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WD 2004/ 073047 PCT/ US2004/ 000492 UV- BLOCKI NG LAYER

FOR REDUCI NG UV- | NDUCED CHARG NG OF SONOS DUAL BI T
woL4iBH7MENMORY DEVI CES | N BECL PROCESSI NG TECHRCTAIS2004/000492

FIELD 5 The present invention relates to a process for

preparation of a SONOS flash nenory devi ce incl uding

an WM-BEQUKINGLAYENFOR&RIDAIAING UN-DERIQH) CRARGINGOF SONOS DUAL-

reduci ng UV- i BILERASKE NEMORY DEVICESINGEGLNWPROCESSING

back-end-of -1ine (BECL) processing. BACKGROUND ART

Non-vol atile nmenory deV|mmc§L@mLﬁnt ly in
grelsgread use i el ectron nts that requir
th |

B EHPR GIHDP 2PRFST ?Pdi*i %ﬁ’ hOEF e B %‘E?\‘i\’zé?md“dmg an
ultravislett(EWadiaios blockidg tayar 6dr estliding Uveindicad cble ylhgd Sevica &l badteend-of-line (BEOL)
proc %%/;)nl y-nmenory (ROM, progranmabl e-read-only nmenory

er asabl e- pr ogr ammabl e-read-only nenory
(EPRQ\/D and BACKGROUND ART

el %ﬁlfvblﬂﬁé Jné’md?}r @528 B ey ﬁm@dr&d heasdzaeabie Weﬂts that require the
deV| ces. EEPROM devi ces d| ffer fromothe

rete (bth o d{lf 1%1 %%?lgptr&élvp%vgé 1§ ﬁer]fl}]ilgf thl\écgp—veléﬁle blgemory devices include
read-@hlgatetorg EHAM), mdsg'h@trﬁnmﬂdaﬂdmeﬁcﬁys@doWIeﬁghle phobRiRaMIe-read-only memory

(EP}Qﬁ\f()r Sn% 1e§m 11§* er”la{)@g ?@é‘r E@Pﬁdﬁt 1e§'}'_§e'!.‘i§¥PROM devices

ct rcal
dlffet—lfsweve?r mrl IVQi%ﬂlP IEEF"RG\W’G@VF évetsthefwalbbfeelqcﬁealbrpa@rweéﬁnd erased. Flash

EEPROM dBBAPLYsikifk o BEPEON B8/idaN i ith%ehl@ﬂy Bdis &in B¢ ;G Bnmed and er ased electrically.
el ectrical current pulse. éﬁluct devel opnent effort

Howpysr. HaspRERRQRAASEEss el A5 1By el dnema Gelsdn G dyvire Pegds Sﬂéle electrical
curretnhﬁlsar ogr anm ng speed | oweri ng progranm ng and

g de\<fol n%gt € arés lfl?‘ z P%ﬁﬂ c[clgicedc%‘hnolorég Ba%fr:] {ocused c%mlmcreasmg the programming
Spee@l ﬂth@ Pem@mm@génd 1padive vdiages.diiceshsinstdath Letenwerﬂp agdugingrcell gygsure times and

redu&%%‘l &ARLdsBAs. Ofe ﬂnB&tagﬁP REdvd ﬂlﬁerﬁﬁoﬁﬁgfﬂﬁcéﬂbﬁ drkid QE%I@XQaQ@ude nitride-
structure, EPROMV. devi ce that utilizes_ the

or S SR GGPe GO et HEONP P B R e icon
(SONWCIH ypeoiHHPROM ds eeantufik ReRINDetictee it hAdating gate FLASH memory

‘dev1ce 1|n Lvllu%he%e bNS stgéplr E{o me ﬁvf ﬁ?ﬁ%\aﬁf la%rat Ic{lg &tl)%lhlgo '%%!a_t%lg gate.

devi ce, e 1s
ov ém S@Iﬁ@ felvioest CM‘@ Igwaemngyﬁ‘?ce'a#l lchargg imngﬁmeﬁ fremo e substrate to the silicon

nitridell B8tk ROOMBEBuctutd) VOIS IBMicE @)Sdue ;Qﬂé lahd Wai P& QB h AR Gnd lateral electric
el ectrical charge is transferred fromthe substrate to

f1eldi W@c]gchle&aéeﬁhc eIlﬁ;tfc}nF ﬂ@lg th%;a@gth ?fﬁhelep?gneb%tkg Flleﬁ@flslﬁ,Oée along the channel, some

of thi® gzhlagl&&leﬂf eﬁergyptphumpdwér (ﬂwtpbiﬁnt@ﬂiaﬁwﬁﬁdhed)bﬁmﬂsﬂ@be &b;tldibgayer and become
rtic er.

trappg% lél etliw sﬁlc n nqt?%e 19};6 Eﬁ\ ctrr%nﬁ gr%ala%)nd netarh he +ra1n l%glﬁn befcaug%the electric fields are the

Stronemmﬁréﬂe drams Rmemethemtqnewmw @ thelseyrg amdNeaucm& pavesielectzpppte travel along

the cBfnndl MR Hadsie Bddoh G1d®0 InjeBBLHGYhelsBcdn WU B nedr B source nglOI‘l Because
otential barrier of the bottom silicon dioxide

silic 1%36‘& Wlectxma%@g@cinﬁ t{nﬁ@lmge rnitrac@ﬁedﬁ]ilt? P]Faléthna%de 1ayer tends to remain
localizkd® CAdc@tiggl@ rdepehdig@ppectha@alicatidhef délagapotetispdlechREl@hkSE can be stored in
the electric. fie trongest near the drain.

di ds are the . .s
1scrﬁe reélons Wi 1n a smgl% cocn rhutovils asi 1§onanb |g)ile. agar to the source and
dr ay op—vq@ptﬂq: mm@mg}eg@we@k@ adgantageepy e logdligevigpatutefpelectron storage within a

silic@nRAhyet Hd bile 1QRRAShd Ryt BS Eht%ﬂllﬁ% REiorsF e&&&daagamm an ONO
the silicon nitride |ayer near the source reg

layerpis pg OBEPIEPIRTIR BAMGY f‘er"}c’d@ pevafse dealaic EFY WI ‘V“Ch is available under the
trade@@itMIBRORBIT] frite AdARedictoTieriod 16€ Guinfital, CAlieonSd. ThEMIRRORBIT] dual-bit
PR ayer. . to, rem lLocal i.ze rdin

EEPg&élgrelén cgfdﬁige o% sgdélﬁé ?ﬁ(zggsa néu%F }n?()rr e{tlon asa onven|t1 aijeEng)?Bn ! ar?or}/ array of equal
size.gh Joft andirighibit &5 tagedim Pbsaiqalbéif@teatra@eb of fhe silifion vifride yer.agir éfignd right regions
of edh bfabry 1B | PBLSnEBNhERIIO YR tiibh lubed Akt Blablf inALuils Y B¢ programmed and read

Non- volyatl | e menory desi gners have taken advant age of

the localized nature of electron storage within a

silicon nitride | ayer and have desi gned nenory

circuits that utilize tw regions of stored charge

within an ONO 35 layer. This type of non-volatile

menory device is known as a dual -bit EEPROM which is

aval | abl e under the traderrark M RRORBI TJ from Advanced

S -~ ~ 1
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of each nenory cell. Progranm ng nethods are then used

that enable two bits to be programmed and read 1 WO
waQond/003@047 PCT/ US2004/ 000492 si nul t aneous!| y PCThiS2d0w000492

bits of the nmenory cell can be individually erased by

appl yi ng suitable erase voltages to the gate and to
simuiggndyely. Thhevoddtnt the memorgivetl am be wdjviderdly erivedderyppiingg@ipitle erase voltages to the

gate %S@&&Q%QoMctopdrglﬁﬁegég\m fllash rremory devi ce is that
devi ce to operate properl th bits nust

be
DAY st Bor CH O P ONOS 1 §‘ﬁ’3?féif‘%(r°§r 5ty oo 1 gpgrate property,
both Bitd Bust & aBIE ﬂgj’eaﬁi&&di,nd fead &}iﬁﬁaﬁ If eadf e bﬁshﬁpro@ammed a reverse read on the

mred L Sepsg and
proggmmgc{/ beltrnéuét S(I;nse a i W vf F‘|é 8 O d 6 revergs reayoﬁ thebnoP pI;TﬁraItmned Bit must sense alow V,

ie., b QA \Khus, ja reverse @ad o the'ﬁhmgogrgnmeé\,hgtr whicly is gduigtent o forward read -on the
ga&&ewlpﬂﬁs%m&%mgh the %b&&trhp};e@éﬂb&%éﬁﬁ&ﬁmo defrde afh%x&%ﬁg read current. If

read on th progr ame unch t hrough
tis dopgPbPEST (s HOUHE e T BB T8 e at & HEORCGH® bt

en@ug ﬂolSl&ﬁldhﬂLHaJ &EH encolitered WithSONOS Hash &Emd&ﬁ@s@ﬁéh inclubiflg a dielectric charge
storaQ%ﬂ}_/ep I{sq}%rb%ﬁq klp é)% cr:] ar&c f Itil/eech%r?ei storﬁe]:?ayer anglsubse%n?mﬁreﬁes in'V,, as a result of
expobmg G I i GONOB b el i FBPyprafes e . folloving formtion

of thle 'ﬁgsh lﬁ%&g cal. d["r@z!eggst vvﬂm‘ﬁ 1&:&1@5 B&h leved &Wrﬁﬂ@lo}l @a)ﬁ?er suéhsthErE@bulldup and
dup of charge in the charge stora

concgralﬁgféaffrémm VinGraaess 7 1 worpld g al e s g 0% e b?)s 8 r g addition, if the
chargecz)uﬂﬂup [sauﬂfla&ﬂty 1afgadt @hﬂoﬂlib eddilyy eag@d bpdne hvaibdbie@Bitag&n dhs a result, the SONOS
s RSpl IECh B SEsms, glos, 1o fol lowng,

i ndI\Uetgoshrie gimot a@m@lcm fayflodivl gaadia@tdp\mws clddidevegpellsilchagrgtser conductive
mateHM Ifclr g ngg@ F}gage%fgﬂgrﬁ’ rﬂ1 Eléﬁ(éew'c%gf[gc%gﬁﬁlé gzlr?e 1%/2‘8' ‘be e@%§el*&ﬁ&s&ﬂ§ BV radiation,
in orde(x)to neqtqqhzga@re{ept&qlc leafgetl\’h]éh buddsap Hippling @;ﬁe emory cefl during processmg For

exanii)léf ] ISCPa%HttNon6 Bsureg eused TV ﬁtalﬁﬂitﬁitin tbl@m@lﬂlSﬂ I y er as ed by t he

\NO ucd-l p6ocesrsléfﬁia 3(? gxaopugré?) e&g)é\y ash n’cl:eﬁnafyg 8v1c§: 81}1%(13 éhee caar%e s;:orage layer can be
irrevidsiblg Xpomed by ¢xgospiptio HVprdidtioe Whlﬁlobuﬂﬂst ard largg cpageeard]| t@scrlnarge cannot be

neut BN GES LG RAVEY AgR@ysi | i con or ot her conduct ive
mat erial for a charge stora% el ement. In suc

deviheefsre, ¢ pred PHigHPs wetb%h vichal previgfpidgsderge @beﬁblg@aie% gyovision for,
protdehibnloBdié afaige Boragelldjer@f SENOJ davitee it pbstif? 1N ra@ia@ldu@ig BEOL processing.

Accod;cgpgl}g wPr}cF]sdn %?gfl&bégg iop [g%chngggy are é‘%"&?@%’ 1é15119 ct;h%rlgn?ué nltlpyaR%mcrease inVyin
SON®S 36 1u6S does 8@ Scclvpartivdiady dugng BEOL hecsssimmnner . 20 Such

processing is not an option for SONCS flash nenory

devi ces, since the charge stor a}gle | ayer can be

irreversibly danagedDb‘ia&%W I%Wl?ladl ation which

buithe §re§éﬁt irdverltiof, gﬁ)né?&ﬂb@ﬁhent adflestd S ONTAITGR n&a;alryaswdaﬁncludmg a SONOS
ﬂash-?q%g{g ré’f%%}i’ %ned ahlea%t ogeull:T % roge{:téve P;loefr l{rqa ehrlr%h;% elf%/ %?] 1he 1 V\Xef ?omprlses a substantially
UV-gngeinderialand a devi ce which includes provision for,

p r Cﬂi @1% 11’19&119;[1'( Eh@ Sregémﬁvgﬁ1o§ D008 Sbﬁbg ﬁas'h giefﬁ%we including a SONOS

devices from exposure to WV radiation duri
ﬂashgp%@é)s%e egUV-pggecp\\@(fe?tarlt Fg| 19yer dispossA ous thep C@{(}%Hﬂash memoty cell, the UV-
protdcB¥Y doftadt |c@ﬂla§e€ cinmikingy S@Etﬁluﬁlsre[ﬂi‘ﬁdpah@ thd&&G#dl, @ndt 418dast one additional UV-
proteagve I%rﬁ ?xe 8018216? one ra)%l}t 0}1&{1‘: d) r(l)%echxaa layer comgrg&gé@?%sgae sSu§ cl:al){er o? a UV-opaque
mat@h@@k@mﬁmphqw@ﬁﬂmnﬂmes e ers;l@mof Siliqorenteb siligon dlpmdecﬁieon -rich silicon

m&l&f@lﬁ:@ﬁ H&lréhlconr Gk &Silit&-1Rh §Md fnlvﬁﬁﬁ'thgﬁwwfecﬁiv%\ﬁy&?protect the SONOS
I ncl udi SONOS = 30 flash nenmory cell; "and at st

n
flas owlbf?%% Bregeyalingfiom UV, qipaiip dusing RO RossisHe @é%br%on of the SONOS
flasH r3y@Fy de@EPr i ses a substantially UVv-opaque naterial .

In one enbodi nent, the present invention relates to a

SONCS fl ash nmenory device, i2ncluding a SONOS flash

menory cell; a UV-protective contact cap |ayer

di sposed over the SONCS flash nmenory cell, the UV-

protective contact cap |layer conprising a

subst antl aIIy Uv-opaque rraterl aI and at Ieast one

. o, oy
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nitride, silicon-rich silicon carbide or silicon-rich

SIiCN, and in which the UV-protective |ayers protect
woheo4®DA@E fl ash nmenory cell from damage resuPCTmg2004/000492

from UV exposure during BEOL processing in fabrication

of the SONOS flash nmenory device. 2 WD 2004/ 073047

PCr/ayszoouhodigent i prepentintshtive relagsiboathatod bf protdeangp SEONO flash memory cell

from UWM&ﬂEédQHarélﬁé @Jcﬁgmgg ﬁbr@:atf@tamﬁlm@f ﬂz@ﬁ 91%1?1&9 kdiGn @ sé@&?cmr device; and

depos]méx% Pve&gf gﬁﬁgﬁﬁgkﬂeﬁor; ?ggﬁé%%ﬁ&e@%tgqn%; %yeé WhCI'ICII;]l (t:he UVI prlgtecuve layer
compgesi bttty GFV- djﬁqnbmet;:naand dep05| ti ng over the SONOS
f ﬂ%ﬁe &B%%S’ﬁﬁl&b@% IUIV o%rotec{weelageli ci;eétrs l%lya %l%sh memory céﬁefroin damage resultmg

wherein
from YY) jsxpogy queing %EQIJ\PI@p@qu@ fabitagip o] the @N@S fbiﬁtanemmotsbmn@ nt,

t h’ﬂluy\lﬁeﬁfé%n@ﬁ%nﬂ&l lLﬂ)Y(ﬁffdn@r W&t%cttvg ﬁye?%@émﬁe's fhe Broblem of UV-induced

rom darra e resultin from U/ exposure
chargiye, gﬁ%"%é&ﬁﬁh Provests ﬁ@“‘?“ﬁ‘ﬂf/ apig LotiocETing: hEhe invention provides
advarfag@sith ma(ﬂrl:tblynaﬁiﬂl\blf mv prbkeSre 1alydd @h 10h @SBk the w&e trb@BEobyv radiation; (2)

proteJBiFI? {fll\)% §E%I Sge g ICl#é on%éﬁ‘f%g g%/rglgé O rov1s1on op er ]i)l‘OCCSeSrITI]IOdlflcatIOn
whichsaitheieasily aaﬁqnynodmct ingyesBEQEmpeC g iation p@meeswé@éﬁqmauon of one or more of

a conthdﬂ V@ netybrolﬁteﬂév@l\ﬁ'ie@%ﬁc TafY Ak #PoxaS WA Sddittbhal BRELR t 288tion to standard
protective layer which protects the device

diclecR: S pr e BB PR HiORE AU Bioek e plaersand nsures
propef thagh 1smemrny onelstruckuted i $HNOEhac &ﬁizrrﬁf}r&fegbe@ gwhllé 3f) the same time providing
distind? glgye%ss ang gcggonmrlr% %aes IS%lthF(Jnrl q‘l desar?br:d i ter s ]ar % E}ﬂ? :t{pli le to, SONOS
flash lpqm@%)ecg:g]g@ themq@j;er(t myemmlﬁ’gpad@mpm abint® f@jmcmgn ef apf semgonductor device that
included dh@ed st ] Ay @¥&oct th BbvBHbEY P bhadh ﬁé ectric layers, and a r -

top oxide with tf]ns addi ti onal 7Funct| on in addition to

standard dielectric functions. Thus, the present

i nventi on provi deBREEF BESCRIEHON OENRANdscat i on

t()\@ rl‘?irhglg 1’ca1)2 rlglstragaég‘ﬁ%%s %ethg ﬁa%c?rlg%)g ?f a%e '{c;clnsngtécit:’or su% rlra}e conézimmg a Dual-
Bit ERPREMeansistar iwhigh ipgomneratts mgybstBtially Vi- maltlueppme@s lagem@nd which further includes
a furtl®f Wt@ctl@@l\éﬁm BYRS a sﬁlstgr%gl‘l&g@\l g%%%@' Qaelgyet rfabtn@a{téﬁﬁn Qfcordance with an

b% artlcul arly applicable to l'ash nenory

embo S PIHEITHYent i nvention is br oadl y applicable

t orig.a bdhbmt:zﬂl@ muﬁlfatea ¢ roSedattda B phiaiod 6f ad@medmucton ﬁlbstrate containing a pair of

Dual- Eﬁﬁ]&%’?u%&%&y tor age l %ELSEYA%%% é%b yer m isg—py)\{actwe layer,

fabricajedin Pﬁa?fﬂ@a‘? Vigh ap Ieth@tmeBPtOé@e present Enypgtions ect i on, a portion |

OfF@ 3 %%&1@5‘19 Hadtfes, ﬁlléQﬁst srec‘?cfoﬁ 2 %ﬁbﬁ's&ﬂcﬁd&é@éubsn@ehhwh incorporates
ROM t r ansi st or ch porates a substanti all

twoU U\Pr%eﬁgﬁlhaéerém q (‘j‘?mlb]ﬁ‘ﬂ“qe%%i‘é]?smnt’éﬁé' Uheragre ubriayprefpbricated 1r)1/ accordance with
an embcmiﬁileudéﬂiep&seﬁumtehﬁ)ﬁ UV-protective |layer having a ,

ac . tr%g E]l élgta in ross s@c@’ grﬁéroge%sp ste:]ﬁa thei {ﬁneat%og é’éﬁ% UIV -protective layers of the
preserit fygnipy efha Sqntl@nd@oséemmm B @ebebsy I hctcutsltmfatweh; an gmpodiment of the .present
invent®n0SS- section, a portion of a sem conductor substrate

V\ﬁ[’n %I r;lﬁ%%% lgllsr of 25 Dual -Bit EEPROM transi stors
R STHEBIDS 1 AFES 4n SOERCHRAPAPTIGR WS perHs o8 tistlg palar to that of
Fig. 1) which ildvpqatetagottacy @p laget Sliree intralpr dielbdBal 14yrs aRIGASRITE Buyer, fabricated in
esent invention. Fi 3 4

accords%tl:gﬁg'rlrtg%%gp@]qéﬁmesp?{s%#menp{nn cross-section, a gortl on .

ofFig 7%@@#&&@%&%@@ Bominsthe step eftin g ot the gresenvioyention,

UV-protective |layers each of which includes a

substantial |l y UV-opaque sub-layer, fabricated in

accordance with an enbodi nent of the present

invention. 30 Figs. 4-5 illustrate, in cross-section,

process steps for the fabrication of the UV-protective

| ayers of the present invéntion on a seniconductor

device, in a process in accordance with an enbodi nent

of the present invention. Fig. 6 schematically

illustrates, in cross-section, a portion of a

sem conductor substrate sim | ar to that of Fi g. 1,

. ey
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35 accordance with an enbodi nent of the present
invention. Fig. 7 is a schematic flow di agram show ng
woheo4gapas of an enbodi nent of the present i nveariuszo4/000492
3 WD 2004/ 073047 PCT/ US2004/ 000492 It shoul d be
appreciated that for sinplicity and clarity of
i | Mylpuldde appreciated thatonsimplisiyoant clarity df flesti@iogetemsntsshava il Figures have not
neces@e@@ﬁﬁéﬂfrévtn%o QQ@ %@Eﬁtﬁﬂ ttlg: ﬁ?eﬂiuﬁts otF Qe cﬁﬁ@gmr@nts a!nn%éggerated relative to

di mensi ons_of sone of enents are exaggerate
each piafrARrictpgtyy Burtherawttfeoq%dfrefl BRPriRs t@cf%tencwmeﬁg ave\ppfygpeated among the
Figu€Ob Sildes eteppaigpknatse, reference nuneral s have been

N Tt T .
completeeprqsess fevsfor manefaeiuring ihtegtaied Gtcuirse Bheghesrintvaiibnioe| be pradiced in conjunction

with #16 atfecpcfu%@fabrﬁﬁfgp e@ttnﬁuég Eﬁ&msefd MY at'toa[nd Wé&fnﬁl‘eﬁ & EHe @tgnmonly practiced
infegrated circuits. The present Invention can

procesy sipt 3¢ Befuden 2 ererifean viestrnding Py mitsed Hatrttlea. t
fabrication techniques currently used in the art, and

orLY, 59, much ShndhS ATEREYR G5t LR BRRRERS, 0
t h&eforias Erst toj Higr dnthere iis, sccafdADESoWOR @ARRYIING @uistofHE, which in one
emboldMﬁNIIaq\d)I‘R?j ﬁ;[sfl 'nﬁtglorfyl creﬁtsuﬁégle':fblguse]m tdnﬁrbﬁ EEﬁ’ROM device, such as the

schematically shown i'n cross-section a transistor 10,
MIRRERIAT e BN RR B STEECs ginaceSeNeand Ydahtefra fratmycopdipefor substrate 16
and sSpiated lay & cifafiel ﬂd§6h 18n Tae Sbdhte 06 ma}E;E,FfEi@q/tma( b 6iBgle &VkGINsiSn wafer. The

substrsagaﬁrﬁ 161 a(l}ng?%ah giulrs% Jfglg %ﬁolétsﬁ%ﬂ atf) (])I%yali, an Ccfptlf]a})]naglayer a silicon-germanium layer,
a gergianine onigdntta taysu@mdmewmﬁmcamet@emrm el sthok gate Ghaver@h the channel
regloft 2. "Iﬁ@stal:ﬁ gatem %cﬁ‘t&gg 7 L@l Eatele@ecg&i\é 2&3 gnd a]fl @NO@Mm%llrﬁludlﬁg a bottom or tunnel
single crystal silicon wafer. The 15 substrate 16 nay
oxidepieh 28y & clgige storaag aves dhnd @ fopgxide tatee é% ab%‘?"?‘”h g fjigad ofn one embodiment, the

charde StyRge, layaxrBOGaQi nttﬂdéicﬁdrgésﬁﬁé@eﬂayeﬂ ISdnk j:tﬁdbﬁm@ﬂf tl"ﬁiiliiirgkmtdl@y B¥er 30 comprises

silicon étr%ltdzc: gi?ll 61 rtegr gdéﬂle% ;JL!} aerge s}graé% lza‘%e&?d’ cg{n%nsﬁszf)t}gvlgprvn %;%Iectrﬁ: charge storage
mategdhssndhak, for p}@g]p]@n hile8-K didhetrig tnaterdial. g_ﬁattaéle@zgh -Kryiidlaglie shagge storage materials are
d1scl(§§9cni§1r gtlencg@gt gonﬁﬁoﬁﬁtags%g& a%ﬁtcat@ﬂ QSs@ﬁEdg\pS%ﬁ %t 14fBe, 757 entitled USE OF

inclu a bottom or tunnel oXl
G R IR T WATER AR N MODB A QT 7R E 3R SRR TDR DEVICES.

The sE\Ic]ante]M furtRer @RIRAS @tb@atu l'fﬁ'JﬂsIBA ANBowrGIEiE d &chse@B3E0Md B@YRY be stored in the
e char

tri age |ayer. | , .

chargd B el R AT G e Br g B Rty B Ser RuagpiErROM device
si Refeing stilltty Figd, the slack the?4 ieqrbadi ankswrgyndedie adiramgdevel dielectric (ILD)
layerszb QIhed glscl xﬁéﬁz%re re%«gre&; quf]jl_]% %’?L]QEeH@f la)}épﬂy\ﬁn Ghe%%(f&&én@ the ILDO layer 201is

char estorage materi als such for exa
Slh""ﬁl"g‘t’fldR dp enthet ephodingepis. g HHPO laysy P-%\mazé cpipRiie Rther Bpteriafsy pigh as boron
phosgHoaNdgR glads @Bl&@@oﬁ&%ﬁ@bvﬁl rSatedilil€for SAEHIGE10 HARE dniboGRRLMENNGRig. 1, the ILDO

| on assigned U. S. Serial No.
layer%g%‘g‘ ‘Y/“E)‘a‘?‘§h hgin“% tﬁ‘%gﬂgg?e&é H GH+ K DI ELECTRI C
MATERE Ah@tlbm\IOﬂ\;@DMémEIy ONO-TBTENDRDUREFDR DEMIGERNBEGHIR to the gate

elech@ge\é4g¢:c§-ts app-tr ﬁatg‘tto%goug:@ﬁiﬁmgébotlylrﬂaﬂﬁm t&%@%@& vc'olt§;';eg &Yt@eiectmcal charge
. ar ges

| i ners shown I n a and
from g S@fcsftd@al TeeipnE Rend bt te Ptatagee astopyiegbanpehipeion 59 Duwrﬂ waramng once the
chargd €ficBun®®s aduffiflaitiy Qronyd veRicQ Git10, @R cliakdd El&@ﬁs 1h]@M&f or bubindls#®m the channel region

s g R S R eSSy S L bt et gy s may
also kg r¢firred to af meépttce\?tetagqiayeﬂ Earterample(depel)ing upayybe paR@planmaltaghlevels applied to
the c@ﬁn%ilgdeéﬂétec%‘derz%fa‘ﬁ& 'toeﬂe E&rc%raﬂnq:ggn li EIQI 1243'&9, e)ecén@a)f %ﬁar&p 36a, 36b are

In one enbodi ment, the [1con
wansigrreghintpy he charge Yerpgeave %%lﬂiﬁé"ﬁtl’ée “t 1I%OIIS E}IBES’"FH&SY& eithey thgRyree/drain region
12, ot thephics @raintdah 14t eri al s, such as boron

phosphosi |l i cate gl ass (BPSG) or other known materials

for such layer. In the enbodi nent shown in Fig. 1, the

ILDO 30 layer 20 is thicker than the hei ght of the

stack gate 24. In the operation of the exenplary

Dual - Bit EEPROM transistor 10, voltages are applied to

t he gate eI ectrode 24 and as appropr| ate to the

e A~ o I
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also be referred to as an el ectron storage |ayer. For

exanpl e, dependi ng upon the particular voltage |evels
wappi4iogsh4at o the control -gate el ectrode 26 andPCo/USE®4/000492

source/drain regions 12 and 14, the electrical charges

36a, 36b are transferred into the charge storage

| ay Bhosgekillgd dn the art Pllorcisnizecthat dor pesgérdrstionng pf @ dialrbit FERROM device, the

ele@lidal @lrgds36a, S&blalsﬁ&ﬁf aah o15t80h 88 regibls of e cﬁapg% storage layer 30 to which they are
n 14. 4 WO 2004/ 073047

rce/draip regio
o 50 274D 5092 B e BRIFTIREE 5 OB o g gHpe srage lyer 0. The
propee gaigaiane of thadonditun, ditkied pegrahiisior ildt)llsrbgﬁ@nn&ﬁ o&hﬁdﬂ&hes&ka@e layer 30is needed
o SRR 0 s o o RSO HALAES 8 TR0 s
protegg,deffongg:lc{e@t Lw-rp(bzﬁloli ﬁ}ggh car c@eatem pharge i t]leychargqstogigw@:@d%a Adglescrlbed above,

suchl Q)uﬁthﬂgl geatR Uk cﬁ%ﬁﬁ&tﬁ@%ﬁ iR ét&gd daf 2 e@&rd%mye g cl‘gfge storage layer 30.
t he_char e storage proper nmal Nt enance

of  EHESEBa P B eatoEh B na st sl o he otes presgiaidigminccent 0V
radigfiontisr@nimirad tydorsiing h HY @rdtay e lay3@s de&rlﬂﬁ&i&eﬂ ’ﬁleﬁaﬁfecttdﬁ @&om spurious charges
in aﬂcﬁ 919 ﬁxﬁ (P!g{ ge%%gc% ﬁfa lrgtgaleﬁlst ?%1?%01\2 dvaes oblt:ga,ggg(!l 9 tﬁe ]fraselg mventlon can be better
undgpt@@d@el{og@tgﬁ Aeseriptionaf @@bﬁcat[gqmqoang fattthe@muomms dﬁcrdaa(tﬁbg\[egartzcerdance with the
invé@ti&arge in the charge storage |ayer 30. As described

aboye uch spuriously created charges can introduce

er r Byiee f“ﬁ‘tdbm?t g‘i"@dn Bt athefﬁﬂ TR faigr s ravreedohecosiy Fapeaver 38. The contact
capSdyeriRgey hiayerreidfded tb 15 aaC!(D'OlﬁﬁiﬂnlﬁiﬁndMntbbdlﬁlm the V6@ tddNayer 38 comprises a
silic#! %ir@np{n%%iagaﬁ&g%\}%%l 1!}9 l’rjﬁ{ahg]n tlgeongmlcqnl}] om fﬁzf::jtg c%fa(c)t c%%/ Eéer gg comprises a
subw%l‘y@tveququg @atpr@:@ph a3 g siipen-tigh nifede, Hlepeiieh oxﬁ[eh glicon-rich carbide or silicon-rich

carHi’c[eQﬁtﬁ&ét Irﬂﬂe EhHRMASR el Ot GHRYY %comé@seé die @rﬁ%retcﬁ Slicon-rich silicon dioxide,
Bi t devi.ces

er f or mance of Dual -
eGP 1 R TGS O lIERR oA ISR g ce. Th comtatcap layer
38 wiayderdsjosied bf @ virzwi dfl grogesOieS@ikibe el gQICWIf LECVHD{HCW@; Et©.NIn one illustrative
embgg@g‘? 3% rfgtggct &a an?r:élg 113I (c:gnll'l I;1see f)ld aqzﬁler qf %ﬁ%ﬁ—gighgs\é_%g%r?%%@at is formed by a CVD
proegipo lareng qmbp’citgent the stht@nttﬁlilyr[é\f -oflafii® c¢r@}z’e:pp 203 38&prayolver@dtidnto the transistor

10 fﬁmﬂ@@ ta8%fonGARA b ﬁlﬁmgta.lpon a(ﬁbrx‘ Ktbr @@&urm%%@coe.%]sﬂ% gt[bse?i&:nﬂ@%e formation of

0 ﬁ%o be referre as ayer

° YHhSUr frigithe tapsistor 691t13 gge eeﬂajafi ey, éhe cagack @RS s sufficiqntly UV opaque to
blocial leagiabeut DIohoftmidedt iU radMﬁbIC hin ﬁbfﬁ&reﬁsodk&énf a6l tcatabtRhp la}lefBS is sufficiently
uv Q%gueqmgcﬁil th?a&taw[ J%% o 1n01 en e?ag'g S ui in gflgther eml ordgn%a%t the contact cap layer
38 igsufficieptly- JY @mlqlﬁs| 10) blp(dt@t 1e§t albpt(g 89% pf 1g¢1dentdj(‘( dtéla‘uon The silicon-rich materials of

wh1§1| thd SRRkt Eﬁgwerggﬁstlbﬁﬁm&f aredebcki@R b€ E‘etaﬂ%@l%@' de-nitride.
In One e odi nent cont act Cag&F ayer 38 COlTpr| Ses
Y€

one!®§F° FyPEmTY (ng Sf“i"’% (e coniast ap Ja

layes iahd aGeond sus-hys Iwhllcmﬁlpﬂslei d Iheﬂiﬁhal véhich isGOIFV dp@cﬁ’he STHlele&BAiment of the contact
car -N

cap Pa.gE[ t?éa I%temg{he ﬁ%stj sugsq tta:]glé %K} ogaqgcae Su%gl B(I)‘ %rﬂdt%e d;ecgncl sgg Qféﬁr is é%ta%?llly similar to

lpye@@e@gbeﬂ é@ﬁ\ﬁ pqutul@g)ect to.tep, UV-pro@ctive R@VE, eﬁa@ﬂ@; theetbigl, thi¢kmess of the layers

mayQJQ %sd Irh &&Eﬁ%din‘{eﬁt %qu‘é‘mggdnﬁﬁf?tUV Jpgcfﬁe %%}@P&f thg %tetc?cxt?fayer 38 may be

wb co % of a [ayer o I'icon-rich
SFﬁ“t“t“P’ fre ‘{‘Tﬁ‘ﬁ‘t f S§°°F‘6t“ﬁé"étefb£? og° qmppstiment eedaise fetatﬁveb(ﬁ@aﬂ total thickness of the
conteqripdiyerBhita secoitisuls s {s &ﬂbﬂe:&hﬂ th ohAén%Bcﬂﬂbtﬁ tie QbR Chp 1?_%[‘338 comprises only
rotection to the transistor
aSHF%XS£i$f%H§g%(#Q%§M i ch may i npi nge upon the
transi stor 10 during processing subsequent to the
formation of the stack gate 24 of the transistor 10.
In one enbodi nent, the contact cap |ayer 38 is "
sufficiently UV opaque to block at |east about 95% of
incident WV radiation. In another enbodi nent, the
contact cap layer 38 is sufficiently 25 UV opaque to
bl ock at | east about 98% of 3 ncident UV radi ation. And
i n anot her enbodi nent, the contact cap layer 38 is
sufficiently UV opaque to bl ock at |east about 99% of
incident UV radiation. The silicon-rich materials of
mhlch the contact cap Iayer 38 |s conprlsed are

N T N Y LT y

OFIPIERS aoféfst substantially UV opaque sub-
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substantially thicker than the second sub-layer. In

one enbodi nent, due to the relatively small total
wohbwoeas of the contact cap |ayer 38, a seceaw/usS2004/000492

sub-layer is not present. In one enbodi nent, the

contact cap layer 38 conprises only 35 a S|ngle
sub&ekntng §111|t<yFng\1'~tbm T | fyéher indudNOOIRIORIAY OFBOMF plugs 40, which may be, for

aqf@_E[ M@&Q%g@ 064 &%ducﬁaﬁefpﬁlrgf 4028 Stnbd ih 2 Rueks S i Eﬂoha‘?/er 20. The apertures 42

pene ge os%cﬁevﬁ}ﬂg% Iﬁly%ég Bgml 1?1%'? gagg?%ﬁ{%ﬁcgthg é:oalzq% §2t agg{g%?qi% ;54[1 % the transistor 10.
Thmmﬁ@'ﬁ. trothér venpikes gstakblctandes 4 OTherdd al diecBdiey 44Uk Se 2 edafiple, connecting
eleInE}ﬁs (& % hhé)/e%r) o%tge tra-lms(?or ?@t% h&%r &)ﬁrc%s and J%%E‘e% ra?‘stls (ﬁ"l tHle COQC!'LIICUVC plugs 40

provid
in %%drPtOéldiéecgﬁel/cerrne@lpabqﬁmth@memlhbcttorlvaﬁé arsitt@rsow 12 affde drain 14. In one

embddaisi, Sisvn L{Plgf o rtﬁd'&@ﬁdu&@@ﬁlﬁgs 3@&0\?&%@1:&1&& (%lﬁﬁeEtQ)q 8Sth fb%he source 12 of one
or exanpl e

tmnsgtﬁ’nec%[ﬁﬁo tﬁ%‘g i‘ﬁ%ﬁ‘l‘ %djaf%“' 62{‘515%(; t lines, etc.) of the
t r absths bmlrodm@nttsbovplawﬁrg 5 aigressston nalis ad\jefbﬁ ®fk UV-protective layer 46. In one
emﬁcfd%ﬁtj &l @f/ groteIth@ la?eq r4]éjlgl g ge!:o%g in%lrl uvgltsdief'e(c)tric taﬂer Eclra?%'fxatﬁjd ILD1. The UV-protective

r0VI ctrica connecti on
lay‘°él4éd‘!c%”é%fe"sﬁfﬁmsuh%%fl%ﬂﬁéws%ﬂl@équbr sirvcltyor 46drand msetend shitplayer 46b. In one

em&fdﬁmnt@tﬂ@d@@ﬂn&'ﬁﬁ-ﬁaycr&@b i® Jﬂl@éﬁﬁtldll@ thick& thakthe ﬁ&%b‘?l%%g t'(Huyﬂ:'fe first sub-layer 46a
connection both to

ma also% eé% E oa\s/I er ect! IbC(? t fir stantia u 46 id
oUr &5 5 8 ‘é PEFEIPat fhs frsh gepsiprialbyidy aEaa‘Perf %yer a provides
progttioano theljrasisot 10tfroanI§V sddiation Whichtniag rﬁ}iﬁ%@dpd’ﬁ&libt traB$iOM1 0 ldfting processing

sub%'@ﬁlmt tg' the ¥oli]rﬁat1'i)ﬁ éi&l%te %9 01J tl'?e tragm ﬁo{) ?éj &%Xng embod%meni, W%ﬁrst sub-layer 46a is

rotective
suffigizniby BY %ﬁWWW%WSM@W%%@f @@é@ﬂélV fapinton] Ipweither embodiment, the first sub-

layéil 1484 fécstlﬂfxblgntlly ay\ﬁ bpaq&is 'bg)@@‘étqgastlbébﬁlt :bf%TotP Enchd¥t W\p;aglgtgo‘nv ®nd in another
subst anti al

f t
eGP (i 525 & A LTSt apog s s A eiont UV radinion
one ASH@QdBMBMtermf fubstmele Uy o{SMlhe |rra§lr@ thatdi@aybiSo descr1bed blocks at least about
90% Uigtgé i?ﬂ&én?ll){rf é%th hhggslgtﬁa heéeru?g'tgtter su'bstan 1aHS it tel,lf\?é}a% °r gladnf 81at the layer so
des%{g)edd)a{;spwajor F@P“@Wéthéﬁ‘ﬁéﬁﬂ Uﬁémﬂlatlmmhcfut gbgrfrption thereof. As used herein, the term
su&t&bt&llﬂﬂtﬂ t@hdpMeddMmOARAEM She SHBr Jo%}!s%ﬁbeé B&sd, LOMsORSut 75% of the incident UV
rotection to t he tranS|stor from UV radiation
rad\%%1 gasc?rpﬁs)fl H}Qré;o 6% tetrxﬂsedotnptd?%lil it dhe mppgrig) hasing @ffect on the UV radiation,

mmmwemQSSMRg:W5msmm&&qmamkm&ﬁ%the formati on of the stack

T M L -
the B‘ICQE'KChdﬁatqr@a%Wb%WV Ugs9aqué asi dh@ﬁ@i@ﬂln Uvore adbainieotnthe finst sub-layer 46a

comPhRt hlor BFRQELRBALch L1lt6n élb){lcﬁt silRHRscH ANVET nltﬁ(@easﬂlc%n—nch silicon carbide, or
mmufﬁ%ﬁﬁgntly UV opaque to bl ock at |east about 889 of
SCOIET "W radiation. And in another enbodinent, the

fir Bltonsﬁmbedhmmrthe@ﬁ@sdbsay&uﬁi dofp@sad dllyoﬂsﬁéh@m&ﬁlldﬁ)xﬂ@ Ai0€Kwn in the art,

s e X C e L .. us . L.

|y S &ﬁﬁgﬁl ﬁﬁcte) #Eér} t?n (%Sﬂ;g Syl {la‘ijlg Frilnspa-{?{}{ og&gﬁdela%o%lﬁgm% ﬁgtradlatlon in the
range ﬁém PWW ragiptiophavipg b@delmg@@@maﬂoq ngiaio U Valstiatibn hai@g H@Helength of about
ZOOQlfn tﬁlﬁ«eVeB th%ﬁﬁg d‘lA/SﬂlldOg t’(;ntenﬁrcf sﬂi&%c&cﬁﬂé %o@e a Et&@hl&n@eﬁrrm ratio increases the

& bhst an a b& % paque" neans that the |aye
N R R A R ——
blockinglicapbbiltpy Ws thh eilitonadosent pitihdddasel e vib.loclﬁﬁg &1SopEkith @IcRhsBs. Thus, in one
embB&lﬁeJt e st su§ ﬁg&%@ar&%%ges)élh% r}c{x alf 1F (%Xle t \%hgg ?Igg}mté)% silicon is sufficient

ayer so descri eas
to relnﬁ?é thP fret seetayer 49¢ Suh“a‘lillalh/twawet Ihourtemdrliroanp the gilicobniely sigbn dioxide has a

fornUGHO, | viie i xAQ. B@he BARmiR ?Je silidG- Il%lﬁ!gﬂ d%mcﬂ ﬂ% aﬁgmﬁg §1§C Wherein 1. 8 x
such_as shifts iIn

Lo 8%%’0?/1@6@ ﬁ’%%ﬂrfg?-nﬁw&ﬁwqx@g NS Xl By
46a conprises a silicon-rich material which absorbs W
radi ation. In one enbodinent, the silicon-rich
material is substantially U opaque as defined herein.
I n one enbodi nent, the first sub-layer 46a conprises
one or nore of silicon-rich silicon dioxide,
silicon-rich silicon nitride, silicon-rich silicon
car bi de, or S|I|con rlch SICN. In one enbodi nent, the
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bl ocki ng capability. As the silicon content is

i ncreased, the UV blocking or opacity increases. Thus,
wono@nae3@d enbodi nent, the first sub-layer 46aPCT/US2004/000492

conprises silicon-rich silicon dioxide, in which the

amount of silicon is sufficient to render the first

s ub I gayeert. theglicopurigh formwstof thé thateridlyunpiaa BV -pratectie diyers, including the contact cap
1ay§@b%¢é@ﬁéher Ij'eipa%tléhrllde)gfﬂﬂ el chlgesﬁdnhlhgﬁﬂ sfﬂhﬁ?& gg ?on!ﬂ@éf tl?e same materials. In

ormula Si O wherein x < 2. In one e I ment
gengﬁa‘i TEgReRtoEhe Licpn ornt o s %Péﬁﬂhla%orralaﬁe%howfa ingjesyd refrciv index and with
incradsed €V bpatity8n dese la@@ls. | N one enbodi nent, the

\?\}]le:,Ag%nQ’Veli lk%g‘m,séé lje : Bge mC%X I@%ulésgigt }lb ?@%ﬁo;n}ljeltr% s%icoon’ dioxide is about 1.46, As
merpigeA ISH e Qe/r RO Idéxpf sjbigverigh silicphdiorgdelid lighar thnglint ¢feilin®: dioxide. In one
em&timfeﬂethgﬁitstesﬁb ﬁ&leﬁ 46:56da {eﬁa&lbﬁem&éy 1rpt59Ia %tf}o}ﬁeabg Y8 tc§ %bout 1.8. In another

udi ng t he ctontact ca ave a he
eml}oglfn[egct{lq rgféacp\ﬁ:&éigx qf fhs first %}glaﬁ‘-‘éﬂ @ﬁ (]fi ﬁff@ about 1. 75 n another embodiment, the
refrix@ine iSdek biti@irst subMayér@bd1Babodt 1 6 RLGANE aftih 8 b@boIimeht!the refractive index of the
.enr.i chnent f the silicon content of these
fusgglglﬁge%?a ¥ r%afef el s afbcoeust?bot h with increased refractive
i nd8sce.andithyughiqut therypacifigationlandvlampaths linyitsiofith¢ iegeand ratios may be combined.
Thlﬂ%f%ﬁdﬂé edin the foﬁ%%mhg?raﬂﬁé dr relfr%mndek Qﬁhoﬁ@-{jﬁe@&{gé ¥&n ébggt%)& tcperbout 1.8 isnot

substantlally stoichionetric silicon dioxide 1s ab
specjfically recied, sych FngedhwidinBogere of hediclostact i ve i ndex of

S I | Irtbﬁeﬂen[bbdiﬁlerﬁ Itﬂelﬁﬁ‘s&ﬂb—wy@Xdiad@mﬂ)rﬁes@ih@ﬂ&fch Mi'b’@ﬂ nitrld@tsii@bn nitride, in its non-
con di o e first . .

s1hcon-61cl1 st01ch10 rm 1s enera]?y ag %neé/) e elﬁ%g?l on{la},]%ﬂ\ﬁaﬁ&léonfrch rslﬁhcon nitride

conpptigse) Slienﬁclt‘bfoab gﬁﬂllcqn 18tridd. rThag ditthedormule fidy eidicameish silidoh @itride is written as

Sl,Nﬁtflé bk 'of’;?ls b@gg)ﬁla{?g fnt&ﬁe Jn{b&ﬁﬁleé %Qﬂ | an eh oﬂ@&b‘oﬁm@p %tvalue of x ranges

.55 to about 1.75. In another ‘enbodi nent
ffOIP SRR dd-o7 P sbow3 O frebpyt (st oag gsbpditpent, ﬂzraalu@ @f Xa#9@estirom about 3.1 to
abodt.36, 4nd irbdacthidr, fﬂom7ab01ﬁ8ld5 fobdarmes. enbodi rrent t he

rge;gl?)?é% e \%ﬁdlmenggf)ga lf st iu‘iagayer %%’mplg\sﬁ%ﬁ'{scﬁf? Ié)(ald Smcangﬁcé SiC. Silicon carbide is
gengplyetsfepeidicienpirieah stoichierna, fortnhle SICi Hilite-riof SiClemprisss g 8Senaithed SiC relative
to s{oﬁﬁlbﬁ’@nm&f l?ﬁus C@Hﬁ’doﬁ] @agb1de 1;- gﬂ%sentgcp éaﬁﬁ% 1Eon-i Skgg >b,and a+ b =2,

foregomg ranges of refractive |n
whepeghig ol Rt f IS EutstRigleAgeR to bateg a |bsanﬁ atd —§p gmm trebaflipgnt, in silicon-
rlchrSfﬂ; ) faﬁgis frECol tb adaga 2l SndWh-b B2 NInbRRnS6RREG::, QlfSIhtZ(hﬁ‘lch SiC, a ranges from 1.02

to abou &J a +eo 4 i CUSﬁn rrlongﬁlcon r{TE g glha rﬁqgfsrfﬁoalré%gtgﬁstbjﬁn 8 8§ }é?ess than% Olandb=2

r’ 'Ses S 0

. a n|tr|de inits non- 15 silicon-rich, stoichiometric

fSo r f@ﬁh&ﬁ%gﬁﬁgr@ ltlleBﬁrs?s%ﬁ Il ?Q@ga CB 1s§s IcgnI r?cﬂ bld\lo %I&u h%s been referred to under

[1con-rich Icon n conpri ses
variegs npupeis; et iR RArom n§‘ilqe| Hispn %rbpmirlé@andmw cygofde H@ empirical formula of

SiCN @#rigtdepertig ofEthé tblﬁ@fbnrcbrﬂhloﬁsl dut 6 @ﬁerﬁllﬁcbﬁs@@red 8 bi¥Mnhibgdako SN, and C;N,,

in wl%lgr%thlgsl ‘H[e comgo S are 1nt2rchapfﬁag ']ﬁmgtf L (3 aﬁéﬂtf:rchapg?g %%ﬂd Eéxas(yf:en sometimes

refegreditepr g€ )N rfhnngﬂle aberial willdpreByred to gmply isISEIN. SlicutricBSiON contains a major
proﬂoﬁmﬁ‘@ps-ﬂand‘la mlluﬂ' p%&h&nj? @ddngﬁ&tsﬂlc&h%h\éﬁil\ﬂ%m%gs Xﬁn%?rg)?}]o%&tion of STand a

from a bout . ab OUi: , I n anot
MR of - tT B“Sa%% paygbegonsilered ty ey @ sepBldere ftCy N ising this formula, in
silichn-fichtSi@UR> 1 By y 468 aﬁ&ﬂfpﬁlw‘éﬁ"ﬁc}ﬁﬁlﬂ QOIS it ?Z h.5Sinl oin&é?fﬂ)odlment in silicon-

ﬂCh;‘Szél\PeX rarigessfl{:ogr greast lrl CO Oﬁéi%]lfltl g :algdr)h%}?%se %?Ie:ag/out C? ? to ess than 1.5. In one
embgylinpr, om&kqo@hchsﬁlm (mnlpfrs ifomgbat Bi5-te aoitcd i an®y Gnges Frarh khwet 0.75 to about
1458 0 stoichionetric SiC. Thus, if silicon carbide is

represented as SiaCbh, in silicon-rich SiC, a > b, and

a+b =2 whereas in stoichionetric SIiC, ais

substantially equal to b, i.e., ab, and a + b = 2. In

one enbodinment, in silicon- rich SiC, a ranges from

1.01 to about 1.2, and a + ¥ = 2. |In one enbodi nent,

in silicon-rich SiC, a ranges from1.02 25 to about

1.1, and a + b = 2. Thus, in non-silicon-rich SiC, a

ranges fromgreater than 0.99 to less than 1.01 and b

=2 a. In one enbodlnent the flrst sub Iayer 46a

~" ~R 1 Y L
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proportion of Si and a m nor proportion of C, and

non-silicon-rich SiCN contains a m nor proportion of
w@ehko@rd3m? maj or proportion of C. Thus, Si CN nBgThS2004/000492

consi dered to have a general fornula Si,, CyN4. Using

this formula, in silicon-rich SICN, x > 1.5 and y <

1. 5In opgrehbpdimens piligop ik $iCX PonBiiEhk sugerbtohiomutkicypandty bf, Silrélative to the C and
N. %@1@“@@%e@?§)@; sto1éhf(‘)m§tlnj;: J;Lﬁﬁ)cft‘y A5 I{ak Qt@tal@lm%llt OPSI z{na AR A c&ﬁg the quantity

eat er . . 5, ran froma
of SU'mnglg:dqdé%l%e spﬁglﬁm%mglly quv%eﬁléto thg ﬁlﬁétﬁ}' qfﬁq {I‘ e 1pqr]ease is obtalned by providing Si
enrigtinleht@OtAe $iCK Nn &s@hibod&ndhafd)g&Smﬁlé &m:abgw 1.5l T, Ba6d 3R@E-mount of C and N

SR b S a0 i 8 Bl LR chrmine. e

thanghd| sfoichiometiie qra@inCGNStheinp inrlyded, imthis alpmdmsnt@m sili¢opmiel i, the content of Si is
hlglgffltﬁ&tﬂ'lets%mm‘om&lc qlﬁtﬁit}aﬂekd\ég tﬁuQ it Baﬁ% sngelaé?&ichlohltetnl—gfecmﬁéng\l

th the super-stoichionmetric quantity of SI has a
{ot %Pn%emrtﬂenb fre sficogpeh TeatehBl e e W etbderer 46 SR ETrdagion inthe UV range
fron®dbodbi 5t Ehoaeahesl Th éhe bﬁbcﬁinﬁht?tﬁé sﬁlﬂEEﬂ fidh@&atelil 1rﬂl‘iﬂﬂr§i b @Yk 46a absorbs
uv ra(am{ion dn tge tralngtg 4 r(})(rr%xlfal(): l}llt 40-6?1804 a i) t E(ﬁ) Sonf? %Eb?ﬁ?lgq the)glhcon rich material in

the @Wbddﬁam#ﬁa abSb(bs U xalivpéren the UVyarrge forbaboxt 380 dm &.abobh2d,nm.
b asﬁ@n@&hb%&lﬁer@ wgorﬁgn é)@{@glt Mném{te[ﬁcet (BQ) §lm%e& !ﬂg Hewlett Packard UV

content of Si is enriche her words, once
sPeirgpeRFEteT Y 2 Fevelsheth of gt Waﬁugema@%wm@aon a this Wé?elengthaﬁwdes a good
estuhzh@ofﬁfe@bsﬁfph@fﬁfwrﬁiheﬁibkagéhdrilw of S| be| ng i ncluded, in

t hi co

Sj ]?1 one unenp %}ﬁ secoridﬁub I?{ero 4{%8 ﬁ?ng)%ets ? 11061 g]luoéllﬂcg ?oym ﬂtgléedréa&nal of the first
sub{aljers Thus, ﬂqastalapls iper endbdmerh inovhish thedirGubelgiat 46a tcomprises gitigon-rich silicon
dxox%ﬂbfﬁg LB sub- Ia?e‘? 4§ﬂ Ldrrﬁ)ﬁ{és 56nCJIhc5EP$c%r (l)raslubska 1a'il gtowllugrﬁétrlc silicon dioxide.

sub- [ ayer 46a absorbs UV radiation in t rang
Simflgryrip HFEbedimeinwhich He Bioutlasen o2 iprprise S’é}?%‘ righilrgn Wﬁﬂ? the second sub-
layet 468 cGhprisds 6ir sﬁlic&hndﬁ&ir ﬁib!;tﬁﬂnally@tofcﬁl&neftﬂlcf SticoSaidrd. i)!l@ﬁasé}ﬁ@n embodiment in

Whl%g%%rs?su%r layeréléjl\Jé rrngrﬁasaél icon-1 ch s%cr?g caétﬁ%/ t aﬁ%ﬁ% sulEJ ?zp{%ragb comprises non-silicon-

richggr pibstermialtyi sebchigmetde, piki¢on |canb1det Itad fimflsly, ig ab?,rrlba(ygcnt thGdnich the first sub-layer
46a a&ﬁ?ﬁ@sg sMéén r ﬁj 'S%N Otﬂe s&:m‘icf1 ?ubLl%mr a9 @onﬁphgysn 1%9 %HEOH%I%IQ &rrgubstantlally
bout 210 run. In one enb absor ption or
S“’lﬁ‘éﬁm&@ﬁ’t&qw ansmittance (%) is rreasur ed in a
HGV\lneﬁeIemBaﬁrK@f the 4d¥0nd &Ibﬂ@y%lf 4BpR Q(St @Wﬁip@fue ah o eﬁ&ﬁﬁﬁeﬁﬂ@& $&cond sub-layer

s ST WY ST DO Hehoh bt R OB M. i seond s

layeo46b lakborba dtileattisome higbrrasrgl UYiadidton) that 5rEV ewdioidwhihavngt a wavdength in the range
ﬁoﬁﬁsa%h Iﬁuaneke@smm é@ptogwxpido%ﬁ or@ BAR18Y dd. CON-Ti Ch form

the material of the first sub-la er. Thus, for
ox aﬁrfﬁveémb?dhm%?h thg s PYve 40 is BT e 1 gop egbodiech thgypeqond sub-layer
46b fk@ﬂie&l@mﬁfdé Ea@ﬁg Sdehdral QIAmilA Sib Shdrdi€DD. In Ghe@b&iBuent, h€second sub-layer 46b is

s111c% g nlfawg% |a ﬁg%ﬁabf%gﬁﬁlacﬁgp Ir1 F iae ssuggzllrﬁgélgrlrfltol&ﬁl(g%fzta% sJ]con %1ox1de In another
emb&iimgtt, direl sgeond sab-hper éfhoubniydirdn-rich silidon gitride,ISgN{, ii.¢. stsubstantially stoichiometric
silic&HQtrllian&fnotﬁé antgbgﬁ%ﬁt' tﬁeesgcogd Jui) £00 453 1§1l?)n §1|11!:dn(fgﬁlsﬂqyo£ (!al'b 1SiC, as defined
t he second sub- a er rses non- SIJI I cCon-r
aboysr Insyypflsr %?qdal}entyth%ﬂteeﬂné Fﬁbdfﬁ'@t%il & nonssilicpr g SEEN. pg @éned ot
LI klﬁgVIZSl&st h &céilﬂ scheraeliierstta piufbf 2acedt ir&il8istbd €0afahd Bb. As in the embodiment

R T PR TR -
forngd tvn AgiaCCan tdnsibtbry 1Qataoql e @a@ttramstor 404, il@bonclwles; bghes 1Andirain 14 and a
charﬁ’xl:l% o"ﬂrlk yForrhe!a abBdle ﬁlgp&gdef@é%n 1'8 Y é’z\ftﬂ ﬁéﬂe&xb@raﬁﬁﬁt&%% 10bi 1s a s(t:jick gate 24a,

46a conprises silicon-rich S CN

24b,§EfJB a§ tges; gqscrﬂ)gbm gxaqﬂqtqﬂg@@ TSR ALY rapgvier A9 offis. ]0 fAsin F1g 1 each transistor 10a,
10b SIS L adetutledlalfiyst inflEnkiGieoime tagdr 00, dSidelded L0 R 20, which covers and surrounds

enbodi nent, the second sub-layer 46b is not UV-opaque.

In one enbodi nent, the secortd sub-layer 25 46b is

substantially UV transparent, down to a wavel ength of

about 200 nm In one enbodi nent, the second sub- | ayer

46b absorbs at | east some high energy UV radiation,

that |s w radlatlon haV|ng a mavelength |n t he range

1. . ~r- a . NN PN




10

16

20

25

30

35

enbodi nent, the second sub-|ayer 46b is
non-silicon-rich silicon nitride, SI3N4, i.e., a
weubsHoasmral | y stoichionetric silicon nitri dePCrmsS2004/000492
anot her enbodi nent, the second sub-layer 46b is
non-silicon-rich silicon carbide, SiC, as defined
eacinpfheestack gates Adn, Pribr AsribiGidli Lrthm ILDOtlver 20de enveledsiyor doatye cap4@ar 38. In one

emao&mexmne%ohta&&@h{y&r%a isa Uhblodf figd] ned above. Fig. 2
shows a.second Schematic view of a pair of adjace

t r afigi2dusirates 4 Brat capuctyppue 4A§amﬁtakcﬁf@u%%6mdﬁé¢ﬁ?nd cg@ucuve plug 40b. Inthe

embB oM of Hig. Eitig con]iuct&d’]ﬁug@ﬂmﬁhd&mtele&fiﬁmmeﬁoﬂegzveerahe metal conductor 44 and
adj %en?clh'am F4S and soarc?b o?{] 8 a%gc%rrn {.rgril;sllks)ts :1 E&S ﬁ)o . Slg fgfl)lgtpate\é\'psi%gd cogé{lgtive plug 40b,
whitepedyidey m@pts@abwn&e@@n fid@l3n ptchaligerse (ngt sEOWY ©ehe hR1al @nductor 44.

dr ajyfshdn 1@?@ Bthe Qﬂﬁ&@% la}releﬁlls%'avelé by E gﬁfrf)ﬁgecf’?\l%%ﬂf% 46 hﬁi one embodiment,

channel region 18 of each respective transistor 10a
the Paproistive lwhﬁéh@% 8 Fim is 2 ooy inksrlevil didecirigdtyer digpaisdtiDl. The UV-
protedlivéVRyee 4 El@intides er’éthuHsﬁﬂﬁEﬁUV-bﬁhqﬁd’Bab—ta&@ B6d, SidQrsechfl b-layer 46b. In one
emb'edlglent,éis descrllbedglbove %nl% ne?pe%% %%ﬂg( {é ! an ée\clzoe su laeyier 4%{) is suzliqimtmlp UV transparent, and
in o@ﬂamb@{:@rgqng tha teeehd kubEdet 44y & subRtantialivimpd iV epeqrer Be Qqﬂsphptlon provided above with
resp%é{ i B ﬁf’lﬁprotgctlvpla Qé / e&ggﬂ%Zt ﬁ%{ hﬁg Q q4”1/s Qﬁlgﬁa&%ixc%cﬂ BV frespects to the

t he stack gates in
mm?@mﬁgogﬁ%%ﬁ@&“HVqﬁmﬁUﬁFact cap Iayer 38 I n one

enbpig. I3F§H{&fnatlcﬁll}rell\ﬁiﬁﬂﬁ§s aﬁiheﬂe’ﬁbodlﬂw 6f tixPrdsént dveabibnb FRCKdhoWGE a portion of a
sermcm}{iu%tor devw% I’S] (()j w(l:ntc elljyjéfgu%t ?Sr exaam]c 1'8 (r%nt %tgrﬂ Sg("igl 8.% 41 V% degc:riE% wit%%%pect toFigs. 1
and IZnThEh@cm@mmdmﬂ’em B dapfcts Filygs apﬁhedtimlg BB0Uprotessing. PedeyictG@rincludes a first

mteﬂév@l\ﬁieg:@tﬁc ﬁﬂ:r QJ (ﬁjﬂoﬁd 9@3} QI‘HEH}IQ& Bé @ﬁoskg@itn%?&] c&v%gqgtgcqql ate %not shown) or
conduct or g {racent drain_14 and source

othey §iCHg JOB%S@WOW%MF‘@% e THRRlayer 2yof Figj 3is S@sqtqﬁpllxélwgtwe@ that described

abo® vﬁﬁ@@ﬁﬂt t6 e et timdts Pbwidin #3851 andsh I’I’ﬁhdepﬂé@w felesr 1ﬂdlhdes a contact cap layer

38, w}ﬁc% 1S s)uias?anlla[ll Q%Smt%;ﬁ tgag%{%%%g% g?ve E/ ree%g %oﬁ E){):fﬁmﬁ(g éhOWQ in Figs. 1 and 2.

Thetdemice §@shvwirin Fig indudssefirsB@ndustive plue4ls dndbyecandldbhdpﬁmt et 40ty &he device 50

shO\lvr?i}{ ﬁ{% o mt:lﬂde@ Qﬁrst%gmgjvgﬁ&!ﬂ Yda atn&] @sewa R{n@&c@\% 6}4@44'[) Y irst conductive

own in I . Is a second interlevel ielectric

Plua 4}9%/@?‘”‘138 @%ﬁf@Hé?‘@EF“PILED?L”ee“FP%“Wnd‘ﬁFYﬂI@@{ g fhg jrepnd appductive metal 44b.

TheReRd maﬁu\a pluk Bed pr@bﬂ%&ﬂ@ﬂfchl BbrinytibMretRaM ke SHdcon@itB¥e metal 44b and an
externalap WET SOurce o%g Hevme\%}o ho%zr 46b. In one 10 embodi ment,
8escr| HOVE R spect to Fig. 1, the second

su bTheagneqrondL@br degicsiistva mtligB ingluddvtvb DX rspertienidyers afhd devienS0 includes a

flrstQRﬁprgtg&QgEmwer 46t E}ﬁ a%&%% %H)Q:ct&v@ Cf§ér 4§6ﬂl dn§ embodiment, dbo the first UV-

substantial |y nof UV opaque: escription provi
protsRRILDRPTH6 e preend I{Vopr?tﬁéwweb%teé@mﬁéﬂx thpysaspe ag ghe UV-protective layer
46 Rrhed il bR tvxtk&h@%ﬁ tol Hils Hi @d 2, Wvith Seslerd th Mat&ﬁ[%] thlGl&les@ ﬂuﬁbtléﬂs' etc.

; Z;fe) ZC te ée)u}leent %‘Elfus?a'g-pro&eﬁtévlgrg% %%elr ?Vh?\m i gltg“r3df %§cond interlevel dielectric
layeq designged I8RboBierfien UV efotdctie TP &gerdb stiomy éritig. 8 inclufidsg fir@substantially UV-
opa(ﬁlla gwsiay@r 489 Eﬁd| a@&oﬁfsulﬁlaye;gbbs ﬁl@l&%gdﬁﬁénp the ge@éﬁ'd Gfe- 1%/9r’46b is substantlally uv

may i nclude, for exanple, a transi stor such
tfanipﬁra%teana wapqthe grppogimen %%é% %ubﬂa@ferrﬂﬁlglé subgantiglfygotJV qrﬁ@ue
St r m@ﬁdbﬁﬁodﬁﬁ@vvﬂle IseBonE err&ecdﬁzﬂéy@rt@ sho@} BIFSs. B Plhir@€@lterlevel dielectric layer,

sespiton ey EsePaP AT RE e syt 35 Fliscy Pl S Nl vvopsae
sub-fpgigr 45@ anll spome dubrlweaélﬂbay@pneccmb@hmqng the sgbaickib-Giadr @81 i3 @tbstantially UV
tran; Md Aanotth Qﬂfodﬁﬁ:ﬁt L{QJ ngﬁd &E lﬁerﬁgtms QBRQM %t Tﬁ\egﬂa
he 1LDO I ayer 20 of Fig. 'S substantla e

as that described above Mﬁth respect to the

enbodi ments shown in Figs. 1 and 2. The device 50

further includes a contact cap layer 20 38, which is

substantially the sanme as titat described above with

respect to the enbodi nents shown in Figs. 1 and 2.

The device 50 shown in Fig. 3 includes a first

conductive plug 40a and a second conductive plug 40b.

The deV|ce 50 shomn |n Flg 3 also |ncludes a flrst

o, . .

. o o
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protective ILD | ayer 46 and the second UV-protective

| ayer 48 are substantially the sane as the
wONeq@rogsact i ve | ayer 46 descri bed above wi th Pespsed04/000492

to Figs. 1 and 2, with respect to naterial s,

t hi cknesses, functions, etc. 30 In one enbodi nent, the

f i r She thikkops of the ¥ V-peotertive ldyeryse pf ca@ses theo sum df the Fiigknes:s pfgherespective sub-
layéMuth1§tﬁln%H €t ofH B &Sirhdnt, ﬁle f&s?sﬁ@fa er gﬁ% 'tlﬁfl@%@ig ik La@%e from about 300

é st UV}Erotectlve LD | ayer shown in Fi
e 5t 190K PRSEOTE HY P e HES e Pt 000 amstoms to
abodtG8,00(dngstrams €6 @rmdleﬁdﬂ{bedmgtﬁ fthe 41D sublld’j'el(]ﬁea ivhedinBetange from about 400

angMgﬁls BEEY gOOSaHétrlggsy §h th%QRf r§tec§.1u bﬁ}gr ﬁ‘as a?otal c%éss of aboat 5000 angstroms to

transpar ent anot h
abowf$909 aalgsépmuelb apathes erghotizenti tm ﬂnyt SND@YWS@Q@@}@@S m| the rorge from about 500

ang&_'@ﬁ@%' aB&MNY00 aﬁ%@or&e&ﬁ% Mpr@t@c‘ﬁt/ ek ¥ a koRY ﬁﬁcklée% ot I319>\MBOb('5]angstroms to
Is a t interl evel ielectric aer

shofp g0 ghit G perSsle B G BT ] 6 g ossonsncidn
UV sdiwen redoltibg fiom BEOIDfrbésshes 1nalu(ﬁﬁg;‘ ﬁ)ﬂ ekamplO PEAVD) illidhymay be used in depositing
sub %e&%&l}e{ﬁ on}%@enu%%glicﬁ)re c?eglg% gnn an em %?egtrEn wh1cj:§lb IﬁyprotectlvetIayer constitutes a
singde ldyas syplt 4s i tlpeyowt cap }agm%qpleﬁpp oxgln Hydr) mheatn@:pﬁeqaf the UV-protective layer has a
thlc@{an@[dﬂhaﬁﬁge aﬁoﬁltﬁgougﬁﬁgﬁhguo?rﬁ s 48 86004 tram% substantial Iy
not E§‘§a .9 WD 2004/ 073047 PCT/ US2004/ 000492 The

t i CiuEdRedprogore RRRASIEBE Bichs Rissert igypationhave bem dgssiied & detal, as would be
undérhébdshymexstﬁns toh &dink‘ry @]Klll estheat, @ﬁrthﬁﬂ‘d&lbb(ﬁﬁ@ﬁ&if IthéQar&éHB invention may include
add 1?1%52%@ §) c%e%{?;]fe ger% h Ianssogle ?1};1: gr:ghmsents rtlhe epro €C 1ve af/er 1, n}/ const%ute a further
inte%eltﬂiielestmlaw&r@ggﬂ nexample @a;bm layk® G@thawgfstf rh@ HQDO lgmclthe fve-layer which is
subeMﬁe@l@ @W%I\duyﬁ thle BHHBAEL clgtﬁ§'ye@3 gt VQ(L@E' in defdt %iﬁﬁ%%r &{pe@@%ther than the bottom

4000 angstrons to about 10,000 angstrons. [n anot
or I¥ehiBYEr AR he cpppdinepts efithed il 4nd {2 lars(aré shqwp WiFigR rle's In piher pifpodiments, the
UV praegive fayed ¥l &lp@ dtherdid0 arﬁnt&ngél tielodtEc liyer. EB@KAMpRODe UV protectwe layer may be

a to;? (ﬁ‘?% Laﬁeg 2@166‘%’(}’% ILL}I% Cg\/ f6 e‘,fﬁ Il”g tefn(l\gcre?%(iufatgredevug fﬁton%ed%ﬁ(? ment, both the contact
cap Wéﬁ W@WP okide ko qulse@riﬂbmptn@im layet dsdestiiyed kbogey In brgyembodiment, these

layeRasiRe b RS Birst b iHe aﬁ@@ﬁﬁ dv %@Q&Hﬁd A0 PhyerBRIRA st Byer has been
t o about angstrons, and the UV- rotectlve | ayer

desqyiget above.Jp é‘}og]F s ﬂlefonﬁbtamlayer@@é lfwﬁ@gqtbeb%boélalent the top oxide layer,
respadfiQal§ cofPfd aalﬂgﬁt[l\/uﬂiﬁque laffer a@qipb@n toRITDOFHbIBRINE coniphﬁng two sub -layers.

t EIS s IG‘D %ot%lgowtn Ibrc§ 11y &%glﬁwgh I‘ l@r%azi?/ 1jnc uc%r i r%ogé%? protectlve layers such
as despréhedhsasins For cnapleelbesg em‘ieévneetmmblepnsmotemﬁme HD2rrmyr, DEV-protective

ILDY R, ahcoorq SRRt ckiRGopldids HRS GPHGRLn (HBE 6V lpﬁ‘)'te@tn@ @on'ialatecap layer 38 and/or the
sem conduct or device. In an enbodi nent whi

UtheﬁthB %l?yere%i M?rlycla ﬁ%etefnpcej]lu%egt gle ]191 I]’?@Fré6 s é‘?‘é‘rU V Igatécﬁwe layer, but a
subsagueit Mhyérf»achGOMIBDY, IIQIBp)r loﬁyﬂ«ﬂe 1838, is @ UVLpPotcﬁtrieQ@erO Fi gdﬁhows an embodiment
inchltd%%é g?{d’ltgg@ ?a. egrsh I% G Erc])rre aaf] %h ma co r(l)srlej):[[}%t O%ec{nye?ag%r /o s{llbstantlally UV-opaque
layeggbout 1000 angstrons Although t he fore90|ng

mméﬁQQQ{ﬁﬁﬁkﬁmﬁ%ﬂh@ﬁm&%esent i nvention have been
esCr | as woul d be understood by

pe r%ﬁ@lom;ng 6?88[?%13? S),f tgek}irtl)cpss of,]thf Plrésegrnfventpa istdgsspibed in the context of a UV-
protefitxoldyeratithige fof usk hea PiabBE BEPROM aaaidepsncmyhel MRROBBITT Kbvice. It is to be
undqu%dglap Qﬁle th%reﬁernpb%%ttlon 1sed1s|01.{%¥eg Ber?m in Iaqats conlext ghé'lrg]tgl |1s tmﬁ{elé’ egemplary and is
not jnigpder] ¢ IHPIh fhe 5o of thelpreiorGrestion| ageew-pmecuvg Diyerffinicated by the presently

d1scfe‘)?>%@ Hﬁﬁl&‘d @d'ﬂ)pllxda@gto a@f)é@xﬁlconh@t& B8icEas i ﬂaElhﬁ‘enJol‘yQ@l ik AM&ded and which may
i s substantially UV-opaque is the

IESE%%?QEP \g%SFQV%Wg§@”°Wﬁ“%ﬁ%?n effect is the top or
upper layer, rather than the bottom or |ower |ayer,
as in the enbodi nents of the ILD1L and ILD2 | ayers
shown in Figs. 1-3. In othei0enbodi ments, the WV
protective layer is a |layer other than an interlevel
di el ectric layer. For exanple, the UV protective | ayer
may be 20 a top oxide layer. The top oxide |ayer
covers the entlre sen1conductor deV|ce In one

Y T LT 1. . ey o ~ o e
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I LD3 |l ayer, and/or a UV-protective top oxide |layer, in

addition to the UV-protective contact cap |ayer 38
wanai4mrmhe UV-protective ILDL | ayer 46. Sim Pariug2004/m00492

one enbodi nent, the ILDl |ayer 46 is not a

UV-protective Iayer but a subsequent |ayer, such as

an [Fhgiollowinepeserntion ¢f ghe gseseidnventipa folloyssith refsyeney to Fige tHovBigs. 4-5 illustrate,

in drcﬁ&ﬁ&ébt;onﬁin@odnﬁen&%% s&ﬁboﬁdﬁb@ﬁdeﬂi@éﬁﬂeﬁ&rtduﬂ&{)é&%‘ sﬁzgs in the fabrlcatlon ofa UV

eroB T Bt R T 1) S LB 1 157 g S G hoving e
sterls aYamregmbodRneptwd 8 p@ses{ i0 pechrelied widht theqmesak inbdagorDevi ce The
fol 'nﬂi{\é £4 st&)%? gﬁrh&gs 1rg£<a)9cfanée Q’E&é %gsga ’f’nvé)nfn?& Eh%m{n)/gcﬁemagcally inFig. 7 as step

invention I's descri t ext
70lp 5ioisprdpcios sybgtipter it g SOHOS @ast memopcell fapricatedherton i providRlPREMwn in Fig. 4.

TheBON CISQlashSﬂéﬁlbry a§1 n‘iaISl Be Mrm hﬂpﬁ@ﬁh@ ﬁlethéc{knbwc‘n ih @e £€ SindAhe fabrication
rese I .nventil on

of 4R R e Gt Rl Rt ol B3 PRSP &9 Pt gl hein. An
exagple wh bugly y devid 1D $s shown infige Ad &bk tompbrien tartd &fehesde@:pelms‘hown in Fig. 4 are
subgtﬁﬁalgfrtﬁess%gé zg'd@s\éﬁ&h Iaﬂ)r\}e wﬂm']g )?%é\( dﬁi % t1 a%l lﬁde tﬁey s urce/draln regions 12 and 14

bri'cat e resent Iose
locagqdp the aﬂé}l@miuétoawystrste AP edrienatecd by Hediaenel Ileﬁon/\m ebhstaak gate 24 overlies the

chaﬁﬂeﬁ‘ééioﬂe n'ﬂfe)i:\ﬂf& Ll}\)/shbﬁn in Bz |d4fﬁ11ﬁgr 1ﬁfnﬂleéli‘ﬁb| i3] %nhféﬁyvelddik@ectnc laye]r- (2)0 the contact
S I.N ea cnar g or otner anmage
Cap@%e %gdéf ‘fg‘ﬁﬂ? Plpgsfp; Lﬁg‘géﬁw 66%&?@‘% fol | owi ng
des brthepedomistep bf thehpeocs Ba@ntdarcanwiente peeent 1@{zelnﬁmvsshaw¢shlematica11y inFig. 7 as
stepr 7%5 eclrffs@fé%r Br%ulﬁage? of tg @V P]IF e&&? lai}eh % dellosﬁjeﬁ %\rlezrj‘ he FONbggi?P réleemory cell. In

Cross-secti on, em conduc
onegrpedimegipthe %fﬁ%aysrr% eubdayerdy sepsintiatly VM epaﬂ%erldefaw ®nveofn cge d\podiment, the

firs{l4yet & Gﬁblly}@r ik @y &fntabt@a@l@y‘épfsd MG eﬁ%&&eﬁﬂh@%@@%ﬁ@ Btb- 1®f:r is the sub-layer

h t I
46as£\ | ecp.ﬂelél? ﬂ]gfcgnﬁgt B lay§$138gsﬁ,%gld§% rlilecl:)gslatecgavﬁ,ﬂﬂhg ésg%@chH)y deposition of the
firsteroie byet ddack® thif tvhick dvenpyise exsaetmrttlalﬂmvmmbaqﬁm.atéhalsn the first
st R ogé en%o@ﬁlﬂm? %?us sﬂb %ge(% ggr%ﬁfeg’ ghcon- SlllCC%‘l cp JX%S erS descx;}lixﬁ above, silicon-

i nventl1 on own ScC
richgligefioastdphs & formulstiBs nvdice Wit Wtan@@lmmraslhcwmwressed as Sy, in

whla@l:l 1. )‘ Abads&ﬁ&&édoxtehﬁ 6ﬁ&rémbc§hnﬂé5@\/1l 8d£d,99 384 SBOWRmbSNifnD1.88 x 1.95.
may be fabricated by

2y TR GPT BT TR NG WD oY P oM i vhch st UV
radiftaplnyis tgadallplankafdemsich oweths entva dofet Brondkeibbdiest, ths mwﬁid|for depositing the first

sub- lﬁﬁ&%ﬂ'ma hlg('i ﬁﬁl&%ogﬁ@lgﬁne%; %eggrﬁg P{/ yad%ﬁ'o%h Irﬁnot}%%mbo 81% r%gthod is one which

et al er el a dev ce
‘%‘h‘lﬁ\‘/\ﬂp?sﬁthFﬁ@Noimenﬂiéce@W%rﬁémwnparts of the device 10

sh O¥¥an blﬂboﬁingnt iffwiEBhelOntsdd B U ARGk %lld/oy the ARt S8 (Ber@8a comprises silicon-rich
W th resp ect, to Fig. 1, and include

descr ,
silipp o J&F?l é‘;iFP“PJé‘gqed’ﬁ sy righicanetibidp yaopemithodt Figeommonly known in
the grefior foomghead dposiing Sick atieiaktna el n@ @paksad ﬁdletbl}/het'elitﬁ‘

g h Z{]ﬁﬁg legogg‘le&% ‘%@c:h t%]c%ﬁt%‘f L(a.lp zgr% 824 o%e ¥1rs Elaéer %ﬁa comprises silicon-rich
SICN g Frevhishited sgepadsublager f6h eomprisag @n’rSélv@rrlcu |Sé11\b cariopcmdtimgesre known for

fomaﬁb antl QoSO A mateFiAD  D@YIS he IBiable tﬂ@mﬁ@rﬂ%%hicﬁ QarPeWfRlined in SiCN, the
met al con%‘zctors 44, 1n the second step of

0

f"mtaﬂ%“ %P@"%&% Prionlcop HelnBEN wiobhingdrha %P%@é‘?ﬁampm%fﬁ%lfoaﬁomammg feedto
the grba@wsn schenatlcally in Flg 7 as 15 step 702, a first

ld:};glggler‘%gaéshg @g Flﬁy “Tic lg % Wh]%heﬂhe cr:éfrlagu%e lnﬁyx fhe h1gher the UV absorption
capabs0ef|thearaterialy H@repqurgst{ae qefaeyz@fe igslex gqural[yaysg}ts ingn increase in UV opacity of the
mat&ldbstantial ly UV opaque, as defined above. In one

enbodi nent, the first layer or sub-layer is the

contact cap layer 38. In one enbodi nent, the first

| ayer or sub-layer is the sub-layer 46a. In one

enbodi nent, the contact cap layer 38 is the first

| ayer deposited and this islfoll owed by deposition of

the first sub-layer 46a, both of which conprise

substantially UV-opaque materials. 20 In one

enbodi nent, the first sub-layer conprises silicon-rich

silicon dioxide As descrlbed above silicon- rich

Y o ~ o~
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25 sub-layer is a nethod which does not use or
generate UV radiation. In another enbodi nent, the

worbamd3i4s one which woul d not expose the SONSSTMSZmAN00492
cell to W radiation. In an enbodi nent in which the
contact cap |layer 38 and/or the first sub-layer 46a
confﬁri@smles in dncexbodimertt in whifh e firstlsubstdyeled6a $i $ilicomrielr silghn dioxide, the

sﬂw%h héhcngormh&ﬁdeqﬁy bo Ehff@xjexlti'aﬁé) ﬂoﬂi E&D OISsltJIdth)Ql@tﬁg Qﬁ&h q?%xide on the basis of its
vari ous nethods are comon| nown I n e art

refrpeireniidey B dopricsilisgy duk th@dﬁféw@u%dex 5 Abpui-46 tad- In order to obtain
suffdieﬁtC[D/Sﬁ&t@cubﬁ] thehad, &dr the BRI s@b-Ayer BQe k%st@ﬂal@mﬂﬁh(ﬁi@ Mie réfActive index needs to

be rea%r tFan 1h§eln%genet %Cchmen’?.l %16 re%%q ve 1n§exz_ilsn deagl:r th a%mft Hrg%%ﬁl zis IIImted above, in other

npri 'Ses’”’s I I con-
embwﬁmelﬁs thehgfragte/@ gﬂ@u@u b¢ g?s@phaﬂﬁbgl@w@m 6s Blge increase in refractive index of the silicon

dioAdidek agﬁlévh@%cﬁﬂp&gtlrélm% sili¥'; ﬁ tgéﬁlc%&%g Se a’gﬁorm%wﬂcofn%ch silicon dioxide

form ng and depositing such materials.
as d%fﬁe%%%e EM@@W%% Yhepiist fficient piligoa isprseoat ihwegilyimadediy @Rpsurement of the
refriche md‘eﬂbﬂn&tlay@xruuﬁﬁg ;ﬁs(bclassﬁgm rich, or non-silicon-rich,

?: %\Ignéaﬁ c%n(s)%et-r:acmﬁs aﬁ% 51pc ch sgjfcﬁ nt b({% g@%oél glch %gN Frﬁi silicon-rich silicon carbide.
genéyshdwn i Fig.{7laestepi73, tttgthuql stewhn thegtreent abegtiontchreprisésglbsitidnioéa second sub-
layek @Jbro@ﬁ:xg UV%rdt&WaycxtJae ﬁhh&!&%ﬁﬁakﬁ%ﬂ%dﬁﬁl&&l&@ Bii ¥ First sub-la er 46a has been

cap abl|lté material. Increasing the refracti
depgsi{efiathe e F‘%?rl?yﬁr %é“lﬁlFR"%‘tefl Heisever ner ease in UV opaci t y
of A.h;ﬁowﬂiﬁl’lg.m saine enibldﬂ}ﬁﬁts?@%fl theARPA0B, ﬁ@gédlu’@ag&éfr t@ @4t82704 and thence

optlona[Jy 11% e to éeg 7& tg ge ?uca(r)l erlTElE% gsu‘?swa,gtb y 8{1 oy?q&eématfrﬁlé The bypass of step

'S SI
7035 sthemunallyulblbtramd i Fogo h byctheosktprdate pathyia) ket frdrestepr 704 @itepl702 is schematically

ﬂm§é$m%p%nﬁquaﬁ&gﬁ@ﬁmgﬂptr|c silicon dioxide on the
basis of I'ts refractive i ndex. For stoichionetric

si | FEBPrEpdRInY &s notefgoyeethe matrial o the sreared sybdaygtseuprises aggo-giligon-rich form
of tlila nﬁterlhlréf B& 61 sub- &y@btn&inﬂsuds&hﬁbﬁmﬁlbrﬁ Nike thvkitdh @A AEFo8iAon of a silicon-rich to

dep%von o% a hon sgltc% érlcg éz%yFr 18 taccoxgﬁ;sﬂl é/ chanlg e g]et ggc:[éi:tigrgxlfoégitions. In one
embpchaq:pt 1he§rans1t1nn ip areonghisied|Pyrbaring ﬂlhppsuccbﬁqsamt hewtaredtmeheoondiions, as described
abol Bt & eclih@anabout 1.6 and, as noted above, in other

enbodi nents the refractive i ndex maybe substanti al

hi- offfé FXTRENtn PRGembprigent i Mighs'be silitor-dihyersariphvie sifiqegraich glicon dioxide, the
traniltlitﬁ ﬁSin Hépﬁﬁtﬁhg tkﬁlflfli(duﬂ-&yér& c@ﬁﬂ&hﬁé’t&ﬂ;e&@ﬂd dulSlﬁlSHr R@&c@ﬁﬂalﬁ%dﬂ%@ by changing

the cg;arrut g%hCP? (QJCHlII'] rﬁn}g Preglﬁsoa]?r%\sﬁ) ék) the ggpoatéogl 8?pa%tga€0gbad'€sgquaﬁtw which results in
depgiiipe pfid sil@bi-0h sdicondientideeto aserbhd qiagitt, which reswdm i Epities efd substantially

stmahfom@@ié Ishi¥YonBHS1 P)n BRASIHLAABR bodf stéab Gre c&?&{ 86k W8 sh988aratus, on a

| ayer during processin
SubSéﬂa'i*f’élV %P%P?S&ﬁ%s e gmiodiment apydisoniipey r<§ﬁﬂis {108 AYHIFIEY g1 @@ise in deposition
resuSing fr&:0 fhe l‘:haﬁé’é 1§qlﬁﬂﬁtﬁm1h$dn|-doﬁk§lﬁlng’ Prédrs blﬂh@ﬂﬁwd'fﬁ rtcbﬂhg&posmon apparatus.

o BRSO e re RO R B BTN o Easgtses wich may o
regaglgthas 4 @ybinatis bf wfps 11endN03p Tok evbddirent iailestraddschiffagenllpin Fig. 7 by the
alteﬁékt, Iga'tlﬁle@@e ea@lﬁ‘é ﬁﬁ‘l{ s‘?eg 7BMaQM §t§p$7 f the first sub-| ayer

1
en deposited, the second sub-layer 46b is
d e p%tgqrfnétaOQS Rislepasiing the gqgmgcﬁ)awﬁh pgterip; cf be ganta%ﬁkgcted by those of skill in the art.

embadkdxamnirs st*ﬁytﬂxa%iulﬁr@&roﬁlts@p 7030&posRio 6RRAEIIG sﬁb-‘[a@@rmﬂy on the first sub-

t.he ste ence optionally returning to
layer%a Sho%ﬁl (e%heosg?cqure Stﬁ%\i”hlgf 1]1ayer of substantially

UV-opaque naterlal. The bypass of step 703 is

schematically illustrated in Fig. 7 by the alternate
path (a). Return fromstep 704 to step 702 is
schematically illustrated in Fig. 7 by the alternate

path (b). In one enbodi nent, as noted above, the

mat eri al of the second sub-l|ayer conprises a
non-silicon-rich form of th2 material of the first
sub-layer. In one such enbodinent, the transition from
deposition of a silicon-rich to 20 deposition of a
non-silicon-rich layer is acconplished sinply by
changlng t he dep03|t|on condltlons In one enbodi nent,

o e . o
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transition fromdepositing the first sub-layer to

depositing the second sub-layer is acconplished sinply
woyomhasgrng 25 the quantity of silicon-cont aPQimg2004/000492

precursor provided to the deposition apparatus froma

first quantity which results in deposition of a

si |Th exsrempodirhent; p bdcend i Velproprdtigell Dilayeraf 8 dsedsprsitedueartiteifisy V-protective ILD
layeM¥l & S8 oM | ibrSoxd bl BRS 5. 100Rs SfiboRinsMDBL Ak h& dnM 703 are repeated. In one

stoi chionetric silicon dioxide. In one enbodinent

embegimpeyt, §"l‘ee‘ﬁ/§r > Hy3gothes Fmbodinegl fivo prinaravesa3pd ma’ﬁb"é‘P%‘ff G%lbOdH’i"Fmano layers of

anotﬁeh;l hsttranztm Binleyl b&Odeh the GV -frasdtise ILDI’]lay@d’hﬁd aedaaald mrptqtecamyLD layer. In

ttlthrtlalélldcﬁt}/onal? Ver(s 1ncl c{ametalc %ug vel ers, smupara tlcjf?he ayers 44 44b shown in Fig,
SUPE NG T r oM the chamge’ 1 h quan%?’?

3. Thyis) whdeln ommbailrmnh gfup iam; urfqmpd tbeiawgmprvemmgj@:ﬁrit HthIméectwe ILD layer and

the SQ&H@\%V fo%tn%@]ﬁ@fag& ﬂﬁy be%gchyw %‘uher'wﬂe %ﬂ%ﬂ?%@@ﬁ H%Itnn @g a conductive

steps 702 and are part of a su nti al
PooEL AR PRI UE G e e FoTPALEoIite TLR THE S be feagsiptfe groyde fmlation and
prot&2Gdab MR tint@enidf le@ire*i) &atzm e grﬁlﬁ)dlmﬂm t8e &l‘fm@ dlmatctlwélayer replaces a
conventltoF]aﬁ1n{eﬁztty§r;jdle§eic{r]1c d).Pler su ra% %ﬁn I]lé la e% E)%P“%‘?% yer or El eBOX}cgagayer as described
abovet her net hods of dep05| ting the non-silicon-rich

rratlﬁ Eﬂoﬁt‘,r e‘ﬁf@&iugélt §IH)IWB ﬁlm@’ 6, %@An@ @We[got&){vetlg&sﬁ 15Qfep§11fe|d lol/er thE'second UV-

structure resul ting fraomstep
Pro“"?@@ IL]a éaps‘a é‘?t Flér? Sﬁlfemf“l‘féuys‘%‘?f%"d i &‘BSSTSE‘V%‘}' a pton BA Set“ﬁ@““““ substrate
simifad t6 Giht oSEIR-1, \aﬁnhhrawratélsaam&damﬂayemsﬁhge infrldysr did@tric layers 20, 46 and 48 (of

whlcét Liact g)ag A)fg{%s @%nc} Jl:é rgaﬁ/ be UV- rcé%e% yers andé%]ég—arotective top oxide layer 52,

fabrighedin eyt @dangewath pi ghbjodipent ofzﬂ& presendewotsqnt ‘Bl tiond &V -iirbtectifrd lpyst, or top oxide

layew wBﬁl@Be%ﬁltsta}{@all% diddar oR¥iEst B secR U'Vsprc?t«lﬂ:gw’iayelfs QBmﬁ?él lofe embodiment,
I hi s enbodi ment, the steps 702 and 703

afirsg ﬁ@s@%ﬁ%%epaqqeﬁubdﬁ@r and psenit ﬂ%]lﬁyer Yk CPIER Jé?s anpryUV-opaque material, and
in ardheteB6ditdHh &dﬁpﬂi@a@ b sihae) sﬁbﬁtaﬂﬁiﬁlfyﬁj\f @ﬁ@fesayera nd in yet

]‘:’lgr %rog%%% v\m/éeél hg{?rﬁ V{} Iprofe%a €r 1€ Plécé‘f z}c\c/névexi%l_ﬁrl]ﬁ {er‘?aé/er%lele%ncqayer such as

an tD¥daygecond UV-protective ILD layer. In 5 one

€ nbl%gée 1me¥1t@ Sre ﬁlgﬂjatte& ﬁ ?‘@l 7 ag ﬁé{)e/bi §1)d Uy te Ll%%te Bﬁﬁv@aly (b), which leads from

conductive | ayers, simlar | ayers 4
step d Pﬂ)}\)ﬁﬁk Ipﬁtqp;?(& Acg)rdlrﬁfa §tep m1 qteg 7p?nan8 e g}}bgdfeﬁ.g% onlyamay be repeated as
needbdiol deposiy @¥ditibgal TwpraRdtivetldyers, |oﬁMfB§tadt1ﬂIy&J’WQﬁquégay&b Qlafaltdhﬁlte pathways (2)

and/iy\{la f\gztﬂs%?ug héteed%lFlg % a%pZ’)éM gx?ludo es i olp%lmgl éeguné },otstle%f)qé or e rocesscmay proceed
to thp finaf @epprshqvgl in Eg g whigh i @ chtiotei fabgcatlptaqftt@rswumnd@toh éervwe
W' As 1Hcgcated Tlh @1@ ’fm;Il Igép %@ﬁg n7d fcthﬂHé %Iﬁ%ﬁ&)h ¥eml bR ﬂrﬁé’cﬁ&e 1%}/ or layers in

deposi t ed provi de”insul ati on and 5rotect|on
accofqa}’éce Wit é}e@@ﬁﬁnﬁqu“’éﬁﬁe@e Sichpduelpr dgyice apdhthe RRNGRH Y MR Ceu are further
prock43& 15%&0&'5&@[0@&&@&& M@falbr&ytﬁ‘)h of t&{ﬂeﬁ&f_‘ﬁs aﬁpraleate As aresult of the present
1nve%tg)%\2/u? nrtxel em?; a(imeng t(i)tﬁlr 1o eecgsgagy 0 rocfec{ t'he dev1c %)an) tlg%g\{bs%%sh memory cell from
expaige @éé\énadlhi@d Inavﬁ@vmbochmen&nlotnhbehe dalrbfdvduo metect thesdmmnd tlne SONOS flash
menF h&ell fom Rt Jﬂbc{sgre WMedar rﬁlaty%&to& ﬁ{o‘zs‘sﬂll@tx il é{%teét%eqm%&gﬂharmful effects of
over the second UV- protective | Fayer 48. Fig. 6

UV wdipfionhy means phyheipresgpéioregtds, in cr oss section, a portion

In ofemBods@, thes!&dﬁd:ﬁﬁd@&toﬁbkb&faﬁdaﬁe@ ONSIS filhdh afem&r@ cdl h:abroga&ed@oglmosme to UV
radla?fﬂg% g%r}ng hhe pr ess of %agrs Iesu s?qge g?sta %%tlgna the dﬁa ga%e( o%;x aﬁgﬁer embodiment, the
semiggridedtor émch emd thﬂrSONQSrﬂasifmdnaw@plsardﬁolaﬂd b8 eppopurp® UV radiation during the

procL&/mg’ Et@ﬁs%ﬂsla%ﬁ t t@*&fhﬁ)on o@ﬁlg OrNdJyoernQ'bFﬁlE ls4& éa%p ﬂxdng @mbodlment the
| ayer abricated in accordance wth an enbodi nent

semle?ndf% deyiics andibe SONRSHaptgpemomieell 4 prpigetadyiropenpasiEe foH radiation during the
prock8M@steps Qibsetipt tOFokbkBion df 8¢ Elardd 2roragelihyer. eons bibisddaht, 4 prytection from UV
simlar to the first and second UV-protective |ayers,
conprising, in one enbodinedl, a first, substantially
UV opaque sub-layer and a second sub- Iayer whi ch
conprises a non-UV-opaque material, and in another
enbodi nment, conprises a single, subst antially
Uv-opaque Iayer 20 In ~one enbodi rrent “the third

oy, S o o

one %nbo
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20

25 and/or (b). As also indicated in Fig. 7, step 704

i ncl udes an optional return to step 702, or the
wonon@ss4may proceed to the final step shown PATISZ04/000492

7, which is to continue fabrication of the

sem conductor device. As indicated in the final step
radigifon R&j agd beyond fthg$e] poinds nghef fefriggion pmcessfcotpraesithé-hpreimtdesctibied ébrmation of one or
morL By slrotegt[ve la?éfse lir?‘anbtﬂer efifod ﬁ{eg%ot%$ﬁo% Igﬁﬁj%%ﬂhher comprises shielding or

I nvention, the sem conductor device and
othef\ylgsaﬁmﬁégﬁpgpme@ PV mdiatiqny I apather eﬁ‘P%’(}}@é}% &g piofsetpE dem UV radiation further
compPis9CRBARS andute o asiplre pecekbe afiribeaatdven of the devi ce,

as appropriate. As a result of the present 30

i nvention, in one enbodinent, it is not necessary to

protect the devi ce afNDUSRRISONEBLICAhITenory cel |

f I‘ Offe pﬁgegﬂﬁ'\}éﬁtﬁ)n,tﬂ% pl-&/en[ 1@\@{1@5 |b9 Pl‘OVlthg m\hﬁ%te&l@%@} E@{&Bﬁes the problem of

may deS|rabIe to protecC devi ce an
UV*BE‘J\TG%“‘F‘%% A SOREIRSrsh mempy ol g isiAs detep BEY mrocegingc Ehejppesent invention
providy advtagBesugdQs $1) BbrRatiod of MUVéprd%@&teQ@Er Wi pelRdetsGiR deti@rom BEOL UV
radi%lrolrel; é%ra?%oq%cﬁcl)/neoﬁ Ehl §81(I ﬁash UV %%g éro nt—i,n(?t%/:?]dre}%grg%g; o(g) ptrolllesion of a process
modéfention ohiduet bﬁreadlewcgremahidd in peseBON@Blofdddablicanenmecgssesednfl (4) formation of
one &f R b4 &)‘ﬁ{aﬁdsag ﬁ%pqnﬁéﬂg)e? Hl%l@chgcola}g}é arﬁ% tSIﬁ(g(li(@tV)th Ehmdidﬁlln&)gl function in

t he processing steps subsequent” to formation of
addlg?fafe Riapfgidediclocic Smeitont rThéh%@rq%@éhfwentlwmvsdémrb@ﬁ@%@ GO fabrication
techEk@dply Cdd MBEles plvper DhaNE@Bsofaticish ONeRBicyires &l JoNUSElafy Iﬁﬁr@@td@ﬁces, while at the

fromexposure to W adia n dur i t cess :
sam% {;nele ppgogcglbgs ésaﬁcé Prpoess oané econom }I]an%lgest ﬁ.gh &Beﬁgge@ nbtﬁréns 8? and particularly
applichide ®t S@KOY) Hask medory devces lﬂb@ohswemqnmtme brogymapplivablel 6t fatrication of any
semfigibés aBAY ﬂmﬁdmmgé fide mymbyec&@&rlwaa&?u@ [l gG! ed

from exposure to radi at on duri ng roces ng
st epléogghpie dyentien thas besh deseiilse apd ﬂtuﬁéateé h\&%hg@fesep@r @g@wﬁc illustrative
embb@i&ts thekddf, @ BRotSNNAC IERS invehdda ba[nate@ ®litoIds#008 eblWodindedts. Those skilled
in ﬂ%\o t%vgl é’%‘}%é‘gg t%Zt g:;)r /%anJ§P]dO Ig(?]-c{ f%lgtg)gsr Bg% adi ax%tlhgug gegpgrtmg P rom the spirit of the
mvectmmchprswptehee thiekreises oflbs wividedilayeor maiing omtho®NOse:cDre can be varied from
that H&Erﬁ)e&-ﬁére@f Qtt@tﬁéréfgr@ niteﬂ&’eg liosinchld@ {E{Qﬁ{;engmﬁ gch%ltmonE Qﬁ modifications

protection from UV radi ati on er conprises
thatﬁqlh“éthla ith§ §eont of thstaprepdgf gl@mawueww&mésbﬁmfur eto W
radi ati on. I n another enbodi nent, the protection from
WV radiation further conprises sel ection and use of
non- UV processes, as described above. 5 | NDUSTRI AL
APPLI CABI LI TY The present invention, the present
i nvention, by providing a UV-protective |ayer,
overcomes the problem of UV-induced chargi ng of SONOS
flash menory cells, particularly during BECL
processing. The present invention provides advantages
such as (1) formation of a UV-protective |ayer which
protects the device fromBEOL UV 10 radi ation; (2)
protection of the SONOS flash nenory cell from
UV-induced charging; (3) provision of a process
nodi fi cati on which can be easily accomobdated in
presently enpl oyed fabrication processes; and (4)
formation of one or nore of a contact cap | ayer,
interlevel dielectric |ayers, and a top oxide with
this additional function in addition to standard
di el ectric functions. Thus, the present invention
provi des an advance in ONO fabrication technol ogy,
and insures proper charge isolation in ONO structures
in SONCS flash nenory devices, while at the 15 sane
time providing distinct process and economnic
advant ages. Al though described in ternms of, and
particularly applicable tol4d SONCS flash nenory
devi ces, the present invention is broadly applicable
to fabrication of any sem conductor device that
i ncludes a charge storage | ayer subject to unwanted UV
charglng Although the i nvention has been descri bed

N | s T 1 I Y Y
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that described herein. It is therefore intended to

include wwthin the invention all such variations and
waonadi4forsari ons that fall within the scope of PO®US2004/000492

appended cl ai ns and equi val ents thereof. 14 WO

2004/ 073047 PCT/ US2004/ 000492 ddains \Wat is clained

is: 1. A SONCS flash nmenory @aimge (10, 50),
Whggggfn;egisng 5 a SONCS flash nenory cell (24); and at

| east one UV-protective |ayer (38, 46, 48 and/or 52),

wherein the UV-protective | ayer conprises a

subst antAad)Nng 1ibéh epacty eevivaties0)adompisingThe devi ce of

cl al fY\/I] (;non (:teﬁ1§4uv 4or ot ective layer is a contact

cap ayer 3 di (afover 10 the SONCS fl ash

e nad fopst ord IIJV-Pl:BﬁP«CﬁIVIq éayetd\’ﬂ @6 48fandédrp2wiereipiie LBf-motpdtige layer comprises a
SubsWﬁdﬂggﬁﬁ)?gdquat&ﬁyer (38, 46,48 and/or 52) protects the

menory cell from damage resulting from W

exposure during BEOL processing in fabrication of the

SONOS  f Tragbvideenaning 1 0ehedeid ehe UlSprétectid1gyetieydonrct odp 14EaBINdisposed over
meéIOng‘f?rheﬂaen 3 hcgllw-opaque materi al conprises one or

of Silicon-rich silicon dioxide, silicon-rich
S|I|con n|tr|de silicon-rich silicon carbide or

S' |3 con- 'fﬂegg/wgblgl\imm@'whgaﬁthg@v %@ec@fe U%/ér @:'8%348 alth)F fﬁﬁ&ects the SONOS
nprising at | east one addltlona rotective

ﬂan} “é%}‘lé?Fy celf i‘ifén dmageacsulfing fom G ipospg FI‘F}“%FIEP PIOEepg e irafian of the SONOS
flasll Ban@ky 2OIBPr i Sing at | east a sub-layer of a UV-opaque

material. 6. The device of claim5, wherein the at

| east one additional UV-protective layer is a

conponenthegpvicepfidaigrl, wepran thf Ukrepdant matérialeompriiesdne ot mére of silicon-rich
silichP&ide lsﬂfcéi@ﬁoh sfhmn%fth&y s@lfcoﬁjhc%l s@iEdnl chiBidk @%ﬁf‘con?nc(l é&‘)N or a

top oxide |ayer (52). 7. The device of claim1,

wher ei n t he UV-opaque rmt erial conprises a ref ract ive

i ndex grasidescebhdin 1,aRMetdcortpriing ﬁleas@\oﬁéﬁﬂdﬂtﬁlﬂalmfv -protectlve layer, the at least

one Qckl%ona‘l" {IIV gotectlve%o}cnpnsm]g atge as %{b -13 r]yer of a@&&qﬁ_ﬁ: I_n1a{é1haH ced

nmenory ceII in a sem conductor deV| ce; and 30
depgsi t 'ﬂgdg)(c%%f JIJL‘IQSMHIC LASH oHERBEYhaCEY- inroégtwg ﬁ?eﬂsacomponent of
one UV-protective yer, wherein the UV-protective

one pEFET ol by ’i‘ﬁfli‘y?ec%ele&“":? R GRISBFAEIEL (1 G o lyer 52,

The nmethod of claim8, wher ein the UV-opaque mat eri al

corcpr I Sefhe% Vlceg{ clalm wherel éll J(J{I%oan er ma r1a1 comPnses arefracth'mdex greater than
di oXi de, " SiTicon-1T e srtéon Rt i"con

abogill5i con carbide or silicon-rich Si CN and/ or conpri ses
a 35 refractive index greater than about 1.5. 10. The

nmet hod of claim8, further conprising depositing at .
| eat ondmatef A piiraine NONPY flesk PRy plyiem UV-figedgharging, comprising:
| eafabricating a SONQS 04sk Gmdte cdllay eemoipddrabvig; @t | east a

su bdelpoaéxmé ov%rf theaS O%S(%]gs% l’eI:renorr}‘[% l"11 a¥ leasé one &é—protectlve layer, wherein the UV-protective

layer comprises a substantially UV-opaque material.
9. The method of claim 8, wherein the UV-opaque material comprises one or more of silicon-rich
silicon dioxide, silicon-rich silicon nitride, silicon-rich silicon carbide or silicon-rich SiCN and/or comprises a

refractive index greater than about 1.5.

10. The method of claim 8, further comprising depositing at least one additional UV-protective layer,

the at least one UV-protective layer comprising at least a sub-layer of a UV-opaque material.
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