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Non-volatile memory designers have taken advantage of the localized nature of electron storage within a

silicon nitride layer and have designed memory circuits that utilize two regions of stored charge within an ONO

35  layer. This type of non-volatile memory device is known as a dual-bit EEPROM, which is available under the
trademark MIRRORBIT] from Advanced Micro Devices, Inc., Sunnyvale, California. The MIRRORBIT] dual-bit
EEPROM is capable of storing twice as much information as a conventional EEPROM in a memory array of equal

size. A leftand right bit is stored in physically different areas of the silicon nitride layer, near left and right regions

of each memory cell. Programming methods are then used that enable two bits to be programmed and read
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In one embodiment, the present invention relates to a SONOS flash memory device, including a SONOS
flash memory cell; a UV-protective contact cap layer disposed over the SONOS flash memory cell, the UV-
protective contact cap layer comprising a substantially UV-opaque material; and at least one additional UV-

35  protective layer, the at least one additional UV-protective layer comprising at least a sub-layer of a UV-opaque
material in which each UV-opaqgue material comprises one or more of silicon-rich silicon dioxide, silicon-rich silicon
nitride, silicon-rich silicon carbide or silicon-rich SiCN, and in which the UV-protective layers protect the SONOS
flash memory cell from damage resulting from UV exposure during BEOL processing in fabrication of the SONOS

flash memory device.
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Fig. 6 schematically illustrates, in cross-section, a p<ortion of a semiconductor substrate similar to that of
Fig. 1, which incorporates a contact cap layer, three interlayex dielectric layers and a top oxide layer, fabricated in

35  accordance with an embodiment of the present invention.

Fig. 7 is a schematic flow diagram showing the step s of an embodiment of the present invention.’
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electrode 24 and as appropriate to the source/drain regions 12 and 14. The applied voltages cause electrical charge

from the source/drain regions 12 and 14 to propagate acfoss the channel region 18. During programming, once the
charge encounters a sufficiently strong vertical field, the charge either is injected or tunnels from the channel region

35 18 through the bottom oxide layer 28 into the silicon nitride charge storage layer 30. The charge storage layer may
also be referred to as an electron storage layer. For example, depending upon the particular voltage levels applied to
the control-gate electrode 26 and to the source/drain regions 12 and 14, the electrical charges 36a, 36b are
transferred into the charge storage layer 30 and are localized to regions in proximity to either the source/drain region
12, or the source/drain region 14.



silicon dioxide. In other enbodinents, the ILDO | ayer 20 may conpri se ot her
materi als, such as boron phosphosilicate glass (BPSG or other known

mat eri al s wonroswzkosr ayer. I n the enbodi nent shown in Fi gcorhus260d@0ds9PO 30
llayer 20 is thicker than the height of the stack gate 24. In the operation
of the exenplary Dual -Bit EEPROM transistor 10, voltages are applied to the
gate electrod ‘Eﬂs%lhéﬂa@egpplll(mpm@atforpm;&rmm%wa&auﬂbﬂﬁmm&d&%emd

14. The aﬁﬁidxdiﬂ:h&i'@s B@Q% shRIFEnaB] ke u'ptﬁtl,e an Al hgxée s raﬁe %gr 9%.] r\}\rﬁljrq'hdtgeaylarré

regions 12. aaﬂ %4 taﬁélp ate across
pr ogr ami Rally ipfodug gehenid b prset gﬂoatogﬁgfam@menfmchsngp mrgge\kwrﬁﬂ CHle
field, t herommebmcondmomaﬁmfﬁr@mﬁed 5&&@@@%&@%&&%&%&3&% %08Rglen 35

18 thr ug nto t icon nitri char
st or agg IgorEeﬂf!‘fj??g‘g.I ﬁ ﬁéaog or age 59%r Vgc“!ﬂ %cﬁégers@faé"rlf‘@ﬂg’ot&"é’sbean

el ectron teffromingident Wﬁﬂ%a“mk?b Pan cregfeqabiareld imje chprgasterdgelapeas(. iAsdisdibedibdve,age
| evel s ap Fﬂch Siridusly crédﬂﬁ cl&fg&t d’a.@ihu'd]ﬂée%rr@r!s ﬁﬁts&)fg&l&’ata?aﬁd ‘ﬁ' Qge%hg gha%? Hbride dgergé) n
are - transterr

regions 12 and 14 e‘g@]%d&rma C .?qr)%
the charge stolagarirss SIHgP- Jpv %‘E?%‘H‘Pf“éheﬂ@gﬁemgewﬁﬁqmmﬁdwUYo
ei t her t headiation iseuirintized byt fornsig a7V -pro@ctivelayet 48 Geseribetl HainOTiRipRo L@ 6 sphious dharyd

2004/ W30ﬂ,ww§zga(b4jf recogni ze t hat
for proper_.functionjng, of a% uﬁtﬁ%&wﬂmw%ﬁﬁ%’“ﬁt&'ﬂuﬁﬁg T ges
36a, 36b YHGH ?"d‘f?“@??&%f*ﬁf@&@éf’fé&bmu?ww%@r@wyu@frestdmm\@pg@agmmgumuayer
30 to whiipientidney are initially introduced and, no charge shoul d be present

prior to progr t.he char er 30. The proper
mai nt enance ofﬂﬁ%ﬁ%ﬁ TSR Rn T, ?ﬁ‘sﬁf %BY%M V%?dbﬁan‘ﬁ?tS@Faé[?ﬁ%%&‘he‘@Pta@he
char ge st @P ks 3p aprilsode refarehivasie 015 lafar Int dneemtodipert, t}meroﬁtﬁut @m@v& 38 konprises a

dual -18 t ﬁEBR@M&&wm%ch labsofd@ i Aﬁ@fi ' 1€ emﬁﬂngrg,niﬁ% ?on% cap gerss 20 ?1%9 ,l?thg

be prot ect a\h gg\ I nci dent. UV radi ation
charge st'or g"ﬁ% ¥ @Paqgﬁ“awﬂglS‘ETE?@F’Pﬁ’é‘d‘cﬁlﬂ%Sﬁ“&'ﬁ@lﬁ"“@@ﬂl@@u@ha}m@m&mwch
char ges carhidenitride.Oln ox egbadinsest, theoftacs tap lageh 381@ln§nsawie PRI ofl B AR iiEonGlARELH €

storage | nve on want ed charge build
“n the Ch%‘féﬂén%%’%?églgﬁg SR it e e S 2P b e e it e by

formi ng SO BF dretitd e ‘faﬂ%ﬂé‘?f Presess] techwiqids ek, i@ﬂhlPCVD'h@CNDoeteclnloﬁmﬂlﬁstrm

spur iadus eﬂibamg@sth dddtabrd pﬁﬂ&%ﬁ%mh&ﬂéd@y %&1 ’Lﬁﬁo

devi ces 33% on:% dhea PLE: ent nt?gyﬁpéggjln& etter %\‘%er st OEyEaP&g\A

fol | owing & § ?° St pes PRaGY? CPAStoaRlayer 3B provides paqiectieita thesepusistor
descri bed0 &b@\%f radmtlem:whdam pings ltpbn ﬂ:h&nslétdi\lemirmg)ﬁocedsmg Mi@q@m@lﬂé foRftionSHOWN
in Fig. Xe shh@gafe'ﬁ%? thé &stit&ﬂ@ rIn%Qe énﬁ: g ton%t ca%ﬁye&%?ls F‘E@“éii‘)‘“y er 38. The

cont act al so- RS to

enbodi merl?f alpﬁtfféyﬁlﬁl‘ﬁgé@f’ ‘E%ﬂi“tllﬁﬁfé‘?‘aﬁ% IEMPrle@h@mnt, thécogiadt capdayerr3 islsuffiakingy | al
whi cr25abwmquwbroacutmtwmgdmfmeemﬁ&hﬁmnhdﬂdg&h&amoa&em%%ﬁ G layeP
conpri se i such as_a silicon-ric

ni ?P i de, s"'g %s?ﬂég%h? hg H\"/° a? @%gﬁoﬁéfﬁ }c‘a“ﬂ% tJE radiatiop.| Thesileqnirichmaterials of
car bi de- Wh%@nmvtwawmﬁmmm@desmmdmammwm| ayer 38 conprises one
or nore of s M&Q&n%ﬂﬁl&nt%dol&h@v% #flic ?ﬁfﬂgonpllg¥e§%]éw 'ﬁ?sg foﬁ gﬁ)yw' trid

silicon- i 1icon carbide of si TTén & SUb-Th o
cont act iag §/&fon %"5 W %WWWGMMMV@@@@%W@@M Dﬁh;hquues
e. gt 30 tC\/@lp myaevm;vmg%ﬂ& substaitiallly TVOPRue dub-145dr E:ﬁttﬂe\é&or%guﬁmpﬂ gdﬁ&&bhanymﬁar to
cont ac icon-rich silicon

tr e Heirbstbeboied fRRRE B TN p e Bl B it e en fpepot e yers
subst ant &Y ‘P%}esﬂ\}@ Smh@mh the finst, waqmnhaly@?v cBBupsublalyetesthiéontad cip 1/er 38Gnay Bbe
transi st ﬁibstanﬁﬁlyftﬂidk&*tﬂd}(thé @%n@-iub—@a?er%'oﬁ&m%én%e?&fe HAREy L8 b ﬁlnénesso e

during PLOGE: |nygr3§ubse ent to the forna
cap la & second sub-layer is not present. In one embodiment, the contact cap layer 38 comprises only

35 asingle, substantially UV-opaque layer.




the stack gate 24 of the transistor 10. In one enbodi ment, the contact cap
| ayer 38 is sufficiently UV opaque to block at |east about 95% of incident
DV r adi at wonood/evzesrot her enbodi ment, the contact cap | ave€iuSHod/§00492
sufficiently 25 UV opaque to bl ock at |east about 98% of incident UV

radi ation. And in another enbodi nent, the contact cap layer 38 is
sufficiently DRefogqiloFie lighesoksitr 10 foriet inclisles cbndSE% cofnedtngihgent wm&(maybe, for
(2l at | Orexnié ubksich OG- THeGbHERN g om0 S0 Bl RYELe 15 1

conprised_are eserk tail

shown), t e(%etrétggf Etf @go 12357 &P Pg’éld@é APHth g to,the soprgy 1 12 agdirsiraimittiobth¢ gantifioropague
sub- | ayeFhe trensigionl Odigbermonsiss mealebictradhy ahwd@@ﬁew B} 8 foPdxanifl, EdineksfheNO1
UV opanu eelem-gi@ ”ﬁﬁﬁb@&tof @2 ﬁraEJQﬁor(iQ A58 sources Ccfa gla%ea%raﬁxsgg)gr ?&é&@%ﬁp&mwgf ][ y

substantla opaque, ‘'su ayer an
simlar t‘B HeP“PV igleerertion brivren @mmvwltehctroéesﬁew the Goutda @2 kid/opdraih B4 tTh o

| ayer 46,embxdheat, aish@huﬁﬂ'ig 2} tRd cBhduétive 26 Srode elefieal
one enboq}a%&& 10 E@% tfhe &st ubs uantlic’la 1§rc[))V egpaqSe%%%?%dﬁ%hg%dcﬁ%g%’ﬁt act
cap | ayer ta?%ﬁ tF‘H‘F‘&‘ er than the second sub-layer. In

one enbodi nentln tbd G@qu@lenmowneh Bigi 4 @ie)trasﬁmlr ho #s @dwaded by Okpessteiaytie. nfapt act
cap 1@y eremB&iimeit, &@Wlibﬂ)teﬁtwe Iaklé)(@ig eéon@ %&r]%le&?e? ic lay naegln eateﬁﬁfﬁsg% U‘Pm&%tg'g ue

cont act c1 Jfa r. 38_co ses on a sin

| ayer . V% O‘é’ Wﬁ’?%%‘ﬁ“? jizjly 592’0@45!‘19(3'9@{ 9P SubF%é’Pre‘&ﬁﬂ pndcp sseond bubtlayer 46l Inlgne t he
transi st @mbdddnehntithe feaind sub-tdyerd6tsis QBSRAHAY | thibﬁer&ﬁxnﬂ@:ﬁit bdagays}'ctldegﬁus‘i&ﬁrs%ﬂ ﬁﬁr&?ybe
for exa The co s 40 _are fornmed

apertur grsﬂl Z&ZIIS‘%%Q& eﬁ%%ﬂ%? In ot #‘Fé’ggﬁ\{ﬁs{ ?J‘?bgg“ Ay UNswpree F‘%Htlﬂeft“ﬁ?ﬁa‘&?st he
| LDO | aydfotesipn %%W{ﬂiﬁtﬂ@l%ﬁ%@% regiatiopi vhich gnay Inepirge oL éhe ]Iﬁnsﬁiadi(n{unﬁh’lﬁboessﬂzé of
t he tlﬁansuhiéqﬁéntﬂ;@le for&in Bfrtlﬂ',@ﬁé Q"Mnghefu'a’ﬁsﬁsQ?fO %péﬁpgrﬁb%giﬁwr%e?:st Tulbr?;aéreﬂ a5 S

44. The q@% 1mﬂe ct rocgeﬁ e, r{gl connect |

(e.g., bi Y OREIEY ?ﬁ“ttl‘?"}% a‘f"f‘%?ﬁ?l%‘f‘%‘?‘en IP‘Ba“ﬁ’é)vanO@@mmb@smam@e fixstjsube ent

transi st de. 3:36:— Ilsesuﬁgmﬂudi\f vrequel tol Glocidl leastruabbuit §8% br pEidt 0¢ radiR6d. Axgdflh anoéher
connecti QRp g S 44 the sou 12 and/or drain

14. In one er?i}gﬁ‘ﬁ %E@ 15%584%% %ﬁl\/\ﬁ%ltE qgﬁa’aquf tO%PO%]%at @?ﬁsﬁ%ﬂ‘&% ?C f%f“ﬁidﬁ‘ﬁyvﬂﬁlabqﬂow de

el ectrical confretedhgringbsivim! ybstanially HY ppquet mean thay the layefr so@mmt&amﬁckwpasaﬂﬂt t o

the @Pai ao%amémauenawagenhs&emrsih@& slbstai: l Db 9

t he trangésgrgb pagS%vIl?a Sovere g ° f%t e?:st | vgﬁ,ll;gggé og?qgé éeg&%tlh %er

enbodi nent, et %%8? d‘f‘t’é’n ¥ithopt absaption shegspof. é&éﬂeﬂ ’@ﬂf@la teter ¢

| ayer, de%'PS@lﬁ%?ﬂE gV tLaIDP@ent Tmnslﬂw pueduyercsb daseribed paysed at dfast lam{ w@e@ R ididesttuv

subst ant ragf {ldﬁvu}{u@ n k8"

In one né Y ﬂ setg‘gn&gfl %b@ﬂﬁ%a@%gm%ﬁgﬁta M%“{’ E‘%é‘é‘tm“t han
the firsf™® }?33348%E’°I°’ngﬁj’§°‘f‘%éf°f’?fﬁ*e§t sub- | ayer 46a may aI so be referred
to a85a liner Thelﬁnst mh&y&nmdmﬁfmtasm&oh@mﬁmart&i‘al,whﬁﬂkzﬁ&@slwraéh Ltin, l#}/orfa@ﬁ%gﬁx

sub-l aye " o H654Qn, Lo ansj st or from UV radi ation
i ch o e R REe RLAlAL T Sl 1Ry P oeetni Desraub R e o

t he f or nERUPHIS B Of mere §f %J@Rn-g&tSéc@Mﬁlqﬁde,tsmeontrwmmﬁaos hieide, Sfliconkrith eiliédn ehi@ brrent |
the fi rshhdshtbcﬂmr 46a is sufficiently UV opaque to block at |east about

95% of i nci deﬂ]t %%‘iagti n, Jﬂr% anot her enbodi nent, the first sub- |ayer
46a is sufficlSRIFY° 85%[7?“ ¥ 45 cRmpgises siigaa iichsilison diariv, Afis knowh tidvtart, UV

r adi 8 i opwre guichipmetivoiliosr dioxglerisaakistmially trahéjﬁexfttcrm ra&fdtilm' AR, 4ﬁﬁradm°uon in the

suf fi ci efbdeYoidieaRB? nei ent

radi ati on. zieAcs) used ﬁég?teulsn%a‘t}%g%e e%%%é &agqn @Q W h"dg‘é p&avelgpeth pf abopta ¢

the | ayet®0dg- Jloweyer RSEragnsdlsketlican coptent of Sﬂ@bmdmxlde%ow@@%nmﬁmmm atiCinctedsds eV

li ght . A:efmﬁedndbﬂhethélwhl’ﬁ&bénwdﬂheﬁxhkgﬁl b, Aitlcdn- lgbﬂkthéd}(m%&’e de{‘j’@f’? fhat
ra

the | ayel,£8 ca& < . aJor anount e I nci ration
wi thout a )SOF pti on t ere °nﬁ%“eﬁ%‘é “Kspbithy, UY Plecking prigpacity i increases. Thus, i m oo

embodlment, the first sub-layer 46a comprises silicon-rich silicon dioxide, in which the amount of silicon is sufficient
to render the first sub-layer 46a substantially UV opaque. In one embodiment, the silicon-rich silicon dioxide has a
formula SiO,, wherein x <2. In one embodiment, the silicon-rich silicon dioxide has a formula SiO,, wherein 1.8 x

1.99. In one embodiment, the silicon-rich silicon dioxide has a formula SiOy, wherein 1.88, x 1.95.




"substantially UV transparent” means that the |ayer so described passes at
| east about 75% of the incident UV radiation w thout absorption thereof.
Such ter nwolmoseiosean that the material has no effect gerb§Reddéodeadi ation,
such as shifts in phase, wavelength or other properties. 25 The first

sub-1l ayer 46a conprises a silicon-rich material which absorbs UV radiation.
I n one enbodi rfrpgrneral, thehélcm-richfmm—olflheﬂﬂatémtswedﬁ{hem-pﬁauaﬁréﬁi&sl g tBeoRRAGHE aS

defined hgkeighpavd £ t stoosub-| aye conpri ses one
or nore o%% |agonm%a§m§a ?iédgﬁ& |ﬂ(1)ex(Ji3 Sgdn&lf] ol giheoniy E°§“|’SI(’?3’8F‘fm}“?lni fef“gse In

Si 11 con- rECHERRL §‘?ﬂ°¥”&f&??f thefilisorieonteys pf thess matesigiacotelates bejh @ith intrepsadneiradivbiodtx aeindth ¢ he
first subnckeageeUVA;ﬁmtycxﬁﬂ‘ps"elnﬁﬁﬁaml licon-rich silicon dioxide. As is known in
t he agt 30 Si:OkShi onet.r i con dioxide is substantiall

transgar ent t(%lélﬁ%vra at | on acuﬁ {Tﬁf’%ﬁg’s@?f‘ BHeIimgtc silicop gioxids is phout 11"‘%0#?
near - UV riggioned aboyefharpirgtivg inlenvad bibiovgrich sfifcoradiexise ishQBer it thardf kilibofi dichid! InRe

havi ng a eB3tehedd) th BrsPdub &9&14& ha€ DR HEve 1%?{]\@1\&%; mnrée @'815%%%{ 19LBS ?bl intaﬂcgher

content of,sjili cgﬁﬁg‘m{l above a stolc IC ra I NCcr eas

ref ract i VEJIREA% Wéndwfgﬁgﬁtrsﬂ%ﬁlf?“@ﬂs 3oyl -Foeie PRtA(75. ITpngther embOdunent the
si i con- |r¢f@¢t1vsmﬂqxoﬁhnﬁzlstaﬂoﬂ@empenﬁ)abbdes toRBIRENT; & il de enlbo@fabk, RO reERRRRdb e  AS
the gpli %’E‘suﬁ?agéﬁ% %&&&Ha%@)ﬁ : the UV bl ocking or opacity increases.

e fi

Thus, in one rst sub-layer 46a conprises silicon-rich
silicon dioxi e qo thygughert terspecifioatiomand olgims, the Lyt ofi e rangbsfand: iatiostmay becombinder

the fast Taushod eﬁz}b@le,lﬂﬁxafo%g&ﬁéﬂgkd oa}ehycuw(n@pmu&hmk&n m%ﬂm% Hgml 18txn1%t

silicon- I’IeClH formul a SiOX, erein

enbodi mefty ?aﬁ%r s'éc Ffmﬁ‘%ﬁ“éﬁ ?sﬁ‘li’ﬁomfiﬂ*’ﬁ%m’has a formul a Sl o) vvherel n

1.8, x 1.99. Inqne@ubedxenmddﬁrsmnb-laydrmcmdnm ﬁmcoﬁhaﬂﬂﬁd;dnﬁtﬁ&nsﬂd:oamhﬂe 38 Fond

formgba §iiGnric n 2004/ 000492 | n
Bttt s e gl A0 A0 AL, SUERIOH 20000

general, the siljcon-r tive
layers, CHEFHSPA e t?B’i‘l?féB‘Pm’dﬂ:Bde | Tayseif ms@mﬂ%lﬁesﬂ&oml@hémlrmldeaswtweas ndex

1, e e e s s, £t o
ﬁrgrg ﬁﬂcﬁgrﬁgg géi%rom ot 3, Oi ?or?g%%?(gg 8ne\mng @ % W 3 o

both W t reased refractive |
t hese mafkop; 3, and irpngther, fomgbguk 3. Kitovhopt 3tehe r ef ract ive i ndex of substantially

st oi et OBt I'i & o8 drkb@Redd iR 6 HGb. h@cr@pacydﬁapr;se 48 conﬁﬁh sﬂ%ﬁ& tﬁcféeg ? agjlco? %arbtxcg &

refractive of silicon-rich’silicoh diox

i
silicon ﬁﬁnﬁtﬁ"(‘,}d@“g“?‘iﬁh“(ﬁﬁg‘m%ﬁﬂ&tﬂ?n??gﬁtf°rm‘flh?écf$ﬂ9°§¥'n@l§t§q°@9@Ps afbenriplzed Sig relative
refracti tostoichidmatric $iCt Miss,ribuiigen farbaRisrbRettntel a5silcy, 1§§lmiéimah $e, 43, a0t heL o,
enbodi e e firs Syl 46a, i s about 1.55
S0, about hrest HECERCAREIC £isbBAEHaR eald B0 £ B0 L T o et Hhoro1
sub- | ayefiRAHa2 aseaimt 0l1e doytd, 20988t b32. Inorandaomemnesﬂmw&m Atapget fren 1.02
r ef r 268t i wabdurice Xndaf+ bi=l2e Thud,Gh dob-EiBon-Sibtlid, A¥iRkes é&@g&a&rgﬁﬁ%?g 1e{s han (ﬁt&ﬁa‘tt o1 6.

Here, and throughout the specification and clains s of the ranges
and ratio0s may be conbined. Thus, for exanple, in the foregoing ranges of
refractive i nexe en&bctlmuglhﬁnsheb-la&ngfa cOnipfises ﬁtib@mhchhlcﬁ\l tSiCNimwen fefeffed t§ud39t

speci fi Cakibg n£t€e§'s£o%q$ sM&%@&Fﬁe si%cogﬁé&mnﬁn&e d e GYFI]J ai'p‘%ngi{‘%él Os'lti

one enbodi nent, first su Frsesoss Qe
nitride. lgwl""‘f"éb‘f?l"?’i‘fh?ﬂ?‘?”d‘@f°‘71nﬁ1°Pt’°§dlﬁ%-bu'ils$31§raﬂY eonvidered totbe armlogius tiSaNBtnd C:.f or m

i S g¥heriakwhigh thest axgmdmltohmseﬁmtmhe@lad frﬁéfmdiuﬁ oﬁx@k}lﬂemha'ﬁgédl' §ird’ Haﬁlgen%?n!lemﬁ&n
nltrlderﬁggmg%s R 3 o2k & "FH?% of 4 on_nitride
formula for sili co?‘? Fich s fm% ﬁl TF ‘Efée f°§ Yiat HEh Séf%“’“’@?‘ﬁ\q?fcmméa%?rue of
X 1S gr cAPRETHoR pi¥amg a migpr progerteniofiEliamemt-silidn-fidh SiQN dontaing a Mifer RepPAMAGH GFEDAnd at he
val ue of maforpRPGES of C. Thus, SiICN may be considered to have a general formula Si,C,N,. Using this formula, in
silicon-rich SiCN, x> 1.5 and y < 1.5, and non-silicon-rich SiCN, % 1.5andy, 1.5. In one embodiment, in silicon-
35 rich SiCN, x ranges from greater than 1.5 to about 2.5, and y ranges from about 0.5 to less than 1.5. In one

embodiment, in silicon-rich SiCN, x ranges from about 1.55 to about 2.25, and y ranges from about 0.75 to about
1.45.




fromgreater than 3, i.e., fromabout 3.01 to about 4. In one enbodi nent,
the value of x ranges fromabout 3.1 to about 3.8, and in another, from

about 3. lwdmogemaed7 3. 6. 20 In one enbodi ment, the firspeFudnbdoosiordba
conprises silicon-rich silicon carbide, SiC. Silicon carbide is generally

assigned the enpirical, stoichionetric formula SiC. Silicon-rich SiC
conprises a SirmaentolieentSili€dntrigh ICN vanpriteda SibédisoiolicHvec Gttty Si, relkiMd % thelfand

I d
b 2% Q“amﬁéé?%%*ﬁ*ﬁ%"s A B o Dol e OS] i gl
i _ e. , a st Sléﬂﬁ‘@naed‘tdtbbeswz:hmm?m@ﬁleeq@mtip Phe arantity of Ns Theiinase isobtaied 87 iByvidingiSanges

from 1 0 nricBmaabyd the SiEN2In ﬂﬁdbﬂab@duﬂ'en@forex&nplé #y0n 8, N3O0 thTBRed ol thk abint £ RN ChH

Si C ra r,om

non- si I i C(';tﬁeesrgcﬁ, fpegp %f’npés’r‘ g’ﬁ?ﬁ’%‘%‘ﬁ &P’é%tf”égfthfFP&t‘?“‘@“é?“f‘Y?“?%??‘frﬁ‘ﬁ’ﬁd phen and
b =2 alhapthe mft@ﬂmduantamf Si tiepng inflindeg {in tis bmbodiyret, id Sicon-GelREN €8 caniehiof Sifks 1 i Ch
Si N Si Gidhdd thén RESRHIRERE Liaftic) Reddd 1t ha Q mﬂf?:ﬁﬂ&ﬁc s:%&h%llhl_as silicon

carbon nitride, silicon carbonitri icon cyani he enpiri cal

fornul a of Si&tﬁﬁe SPabpsliment. dhe ﬂé‘f?atlﬁgn%altwée ﬁft! P%tYPféﬁﬂ‘ 3bOPveVY ragiption ingigUVirange
gener al | yrom abvat 4deiired abodt 19enm I’Iﬁbﬂagﬁbbﬂm{eﬁt, il s8idh 120 ChateribiNd the Bfat shﬂllamﬁﬁ Ebs&rbﬁ Si

and co reinterch ed". .Si and
o220 b OB AEbn BE BV M BN o 3o AT o5t it S e R ||
be ref er thedrst yb-Kyerfdfaabspbs GV@Niati@) ih the GN-rangefonSib@RI390mt ta thost 240 mmaj or
proportion of m3ne dMdiedti NCbsdBHBPE trbéanuaqtml&me%@') PRDERdd i &ﬁé@aéulp%ﬂ(

contai ns a mnor B{r0|;tl)orttr{og§l of _SI and } proportion of
may be c&E ORROFoOmg et % 2 Faysisn "5%?14é‘FlalM°P%¥°ﬁ‘ﬁ’fta @{eélatm atﬂB%Y"?‘(@‘e‘t’a’WlPS"thﬁsrarﬁﬂ‘{’da | n
silicon- ﬂatlmhtﬁSitﬁa‘dbsomucncifWraﬁmlog/gen‘erﬂlyS and non- SI licon-rich S| CN x 1.5

and ys 1.5. 3

gr eat er than 1 Q&bg%&qkﬂggéaéﬂd sab[lcf% IIlddr) %aon nse? 11rog_fgn a g%lanqg (g"!sosf [hf ﬁ}ﬁt
1.5. | n Sidavere ﬂt&%f%@ﬁ@?le'llhafsqmb%w inj whigh S!eQNt Suk-laya‘rﬂgeg)mmmﬂabmmh silic§5 t o
about 2. dibxider il sbboﬁcﬁdilg-ﬁ§erf45t9 heyhonQinéen-ficd, & R&YHhnti ﬁo’richlozxeﬂlxxp sﬁiQ&%QJdSOM

PCT/ 1JS2 /000492 .1 n_one con-rich conpri ses

super - st g‘lmgl |P0 Vo AT Qe iy %tnggf)}f-““ét%'la’te’é élf‘?ntf’é‘sef Iﬂl’ct"ﬁ é“’béﬂ’ﬁ?t’d“rm‘fﬁl ﬂ“’l’“ﬁ‘é’“‘éﬁub\l

Wi t h t helagafebreonprisésabri-silived-ridhoor sphsiantially ytoicfionSiric/siigormittidet hikevasermunemakingSitinand C
whi chp exgigfife Arfd ?uanH@xQ%i Jo)ﬁpnsgsfsm%n—rﬁﬁlghc% &ﬁ)%%ﬁie skBn ﬁb-t?t epj(ljﬁ% EAHR)%L doh! ﬁéon-y

eqU|vaIent to the guantity o increase is o rOVI

enri chmeHt ?ﬁs“btsﬁ’é‘a@f sEgighiopprig, Fﬂ‘%"” éﬂ%@f’d iR Tipilacly.dp a“é%h??ﬁ’lleét in W‘lﬂc efiyst Slb l%’eb
1.5. ThudGa apads Gilicdnizh BN Nthe &dcord @BThydY Lobi tdmbphiRs Rbficod-#dh, 60 Bﬁbﬁtﬁﬂtlal@f Si
is enricpe gmniegh%t&@r wor ds, once the content of Crelative to Nis

det er mi ned t han the stoichionetric quantity of Si being included,
inthis enbodlnmnbodmensmbsee@ﬂsubﬂayﬁ4® it UV topaqos it aap¢mbodimit, thiesecoridispHayer t han

the 34 oi @d‘?.s'lmtahﬁﬂl W%Qﬁsbd}éét H%Q@éjwavatﬂéﬁ of z{boﬂ%rﬁ‘n Slﬁ"(fh@ Emb%tilgie %&%&J o S
cont ent °&é§’n§§5’§’6 od| ment, .the silicon-rich nateria I rst

sub- | ayel® PtdeastsRpme Highieneray SV mpdjatiom ghat it UVpadfasion Wtssna abvshtgﬂusée 88 t 0
about 198omsahout|2fd win@Enett M) dowemib aboinf PBO frh,loF ®@bBout is0AmMat erial in the first

sub- | ayer 46a1n%pe§e%ptﬁm rgr%glai’%nﬁ ?lﬂ-l%% 4@@15 ﬂcoﬁagm rogen 0J11£ »the Ny st%cciillhsu% a?’ernm to

about 200 nm In on |con ri c erra st
sub- | ayef6 maw%soeﬂdbhavw gepgail &fmw@xnwlzemwm@ng@oﬂmm@md s@alayeméh ist 0

abouBO 2 16licaidiokifle RREg Q'"g’th@ﬂl faRdia, Sl(le @-Qsﬁﬁs&hﬁaﬁﬁ stBichiRfif Seor iR M fRAGE

(9 is nq’aa%gq}tfln a Yﬂ%’ E@Pac #‘\/ sx{) ctr phot onet er at a wavel ength
of 254 rfM° er ‘srngﬂf GOP-GFR siffeo it \l‘e‘leeﬁ@‘t’ﬁanb‘tllﬁt?t?‘ﬂlé%me&‘cgood
est i mat esilizbn nitnide. éztmlgth@bmmdmﬁt t&d\s(ecmldulalhyeoﬁbgemesﬂ&bﬁ-ych silicon carbide, SiC, as defined

above. Inanother embodiment, the second sub-layer 46a is non-silicon-rich SiCN, as defined above.

Fig. 2 shows a second schematic view of a pair of adjacent transistors 10a and 10b. As in the embodiment

35  shown in Fig. 1, the embodiment shown in Fig. 2 includes a semiconductor substrate 16, upon which have been
formed two adjacent transistors 10a and 10b. Each transistor 10a, 10b includes, a source 12, a drain 14 and a
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24b, such as that described in more detail with respect to the transistor 10 of Fig. 1. As inFig. 1, each transistor 10a,
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second sub-1a
ﬁll one embodlment, the second UV-protective layer 48 shown in Fig. 3 is a third interlevel dielectric layer,

35  designated ILD2. The second UV-protective layer 48 shown in Fig. 3 includes a second substantially UV-opaque
sub-layer 48a, and a second sub-layer 48b. In one embodiment, the second sub-layer 48b is substantially UV
transparent, and in another embodiment, the second sub-layer 48b is substantially not UV opaque.
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understood that, while the present invention is discussed herein in that context, that this is merely exemplary and is

not intended to limit the scope of the present invention. The UV-protective layer fabricated by the presently

disclosed method is applicable to any semiconductor device in which a flash memory cell is included and which may
be susceptible to UV-induced charging or other damage.
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protective | aﬁ‘ﬁercontﬁkél? laﬁrﬁﬂgm&@irs?sqp 91. er p$1 ingas 4N Lxlngr}c %ate qlfjwhmh ﬁf%?suv

| ayers, sqme or al ers an
subst ant FAiSP ‘W‘@B&H@Eﬁ"i@aﬁ}@? %"er WB‘E@‘E@@SIH prs Fm@éb}evtd@tme&nd fofdepobitnge fiisic

ghe ﬁﬁ)Ll awmgr ihaietiod Pich@es Qdt Ukhﬁgeﬁgrmﬁ?&fon tIPﬁxoﬁEr%ﬁﬁdﬁimt eigim{e“iﬁ&hf bBore Rhich
escrl e n ective layer suitable for use in a
Dual - Eggﬁgﬁ %sg\%eg@éss’ﬁ%%wcgl\{f%wﬁ%m TJ device. It is to be 35
under st ood t himan elmkﬂdin@nttlm‘elnqbrt@semct daplapm 83 owd/oi the fitit SubtsROa berpaitensifidan-tidhat
cont ext, sitiddAkiotiddl sBichridhBlih ¥itr, %mﬁic@:{ Mch@ﬂ%nl:a?m&%anr)%%%@gcﬁszgo(%nnl.lo fowh €

scope of the esent . invention. The UV-protective rirca by 't he
present | §° 2 E%T"B%geaﬂd ‘??BTSWB%IS“F%m%Eﬁ’ﬁIF’l% Rot diggusgadyin %e@mhefe‘ﬁduct or device in
whi ¢80 a f | ashlne eobojimest lid which tieradtisekap!lafen sl aMbbiahe fFRYub-15er Bieh mxc@n-ﬁ@ w
i nduced gRr ghk ther 2004/ 073 PCII US 4/ 000492 The
fol l ovm n esc p?‘ivok?{hot% o‘%ﬁ %@ﬁ%? gssb e #flpr S?lsvngrrlfflhc(%n osflleg\/\gﬂw PRI ‘ﬁ@ ot o
Fi gs. rmipg 3¢ depgsiting;spch paterigls. dDue t¢ fhe wariobls stejchipmemnwhigndow te ohiired inGHCN, hie
semn con dfd»ﬁﬁaﬁbn G EINdos-Behdr b silleSl-fich] SICNPE OKtERE byth RS e thlanicddf of S &%ﬁl&r}eemo a W
the process. .
35 In general, in the silicon-rich materials, the higher the refractive index, the higher the UV absorption

capability of the material. Increasing the refractive index generally results in an increase in UV opacity of the
material.
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protective layer in accordance with an enbodi nent of the invention. Fig. 7
Is a schematic flow di agram showi ng the steps of an enbodi nent of a

process i weweHsdece with the present invention. 5 1In p@gugjoﬁmo(,@tzep of a
process in accordance with the present invention, shown schematically in

Fig. 7 as step 701, a sem conductor substrate with a SONOS fl ash nenory
cell fabricat ok dxlveyledman thbdﬂvntdled'hxclaﬁe ﬁhom ldyEt 43!5.%—&1&011—1‘1c£h@100%®&ﬁef&1@-3h

nmenory c X | met.ng

Since t hghl%ogbq?iy%%to{l %ﬁ&& %Iysuc s@r%%%%g 8rs° g&?’“&“& shege %8%’1\%] %%&W‘S c?&? t he
sake of Bfi@¢ve fpdexy Eor sjoighipmetrieyilicen dexidg. tbenremmmdem Alwitr.46An1.5. el andp teotwdin such
a device snifﬁcldnmbﬁwﬁhoh hatik QGrﬂéﬁrSFsﬁ@la?@fE@@BﬁEﬁnﬁﬂ@Mp&fw, R R aSHRVd ifRx dlasg10WN
in Fi Le. a0 1s bstglent [ %‘F‘% % as descri bed above with respect to
Fig. s Rl A s T E‘&%"dﬁ%ea“f’zﬂ‘%ﬁwuihﬁ and 33 ag¢ed @bV, mpofier

seni cond G@b@mestﬂtbsﬁr@tl‘@ inlex ray e wibyratially ighetbtiantl e Tiehrannein refragieiiexloBthe silicsd ack
gate 24 %ﬁaée&&eeﬁﬁym&mmm&e%ﬁk iliod WoxfHE Y b, G 5 totflin @9\9@‘5 hs1llconglox1? cap

further includes the first interleve lelectric I yer e contac
| ayer 383259effad °86‘??&% s determppatippof whethersytficiens siligon is arescatdt ratily made by mepsurqmentiofibe
second Sh‘aﬁrpch@émdeheftbd’lmﬁﬁﬁngp}ooaﬁﬁgrdance with the present I nvention, shown

SCheBt ol sl A SR B AR Sl S 11
embodi ment , t ReshpyrigFig) 7@9@@ 8% ths tizd §tepyrethe presensintestion mmpakels yepbfifionqFa spound sus
defi ned ﬂ@&!@) of 18 UFVRotIRAS e BN Whed \Gifficibit rsglgctéd%x&ﬁespgf 113 Wt dufldh 8% 4?a§1ast &

cont act enbodi ment, the first |ayer or s ayer 1s

t he sub- fcié’g%t?fmﬁ%eﬁmgls‘f?'l@ﬁe&gWBQ?F‘P?@H‘FMVF‘I‘\e contact cap layer 38 is the
first |ayer dépsbewtieBigdnume mtedinsntstypassakuatp 103, epdmp Hlteafy t@tﬁe &ebem ahd tﬁ@&e

sub- Iy delfh)%ﬁljﬁﬁy retﬁﬂﬁr@ tcﬁgtepwmtglaepgﬁﬁﬂt;;tﬁé E¥e§ Hlbsﬁgs%nrﬁ egg{fll aque. es@m?qt»afs of ep 20

I n one enbodi nent |con r|c

di oxi de. 79ds ehematicallydipstgg inFie. %thh%ﬁmtcma@m sReMmf@msctp ®0ditaitepedss shenaticalil a

Si OX, i nﬂlﬂhﬂaﬁ@m)ﬁ‘lﬁ@the(aﬁ&h@d’ﬂ&t(b)vel y, the formula could be expressed as
SIQ2, in ed abo of her enbodinents, 1.8. N
1.99, and ano °3érleme°ﬂ%'8%ﬁ Frséﬁt[eg “Btgem%’“il \é'ge seef"ﬁ‘esué - Senrprises paonailieonridiformn 4/ o
the firsof thptdriahod the ﬂ@esubiampm 08¢ such enbeditaéng ¢ tarsitibn fiad dxposition wihi sibonateh ar bs
W padi adpbfon of S H(;INSQICG@III()'I]M&JQJ it Q&%phgﬁﬁ) giﬁxbé'%? cf?a‘ﬂ&%@h {ﬁ élgnd}’éxgnsa Tn ofell ONE

enbodi nent,, the nethod for osjting met hod
whi ch do&¥ °F|‘B’fntﬁ‘%°éfa'8}“°'g’é?Fé?%ﬁlél%rcaﬂsla&tmest-dfmsxm@f%@amentﬁmumw desqribsl
met hod i sbogenwithwdspeetto SiUl d not expose t he SONOS rrermry cell to W

radiation. Ing 0 the cont 38 and/ or the
first sub-I ayeor%r‘l'ﬁf%gg o rlnébgémgﬁl{m B Sé’ﬁ"n'récgﬂa@fﬂ%%a“iﬂﬁ?\él ‘?‘% m Goxigf.thei ch
silicon Wlﬁqn@emdm%l%ﬂglmeé@rﬁnb lalthtosipnosmnzrﬂ:e@apﬂdlsubelayemamamphshammmdﬁclangxg
comei| Y thk ey df Slicoh- b&xtaﬁﬁxfgfnfegﬁso;ﬁ?&ﬁﬂem ﬁ%o%&%%&r&tﬁs%%ﬁ&? a&ﬁ%@%&h@%}ﬁm and

are not discussed.in %% herein. 30 In an enbodi nen
cont act egffmlo’éﬁtg siliggn-aoh iligon digridestp p sqoond, gyantityy whichreryltsip Appetidaof 3 pybpengrlyr i ch
Si CN, ansloi¢hipmanic cificanhitioxiie.c Gin dresanibbdivie, béth Ritef0MP Eintd Soun BNhSdak Gﬁyamﬁlb @A aSi CN

' I
o tho varal e 2hed bl o e Bigh 38 AR ARPA 4R o ot lionar | on

of sili cBtilting Epm the Fhapgsin eiavqtscqf ﬁm?qn@wmmwwr briinsaravidet! to yhe dérasitfinrppatatie
anmousl ofhusiid dn@dﬁ[boﬁﬂ&ft,ﬁie Befagos Bemh3 E@Ez;iohﬁsuﬁfaﬁl@aﬁ§§mmﬁéls h@oﬁﬁ)ﬂ ﬁépax]vlnch hﬂ}{ feh e

silicon-rich,.mter # fractive index,
d COoOMmpix
absor pti 6f ccapab '?n°ﬁ8 Stef’%%zgﬁ‘%)?l W@ﬁ?l%ﬂal‘el‘}échf"é‘fﬂrc%ﬂ 8& 7|b?>iéf€x
gener al | atemgspathvgy @hlﬁaﬁngﬁmmg@lha&tuﬁpdphm ty of the material. 11
Other methods of depositing the non-silicon-rich material can be suitably selected by those of skill in the art.
An exemplary structure resulting from step 703, deposition of the second sub-layer 46b, on the first sub-

35  layer 46a shown in Fig. 5 is the structure shown in Fig, 1.
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WO 2004/ 073047 PCT/ US2004/ 000492 For exanple, in an enbodi ment in which the
first sub-layer 46a is silicon rich silicon dioxide, the silicon-rich

silicon dwexiedgonseyr be differentiated frompure or stoigiip§Rbikddeassi | i con
di oxide on the basis of its refractive index. For stoichionetric silicon
dioxide, the refractive index is about 1.46 to 1.5. In order to obtain
suffici ent UVinppodnbodinen,a séchat UV-proteftoe H.Dh@eﬂ‘dSﬁﬁepcﬁiebobeasheﬁrstwv-betecnve ILD

subst ant 1a§’ér LW M sﬂ)%qfdzeexam&cem P?J B agl iy gmﬂomql%ﬁ%, tge &ed am? gtﬁ eatt rlﬂ_t %agnd

1.5, in one enbodinent, the refractive 1 nd
as note de’%bﬁe‘%“t’ o LAY ik paother ebRfimeRt e on hese hl@fsr @é (2] yo@mthpd exboﬁdEyMGlo layers of

su Ibst ant mmarmtehg e fmnmawaen@e fiEhev- bﬂ&iéétﬁ@?,@ Hyér aﬁﬁtase&%a ry@pﬂo@aﬁémﬁay&rﬁl
silicgn orat | note silicon in the silicon
di oxi éée On% Og(Odmi 3k 'f'e a?ucigo g\{ %8‘?‘1&3 °‘§jf"f"lv% STTYN ty e e 4%?@”34% Qﬂ"ﬂ%‘BF &bove.
The det e rﬁhﬁﬁawhlb n op¢ emhndiméng p fullleydriisormpd, the lajer inGrvening tip fiess@VprolestivemBildyy atdnde
by neasume el UQ’f-prctt&ﬁve is fla?& Qﬂaﬂ' Veeetéh&d& )éth&t)vls%]m Ifr)éﬁgvetgfﬂrférﬁg% R, Og Fcﬁﬁdc@xg: 10

Simlar conside a,; ons app y to silicon-ric I con ni I con-rich

Si CN andP¥fT Pfc°6‘}‘?f Mg - Yhen &5 secend Uy prerectivedl D dayes iy beemsiied torpra\sdesrts@p}wm@ t he
third stppedtion tohie ipEeadigtiayeror eﬂibmannmaﬁaaﬁbo&ﬁsnt Ctﬁepse&hd UV@rc&B‘cma léra&éylhdesau b-

| 46 t
th clnoserpRE MRS R A o U el Gl R o B it

sub- | ayeto¥%6b i s deposited thereover As. shown in F| g. 7, sone enbodinents

bypass the stBRnofHeCembBdiR&HE QIQMH Sl 6,8 Bl Wviphhtdc iR laaér@@m Z&)%sn@m&tﬂ%%ﬁ‘d UR

opti onal | ret I n t.o depaosit anot | ayer of substantially
UV- opaqu #gﬁy"’&?‘hglgbéﬁﬁ% ?qu ”g"ts‘éaﬁes’ T S FE I HRARP PR PO R §tRteed i n
Fig. 7 bg,tmllahe thel of Big. dawmhmblborétes)amﬁtcwwyef Whfeshiefhyef Gidledtutr 15k:€ PO, Z@aﬁd 48%of
schefgt i Giadnl e¥ner be tJo 3& fagéxseﬁ ahcp?;'SF dlag‘li)e %V%Yﬁtetcgkg las’%éeinﬁ A oqecgv (t?i) Gxide ﬂ% 208

enbodi ment, as note ove fer secon Npri ses
a non- si TaPricgipfip pocprdanes Yith apgmbpdimenyefiths present igyentiop Th thﬁéth@wb‘—ctiva;ﬂw or fopoxisise

3 uch enbiagi 52Mhld bé dﬂ&tahﬂiaﬁy’lﬁmﬂak ﬁ%ﬁfﬁfsﬁuﬁ@l giamasvtptdwamleiayﬁs %th&@riﬂénb &Kbo%xﬁent, 20
eposi ti jcon-rich.la pl i shed s changi ng
t he deposii} tls‘ébﬁ%?:uo r?’rb? TSRS s“ HOgRS? s&%’ﬂ%s&‘*??é?’i’tw CF é“Pfl?e%‘E’PW‘WZq terial and
acconpl i lsh!@&eltﬁyabgdmawgpwmdaesxmswd@pﬂbwmmuhhm treatnent conditions, as
descgg bed  aby ebhddindnCRPREd UV- &o&tﬁé&ayeﬁgﬁlac%@ﬂpénﬁ?m]lnﬂeﬂg ?déezquxggi'egﬁﬂﬁasl n

whi ch the SI|ICOﬂ rich material 1s silicon-ric I con
tranS|t|‘5‘|]F‘]?3r63f‘?‘fdep03|t| ng the first sub-layer to depositing the second

Sulb | ayer i s Eeeemnpdinkheste Hisimbdin iy, 7@&%9@42@%;2& zﬂt&ﬁaté}idﬂiﬂ&}‘ Gywiadn lea?sfrom
si | i con- g cyr [ QVi t apparatus from a
rst iR bebt @dep B dorfiodt 840 AE deb Ros RESRES hioHle BRP RaZhe Baeail
di oxi de, nefdﬁd@ dSIé’élé??émq%H%PWChW@h op %W@@YUN Odﬂlpobyetﬂ virrplterhatepathways (a)
subsgsmnt dn@bd (). @ﬁﬁlmﬁﬁﬁ'@fgrﬁsﬁﬂm iéhkehin Optiofretubto 0L M&&Qﬁa pRQEB
steps ar ethCﬁléaﬁl ed, out n ‘Qﬂ B‘ﬁ'?ar atus, on a_ substantially cont| nuous
basi s. |I'RTEA ERSBATRH S;”ﬁi’ SquEH fahrifetiop of e tsmicendpeis dpvitsy del ay or pause
in dep05| t i onAs indientel tin thgﬁﬁaletap bftTtg. Chialgpeng fﬁrnﬁtmniflﬂiemfxroﬁcttﬂ% Iﬁ@dﬂﬂﬁﬂ?&saxhnl ng
precur saqy, ; o | Q0 g

af cobo%aagv R é* geﬁq%\te&mh h@eo g&@&ﬁa&o : 802 RRAL ast(%kﬁ)[saﬂ’éf 48 celt B fe Ridfer

enmbodi nent , a su con

deposi t i RS‘??"%‘idé‘bBE%ﬂrﬁq%SSM B‘Eﬂplefeé'gfé‘?bdwow thy devisrdah spatoprinte- é\fs a E?Elétpé tht?ﬂisela n d
7:)3 30T hi isveth,afl bavRAbodirent, ktlisikt xiefaélsﬁﬂr 8 %@&%Id&@delaﬂd hdIsdvEs ﬂaZh 1!8 11 from

al ternatg rom.st e

ot hots xRt BB il 1SR Rt Be o ot e 8 e SIYES st
sel ect edudmprytchibizam suéh expoisird, singg ltMaBnoabdppsslbhrm felkyeprqpdeathe/degiterftomtall h@mfubsfadtd df N g

from st epy £@ion 8LROR gfmgregggtlﬁ‘}gﬁm?econd sub-l ayer 46b, on the first sub- 35
| ayer 46a shown 1n he structure shown in Fig. 1.
In one embodiment, the semlconductor device and the SONOS flash memory cell are protected from exposure to UV

35  radiation during the processing steps subsequent to formation of the stack gate. In another embodiment, the
semiconductor device and the SONOS flash memory cell are protected from exposure to UV radiation during the
processing steps subsequent to formation of the ONO portions of the stack gate. In one embodiment, the
semiconductor device and the SONOS flash memory cell are protected from exposure to UV radiation during the

processing steps subsequent to formation of the charge storage layer. In one embodiment, the protection from UV
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12 WO 2004/ 073047 PCT/ US2004/ 000492 I n one enbodi nent, a second
UV-protective ILD | ayer 48 is deposited over the first UV-protective ILD

| ayer 46, was20080B8awn, for exanple in Fig. 3. In this epopiikiiboosdane steps
702 and 703 are repeated. In one enbodinent, one |layer, in another

enbodi mrent two or nore |ayers, and in yet anot her enbodi nent, no | ayers of
anot her rasiatien aaﬂdépyenﬁtbqsmtsmmv@madohero&asscempﬁdkézneakﬁﬁmsv@ed fa&ak@)b%ne@ﬂd

t he SeCOMreWﬂP&&E%QzIyE&’ G drdofier Y at) tﬂeéotgéagn&w o%fwtqermm?a‘n(:slglﬁl%g nng%|4b

llayer (s) include conductive layers, sim
shown i n°BFyee a‘f?‘d‘n?ﬁ’ﬁ’gs“r%pyéadi‘aﬁmb e 2nefisEbpripaL, thaplfotﬁPﬂon ﬁatyéW ridiatiprofunized,
t he | ayerompnibeg seletionagd séief nbi-UY brobdvsel) adeEibdd\igove. LD | ayer and the second
UV-prgtective ILD | ayer may be etched or otherw se partially renoved in
formng, e.g., a conductive pattern or other "wiring". Then, the second
UV-protective ILD | ayer may be NBPSERIABAPPHIGABIUITYe i nsul ati on and

protection t OThé}ﬁestrﬂﬁx%ﬂ&ﬂhdl&sén@lﬁ‘?eﬁhogrb{gﬁ%%é @V—pr!)t&h@é]%eremﬁcﬂemﬁg ble: {nec tric

second U}é.vp aces conventi onal |nf erl ayer
| ayer, suC h‘“@‘%“%é‘t’af%“i_gﬁ?@i‘géfef %°m8‘8ﬁ?’§ ey AapePEQ precorsip Thprerentinagnien  as

descri bewovmewwgensudnut(hefommdo ofia ¥ pkatectiveGayer whith Iﬁfo@cts the devide o BEOL UV
UV- ph@t ecdiialid; LRM6E g ' otective ILD
| ayer 48. ‘;}8 cg sccktllggncgltthlg o8 msfl ngm&%/&? ﬂtopﬁvﬁm%rg%sc fereln egégsr) BiVSin aPRRSY, of
a seni coRaieetm "icheppegagly a‘é"P‘H’P‘I’d&‘ied parerenitemployet Fagrication pydaésesks and(d)ferpatioades a

cl: g n;ﬂct hmmr @ a &&tatcﬁcbxr Bifer, iRyl aM@crm@lhﬁ{se&a '&'tdi) Y %fm% Qadt%nﬁ aglcu%ﬁl | ;)f

ic r er rotective |ayers
and a Uv‘flﬂu% Is {aﬂ %/are&)(?el m(% {lf n&“ OXT a@’gﬁ’ ggfresemf lﬁYfP‘im}ézi’f"é(’(ﬁleﬁ % 2dyapss NG &bt an
embodi rreF?FhﬂengYt $rd i lqglﬁ@?speqntr changedsotafianrin ONP @triciuies o SONOS Kflash @@inbry Sevicesy eliile ake t OP
oxi des | ayRkimegroViikY dhtR® prattish@Qbictid Mvaaiafls) Elgxm?é alslfed infte%xs c? N par cxcﬁarg'

UV- pr ot ect comprising, 1n one enb

subst ant & Qi"fagl E?&/%é]ﬂgﬁ fesh aiggory éif’é’FS S dregerkigyesiing I%IEIMYW@MUW ifa{bwa@@mé piyses a
non- UV- opadposiucrartdevideaial inchiiels a dh:&ge&ﬂﬁfghﬁier SiRa e viRRked [Wodﬁﬁbhies a single,
substantial ly p

protective | ayﬁr% g?ﬁ'@ gAu@X ?‘E)Sn]\)fg’?] g ?sc%rf})a ﬂ@%ﬂtﬁﬁﬁ& df’fﬁrﬂf& £ |SQP°‘f%1)}‘B‘F“'a“‘§uc h
as an | d‘Pﬁ%Fsé?emfFH é@@%&am!@mmhelmtwg thpsa fllegkraiive erftiogimen’s. Foseskitigd 704,

and fy tii\eheaalrttvan faaage,zmathmon@ laad,maamc&iaml SRBSmAL Qrm‘loutséeﬁal?nn %mter?e%ﬁ,fmuﬁt ep
702. Accgrdi. rLQ, St and step 703, or may

p
repeat ed &3 °n B gaerrlente §SIS"’tS %?‘%Y‘MFYW%}PMWP@V%% be Yﬁfled from
subst ant fhat Idtsyrlvwheoqya quﬂhdrdgtem&ndcd @ imlutlewithad the ipaitonayschvagatioR amsba@cation) . As
al so i ndj &ihin ptional return to step 702,
or the g?%%gSs n3§ %?%gee to tﬁés+lg£ Qgﬁ% ere<)ﬁown in Fig. 7, which is to
continue fabrication of the sem conduct or deV|ce As indicated in the final
step of Fig. 7, following formation of the UV-protective |layer or layers in
accordance with the present invention, the sem conductor device and the
SONCS flash nenory cell are further processed in BECL processes, to
conplete the fabrication of the device, as appropriate. As a result of the
present 30 invention, in one enbodinent, it is not necessary to protect the
device and the SONCS flash nenory cell from exposure to UV radiation. In
ot her enbodi nents, it may be desirable to protect the device and the SONOCS
flash nenory cell from such exposure, since it may not be possible to
fully protect the device fromall harnful effects of UV radiation by neans
of the present invention. In one enbodi nent, the sem conductor device and
the SONCS flash nmenory cell are protected from exposure to W

‘M

be
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35 radiation during the processing steps subsequent to formation of the
stack gate. I n another enbodinent, the sem conductor device and the SONOS
flash nenory cell are protected from exposure to UV radiation during the
processi ng steps subsequent to formation of the ONO portions of the stack
gate. |In eparggpodi nent, the sem conductor device and the SONOS fl ash
menory ce€rT are protected from exposure to UV radiation during the
processi ng steps subsequent to formation of the charge storage layer. In
one enbodj nment IOE\E rotection %r om W 13 WO 2004/073047 PCT/ US2004/ 000492
radi ationat #hd 9%#8511??8?8% 7Vh%%s CPTRPEHREf abri cati on process conpri ses
the herein descgoRes AAhTIMGY cofl; Hige or nore WV protective layers. In
anot her enbodi nent, the protection from UV radiation further conprises

shi el di ng or abidast enesld Vanrotediiveylagsmp obaragtetizediy thatdhatiVoprotdctivakayeher

enbodi nment . the protection.from UV radiati.on further  conprises selection
and_use. GPIIREHE ' Pk c88 Jay @ or o ERER O b YA CANAISH BPPISBBIA CABI LI TY
The pr esenbsthntiaBR U Vdpaditaniedgient i nvention, by providing aUVv-protective

| ayer, overcones the problemof UV-induced charging of SONOS flash nenory
cells, particularly during BEOL processing. The present invention provides

advant ag su ) f OF i 0 -protective |ayer which, protects
Che devics 11 orneaelctlat BT, gyt s Y BOfRcREt JavGr sch Sl efiiale? | ae
menorly calispobedosmetlihe SONOSHIshakeghdig cel{.3) provision of a process

nodi fication which can be easily accommpdated in presently enpl oyed
fabrication processes; and (4) formation of one or nore of a contact cap
| ayer, inferl | 3. Q¢ el 4.Cq , y . O%] i i tional
functi onrgit'n a i‘%e?’%‘% ({?(C)ctlés1 a}l’d‘gyﬁéﬁtg?g}é{ %Ir%t&ﬁll}%é%&g%&%&%@ §(t) € present
i nvent i orflash mentbey celh fravdanegeiresuldd@ frah ¢ akpasare dueitigBEO@ yrocassthg nsur es

proper charge.isolatjon i structures in SONOCS fl ash nenory devi ces,
whil e at lPﬁ%’nthl ﬁéth?gﬁ)ép%%fﬂmﬁﬁoﬁi ‘ie("i"r‘?ct process and economi ¢
advaniages. Al though described in terns of, and particularly applicable

to, SONCS flash nmenory devices, the present invention is broadly applicable
to fabricati orThefdevine ofSelaime dndulrtrein tHe Wi C@phipat materialidemprseshareger st or age

| ayer subject to.unwanted UV charging. Althqugh the. invention has been
doer i bedn St SRRt ShioqR dion éﬂ&?&gl@&lﬁ%&m@sﬁﬂ%ﬂr ¢ filjeon

enbodi menhehidd e Bifdon-ridh gieN10t i ntended that the invention be limted to
those illustrative enbodi nents. Those skilled 20 in the art wll recognize

that variations and nodifications can be nade wi thout departing fromthe
spirit ofc the d,nvent.i on.. For apple, the thicknesses of the indjyidual

I ayerzé ki ng 1:518 ?‘?\Véc‘b% g?%%u@hgﬁﬁowgr@@gi %td?qa?to e t%&?‘o&@]s bed

herei n. Igrote&ivelaye] tieaut ledseattestiditonanTVUBR MBIl et BEmbAYSHH RAstal | such
variations and nodifications that fall wthin the scope of the appended

cl ai ms arsdbdayer 0Bt Pirepagwemaderial 14 CLAIMS: 1. A SONGS flash nenory devi ce,
conprising: a SONOCS flash nenory cell; and 5 at | east one UV-protective

| ayer, characterized in that the UV-protective |ayer conprises a contact

cap | ayeré.or Stheldeyiee oftlatm SoRhain theft laytedneG@dditionsl UY-protective layer
25  is a component of one or more of an interlayer dielectric layer 1, interlayer dielectric

layer 2, or a top oxide layer.

7. The device of claim 1, wherein the UV-opaque material comprises a refractive
index greater than about 1.5.
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substantially UV-opaque material. 2. The device of claim1l, wherein the
UV-protective layer is a contact cap |layer 10 di sposed over the SONCS
flash nenory cell. 3. The device of claim1, wherein the Uv-protective

| ayer protects the SONOS flash nmermory cell from damage resulting from W
exposure gluri Blke éggpg; nmenory
devi ce. 18‘; 4, r‘%he de&%@%ﬁﬁlq}g}eﬁ’?ﬁtﬁ&%rﬁ?&é ﬁllﬁe)ng\}hopa ué mat e%%g

conpri sesl-@hto about kBre of silicon-rich silicon dioxide, silicon-rich
silicon nitride, silicon-rich silicon carbide or silicon-rich SiCN. 20 5.
The device of claim1, further conprising at |east one additional UV-
protective | ayHie, déwhéb of clagast, ﬂlﬂﬁela@&h hﬁﬁ@'seé&{'dpirﬂt fld V-prd¥elive
conprising at least a sub-layer -opaque material. 6. The deV| ce of
cl ai mS5, 1WF‘é$=e‘NliiPrﬁlﬁethatSC‘FC@ds?!ndo‘?h@daTdHrprp@nwe bveqsrmba;bmpaset ayleast 25 is a
conponent_ Nf f nterlayer dielectric layer 1, interlayer

di el ectrlstl:181 §3§?QW?§%%I“§ r(%(h de layer. 7. The device of claim1,
wherein the UV-opaque material conprises a refractive index greater than
about 1.5. 30 15 8. The device of claim7, wherein the refractive index is
in the rane # SPNGS flash mepgry devigsogemarising:g. The device of claim 1,
further conpri gﬂgz, jjyd UV-protective 5 layers, wherein the
second and thlafsd pr%’?qn tirv tcPa’yers each conprise at |least a sub-Ilayer
of a 10V- opaquer bitt-protetive tontadt GPNGFerf diggdsedraver thedSONOS, flahnpemsiyng:  a
SONCS flasﬁ m cell., 10 a UV-protective contact cap | ayer disposed over
the SONOSCH4 TRERICUVE gpqntact rF@Pd@Yffr §OBRHSINS 4 shestantially Y ppaque

conpri si RgatgiAlRRE antial ly UV-opaque naterial; and at |east one additional
UV-protective layer, the at |east one additi onal LTV- protective |ayer
conpri si ng at atdeest one adeydrUb’ipratebMe)hqqu&hmt taktabne Additidreal €V each

UV- opaque materlla r.ises ne or re ilicon-rich silicon dioxide,
si | i con- AFEHOYS ?%e(fr‘foﬂ’%flfllnﬂ e§§t|ai Bﬁ‘y)?ﬁ@f?gf’rqpeaw ®afeHabe or silicon-rich
Si CN,j5and whergligheih f@cy\»&mt&ﬁaaﬁé In{RertiAlY &nSprite® dRet orf Rore P Fiddnaddh menory

cell from
silicon dioxide, silicon-rich silicon nitride, silicon-rich silicon carbide or silicon-rich

SiCN, and
wherein the UV-protective layers protect the SONOS-flash memory cell from

damage resulting from UV exposure during BEOL processing in fabrication of the

20  SONOS flash memory device.

11. A SONOS flash memory device, comprising:
a SONOS flash memory cell;
a first UV-protective layer, wherein the UV-protective layer comprises a
25  substantially UV-opaque material; and
at least one additional UV-protective layer, wherein the at least one additional

UV-protective layer comprises at least a sub-layer of a UV-opaque material.
12.  The device of claim 11, wherein the UV-protective layer either is a sub-layer

30 of a contact cap layer or is a contact cap layer, disposed over the SONOS flash

memory cell.
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damage resulting from UV exposure during BEOL processing in fabrication of
the 20 SONCS flash nenory device. 11. A SONCS flash nenory devi ce,
conprising: a SONCS flash nenory cell; a first UV-protective |ayer,
wherein the UV-protective |ayer conprises a 25 substantially UV-opaque
material; and at | east one addi tional UV-protective |ayer, wherein the at

| east one additi onal Prot ective layer conprises at |east a sub-layer of
a UV- opaglde nalle device of claimel ldevhaseinothe cit deast dhe adiigiosalnUMkgroteetipe ot ect i ve

ayer, i S ByBEnEEne R shore b REIBR BRI 135 iRt e o °

cl ai m 11, digberieilayet Deorad top @& fde 1972, additional UV-protective |layer is a
conponent of one or nore of an interlayer dielectric layer 1, interlayer
dieleétric layer 2, or a top oxide layer. 5 14. The device of claim 11,

wherein the UMIRY QLRG!S Eaib Y £y &EegﬁafetevtB@g:e%prchersﬁ,r%éctsr{ﬁ”ggﬁcfsﬁ" f rom

damage resul ting ex osure during Ication of
t he SONCHldsh asmorg well frode&am@e réshltidy frdfa)dexpatreduritigBROL brocekdiei n t he

UV- opaqu eri.al of e f. the one or nore UV-protective |ayers
i ndependg[ﬁgalifl B%P?Q’Qﬁﬁﬂ@g&”}hﬁﬁe@o@f deyi¢s.con-rich silicon dioxide,
silicon-rich silicon nitride, silicon-rich silicon carbide or silicon-rich

SiCN. 15 16. The device of claim 11, wherein the UV-opaque materi al
conprioseslda rBferdevidewod clainde, gfheatreﬂlettﬁé-lmmqlmxhat&nﬁ okach dittke deworce of

claim 16, wheﬁ? 0%%@ gfractl (%nx is in the ran %mabout 1.55 to
about 1. 899150 T Ve ! epglp 1PMBILeS 1B % niliconetigh ¢
UV- pr ot eGlico dieMas, silicdnei@ Qli¢dienitrfte! gthn-PiEHtsﬁfgéBhXQrM Sfl{i v ises at

| east a sub-layer of a UV-opaque materi al nmenory
devi ce, dO6Prising: a SONOS flash menory cell; and at |east one
UV-protective | ayer, wherein the UV-protective |ayer conprises a
substantially UV-opaque material, and the at | east one UV protective |ayer

conprissesl6, onerker dewee off claing Ubt, | AekiOthed (PPRpaGle GRRertaY&mprRes ANt act cap
| ayer, an |LD-1 |ayer,
refractive index greater than about 1.5.

17.  The device of claim 16, wherein the refractive index is in the range from about
1.55 to about 1.8.

20
18.  The device of claim 11, further comprising a third UV-protective layer,

wherein the third UV-protective layer comprises at least a sub-layer of a UV-opaque

material.

25 19. A SONOS flash memory device, comprising:
a SONOS flash memory cell; and
at least one UV-protective layer, wherein the UV-protective layer comprises a
substantially UV-opaque material, and the at least one UV protective layer comprises

one or more of a sub-layer of a contact cap layer, a contact cap layer, an ILD-1 layer,

30  anILD-2 layer and a top oxide layer.
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30 an ILD-2 |ayer and a top oxide |layer. 17 20. The device of claim 19,
wherein the UV-opaque material of each of the one or nobre UV-protective
| ayers independently conprises one or nore of silicon-rich silicon

di oxide, silicon-rich silicon nitride, silicon-rich silicon carbide or

silicon-ragh ﬁie@éwc@ oA tlaih 1@%@&&&&@@9 U Maidri %&)iﬁft gpry cell

from UV-induced charging, conprising: fab ating a rrem)ry
cell in ang@nlié’opmmwc lagsrs gedepandentlyepmsptisengorever nidre EQilirEtidsh nenory

|1 I wh I
comr + ses TIPSR SRR itiim it ¥pop B Hidbp spside wEgeoeittir 1 sing

subst ant iSiCNy UV-opaque material. 22. The nethod of claim 21, wherein the
UV- opaque material conprises one or nore of silicon-rich silicon dioxide,
silican- rich silicon nitride, silicon-rich silicon 15 carbide or

silicon- r ch / SeY fractive inde rea t han, about
1.5, 23. he %&ﬁ}]} %E}gf&:: Igl?énqaﬂg furtﬁg figs Meltrgqr%gce eﬁ Bldg‘[’ q east one
addi t i onadhargihg, pombpsisingve | ayer, the at |east one UV-prot ectl ve | ayer
conpri sing atfleast a sub- 20 |ayer of a UV-opaque material. 18
abricating a SONOS flash memory cell in a semiconductor device; and
depositing over the SONOS flash memory cell at least one UV-protective
10 layer, wherein the UV-protective layer comprises a contact cap layer or a sublayer of

a contact layer comprising a substantially UV-opaque material.

22.  The method of claim 21, wherein the UV-opaque material comprises one or
more of silicon-rich silicon dioxide, silicon-rich silicon nitride, silicon-rich silicon

15 carbide or silicon-rich SiCN and/or comprises a refractive index greater than about
L.5.

23. The method of claim 21, further comprising depositing at least one additional
UV-protective layer, the at least one UV-protective layer comprising at least a sub-

20  layer of a UV-opaque material.
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