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OXI DE LAYER FOR REDUCED W/ BARG NG I N AN EEPROM FI ELD
THE | NVENTI ON The present invention relates to a

met hod of fabricating sem conductor devices having
WORH0YMIBAbi ity 5 and the resulting sem coPel/E$2094/019664
devi ces. The present invention has particular

appl i cabi | i PRCVIRSIEIADNIRIGH OXIPE LAVER BOR REDAUCEPIUYed f | ash

nmenory devices W t hynpaiieedn A eeproMchar gi ng. -
BACKGROUND ART Various issues arise in attenpting to

satisfy the ever increasing demands for

m crom ni aturl zation, miﬁmmmi@fl y in fabricating
non-vol at i sem conduct oi fg%w
P

me n,a‘p?prﬁ@\t, n&eé}gon reéateg toa IgEIﬂ‘lé g?l?gysexm%opé.lgtgrbq%vwes f?avmg high reliability
angb the ge¢seltinyesdethieondigtad dqy1q¢sy Tie mgqseyt @Em pagieular @ppljcabilftydn fabricating

milSHRANS o{ 05h R0ty abbbd Vaih refhcsd Ot bidfglaki zation |ed to
the fabrication of flash nmenory devices conprising
transi stors having a gate width of about 0.13 mcron
and under and gate str GAFRFRAUNDARRed apart by a small
gap afiousl Beidd arfee BQttdXipHzOn saikfy e Sger ikiRasing dam@ndy doygmicroypitiffurization,

%22}4 fa&ﬁﬁ&xg %Q&&tﬂecsgrﬁlconaﬁtop&%blg& s&hqﬁ%ﬂ Jnen%ﬂa&ﬁées,'esg electrically

eras?blles tprog%?x@?%l e, % ur yzlcirg%{)rgl gi%lg?(a dechgg 3; é‘os Il m%ri)ds for %ontmumg
mipfogingatizetion fod trethe feteisatipn 4f [flash gremdrie degg_qg SomppEiRecyBSStREs éﬁvmg A§ate width
of qﬂvoﬁtr QB b R A o dePdnll Q4R sRHECREE §fkGd Biad 518 smiliBgap GRABout 0.30 micron or less. In

acca)é ﬁxcg gmlafon%nt'ioga‘? rac%m aln%gd s %Latﬂ s?ag‘lr %rfl)r){l Cfg% SEEEM of the gate stack,

mensi O S ar -
an o CRPPPIHG AT PSR SRR PR

pr oceshitiginiatiiadon pRc@dsppae. vadews ralietisy iswtschisn garmq!@ﬂy as EEPROM
de? gesclﬁlkal%x?%drs] Qd gﬁg@{ngol tEeLHe@rsLNmigrUﬁ teBiBe, chﬂﬁmv Bhaf2n@ 3&'111@ Gack &M of line
oS0 SETeLt o, S, RS SRR ol o1
ratfiatioin geR@ategurin suenptepassing mitsamendesirghplefUyrepasgies] ogthq,ﬂﬂslt Iaeg@ry devices with
an( &Qndan%l:rlea%e m&gsholcﬁvcﬁag'é l@W e Cdviidd atd\butgdond @i UNg ctarailg and exhibit an

mg%eld Q) arre exgemeiygln Cf over-goggefn{ a%d ﬁ%gdgfﬁ o¥>veq %rgsfe ' If:tHJ Jnmzk th increased,

ogr am over - er ase.
thire st 1r»sa fof W ' W@dqwri@iwe@stbﬁdmsedt Py d jthe progammey stalp, We% A, various
reli@lliRa bpéritag Q)Ea‘ﬂ$ﬁﬁlerﬂst ate and the programmed state,

tsggg ééﬁ%g%“ k.0 g)us\.’s%rdeéatf'& &&&Mgmz&tsﬁnl%@ct@m{h&ts Isitd as flash memory

ere exis

3B Ao ESRE N U RS BR R b peses Ef AL e
méthaislbey bl the Rbricetiop piech devisesgith feEEFﬂF\‘GVB“ chijetagy | npr oved

rfe:ci ability and increased operating speed, and for

efficient methodoly gﬁ%@g ]?;qu Rrication of

such devices with re uce ’E%i aIngi ng. DI SCLOSURE

OF THE | NVENTI ON 30 An advantage of the present

| NvVeni adantigs o treirhed ivtntiomisud acher Phgasletiriop neiendyptor devices,

t%\ﬁ'ar?}ﬂﬁsh me&&g Eelnﬁ‘c%d@crtdr Mevfcésaﬂﬁm irhgedVed eraﬁlﬁtmnﬂ RRAGHICTVEel chargmg

evi ces, oved re bility and gqllg‘g%d gv Gl

char @x?oﬁﬁr_ advantage o the present mven on is a semiconducto C h' memory

semiconductor device, having improved reliability, and reduced UV cell charging.

L

Additional advantages and other features of the present invention will be set forth in the description
which follows and in part will be apparent to those having ordinary skill in the art upon examination of the
following or may be learned from the practice of the present invention. The advantages of the present invention .
may be realized and obtained and particularly pointed out in the appended claims.

According to the present invention, the foregoing and other advantages are achieved in part by a

method of manufacturing a semiconductor device, the method comprising: forming a transistor having a gate
1
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Anot her advant age of the present invention is a

sem conduct or device, e.g., a flash nenory

sem conduct or device, having inproved reliability, and
reduced UV cell charging. Additional advantages and
MMPS/F18%¢# ur es of the present invention w || PEEUSWI4/019664
forth in the description 35 which follows and in part
stibthrt o2 DAk Bikth alofte LiNIOER la{}&\'{hefbget%ﬁj IRy axsiﬁtelhalyerldme&uhtﬁover the

?)glgtor URe anﬁ?x%aar&hﬁ&trlc? thgx]: oxﬁdh ?a €r, thﬁ mg aV\éfran}V mde)w r% tgre:ate:r than 1.6, on an

ear hed practice o present I nve
PR BeAPEHE Mgl er deletite present i nvent ion may be
r eal Amothet agmaet obibe presene dhventich ipasetnicandhegur Mavicp odmptisrg: @ trénsistor having a

gattéqﬁru@lﬁ’@ %ﬁ@%lﬂa@' With- a é%c&gléé!l‘lg gay&Qheteb&we@ﬁ €8 G8rlayer dielectric over the
nven (li er, al
an

trans1ﬁo eve ﬂlcon-nchrs%hc%l o%ge P%éﬁhvgg a & aﬁ;ﬁ?} ¥eé24 @r%rfﬁtar t[éan 1.6, on an upper
S“S@?PQS’E?HW’GI%@@@W ce, the nethod conprising: formng a
t r arshbSdifEntsibd e PEsedt igdhtBn cotnpM¥e f&%@ih@ 1Q84ich silicon oxide layer (SiRO)

wthg/ IHS%Q %ﬁ hQr;I'P ﬁ @l#h ad> 1t 7 tg (ﬁii) uarnﬁ at%vlg&mess (? %90?’ I\ anéoﬁ AWE%Dodgnents of the

PR é’f’?“&%}’é&“ﬁ‘aﬁ Hasluéfcﬂien’wngd\}wn @hist siomher € swed sl lss (BPSC) s the
infedhayeri dmgchac, pladatizirgthe uppetsuidicd of e BPSIXlh@oanil ayteiepom telsifjcod-rich silicon

o:ﬁd%f(glﬁ@}' 1h9é€ by ﬂg‘.ﬁ% edhBhcld) ch%@aﬁta@&r cfé;t?ﬁﬁbn]at el&ﬂe@t@mpeﬁm%ﬁ 450°C to

6%% %nﬁ at a SQang tie]n T ralteﬂot\g g#t I )({)% s?:c%n ?m% I;ﬁleatsﬁ ﬁancqr%?}lt 8%6:\1/11;1(% gu.rt%er comprise
foelé;mrzﬁts ftwg:fure EPIPYising § Pigrebexidpepthersgpsizate, Sflogfing gatesdleripde Qyths tunnel oxide,
alﬁh‘t&pol}ad16ddiﬁ&tcbr&irﬁn§lﬂntohde&nt@ﬁbﬁd&t0ﬂbﬁfaﬂf biSthd B4z gate on the floating gate

2t R Sl R ERbde &IFO}Jd?%@Jm di el ectric over the
and a sili

transj stor; an con-rich silicon_oxide | aye

havi ‘?*Fg‘mgfmlr dyapiages phjke PreffaEReRtiny Vil pecerperaadiy appaRtHo i‘°36 Sk‘ll?ﬁ in this art
freomtherfolbening deteiled deseipi@h, vihbrein Emiodimres\of the pheserdt @@éntioncare described simply by

w@@ﬂ%ﬂﬁﬂ@ﬁhe@gst Lébe cﬁ{eﬁﬁﬁ&tfoﬂcﬁ?{rﬁgsdt @!Qprgs@rﬁplr/én% i\%lﬁbtn&hzed the
prﬁerﬁ 1nvenLo ]Fagllte mo%lfcal?gn(s) o vgr)éous o%wﬁ_us %es;%cctg ggzmt de artnfg 1300 the present

inyeafiqak rﬁé@sdms]w HoGaying B¢ SiDIRN aEribbuiicErst & Wfstratirein nme and not as
repﬁcﬁseent i nvention further include depositing a boron

"(B) and phosphor%@b@;c}gpﬁ&ﬁoprﬂﬁﬁ@ iass (BPSG) as
the interlayer di ctric anari zing the upper

surface of the BPSG | ayer and t hen depositing the

si | i pn-seherodticadly Hipstrates an @xbodigner(t 8 tRQ)reskbrd jneentidmywhprkia g isiticon-rich silicon
&R N9 6B6anB N9 BhGRl o VARG R ra,%ﬁ&,yka R0 seRticoietd? W8 tR@ining 2 EEPROM
<emperature of 450C to 650 and at a silane floor

“ate of 115 to 135 sccm Enbodi ments of the pr esent

i nvention further OBHFFEEN OF BEFNYENHOYat e structure
conprising a tunnel oxide on the substrate, a floating

gat erpg lpﬁ:&tnr 19@@&09 rﬂd(frégs%s L QQ%L vQ?&ﬁsdr@hablﬁl? pﬁ;gleﬁlptvﬁghpzﬁ)ilsey in fabricating
di el ectric, ONO

an oxi oXI
segepndyetor deyicks by pfrTc;IB Gigs ?fﬁgﬂnbfa%“@d%%y ?‘H@mﬁ th E’P'imﬁﬁ‘m @5%5“‘:0‘%9}'%?‘” devices
wigh redwoadrdl degatiatiore| Erghodioehes of ithe tpieeent inteatiop obmyprighi falriegting i flpsh memory
dotiadd] elel, emrmloneddviass twike @ snifRint$ xla«ﬁlcdamﬁﬁ’émgioﬂéé@ﬁt i o n wi 'l
fb f g ?n(Er% ?gtﬂg ¥x %x‘?rpe%tgt%? %nd} n?vas éa%onc it Was four Aoung %avﬁl ragx:at?(])n gerngrated during
baghygad dff lﬁ% PrESsSg: St“ﬁ @3 Jsposien, ety gighangtap s&a@nd%@e#arlb@@ma processing,
urglésiigdly\chdoggs cellm yheroly inclehsit® the diopraxn vadthge ohie B8 S SuchBitléndesirable increase in

rGéPJH \ssmgé Rhed wh fo wx&f% 5¥%£9th9é1‘$sedts@£ R PRBbmb AR | ON.

Mhe preskgnet mrveentlon aﬁcﬁessees ande solves such UV cell charging problems by deposition of a SiRO
layer which is substantially opaque to UV radiation, on the interlayer dielectric, i.e., ILD,. The SiRO layer
typically has a R.I. greater than 1.6, such as greater than 1.7, e.g., 1.7 t0 2.0.
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20 present invention is capable of nodifications in

vari ous obvious respects, all w thout departing from

the present invention. Accordingly, the drawi ng and
description are to be regarded as illustrative in

W 299¥10%hd not as '.. restrictive. BRI EF DECSUHSZR/OINGo4
OF THE DRAW NGS 25 Fig. | schematically illustrates an
enborhe ekt @fentioh @chive Ssedht objeﬂklfeni'yi aOplasih @fh@icdd cBemical vapor deposition

teéxlmlq\!\eQQxﬂu&eh chcm &EJaée&ngperatme, su@r?('Js g %mbe@a\ﬁx?er of %Q,Stt) %d} @Iv l 300°C, and at a

radi ation | in a sem conduct or
SR OR Beeb I 1 ¥ R BRI, S e B R ﬁaﬁéﬂw rate of
165 VBENFIc@N- B 080Taen, p pesen bf 1.8y A Toro p.g.atidlFers snd gn B power of 110 to 140
w%ﬁ@ |e\é¢ 25 \Voideks| @Hﬁpa&ﬁé ddRdict bet&éerﬂﬁeﬂﬁkeﬁiﬁ sthdr &dad ﬁd'ni Wichighbes exif) may be

) ed%? tb'{)urt] 925 t?} g’g‘ nd ugénsg[) l:s:J ﬁ'}éhe?ie 0si BBcr:egsvr{zay be gon]ducted for 3 to 15

ses@ﬁﬁr%sb‘mu%%%ms’é% %&Sﬂwwavlm@wsw fosyh oy 500 A. Such
pl&shth edlhda@ithani@l vapdh @eppdites @tHniqhd iy efftttivo 1o dep@sthd SRO layer with an increase

sﬁc@pgoht&@gukﬂgat Ihl: f{1§ I;E II%EEQ Eoygeatgﬁ%h ? @ %uch & lﬁ%a&r ﬂElEPRgM 1. 7 to 2.0; whereas,

evi ces, ch ar

I om0 BT T 6 8 S e 7 R, g o esbrdincetoth prsent

ineptica ptovidratighisn Yt distribytiais thinobipidedteiployinglonpeatiting] fabraation techniques.

gen e&ﬂt@@hﬂdﬂf dfRQ prear iRRRSn BREheBticdl) MBstrREOE 8ESI MekbreinStkiskitors are

as .de Ng... NEL et chi ng.an assi at h.on
T 11
fop ed on Pugi ate :36) Sulbstrate % m y comgnsg do&ecfj mgloc&/stal 1ne sb)]con or ﬁ gluralxtg of wells or

emf@qlai éayer% hé'fleewmﬁt%t P@agqnﬁ@set% 2B GHHCRIR \weslp Plagéﬁrlz?fy Q) dielectric
thereletween STFat exanipleLittl €sdry @b banptite Cuned ©:8del 30, a foating lzaterelve@bde dgien ONO

ste{cﬁ gl‘:é&)@@ dltzlaﬁjc\!g aW aJlQ:Q%M ég@%gveﬁﬁyel: &%eﬁi{sﬁ&%7§gsqsrﬁem% EIJBS' surface
vention ad Sees. a

o Oh BT R o BB e R Sos SRR ol . &

diglecSic RGP wall appest 3qaMick b aﬂ@orsft;bistlafwtmeéb# (o edreagosto thegate elecirode. A

sikicBslhi@illd oA stoﬁ)ﬁyef- $vanaly B4 &b&sﬁk&i @ler Bk Qe@ElctuteGn silico oxidelslaball spacers 38.

L-igseguen guanﬁntg‘%yer dlelec%l r(ﬁ{,piﬂ 1i Xeyos g’d gxchF\:\slf B.}/’g(jf:v Ely earé b)tr Q%&benhanced
chomions Apesson z?lamvtlesz@mmm@w bsrﬂé‘mm* wydicalipplp PR (CYR-

ac hi sv@&ngoletibodilpgn@of thy grssedd javaatiqal AsIRO Byeh s006ebknclbpestied@l an upper
sulpRHR OF m@l ﬁm%tef §Ué RCBRb %J,@r d@ﬁbggh‘ ﬁtaaqrdarce @ﬁh &Lb%ﬁén%cbf the present
te t such 36 1 eggt %F l (Ef%)d ted d
R T gitlodtin ]S S DTG 1 U PR £°E TOO4R glred dung
subsecqnant b@lqelﬁ 0@@6 rBssiggioom reagiesiihegel}s endiincietsing fireiyprggeam voltage.
CONCkEGd@eht @foce@sxdé'@xcfuh&%uﬁcﬁbﬁc acfhmg 16Brrk onth8 oBLMONhown in phantom,

th%) %x SiRO’l' é’ﬁ 3&1 mtg} . %élécﬂlr %O(? fT sencg i%g%%ll&égoo g%Segts UV radiation

gepgaged fusing §“°h ?]*F@“‘%?’ﬁ 5@1?‘5*?9&0(%“%56“&]’1‘& é‘e"ﬂ‘é’ﬁ Wedh ThREVa1E: S‘g?i {gyer 500
al®hbiviey thedvelizdrofBhradidtie durigasBsqueix bal enfraf/link grocemsiuig ritichianmelallization,

de@&sﬁi@n@iﬁh‘ Ltchﬁx% §pe1;a90n§ fp acmtll)ns the ceffs otk shlelﬁeﬁ @rormﬁv %adlat}-cme

depao |t|on roce be con ucte

oo BT Ao Ve iR g ooyt iy piey s BEPROM
detyigesi Wit ingregskd ePRIAENS speedt and OQlucad £e @ frogrammping by UK (@liafion, and provides
enSbl@#) mhodflbgdS MBlaceiRdaRd Gkl cififdeifibrisadf thé PREdAt RS, silic®itich silicon oxide
lageg & P%Jg?tg(gosnlea%lagatr&eﬁ %E’b(y ﬁntehgler%?eﬁ%é, Evhi&ﬂﬁicc%l—rgﬁ) silic%x g}[ide%yteruffectively

blocks UV radiation generated during back end processing from reaching the cells and undesirably increasing

‘m.«nm

—

the program voltage of the cells.
The present invention enjoys industrial applicability in manufacturing various types of semiconductor
devices, particularly highly integrated semiconductor devices exhibiting increased circuit speed and sub-micron

dimensions, e.g., with a design rule of about 0.12 micron and under, with high reliability. The present invention




silicon content such that the RI. is elevated to

greater than 1.6, such as greater than 1.7, e.g., 1.7

to 2.0; whereas, 10 typical silicon oxide |layers

exhibit a RI1. of 1.45 to 1.46. The use of a SIRO film

WP 288¥8P%84nce to the present invention provPgEES2004/019664

tighter Vt distribution than obtained enpl oyi ng

cgio vrartitulap ryalbstriah lpplicbitity Gm nta@thmiingUBsh mAfbre dhaek BRMEEPHOMS, with

sghamﬂ@aﬁagauvaﬁgmgagahls schenatlcally illustrated in
formed on substrate

FI g (Z¢ 1 € escl'l On or aer g
t%\;g; gdfe g%g,ta{ 9 d Btl tﬁe pé éenaaﬁgt&n fﬁi‘ﬁiﬁ’ébfe?/ g/ttlhrletiexie%%to specifically
e’é.‘?“P‘P‘é GHbogimengs Berept-alt thl,/hquem/é? ¢viglens that vayiriug mpdifivhtiohscaydeehgnges may be
niRfegheretcawithv' eparsing iy GO S[ﬁrltdhkﬁécopg af 8e §r§s€xk| GlvdhEiGS a5kt iddeh in the
cBiths) ﬂk@ﬁegﬁéa}{on(ag\@lw&é a?e! £Eddil ﬁér &3e Eefa%{eg a5 Jﬁu%\@a%\éf anggpt restrictive, It is

u<§rﬂ@t glransistors can cq I'se tunne

PeTEaqC, ey they Bipssrt divertien. i epRabls 2F using vemiqe othet sekingtipns é#drPGYLS?nments and is
cyppkid of eherrgiesor @blificativas veithin g bao of Gaiventd36 condpl aBdxressaihertiRt al
silicide 37A is forned on an upper surface of the
gate electrode stack while a |layer of netal silicide
37B is fornmed on the sourceldrain regions 31, 32. A

di el ectric sidewall spacer 38, such as silicon oxide,
is formed on the side surfaces of the gate el ectrode.
A silicon nitride etch stop |ayer 39 nay be deposited
over the gate structure on silicon oxide sidewall
spacers 38. 20 Subsequently, an interlayer dielectric
(]LDO) 300 is deposited, such as a BPSG | ayer, as by
pl asma enhanced chem cal deposition. Planarization is
then inpl enmented, as by chem cal nechanical polishing
(CwWP). According to enbodi nents of the present

i nvention, the Si RO |ayer 500 is then deposited on an
upper surface of the BPSG | ayer 300. The Si RO | ayer
deposited in accordance with enbodi nents of the
present invention exhibits a R1. greater than 1.6,
e.g., 1.7 to 2.0, and, hence, blocks, UV radiation
generated during 25 subsequent back end of |ine
processing fromreaching the cells and increasing
their program vol tage. Subsequent processing includes
ani sotropic etching to formcontact holes 400 shown in
phantom through Si RO | ayer 500 and interl ayer

di el ectric 300. The presence of Si RO |ayer 500
presents UV radiation generated during such

ani sotropic etching fromundesirably elevating the Vt.
'The WV opaque Si RO |layer 500 also shields the cells
from UV radi ati on during subsequent back end of |ine
processi ng, such as netallization, 30 deposition and
etching operations. In addition, the cells are

shiel ded from UV radi ati on. The present invention
provi des seni conduct or devices with inproved
reliability, such as EEPROM devices with increased
operating speed and reduced cell over-programm ng by
WV radi ation, and provides enabling nethodol ogy. In
accordance with enbodi nents of the present invention,
silicon-rich silicon oxide |ayer is deposited on a

pl anari zed BPSG i nterlayer dielectric, which
silicon-rich silicon oxide |ayer effectively 35 bl ocks
WV radi ati on generated during back end processing from
reaching the cells and undesirably increasing the
program vol tage of the cells. The present invention
enjoys industrial applicability in manufacturing

vari ous types of seni conducto
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devices, particularly highly integrated sem conduct or
devi ces exhibiting increased circuit speed and

sub-m cron dinensions, e.g., wth a design role of
about 0.12 m cron and under, with high reliability.
The present invention 3 WO 2005/010984

PCT/ US2004/ 019664 enj oys particul ar industria
applicability in manufacturing flash nenory devices,
such EEPROVE, with significantly reduced W charglng
of cells. In the preceding detail ed description, the
pr €IAMMS$ nvention-is described with reference to
specifically exenplary enbodi nents thereof. It will,
however, be evident that various nodifications and

changes Alfasthétof nﬁmmﬁmg Qseforiich? dbviste BRI mhdthdll dofPsing

the bro de[ S |r|t and scope of the present i nventian,
as set Ransstor Haxinged gaf gruchEe PYGr Gaiubgrata R9) with a gate

drw&&cqgﬁr(ggggﬁfé%ﬁ@geﬂ, to be regarded as
illustrative and not restrictive. It is understood

that t h@%@éﬂ?‘eﬁlﬁi@éﬁﬂ%ﬁml@e&bﬁmﬁé‘m(ﬁ"@&laﬁé vari ous
ot her cmRingatiicensichRlicER bkide @%ﬁf‘ﬁﬁo}aﬂgvﬁgsa {éﬂ%ﬁﬂ% 48§ R1)

changes or’ nodifications with e Sco

i ngeAter (han & &neet unpsr axfeeakibe mﬁeslamdlelwmsom, 2005
CLAI M5 yilereift BB n?fch%%&&g !z& g ﬁlﬁﬁ] . ang'“tgatagﬁe to UV

devi ce, the nethod conpri sing
ha@ﬂﬁ@w&@éb@%@%@%{@@éﬂoéﬂ%bstrate (30) with a

gate 5 dielectric layer (33) therebetween; form ng an
interlayer dielectric over the transistor (300) and

f o#ni ng m*ﬂm#@mmﬁhP$FIMQMhloﬁku@nﬂaydnm@ﬁ@bﬁﬂmhmvxﬁglmmm
a refr greater than 1.6, on an

upper 3%? ace Q?E#ﬁé*?%%erlayer dielectric (300),

wherein the silicon-rich silicon oxide |ayer is

supst a 1 j afion, and has a
tﬁ?cknggkﬂhkg(ﬂgg% §&§8g§?1 Qm%ﬁgk%%thod according to

cl ai m 1depositinest &ay[eh ef betonmbosphbrs-depel cilivatxglas (BREE) as the
(559{&18%%@%3} ater than 1.7. 15 3. The nethod

according to 1, conprising: depositing a |ayer

of bor arlangriosg ﬁ@r‘mp@’ sydfpeschishe BESG bygl (368); 48PSG) as

nger | su? égl%e{hf dsﬁlﬁéoﬁg’séé%ﬁlé &9& gghfﬂﬁgi ol eabilted chermicl

vapour deposition at a temperature of 450 Cto 650°C

4. The method according to claim 1, comprising depositing the silicon-rich
silicon oxide layer (500) at:

at a slane flow rate of 100 to 150 scem;

an N20 flow rate of 165 to 195 scem;

an R.F. power of 110 to 140 watts;

a spacing of 625 to 675 mils; and

a pressure of 1.8 to 2.2 Torr, for 3 to 15 seconds.
5. The method according to claim 1, wherein the gate structure comprises:

a tunnel oxide (33) as the gate dielectric layer on the substrate (30);

5 .
AMENDED SHEET
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depositing the silicon-rich oxide |ayer (500) by

pl asma enhanced chem cal 20 vapour deposition at a
tenperature of 450C to 650C. 4. The nethod accordi ng

to claim1, conprising depositing the silicon-rich

silicon oxide |ayer (500) at at a slane flow rate of

100 to 150 scan; 25 an N20 flow rate of 165 to 195

scan; an R F. power of 110 to 140 watts; a spaci ng of

625 to 675 mls; and a pressure of 1.8 to 2.2 Torr,

for 3 to 15 seconds. 30 5. The nethod according to

cl ai m 1a flohtrgegiate ddveroda(3d) oi theainteEoG@NBB); Ses: a

tunnel oxi de 13%25:13 t ate dielectric | ?/ye,r on. t he
subst r af® ¥ diglec TRLSIE ancpxarle/mimigeoxide (GHO) ek on
gathe fiating s06/634);3401 on the tunnel oxide (33); an
interpoly dielectrjc (35), conprising an _ .

oxi de/ nf tcPP‘a@ &ty &E“‘(@ﬂgﬁcgmé toRc theginterpoke digleskric (§).gtheemethod
( 3éompraih: 2 control gate el ectrode (30) on the

i nter po}y di el ectric (35), the method 5 conprising:

f or m ngrosRine Hiros gl sideyallgprcesy £183 08 theside swrfades of the gate
Si denctisé;f aces of the gate structure; formng a |ayer

of silicon nitride (39) on an upper surface of the

gat e stigERingddayesaf silicongiitride 639) orian upesr gerfast bf the geterstack and
( 380 theditod OxilbGESRIT BheclERES ki N the interlayer
dielectric. 6. A sem conductor device conprising: a

t ransi shereafteadeppyitigg the isterlayer dielecticer a substrate (30)
with a gate dielectric layer (33) therebetween, and

15 a silicon-rich silicon oxide |ayer (500), having

r éf-r act4 semicprgugtor fevige cgmprisiae: t han 1.6, on an upper
surface Qénslqu'&ﬁ' HaPin§ "ghRYstiuclbC Rkt dubisthar? B3y VAR £ bdle Wifectric

sificaon-ric
layer (33) therebetween; and

a silicon-rich silicon oxide layer (500), having refractive index (R.I.) greater
than 1.6, on an upper surface of the interlayer dielectric (300) wherein the silicon-rich
silicon oxide layer is substantially opaque to UV radiation, and has a thickness of
400A to 600A.

7. The semiconductor device according to claim 6, wherein the silicon-rich

silicon oxide layer (500) has a R.I. greater than 1.7.

8. the semiconductor device according to claim 6, wherein the gate structure
comprises: .
a tunnel oxide (33) as the gate dielectric layer on the substrate (30);
a floating gate electrode (34) on the tunnel oxide (33);
an interpoly dielectric (35) comprising an oxide/nitride/oxide (ONO) stack on
the floating gate (34); and
a control gate eleptrode (36) on the igterpoly dielectric (35).
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silicon oxide layer is substantially opaque to IN

radi ati on, and has a thickness of 400A to 600A. 20 7.

The sem conduct or device according to claim®6, wherein
the silicon-rich silicon oxide |layer (500) has a Rl
greater than 1.7. 8. the sem conductor device

according to claim®6, wherein the gate structure
conprises:. 25 a tunnel oxide (33) as the gate

dielectric |ayer on the substrate (30); a floating

gate el ectrode (34) on the tunnel oxide (33); an

i n.er polke cimsicesiurtioc deBisy acenrging $o dpimn8, comprising silicon oxide
OXjs i tride/ oxi n. the floatin te o
(Sl ok (R GF ol bea R B i, 08P o siticon
i nbitnidedBY) ahi @l wper suwrfaC86] the gfte Structurdbid\birthe SHicb oxide sidewall
29-N- 2005 9. The sem conduct or device according to

cl TS, conprising silicon oxide sidewall spacers

(38) on side surfaces of the gate structure and a

I r silicon, nitride (39)..on an upper surface qf

¢ 0 g o Ehes FOIEDRREIOR APV $99RRURG O GHRIE, Bog ShEFelsh g mnterlayer
s pdieRétsic (300} Gompiies 8 86ioaPhdsthbus-depedGaicae st (BESGP
claim8, wherein the interlayer dielectric (300)

conpri ses a boron-phosphorous-doped silicate gl ass
(BPSG . 7 AMENDED SHEET
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