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PECVD SI LI CON-RI CH OXI DE LAYER FOR REDUCED W CHARG NG
FIELD THE | NVENTI ON The present invention relates to a
woretosotoef fabricating sem conductor devices hB@T/I§2004/019664
high reliability and the resulting sem conductor
devi ces. The P 88 KVN-RIVERDER ARBR FERAREDOUEBIIY

appllcablllty In fabricating mcromniaturized flash
menory devices with reduﬁﬁ&@&\lgell char gi ng.

BACKGROUND ART Various issues arise in attenpting to
satisfy the ever increasing demands for
m crom ni aturi zati on, FIpER THEINENTON n f abri cati ng

NOPRM p?és%xtt L’gltlmtgsotg q %Ih@c[ ofARYiL MRS semBHsRctSdevibed §4Ving high rehablhty
nmenor evl Ces,

et o e sty HESOFY R B sy n i
micrdM@ARREE] fag me@nf devitds ngh rileeOnY rillabagiizat i on led to the

fabrication of flash nmenory devices conpri sing

transi stors having a gate width of about 0.13 mcron

and under and gate strBetRFRCUNPARED apart by a smal |l

gaRa@fus BRRY brisd i3 Ltehibte A salibty liRSSer ihdleasity ¢andaiyder mictofiniaturization,
partic?%ﬂw gbgﬁzglgg 8 é‘l Vz)glgl g%ngésom? tox? ﬁelvgg &lﬂgs aCl-{(méxR)?}p@e(ncés e.g., electrically
erasable 1 gogrammabtel agedr ooly e mewery i LEE(’RQW)) d"—i"§esdep8§‘? tdsppangy gfor - continuing

rmcr&nﬁﬁat%ﬁtﬁm%drt@ &t %ﬁ)ﬁ@tﬁn' Je kihsh %efnbl? d@.&ﬁ§coﬁ1ﬁﬂ§i@hﬁhs\iﬂ&ﬂ’hawﬂg§a gate width
m crom ni aturi zat roceeds

of s AT 104 Ao ert PG T At Py e W0 miron o fess.
accofd@i¢é @h ebntRAShigmsti@s, en sxidl saldwillrspesett ik @rrd@@{g sidg U iases piothe gate stack,

and tﬁe fgst niﬁerla%y&gec@ﬁ% dﬂ'ﬂ )%‘&E&itéa%v&’ er'gﬂgshlﬂé)f@és fﬁﬂ% ﬂ@fgaﬁsltﬁéﬁbetween

ocessli such depOSI ti on,
pa @g i ngag(pm@ﬁtunﬁg?q pre(fquirqupe anr”l?lﬁ d'ge f) gg( Hﬁsu?ira&& artlcularly @@EEPROM
devxc[ealﬁhe@&d)r@ Rre@eilAriab ed dety sitngicsl oigingr dcessi ghar%guiml@ Hagk end of line
procwl?gg SSIIJCB aa? depog%/oa; h %Igét&%g 9ha Fggvz{% Ll@%@rum rCMl‘ll%eMJ.lSﬁl@ rocessing. UV

I'ncre reshol d vol t age

radia@er| geserwl d@tmgala@ PQQ%P%F%]@ ip gndefyaRle @y élilaﬁggngg hie g%h ?nﬁtf‘%ry devices with
an afRddnNGEBAS §lihthoRI B1tRX (V2 Medells Ghit ir€ wilbjectdto UV charging and exhibit an
mcrqg%f? t{’; aé%‘ 99; r H??lys ‘ﬁ]:’llﬁ%&%g‘%'%!)gfr%% g ( 'éﬂtso 31& mgts tg ovef L ARG th%\}nﬁﬁlgfvs increased,
therdbig tiase eha Vh @indova beuees ttizet @asechefaty bl the Bfggfafﬁﬁ@d“%‘t 4hegeby causing various

rehagl[}g F%ﬁe&QprMﬁ’JnlSOUS reliability and oper ating
r(fb ens.  Accor g‘ﬂ %fﬂ ttherg S8l U"@%d Of¢ flash
i c‘)ﬂﬁ?ﬁhPﬁ wtthsre s 2 %el‘h auersrd e\s/emclzcé’s HRUCh 3 Suﬁ Sefo memory
devib®TaEy BEEROMES wite . igproveEBERONE, andi inkreispd romy:é@g speed and for efficient
meth ??log?QﬂalbflgtheqiE]E%ca{u%gf%?cﬁ @guc@s_oﬁfhgédu% [ﬁ/ﬂ:@l@@hargﬁ;@d for
ent “net hodol ogy enabling the fabrication of such

devices with reduced WV cell charging. DI SCLOSURE OF

THE | NVENTI ON An advssmbDayRrE Of THRENYENE@Nt i nvention i s

a met hod of manufacturing sem conductor devices,

particularly flash memory sem conductor devices, W th

i nphmwevdntege] ofathp PRt ARveRtipR dud SBET9Y of PInURRHg) Sfppiconductor devices,

particularly flash memory semiconductor devices, with improved reliability and reduced UV cell charging.

Another advantage of the present invention is a semiconductor device, e.g., a flash memory
semiconductor device, having improved reliability, and reduced UV cell charging.

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 advantage of the present invention is a
sem conduct or device, e.g., a flash nenory
w@eesoosuct or devi ce, having i nproved reli abi PCT/YS208410119664
reduced WV cell charging. Additional advantages and
her f [ f | I

struc?ute O%F]I‘ a s%&qrgte %V‘?Iésg ra_lt'é ratgle%%ce %ﬁerr] tttﬁl'ePe\{?%E fglrﬂnﬁ'g dzln 1ntgﬁg§ %ﬁelectnc over the
transigfor; Pndkf@rmerwérhéwwb @h%on@@ée Ity |hﬁ@xg@rr%ﬁaﬁtawldswlv sieseritip 1.6, on an
uppeﬁdhifacblﬂfctﬁb la&&mrraatebt@m of the followi ng or may be

! e%mglgﬂ\r/ gsrﬁ)tac?n} t%e Brfeg{lte}rcl:\;ent%g 1soa e}ru:gﬁ%lg n(frsﬂg\%e rf:grSll\:)/rgs{I]ltg grt]ransmtor having a
gate stegiujezever aﬁ@sttﬁbﬂt mﬂnedataﬁ@legacr tayes Ltheagbbtyreqno pningedlaysy tielegiric over the
transisf3f APPERILAHCHIRbN Shide GO AN rdtRctvD Grabl @S Bfeater than 1.6, on an upper

e foregoing and other advantages are

S“rfa%ec% Wéeélaﬁeﬁ&‘%%ﬁr’tc by a method of manufacturing a
s e Bimb@iiroin G tod the (heswinc @yentidnecomptish ot meng ripr silisbrgch siloemoxidg lgrer (SIRO)
with b tﬁ.ﬁ.sggeawham 04 2199 £ELEIE i BnRY 6 40 1Y %6 Ralebodiments of the

. : di'electric YEer t her ebet ween; orm?ﬁ%
preseipsptiog frather dRelifedepesitiae 6%9“ <{3}?é1d plosRhero st Brdopediticropst %SG) as the
interldye iillali:dﬁ&npliriaﬁﬂﬂngslhd Uiped Burfacei ofl e BRSGETayer lil'ﬁl\tlheﬂ derdsiting the silicon-rich silicon

oxide 8?1{@(:1}1 ?y %I gs)énl{aﬁée{l 'cllem% \%g??rde]%olgﬁ& élt elegﬂedatghl%pagl?er of 450°C to

e inter Anot her as
650°fnd 44¢ sfme Seairaty efvidhio fﬁsqm@ Embedineatsof the Pespenigyaniéqn further comprise

form0 Wpdtd sErhddge coﬂlph:ﬁ@rhﬁdlrﬁi&l@ﬁldehﬂl\(ﬁeﬂ@)s@até} atleutind gateGlettfode &R tunnel oxide,

an 1n Woﬁ%&e&egtfm ccéerr alnfé R cg:%egltr%e/e x1§ec(t)ﬁbs: Facﬁyo%rthetfge {n% ga 8 onf Y& floating gate

tFrcaver Fansi St or
andasqomotmeieptmemthqlemolmlpld@ﬂq ayer; having a refract | ve

' ndﬁ?ﬁtl((na aldva}ltagars %ﬁtﬁ@ﬁres@rﬁ ﬁﬂenlmlﬁwﬂl@gcoﬁxg re‘d@@%’épa&%tg @1@@ sKifted in this art
the interla | e ecIt)rlc nbodi nents of the

fromithe felloping Hete%ﬂﬂ?sf@&% ¥ ‘?‘ﬁl‘hﬁ“"f’i‘f@m&% G gfee PRy simply by
way ab{ihgieatibiayfetie bésBimRE)comniplnted for Bardying gutdt@tpessent ingntich, As wilipe palized, the
preseﬂﬁingeg Z)ntlsoca&\’olg of ﬂ)‘?ﬁc@tgon@n %Hloﬁ!@%@éé r&Eecé 0291 \Ah&lﬁ) d(%glgnﬁ‘rom the present

I ments resent I nvention further includ
1nver&1@bo§i:cp1|-dﬁ1§1yathb Sliat\jlﬁg (“B‘) de(s;ﬁamﬁ ﬁg:stﬁ ) fe@gged(qg)ﬂluat{ﬁséedm nature and not as
restristive] cate gl ass (BPSG) as the interlayer dielectric,

pl anari zi ng the 1358 | ayer and
t hen depositing {ﬁe SI11con- rlogfﬁ}ﬂs%:b coﬁggm de (Si RO
| ayer by plasma enhanced chem cal vapor deposition at

an P@I @V@Erﬁéﬂlceﬂl@ nfﬁl@tfa&g 5 @nﬁéﬁmﬂrﬁ 0 e bRsehSMeni@ndyhakina sﬂlcon rich silicon
ILents
oxiag s B PIOLR R TR £ AR BO S TS BRI NG  Sydiog o FEPROM

cellsst ruct ure conprising a tunnel oxide on the substrate

a floating gate elggchade96r rtHE N TEbN OXi de, an

interpoly dielectric, conprising an

oxi de/nitride/ oxi de (ONO stack, on the floating gate

on Thé grefehio@tentigy gdbwesaund s@ves omiono relighiiite peblest whickearge in fabricating
sem&dﬂ&lc{opﬁee/[cgsoéyr%)rgﬁ(ﬁlgeeﬁ [ehtcmet}{%gﬁéxggllegﬁ g @M%El%%? se(?rflcohnlgtor devices

resent 1 nvention becone T ead Yy pparen to
with epieed. Sk FOBFGRIOT. BEHRASmeaio o i gHfoh VY ERRRPriEs ‘aicaing e flash memory
devi€d€ 8.g! EFHROMdevitbbewiai sipnigitdanghiedieait (5 @brginB ef plisesent

I mf? rE clzoglﬁhc?r[g ex%e ﬁlgl{teln%l? gnds}ngR é%fop X \%‘ﬁ¥ou‘ﬂg thalJ U\$’j §atd{aﬁt§“n ggllﬂ:rated during

contenp Ia te or carryin
backprl%@fém PIOPRYENSt Juginas dﬂ@swn& Ineteiétc}ale&ﬁqdféﬁwat%@aﬁ%%lé pfasma processing,
undeblﬁb’@ Bﬁdr@ﬁ cdll§ t&fbﬁﬁﬂhr@asiﬁé thﬁ@ﬂ)glfam&aﬁalg@&&hd dR1LV Sdich @kl Sndesirable increase in

pro gra{,n vgl(t) ﬁ% re ucesr%hec\} 1ndow llaetween tlﬁe eriisecizl s?#ehan gr ! grgnq‘]a { &%

I nvention. ACCO
d e Sbe prpentdryeniior addegssprs ande gﬁé‘feﬁ@@ | c¢ll qhmmx Hpblw by deposition of a SiRO

JayeWALidA! i€ sub@iHkalOdpaddS 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.

2



10

15

20

25

30

35

restrictive. BRI EF DESCRI PTI ON OFTHE DRAWNGS Fig. 1
schematically illustrates an enbodi nent of the present

WO poosn1i9en wherein a silicon-rich silicon oxi deCT/Hy®04/019664
subst antially opaque to W radiation is enployed in a

%:{?%QFF e&ho.lnqg!\% l\f\/&l\ﬁ't JSF%goyaa gggﬁ%a%%g Lcﬁemlcal vapor deposition
technigel paadusted atchn dlewiss eapergtae) sothigs M@rnpfaﬁvrp Pi470%r!0 BI08Frs-8- 500°C, and ata

sﬂana\ﬁuv@xlate @f 109® 150 sda Qﬁéh&amragms BUhCRREiUET ey bel €34HERE alN,O flow rate of

| ci ent rret enabl
165 '1%&%{ fcﬁrﬁ’t ?goﬁ of LR EORA ug of ggev "Cés “wi th angérblcu: BOY5°f 110 to 140
wattslegr 126 avtittso fihe sBavive (Histraeptbstwedn thetyerfep pré§¥mter liepd/feomt Wieigh gases exit) may be

malnﬁlﬂlgp 9 a%ﬁlé %?#gt()%@faﬁdlé’]gagf |6§@H)%1m:;d¥ i@ gc%ss n@aygae sconducted for 3 to 15
EPROM d I T1 can r ar
secongl reglimedn g ggppicion ﬂfoﬁ&é?‘%(ﬁ@mé%%gﬁ itpesel G ARGo6AEE HOA. sune

plasmm%tddg:aetrm@hyapoztdem&orf eehniduet ik affectidd to dappsittthep$iRO layer with an increase
sﬂwc%%&ﬁén@stuagthg W kl’iq? Q@Qtjéd 5 @féatgfthal'l h BEudhla® %r@a?e? 'thlalgl 7 %%C If' 7 @2.0; whereas,

eposition tchin aSSIV
typwplaﬁlwwrds 5Fs ghiRY Ak Tp¥d dess) ‘Wg The wagts 26 [fm yfggogrlace to the present
mvelﬁﬁh prBvides h@ﬁ& Dydiduitati@alin 06aihdd@mplbRgy camenohdl fajicatddn téchdques.
cel u ndesi r abl ~
re ljlceéngoc{: rﬁen?g}‘tt ew'i’resant 1nv%net1§r\1N1esen Sﬂéﬁgrlggg ng{l gftye}/glh%%?ﬁeénswtors are
formert ergubstrate 80-s ubptente 3PheayspRRrish opphpereriyEling GiiFwsts @ gbiralifygpt wells or

ep1ta§1@l| . Sggh tr!\-rMst@@ | rhay %&b@b Niglal pg'atébéuﬁéfﬁesbwmj ep Qﬁérﬁdl}o M) dielectric
I S subst.a

theregg\a?egt F&rn&argpﬁe ltrFl 1s -Oﬁ tc%n fogqyrlserllamgell%%/ief 91? a%atmé pate Iell_t%)de 34, an ONO
stackTierp@y REeduina6r ant y pingel|ghty 36 ofs lager B thefal gh@@tw istfhranqd qn 4, upper surface

of the 'éeﬁ@el%ocﬂrsﬁ@(t Wlile b Iﬂ@& og-mZtal sﬁlcﬁe 378ks ibrrﬁe@ ogﬂg sI R/ dRNES a6tk 31, 32. A
i nventi on achi eveS such %l vVes

dicleglrif, ifieell RSP cUth Fap6 %Q&d& TG a@aéescoé dRfuegterods A
silicaitnitéde egdh @ tagd 39 engpierdapasited oves the lyatagrugture @mrpibigoa bxidesidgvall spacers 38.

Subs‘ilcglgrﬁlyt i @grgigr d%iegtnc ]ZEIQ 9%0 1§rdgpo§tted @ucﬁ'aL 9%@80& Ila%ly e[saoty%la%a enhanced

seem Such eOS|t|0nNEX
chenfie! AR (REETENCR ST Wtﬁ%ﬁsé?yabmmbmﬁcbanf%%é@ﬁﬁc
e %ccor&ﬁé}o Sﬁﬁﬂlmeats Biftﬁéslﬁrékérﬁ i®@éntidn, &e SRP2lay2r J00ri¢ thensleppsited on an upper

surfai%%f tho{B%SG ? 386] ,B]F §1)19 4 er C{G%O:Lllbg %gccg’rﬂ&cél\?{%ﬁ Sthbo l‘mgnts ﬁf the present

e spacl ng
inverivo WeNbIhaRd: SrraiA LI ggdgetg 28x end) hepsy blgeksiaY Fdiafqpeggerated during

subsaqtuelfﬂmk' End@t?ﬁleﬂofbc&%% 5 r&chlngahé}:-eus 2800 crbAsing theil fiBgram voltage.

éa%aéxlel?tg)g %sglggh axc]]uga %w%o%rapelc tC 1 tg%org* conl tactéxolﬁbé?O fhown in phantom,
throdga\&m?glaﬁr B0 ok meslsyendicldG 3}00 t’BlC@O:@sn;&; of §1Rj) layes 6@P pesents UV radiation

genegtk:le‘a I'&ulﬂlgghc@%ﬂgon%?p é}aﬁr%q‘roﬁlhﬁ&’@sﬁ:ﬁiy QYeddak thgwoﬁietU\pébaque SIRO layer 500
ue is effective to deposit th %

i i BT T GO GG e PR gy h b etatizaon,
depsitievat echiigepgitead @& adiianthd cdls ars shivthiedBong ¥ add@tiont han

1 7’Fhe telbn mga‘ntZon p%v?dep se %ﬁfu&@r%w&éé Wltﬁ%ln r§\;eli 'r&l%ht?xs'u&eas EEPROM
exhi b of 1 h

e use of
dew@ﬁ Ro» prereied ﬁpea%% FRﬁ%ﬂﬂ@’é rfdacefi r?é“ BYeégfé%fﬁmlPlﬁ%/ B Vofdistion, and provides

enabﬂﬁ@MbtﬁiﬂSlogy i ta€dordMice @itk bibdaliieht©Bf thé arseadih@ht@dsilicon-rich silicon oxide
layer_is 1:::@%)8}[ teg] gr{ C@?n\e/\?z%cti 539 mte;l%ay%r Aleﬁe%mt o\plngh%ﬁllg&l— E:H %‘%con’%q df, layer effectively

presen I nvention 1's schematl ca
blocky YY) sadiatigneggnerated Fiprglg baclygnd presepsingrimorashing ge gpllpand undemably increasing

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



formed on substrate 30. Substrate 30 may conpri se

doped nonocrystalline silicon or a plurality of wells
wW@eoospioski al | ayers. The transistors nay conpPCHESHHOHN19664

gate structures with an interpoly (ONO) dielectric

enjo?sh Ef[r@éaﬁ} \ﬁﬁﬁslihal ﬁfhca%? &anu%agt I ;{sl?r emgr ndeglgégp rmllcg %ﬁglOMs with

unnel oxid oat | ng
“g@¥%ﬁkm9ﬁﬁﬁqﬁﬂﬁﬁﬂﬁP@F@%tr|c 35 and a control gate 36.
A |layte I‘preeefdmgﬁl'&taled Séskriptibig ehe :ﬁyeéknt ﬁv&xﬁfnﬂ?dﬁs@iﬁe@ﬁtﬂ&@ﬂaﬁﬁce to specifically

exerﬁ‘ﬂi‘a[rJ 1?1(3nt§ @c@recg.?g%ﬂ?lh?xg?v% ev1 e%%hat varlous O%H %%/ Ops ang changes may be

he” sourc
mad? @@fie@ rvgth@r_t depgiping fior the [beveder ismrlt@mu@m df the peeset in@Biors arodat forth in the

clalrﬁhS Th kpeﬁﬁkﬁtl@%inﬂj Brawing ab Qﬁm,g@'ntotb@ ?eg%ﬁé&’els ﬁMgtifa%eaﬁd Rt restrictive. Tt is
el ectr on nitride etch stop | ayer

unad S0 98 e SR RO Gl o g o s Eoriprslio vt o pens and i

capabig Pfd?éang%@e medificatiqya withisth@Bope Slihs Brpnevtcbnsept avexpravserhb@iyier
dielectric (ILDo) 300 is deposited, such as a BPSG
| ayer, as by plasma enhanced chem cal deposition.
Pl anari zation is then inplenented, as by chenica
nmechani cal polishing (CWP). According to enbodi nents
of the present invention, the SiRO |layer 500 is then
deposited on an upper surface of the BPSG | ayer 300.
The Si RO | ayer deposited in accordance with
enbodi ments of the present invention exhibits a RJ.
greater than 1.6, e.g., 1.7 to 2.0, and, hence,
bl ocks, UV radi ation generated during subsequent back
end of |ine processing fromreaching the cells and
i ncreasing their programvoltage. Subsequent
processing i ncludes anisotropic etching to form
contact holes 400 shown in phantom through Si RO I ayer
500 and interlayer dielectric 300. The presence of
Si RO | ayer 500 presents UV radi ati on generated during
such ani sotropic etching fromundesirably el evating
the Vt. The UV opaque Si RO | ayer 500 al so shields the
cells from WV radi ati on during subsequent back end of
| ine processing, such as netallization, deposition and
etching operations. In addition, the cells are
shi el ded from UV radi ati on. The present invention
provi des sem conductor devices with inproved
reliability, such as EEPROM devi ces with increased
operating speed and reduced cell over-programm ng by
WV radi ati on, and provi des enabling nmethodol ogy. In
accordance with enbodi nents of the present invention,
silicon-rich silicon oxide layer is deposited on a
pl anari zed BPSG i nterl ayer dielectric, which
silicon-rich silicon oxide |ayer effectively blocks W
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
enj oys industrial applicability in manufacturing
various types of sem conductor devices, particularly
hi ghly integrated senm conductor devices exhibiting
increased circuit speed and sub-m cron di nensi ons,
e.g., wth a design rule of about 0.12 m cron and
under, with high reliability. The present
i nventi onenjoys particular industrial applicability in
manuf acturing flash nenory devices, such EEPROMs, with
significantly reduced UV charging of cells.
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In the preceding detail ed description, the present

invention is described with reference to specifically
wex@spl@sy enbodi ments thereof. It wll, howevRCT/UR®04/019664

evi dent that various nodifications and changes may be

made thereto without departing fromthe broader spirit
Wngﬂ pOf the present invention, as set forth in

e clal rrs The specification and dr awi ng are,

acdor di Agfrghod phmasalaqtetyep setrordyictpn deviess thametiod camprtisiet

r e%rﬁﬂn@tai ﬁnﬁﬁmstdrtha\hﬁg MEd?&ftﬁEtﬁl@@v&r hadubsirhte (J05 @8R Atgate dielectric layer (33)
thereloeWeth' on i s capabl e of using various other

I'nati ons and environnents and i s capabl e of
c h écngels apinteriayeti dfelectrit pyortbe tintistirBoPhendscope of the

i n‘f&ﬂln&g‘é%lh&ﬁﬁféﬁ RiicoR Sxi@NRYLE66 GahlBy @ﬂcﬂacMWdek R Ol odyEhdn 1.6, on an
ng n{sh nfnuf 8&)”“ ng a seniconductor device,
uppef iEaqRY %‘Bter&aé’ﬁrﬁl §tf‘?1§ formng a transistor having a
gatze st rThe tathel gyedingatosids tlr ain@ri{ &Oij)rnwijlg the ailigaa{s'@icon rich oxide layer
(SOOF\M@J aqﬁ%{ehtgr tlllaﬁ)fe ta(tﬁgi%esg 9@6@@%6@@@@ form ng an

I nterl ayr dielectric over the transistor (300); and
f o ng The ¥5thqd cesAuding forfladm [icBRiisiB%i de | ayer (500)),
hauikeposjtigy an@kd ofl Bdronvighodphad@x-dépad $ilich@ eR&IBPSQA) hathe iltefryerditlectric (300);

an pkéﬁfg%%%gg% agrfagé &Q@%P‘S@Ea@{ léﬁ)pﬁea ddi el ectric (300).

ccor conpri sing form ng
t heleropilinedhsfiligpriic élhcqﬂloélﬁe Iaer @eo Ibéylé?na cBewrd dienial yapy deposition at a
tempgr@ﬁ@toexsotdw@esolc 7 at a thic kness of 400 A to 600 A 3.

rret hl%dmatﬁ accorc{1 tg olalcl:n P‘ €0 r1s1n gengs1t1ng e%lll on-rich.silicon oxide layer
i JEpEE ST P Ear e

dep03|t|ng a ous-
(500pdtass ( BPSG) as the [ nt erI ayer d| eI ectric (300)

pl 3{1@&sﬁmiﬂ6§rattm1¢mpﬁols&wface gf tlhe BPSG | 3ye:r (300);
an e SItin he 11 con-ric silicon oxide ayer
G S gk

( 53B)" “brlat5§ WE&®d chenical vapor deposition at
a taeRpepoatif €1006 149050@;t 0 650C. 4. The net hod accordi ng

toagﬁ,a@ﬁg&f—’k%gg%qssdngg depositing the silicon-rich
silicon oxl 500) at: at a silane flow rate of

106 Pregsupbl- %@@rﬁ%ﬁﬁoﬁ\ﬁ@l £SWSr at e of 165 to 195 seem
an 5sR F. Tpemefiodatcotiig td otnind 4,Qvhevaih te gat@susygae cangpriak: 625 t o

675& u%él %’Sdea(?@ &ﬁ%a%%?e%% - g‘ntﬁ%;ugstrgte %O)Tor r, f or 3 to

accor
meﬁ@%tﬁgswlegmde@ﬁqm@tﬂw@ oEgNPdi ses: a tunnel " oxi de

( 33) idspalyhBel@aic €350 cahpaisihg drCoxidan@ide/oxidd (ONOS st dnakettloating gate (34);
and (30);

a control gate electrode (30) on the interpoly dielectric (35), the method comprising:

forming silicon oxide sidewall spacers (38) on the side surfaces of the gate structure;

forming a layer of silicon nitride (39) on an upper surface of the gate stack and on the silicon oxide
sidewall spacers (38); and

thereafter depositing the interlayer dielectric.

6. A semiconductor device comprising:

a transistor having gate structure over a substrate (30) with a gate dielectric layer (33) therebetween;
and

a silicon-rich silicon oxide layer (500), having a refractive index (R.I.) greater than 1.6, on an upper

surface of the interlayer dielectric (300).

7. The semiconductor device according to claim 6, wherein the silicon-rich silicon oxide layer
(500) has a R.I. greater than 1.7 and a thickness of 400°A to 600°A.
8. The semiconductor device according to claim 6, wherein the gate structure comprises:
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a floating gate el ectrode (34) on the tunnel oxide
(33); an interpoly dielectric (35) conprising an
w@zi0dei0984 ri de/ oxi de (ONO) stack on the fl oatiPQI/ys1084/019664
(34); and a control gate electrode (30) on the
|nt npri si ng:
of r?ﬁntge? )Xde%3§ asetge ate glefe%?%l’a%ﬂethew%s%%?gﬁ (38) on the
S|d@ﬂ%@gzﬁkﬂxm%#(%ﬂﬂ@ﬂg§@@ﬂ§FWUEDUre formng a |ayer
Of 28 intelfo R HidMcAiE (B8 cdmpDingOdh Re/HRPREbxiGUONDS eadkfontiitEfloating gate (34);
gate stack and on the silicon oxide sidewall spacers
and "38): and thereafter depositing the interlayer
di ekentblrzate ele@rodeA3® emihe medubtdislectdeidflee conpri sing: a

t r @n3| Sfd seﬂ@c\éhdﬁgtoxg@tu@e skdrbigd iérc@auﬁ)‘é e&on@nﬁﬂébssﬁcﬁlabﬁde(s?t@)vall spacers
gate dielectric |ayer er ehet ween:;

a nd
(38) §ﬁ‘ Flik‘c%‘ﬁ“?% eihesgafe; SEW%%dd‘éaﬂeraéféP PEREe 8 AV *‘Pi‘d*f’%\er Surfalt of the gate
structuef and@ thestticomnakede sifdRall paggseat er t han 1.6, on an upper
Surlt).aceggi sg‘nt}c% thg{me ﬁév@o\é ea%cogir% &G ‘iaqlh% (Vﬁg‘g)l ‘the Inteﬁg@r dielectric (300)
sem conduct or eV|ce”accor claimé6, wherein the
compgisgsia Geypu-phogitiorgpstdopad siliepis epes B r (500) has a R I.
greater than 1.7 and a thickness of 400A to 600A. 8.
The sem conduct or device according to claim®6, wherein
the gate structure conprises: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 interpoly dielectric (35) conprising an
oxi de/nitride/ oxide (ONO stack on the floating gate
(34); and a control gate electrode (36) on the
interpoly dielectric (35). 9. The sem conductor device
according to claim8, conprising silicon oxide
sidewal | spacers (38) on side surfaces of the gate
structure and a layer of silicon nitride (39) on an
upper surface of the gate structure and on the silicon
oxi de sidewal| spacers. 10. The sem conductor device
according to claim8, wherein the interlayer
dielectric (300) conprises a boron-phosphorous-doped
silicate glass (BPSG).



