapld t hermal oxi dati on.

Any ot her appropriate and wef1 - est abl i shed oxi dati on

met hods, such as a standard furnace process, nay al so

be used. In other enbodinments, the insulating |ayer

202, when, for exanple, being conprised of silicon

di oxi de, may be forned by advanced dep03|t|on
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Irrespective of the technique used for formng the
i nsul ating |layer 202, at |east one process paraneter,
weueli/as5615 process time, may be control |l ed toPODIUARI3/041186
the initial thickness 210 within tightly set
patte%lt gftﬁ@&a?iaioﬁscgf(%%%i&o gﬂgehtFaﬁo §tu1?a§tt sr01%£ reg% Qs of the substrate 201, such as the

previ ous nce sem cCco
regiogs 294 anfl &S5, may expibyit & different aivegea consht tbﬁ @ay en@eltarsael@cmfference in at least

onk Shdrddtetidtie dT &I&gﬁsuﬁfmgz 0er @@@ d3pBcialiyo W%Vﬁfeshotdhﬁ)ltﬁgeeﬁeﬁ PMOS transistor is
corléf?d\égg tlIII v%ntfh tHc'e ms?l%tmﬁ a&er%&? us%(? Qs, a%gz/ glsuz%‘fl r ates havin g a

PECT 8 %ubst rat es of
f ut LﬁoethéeW@eacgEmtathemwsent Wﬂntr,dn thwipitilahieknesy @1 ig medifi@lrin accordance

widll a@%ﬁ&g of ttie %@o%eh BdhkeRts $his G0 BpRLOL Qilt J)Iﬁé elﬁgﬁtg&gﬁt !tﬂf substrate 201 is subjected
onauct or vij ce
to 3R ARREE b, 008 SmREH (7 SIS elep i T g £ o a fnlly requied

thicknfse pedictated by thé futhee plupgse o the fivistlating $ayr| 203 MBudngheeithe? 6:3dation of the
ms'uﬁtm%%y@r%? %xygélpwiﬂﬁlfﬁlge nytep W rgg$0n§ Qﬁh xreﬁﬁgiy %gdfgl{ %f?&:ﬂtratlon such as the

concentration wt i nsul at'1 ng
Tegigns P PaVherapho ey e ﬂwaaraamféﬁegll Refitepn the mf&ta@egslefeé%aemt thgsubstrate 201
is ek intre@@S withhigh bitragn V&icérﬂﬁ&)nﬁqﬁﬁﬂ dsakk defitral l‘bglofi aOs tDRte the differing
dlf’[?llgl'tl)n ];a(t’ers ok Q%&ﬁélt ttegﬁ ént c%f&pgl ﬁermg%{(iﬁatlo{n rake Qnd%us ablocally varying

ticles
thlalefsa sf %mtueﬂedww ig cﬁetesk 5 Thsrede s fintl thigknespefitksi ltlﬁglatlng layer 202 at the

peﬂﬁbh&xﬁﬂ%ﬁs ROB, Ravinb @he |1c&MﬁtEog2rQ<2>nceﬁ&hﬁbrﬂ (13 nﬁo?&int@ﬁéﬁ&? cRask®dthan a thickness at
the Qﬁraﬂ%%on%& hé%?n% the h{gﬁ gljtro Verall Iegng%llggtlron é”n 8re1f1 %e if xgncg?l{tgiél%;ss increase in the
regms ?&’t Jud F0pis Stlth@nttqllx fle@gelnedd@rth digferenqel in ttlehmsogen ofncenprgion. Hence, the

thitknése Slft&EncE AtRat&fin E‘éubfta@tgﬁﬁ sélmdjfﬁst&hﬁanherﬂs ulating | ayer

202 Mor.eover, .. s hanges, of gndj n
ol B BT PR o PR PTG P& B R lver 202 avig
locglbhyarying lﬂtlcilﬁnf@* Astpeinted ot aboye @thicksess2 e a-therpefiienad egiongf05 is greater than a

co@és Eﬁﬁg thf%l&ﬁésb'l (ﬂ)git gl estdi Qééﬁﬁ 2040 'Mﬁeo%re&‘é t[u@lglgé 2808ds érpager than the initial
non-uni formties resultin

thlfkﬁengE(&/ g%{eé%fl faéio §681e/ gt}tegiicgﬁssgflo f.lﬁlethehf I%a} %‘5@}?55 for examgle at the central
regipr?06 it goatrdlied inwbdfbrimity tvhie ddsigs wh@temags foaye msu2Gidg Bgdr Q8 For example, a
degnla@ ec?H/ngrtt %ﬁﬁ@thgg;ss ﬁﬁ@sefﬁé %lylsﬁ(al ‘ﬂﬁ%ss (g%tsﬂﬁor%é%% 1?& having a specified

rates are en‘p1o ed nce nitri I On process
pe%tﬂgweglayal?e sequ anQerFq,]mfr?gén a(?nf:entrgloa d9r 4 ipulpting layer actually having a
gredigsiydiqat thickueds ey daf beidstermntified e to dchigyd R sade: penmtt1v1ty Next for a maximum
t r
tol§r9t]'].§?§c%§os %alo%l}gglﬁ%g X\ﬁlge xﬂﬁm? Oggen% Qrglg%ﬁgéog a c%ﬁé’ Bon%m ref:[ i %hlcll’cness increase
%&%@é@é@nﬁw&ewtmnéwnweﬁ%ﬁ’r ﬁlﬁ‘&ﬂdeﬁftm@@gl mag; dptamlrte@ for example
by b&]&tla&mbﬁxﬁhﬁm THen lﬁtegﬁiﬁﬁ thicRness 210 fnﬁl} 1% seleb®d GEs&h a ranner that the final
thl&ggs ngé)eag L t%vm%ﬁle norr%aélnriat}/o%noc%%&rrﬁ%a%oﬂ sulbs%n%j 111{] gcortérgspcglgs to the desired
des(%rﬂupkapss T é)gqt]@_m a@@4suclaﬁ;dhq I@rlﬁteraé@gpg@dzom thqtblg]g]qss is then increased so as to

coffRAGR Mir HiRtidcR Bf Ifiﬁrogéhe rDe@Jﬂ@iﬁ@J)n thEQpBIIYy of 9153entlyt ava RO hifd iR plasma tools
V er

o SROA SRS SRPEY 8F ToRESTR: ToPAPEFEen apgor povidng o
Subﬁ‘hlélalbr weftimoghanadteristireof ietinsolating 1pykreddfranan irb iakant intd @ ompyy correspondingly

adﬁgﬁh@ﬂhé abgtet}ggmgeq%gnt ration variations shown in F| gure
For st a&% the nitrogen concentration
£fica

2c

nofansamlng | (5 B et R B G GUVA NI thickness of 0.8 nm,
whigh aned, dowesér, kdigo mwksble &g Oirentd Revel bydedit: @eBd@FiaL hdt@evidusly pointed
outP lA%tﬁ)lgen r){:h gflcoll gﬁghe 1E%?<ﬁa0'iﬁ% Qﬂ%?lggl ﬁlcﬁgss%ff apégﬁnngtéfy\}\%gnn may therefore be

concentration. lrrespecti
selestsg 4 @gmtfhpewsuéﬂeowb%ﬂw 206awheermthemtrt>a¢@ concentration is selected to
subgtaitiaByt dchieve tiefpetndi@vityiof the et GERA@NbLRtthiAess.at or la %ﬁf&t process variation of
app?&ﬂgate?f 9-5‘%21? Qrfadutélgg nl‘?ru l%% t1rr1‘toa %h% 1%Ol%ﬁng§yy%$ ZeO?EtrI]l 1n1t,1 thécétéeﬁs 210 may be

content that may enta|I a S|gn|f|cant dlfference in at

| east one characteristic of the i nsul ating | ayer 202,

especially if a threshold voltage of a PMOS transistor

is considered, in which the insulating |ayer 202 is

used as a gate insulation layer. 5 For this reason,

accordlng to the present |nvent|on the initia
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i nsul ating |layer 202, oxygen will diffuse faster in
regions with relatively | ow nitrogen concentrati on,

weueli/assét he 10 regi ons 205, whereas the oxygeRCTIUSX008/041186
an interface 211 between the insulati ng | ayer 202 and

seltege% 5 Up {O%Qtelﬁq:b mﬂ ;§101[ &)%’(j o%tge the n%g)lu 1e\£4 509 IFslubgequently, an oxidizing

roe concentration regl o
he?@‘&aﬁn% By by @usied eyt pe asr tP ﬁ@star@tplfyfqy@ndhﬁ tprgqt dlrickpgss ﬁ)@yg@nmately 1.2 nm at
poftibnsi H&emg Aeiha@s Qirdded ici)ri@edu@tﬁ)@ IDyte €I thed Bk dil?,fgeﬁi affﬁlﬂcﬂl at lower nitrogen
oca

co?cr%ntrafloa Iantghingss éltr tlhiﬁ?e tXle t‘ ea e% w[.ﬂas t ?tgxfc ess ZHQ fs t?‘eglcorrespondmgly
inqrégied Idm?s@ngcm ﬂ!ehbffqrqnmfaltttoa@ chmpeead tQ BP neppinal higrogen concentration. Thus, the

ind?&kd iR RfdkAdss 41QGhONRSs %Qﬁesh&]@Vélﬂa& dt G@esb&merﬁahﬁs@’cg @@ucture due to a decreased
caoncentratiqn, I ncreased t

PeEREREE oot 30T (UL AEP BRI PGB 265 RAV: G HRe g fo ivogen
varitiorspgen concentrati on, wherein the difference in

thi CIK @(ﬁﬁeserrfb&ﬁﬁéﬁ@stﬁe fll{?ogtmb ﬁon—uﬁﬁ&hfp}n&ta%lgél dl@‘ﬂg thg Q)é)o%mc"e to the nitrous plasma

substantial |y determ ned by t rerenc
afrieptr Gy e IrEaied et hobrsis Pfé?t&%‘bmﬁ‘ﬁ%” bise] @hpgREpments obained from product
sulhirfitéseso em Ge carSspeidaatyexdjuit pradess tphrsﬁeaeﬁﬁ btahé M.lbﬁ:@llleﬁt' axtljizip e treatment to
obTR M e sir <.li: tal%ytrt}ﬁ Aégs Sty %@%%Mb& e|n¥ e a(gt}égl t 1c % for examgle ati%ezcentral region

sem con uctor the 1 nsu
20fh gAY he catroljed during ;the\Patdgzma geat maén@nfés & toMssc«pl@mqttleedreum after a specified

thlf’:lhhékd &,actevtd) | BBMARESIng difd@r Abre tteﬁﬁu&ﬁités}%hﬁ&@é off c@ﬁpeﬁﬁtlc&Q@uued to achieve
a \}aﬁatg %te insu agnérlayer 20% dvzltﬁ 9 [ regtscg ec1 ?ﬁara(it?{ts Iﬁaé/ Sl’:)g %Iﬁef&gec} in advance in

r eov r,
ordeg t<gpléaazt ee#labtlehnmcetsn@ramtem akh psh Blickeesssof @ initightaickriess 240, conditions in

estﬁlﬂfslhﬂg tﬁgmt{ohﬁpldsﬁlh ﬁrhb'%lnt 3001 £l E §Bsedikb: RAGink Ht%t t@éaﬁ’r@h’c
th the central

cont rl%lrﬁ &Ck}ewa‘tgglﬁ'f g?vm at %;a;\%hr?pﬁes?ilgg% agﬂlm}l@a\ﬁl cé)fat]glmz gar*tﬂﬁ between a first
vabi g andhissebat vaig Br sy the 6Rge dEtilerablealmph@q vaitages @i rangel Vi and Vr. Compared

to ﬁ:?nq lébrye@ﬂoﬁc[ﬂg ?%h glﬁ)vvhm ﬁgﬁ@ $6 thelyRidbiod & tleNGeROY 3&1@@45 is significantly reduced
I'i con .di oxi de | ayer havi ng

dug B)e g‘f Fl E&Hss Vﬁréqtlﬁr? qu%owty V\ﬁtgy‘leﬁlérygé F"é“&%e@ aorgﬁaraudpns in the layer 202. As a
copseqpence etthqieducaperiation nf:th«nmreatoldomltefge’srofaMasgtahmdrmrobsayeaa“ntxre substrate
20@%HQJ %Mraﬁb@svﬁl%easetzéorg 'tl %%lthgl,E){é]luﬁ:l ngelsgd(&gtsﬁd UBYt on the tool side.

hen be deternined so as O achl eve e sane
Suﬁlgf ¥ri 1Pt 3 WWOHSMPrOVIP%Pre%SIWIﬁWﬁ?ﬁoo{S é‘]’réalstétﬁts}éngp?l?)%@%"é plasma ambient
205G e v inforritiproyed mﬁlfdhh@/ dlitHertigesBol V ASFerf ANIOS @afisisid3Inaydhen be obtained in
acGfiahcE mmgtrgsgm iR AL S b RS hOsh GRS Tor a

m ni_ num nitrogen corcen ensate for the
| acKn8® 2pvey fltﬁgf@ﬁd prefipdipenty diedeatitertiag for o furéseapprightion oftie substrate 201 to
locaily} ifdidasd thethiclabd bDihe ﬁ%ﬂhﬁﬁg 1BRN202 hidREh deich&:dlaﬂh Eebaﬁ!lte process step. In other

eméaﬁciix%%tgeais thgr%i% onta%on of the 165'131%%&&%{&%0? Y be came%~I ?1 % t'ool in which the

ness eas aVvl n
nitipng plagyerAndispcIAtip getiblisheds u it etmncalampx@mng agbispfdmayt ey established after

dlsEd'hﬁmﬁlfg% ﬂlﬁgeﬁ&pﬂ % @0 atibibde &W&Safteﬂ J&aéﬁbﬁiﬁé a%B@e@ﬁmdu%Jﬂgbma generating

era 1.0NS ckness ISt
et e Bl PR R R da BB b bR e b ioducsd ot
nityppg pl@g}@ PpmbiE Q@Z‘nd,hrmg atolpast hpartce pativiel mttryal ohilpexpssilttheysubstrate 201 to the

mtﬁ)\{@biaﬁgl ﬁnb@eﬂldmﬁm T*Sﬁmﬁ!m@@ r@&%}g%a be 1915*0d§<§£1 th't@qhﬂgent 203 so as to
he nitra degree of

Sl“&‘&??ﬁ%’ﬁ‘% 8’fltLil antPer Sé‘EUPtF %%t % fherﬁtYdWﬁWbe fgwkngﬁa &b Evatipg lgyer 202, wherein
a grovith oferiy mbsean@edly eetérmiinebyothe tili@gen MedipoddtibrGtel a8 Yedfihe Y Zny1ivy-uniformities
of R@ ath ?%3' PrleRra B GRY %gep % u%t‘?)glg;gia? gﬁﬁbeﬁltge!d&age%qjthlé %;ocegsgfor introducing the

he above- descr be

m"é’é‘i’i‘ﬁf’ et thefpod dnd gmbieat dspepfentligagem ‘tarlfﬁ*ag/ hars él&mfhr 'eeera%tabhshed within the layer
202 (THe\4Bdve fih-si@iX leflBodinkehE M @8iSh fifrid&io addrbixidatibh io€dirs \éplle’dsﬁ%)artlally at the same
ting g%%‘g@{w(%e'r,g eedcro%tlgde{elat a%{)r%}gr% eI S eyvaoeglg )e/ C u ! :]dt%Igsg 7 al%v«f Vi'x% )&ubstrate 201 is

nitrogen rlch silicon d|0X|de | ayer haV|ng a physica

t hi ckness of approxi mately 1.3 urn may therefore be

sel ected as the target thickness of the insulating

| ayer 202, wherein the nitrogen concentration is

sel ected to substantially achieve the permttivity of

the target eqU|vaIent OXIde thlckness For a glven

o . oA A7 "
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concentrations, a thickness at the respective portions

205, such as the thickness 210a, is then
woanwugefgondi ngly 5 i ncreased dependi ng on the PCT/US2003/041186

di fference of nitrogen conpared to the nowina
SR80 RGN AR R HMipe e ISR 5. 1o cercmtsimens
oxyeeR pax bt gueplied éh @, i8] phase oy the pifypaen entredttc@pnaw@e@rr eaﬁze df nitrogen is ﬁnally

colBflétéTy Hikdoitintiad sb B tb lﬁ@red‘s@t@é ﬁiﬁ&l tE8ess £ 1086 BOWedHicd 'fﬂrgef tﬁl@l&%dsy
redUC| nlg ﬂ t%ens I t1.vi n ors t

resent invel nt}/ v1des techna eS lfo % emel thln msulatlon layers
var ‘8t S Bf RreesyR n83§ rent S. O He hi Y8y & Y Y
reqyising e inkeyparitioy Obmcé‘ ehaebufeief nn@gtnhehee@upbmﬁeg of itrdgkrevariations across the

subdirdid Qibace Ma?%@ﬁducgcpmatﬁbﬂlﬁﬂé andfdBa e Q@ro&ﬁ 'in%&mrﬁﬁg aPbkidation process is
test, substrates or based on neasurenents

per(gorstflg{) aita nﬂ:ogeﬁ ‘ﬁflgla{lfclfad tgaggrtogegt cggce%t1(a1sdef>e51dent oxidation rate and, hence, a

nitegenr @s@otradipbn gépgndad| thisknesp vartties of) e dsekigigSlayef. Tih @articular, the threshold

val%ﬂgﬁ %ﬁ#ﬁﬁ&tor@fﬁelﬁuu@ tﬁeghulpﬁﬁiatlﬂgr 1%@} {{%%&te %_nr% C}leltcl}%l‘ Igayteﬁﬁctlvely be reduced.

desired target thickness.

act Uf Ptlﬂt“&?k ﬁ‘é‘%oé“ne‘ttb FISCé%é%@r?ﬁPe axg illpyyative Ol 3 ther laygptign may be modified
an@fdcticadely differemdnt dqaikdi@tmahidrs fpgarbieo Bk dlhldemgthB Qn’ﬂhavmg the benefit of the
teat:l{lrggth%g t ﬁ)gﬁlglte oth(gj pt%gegsngt QY& eg;[o(leer%t erfa g 1n a dlfferent order.

ness-1s ac |l eve
Furigmeors, ae tlmgﬁts@ﬁ Frapieaded o Hediiaile oéfone@lntpews designerein shown, other than as

desrcﬁﬂzﬂ lif @6l clhifs B&IdW. €Y B ﬂibﬁfo@e & brit at ﬁﬁ@p@ﬁcufa%bbdlﬁ&ﬁs&ﬁdcﬁ&d above may be

Tt gy dg w th.respect. as C cq€racter I.Sti.c
a er or mocp ed and all s 31 var1at1 %saehrg ecoxlpsﬁiere étglp Scops %d plnt of the invention.

ACP@‘I‘“P%)@ the plystee@e sglgfﬁ) h?f@me assetforthgy thh clalsﬁs belevhi ckness of
the initial thickness 210, conditions in establishing
the nitrous plasma anbi ent 203, and the subsequent
oxi di zing heat treatnent. Figure 2e schematically
shows a graph representing a cunul ative probability
varyi ng between a first value Pi and a second val ue
Pf versus the range of tolerable threshold voltages in
a range V; and Vf. Conpared 20 to the corresponding
graph shown in Figure | d, the variation of the
threshold voltages is significantly reduced due to the
t hi ckness variation in conformty with the varying
ni trogen concentrations in the layer 202. As a
consequence of the reduced variation of the threshold
vol tages of PMOS transistors across the entire
substrate 201, design tol erances may be set nore
tightly, wthout requiring increased cost and effort
on the tool side. Simlarly, for a continuously
i mprovi ng precision of future tools for establishing
the nitrous plasma anbient 25 203, an even nore
i mproved uniformty of the threshold voltage of PMOS
transistors may then be obtained in accordance with
the present invention, thereby enhanci ng production
yield. In the above-descri bed enbodi nents, the heat
treating for a further oxidation of the substrate 201
to locally increase the thickness of the insulating
| ayer 202 has been described as a separate process
step. In other enbodinents, the thermal oxidation of
the insulating | ayer 202 may be carried out in the
sane tool in which the 30 nitrous plasma anbi ent 203
is established. For instance, an oxidizing anbi ent nay
be established after discontinuing a nitrogen supply
to the anbient 203 or after deactivating a
correspondi ng plasma generating neans or after
reduci ng power transfer thereto. In a further
enbodi ment, oxygen may be introduced into the nitrous
pl asma anmbi ent 203 duri ng at Peast a part of a tine
interval while exposing the substrate 201 to the
nitrous plasma anbi ent 203. For instance, oxygen may
be introduced into the anmbient 203 so as to 35
S|nultaneously oxi di ze the substrate 201 and thereby

T T L o " Y e o N PN
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nmore uniformy provided than the ionized nitrogen in
woheo4makicent 203. I n other enbodi ments, o0oxygeRCTAR2(08/041186

supplied at a final phase of the nitrogen

i ntroduction, wherein suppl yQfygitrogen is finally

conpl et el d| scontinued so as to increase the initial

t hi cknessA pathediosfopmiae apduspipting dpjert thy eiod comeikingss. As a

][ es Uﬁnﬁnmgtam&hﬂ’ﬁelﬁﬁﬁ bo2l vnmammmlalnmamwlzm@s afoxidRRRB kufiiRief OF

orm ng extrene t ati-on .layers 5 requiring

the i noglé mﬁél}trg ﬁnonxhosgpdlelecm F‘?’er%:ld armunt s of nitrogen,

wherlealy inergasiag fseid tinitpl tmkmsa gEpridy dielpctrici layes 262 peserding ea local nitrogen

subst r at eopddfitfa8&e May be reduced in that during and/ or

after the nitrogen incorporation an oxidation process

is perforned. The nitrogen variations lead to a

ni t ragen Bemctind piaddinn, depdnainhitio thidkadss 219 is &kcalyamebased by oxidizing
saldGisEee. @ Nitrogen concentration dependent thickness

variation of the insulating layer. In particular, the

threshold variations of transistors including the

t hi r8.i nsulhatmethgd btacyaeﬁ 1 A8hegeingaid @liclaaisit! lafidri20M cdnipyiek silibod dioxide and the
. sSThe particul ar enbodi nments
mlg{lihg&}loégselglng 2%1 &ﬁ?uei}?or a?ll‘%{l/e only, as the

i nvention may be rmdl fied and practiced in different

but £qui vk eRthodTeiuMah 3, ﬂﬂﬁbﬂb@lﬁlfrlsﬁg}d&&iﬂlﬁﬁg § ldtib lo 6hid Ritial thickness 210
anya:I Sla)%%x(&gp mcr?aﬁet tQ g?ngglglgf e!ct oharacterls{lc ?fesalé: ]ﬁlsu agrsfo%/lgye L,:I nbe

performed in a dlfferent order Furthernore, no

i m4 ati omsmeh& df Bhien ek rdiDsatd Ao @ik @indied &fa target value in advance.

construction or design herein shown, other than as

described in the clains below. It is therefore evident

t hat6-t he Thametheddf alrimedaiybedéimeivtratiods ashib\ed bidcoatbdling anteagt dpeof said initial
thidl@esB1Eh 6@0&5[ paFﬁﬁgﬂelf WEE IRAE ifkdasiUGH i@ {hﬁﬁcﬁe@srﬁo Hn& a process parameter

ere hin the scope and spirit of

ons
i ﬁ{?@%‘?‘?%al HHB%EBT dingly, the protection sought her ei n
is as set forth in the clains below -9 W 2004/095561
PCT/ 7U8200§1/e Qe dBS clag—lb‘l\&b@ﬁgr sauﬁiﬂ&ﬁrm&&foz E%&He&‘ﬁlj #Last one of thermal

i nsul |ng | a d conpri sing ormn
e 8t “Ff“&a ?’%%té?n Fepicalivanar depositipg. plomic latymdeneﬁe%angwﬁﬂ reaction.

an oxi di zabl e substrate; introduci ng nitrogen into

sai 4 di elgetihbs bkt 120 B

said ini tlﬁjaﬁire C} ckness’ g&%ngn %/ C{Hﬁsruﬁ%?gzlg}%r as a plurality of
gatg ispatian fery i FYIQSoeaaistass 4t fhéf@féﬁ"f loc@wmﬁw sarbatreﬁq 2. The

met hod of claim11, wherein said ini t| al thickness 210

I s | hgaerL’%ﬁE 61%&1 (f qumbly %%(rledlsgih rl']l 0 en % mgchlf:eSc’lt rt%‘tsald 1n31(1)lat1ng layer by
exP%‘?@%ale‘l'@tf%PrBW%‘éQla@al i ;:on d| OXI de and the i n| t| al

thickness is in the range of approximtely 0.5-5 nm

4. Tlae rregrple dodocf claim1l1, further conprising

det érm nithge X4 SPPE 8t said initial thickness 210 15

and fermingisiigem dlmdallayﬁrm@aé@ss day¢rdoraagaterdislectsic s/pleai ihitigl thickness 210 on a

char act erﬂrs?tafeg a4 a%@doﬁ]d b2 QtsihE‘& éoﬁ%ﬁfhg sémcogmﬁtop%gqgowded on a

of (:Ia|m4tﬁ erein said ratio is determned as a

target vartit™$n advance. 6. The nethod of claim 4,

wh e rigiorducig nittogea intoxaild silieod [diogideldyehyndcont rol | i ng at | east

one ngteas?r%' %ﬁli Fﬂti&i f’ﬂlc %021t0h14ncsjéﬁeﬁ§c a%&(%e 89(1 Ql.re&.c(%sﬁle basis of a nitrogen

par amet er increasing sard initi S
t hi cknes scowrt?aﬂoaﬁaﬂaawﬁ) €’é§%d alatirstrebprapteristigfiaid gate dielectric.
I ntroduci ng said nitrogen.

-10-
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7. The method of claim1l1l, wherein said dielectric
| ayer 202 is forned by at |east one of thernal
wgnrowioasset api d t hermal oxi dation, chem cal vap®CT/US2003/041186
deposition, atom c |ayer deposition and chem ca
reacti on. . et .of claimad. . .further_ . . e .
c orrrc;1 ti si nTgh ¢ E‘Sttﬁ‘t’de"}ﬁ{%‘ﬁngﬁ’ 3 g?eq “'ns uaflg% %plrﬁl glmflaa%;t/11 é‘}rkneﬁss2 19 includes oxidizing said
subsirdiz-al ity of gate insulation |ayers for PMOS
transistors at different |ocations on said substrate.
9. The hod .o [.ai m.1. . wherei.n sai itrogen.is ) )
it Gaucai Tt oEpE o yPY g e el 0P B ot pger nroducing
nitepgéndnte safsisstlicent doxide lagerni t r ous pl asma. 10. A net hod,
conprising: formng a silicon dioxide |ayer as a base
| ayer for_a gat ielectric wwth an initial thickness )
210 n a T RGPS 8’9 eamaHe YAeER Y AN Pk subftraty 1g jpprfoupd at least partially
singiyme sl witlging @it iggominchg et inp sdidsjlieon doxdie¢lagjed on a 35
substrate; introducing nitrogen into said silicon
di oxi de | ayer; and increasing said initial thickness
210 fn s dibEmpthodsqf claigl Os Brksh epmmF Bngietsiminipg2 196asef aibinitial thickness and a
maﬂi'rrﬁn_holgﬁﬁess naBsei ohadf !saﬁc[]ﬁx@ﬂﬁd @'bdﬁ& ﬁkeish@c_foﬁl'rdl a@iﬁdiﬁacharacteristic of said gate
cm%%%Lred characteristic of said gate dielectric. -10 WO
4/ 095561 PCT/ US2003/ 041186 11. The method of claim
10, wherein increasing said initial thickness 210
i nclisdes X inethdd of aidais OvheSid BSd 12 i€ detokBinedldd 8 tafRE VAREinQfivance.
claim 11, wherein oxidizing said substrate is
performed after introducing 5 nitrogen into said
si | iléon dihpwietied dfzpjedm 15, p@ereifilveid masip hioathisfed dly apmmolliftg at least one of said
inibivD @ficRhdds, @pkddesE pAEnSRvHiS BRRY irdfeRink $2il Glid? iiRELs A bnd £48dess parameter
hﬁgrtéfﬂié§m si mul taneously w th introducing nitrogen
WP RARE 8 PFPEBn di oxi de | ayer. 10 14. The nethod of
claim 10, further conprising determning a ratio of
said initial thickness and a maxi numthickness
increase in one of said first and second areas to
control a specific characteristic of said gate
dielectric. 15. The nmethod of claim 14, wherein said
ratio is-determ ned as a target value in advance. 15
16. The nmethod of claim 15, wherein said ratio is
achi eved by controlling at |east one of said initia
t hi ckness, a process paraneter while locally
increasing said initial thickness, and a process
paraneter while introducing said nitrogen. 20 -11

-11-



