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I mpnrity Doped UV Protection Layer [0001] This
application clains the benefit of U S. Provisiona
Application No. 60/640,695, filed on Decenber 30,
2004, entitled Inpurity Doped UV Protection Layer,
whi ch application is hereby incorporated herein by
reference. TECHNI CAL FI ELD [ 0002] The present

[ nvent i on rel at dmgeriey Dyed UVIErIRBHLGA 9D of
sem conduct or devi ces, and nore particular to the

mati-Qn of .a material |ayer for UV protection. _ _
[0 QC%WPPBO%@P 49 BEneHieph 16 Sn Buvistmabdpplesicanin. 60/640,695,
fabrjcated by depositing .a plurality of insulating,
filehPriessmber 36,7804 entidon duptrityDapet €V Blotdctipe T3y hich application is
substrate or workpi ece, and patterning the various _

herghy excpaiordted/earsin by réferance.nt egrated circuits and
el ectrical devices or elenents thereon, The
conductive, sem conductive, and insulating materi al

‘ atterned using |lithography and etched to
mm%a}g%r‘%ed circuits (ICs).
10002} The present invention relates generally to the fabrication of semiconductor devices,

and more particularly to the formation of a material layer for UV protection.

BACKGROUND

[0063] Gengra]ly, semiconductor devices are fabricated b*_-sf depositing a plurality of
insulating, conductive, and semicondnctive material layers over a substrate or workpiece, apd
patterning the various material layers to fcn:u intégrated circuits and electrical devices or
elemci;ts thereﬁmr The conductive, samiconducﬁife, and insulating material layers are patierned

using lithography and etched to form Integrated cirenits (JC’s).

[0004] A semiconductor workpiece is typically exposed to several types of energy during
the fabrication process. Energy sources such as visible hght, ultraviolet (UV) light, electron

beam and x-ray radiant energy are used in photolithography, for example.

[00&5] UV light is often used in many curing processes, €.g., for spin-on dielectric layers
.and/or Jow diei;&ﬁic comstant insulating materjals. UV light has a Shgrte;r wavelength than
visible light, For example, visible light is typicaliy considered t6 be l}jght having a wavelength of -
' _ abbut 380to 7;70' nm, while UV light is nsually considered t6 fall within fhe wavelength range of

about 157 to 400 nm.



[ 0004] A sem conduct or workpi ece is typically exposed
to several types of energy during the fabrication
process. Energy sources such as visible |ight,
ultraviolet (UV) light, electron beam and x-ray
radi ant energy are used in photolithography, for
exanple. [0005] UV light is often used in many curing
[00§F]0C e s e®bletn Gith ekPbsiBPa FerfiBogthiRtd? Gbvib€ td BYeight is that the UV light
and/or low dielectric constant insulating materials.

ma}L&/mJ;é ﬁ{&s&e@%&&é@qi{)hﬁa@ Yg*y@ﬂ/@x!nﬁfégiﬁf‘lagl}?‘ﬁnd’éﬁbﬁc ek,g;@

For exanple, visib I's typl consi
be light having a wavel ength of about 380 to 770 nm

[006/hI | e TOV, Iwights Hesdatsinetht 3t onsindeseidcioo déabd stmictire Bnd method of
t he wavel ength range of about 157 to 400 nm rmay

man@fdSeing Ateeirvadr&h m&%ﬂ RIS ARLSS FBImd RS
and el ectrical devices. 007] Thus, what is needed in

o ,ce structure and
Smﬂ%@?ﬁggkg?%ﬁgﬁ% %ﬁ@?ngh¥ggﬁgb wherein materia

| ayers and electrlcal devi ces forned on the
sem conduct or device are protected from UV |ight.



SUMVARY OF THE | NVENTI ON [ 00053These and ot her S
probl ens are generally solved or circunvented, and
techni cal advantages are generally achieved, by
preferred enbodi nents of the present disclosure,

whi ch provide a novel material |ayer for IN

protection. The WV protection |ayer is deposited over
el ectrical devices before an insulating material such
as a low dielectric const ant material is deposited,

YNHEAPERSYYBWAHPR ectric constant material is

cured using UVI|ght the UV protecti-on | ayer

RRGHET P St e%’%%é%ﬁp?’l%%éﬁﬁﬁg TR, 60 il

derlying e Fec

Lth a efer nb
s B eeehl Faigas oy Peiey rald %mneﬁ{s e B8
devi ce includes providing a workpi ec form n%
mpvoteet i whmkiyiek lapugor DNeprasEROT e B, Tk apioion SHORI#GT & & deposited over
dielectric |ayer over the UV protection |ayer.
e[-00k8] devicac b dancaslatiy maotillemcipeef lenrd@deenb odistrentnaterial is
of the present disclosure, a sem conductor device

d%%;%{(&g 85 e Y0 eQS\%’m@edﬁ% Bt REih@RA1 i8-8k @8 ThhBgbt, the UV
a dielectric Iayer over the W

prece,
é f‘?é(%{] Iva ts[rp?g [Lgfé 1% do\{]ggt §ur eaﬁﬂ%ﬁ& 8 4adertying clectrical

rovi di ng a
dﬁqces J

[9399] In accordance with a preferred embodiment of the present disclosure, a method of
fabricating a semiconductor device inclndes providing 2 workpiece, forming a UV protection

layer over the Workplcce and forming a diglectric layer over the UV protecaon layer.

[OGIG] " In accordance with another preferred embodiment of the present disclosure, a
serniconductor device inclndes a Wor@iécc, alUVv p:otecﬁon iayer over the workpiecs, anda |
dielectric layer ovcf the UV protection laysr.

[9011] Advantages of preferred embodiments of the present disclosure include providing a

' novél UV protection layer for ssmic:on&uct’or devices. The UV protection layer protects

: undcﬂymrr elacmcal devices from damage dusz g UV Light EXPOSHIE The UV protection laycr
advantagcous}y COIIPIISES materials compatible with CMOS processing‘ The UV protectiph
layer protects underlying electrical dévices by absorbing at least & portion of the UV light during
the UV light exposure. CMOS transistors and other electrical éBViCSS with improved

performance and reliability may be manufactured in accordance with embodiments of the present

disclosure.



novel UV protection |ayer for semconductor devices.

The UV protection |ayer protects underlying

el ectrical devices from damage during UV |ight

exposure. The UV protection |ayer advantageously

conprises materials conpatible wth CMOS processing.

The UV protection |ayer protects underlying

el ectrical devices by absorbing at |east a portion of
[00Tka] UV | i@hdnedabpisig tlidie is\provight aemﬁ&iﬂd@ctOMCe comprising; a

transi stors,_and other electrical devices wth
WorkBIeeR; @ gaiscliseprevee the epriRipgea Bifirst wiramgglepd/ V) protection layer over

th@gatyf@céraﬁ %%oh%lﬁﬁf’ﬁ’c?rﬂ&ﬁ‘ eﬁthwma A BRAIEBA LS ePibutdd conforms to
Dreant di sclosure. d£ In one aspect, there is
the gatei alwdwhersianthe ding erota@mncleyercf@mrm@ #geas one layer of silicon

' ; a 0 t r
o S R e ot Bty P oL oM B G fortfytions thereots a
segaidel) Vwprercetion &ymo nvepl the dirstpdWt proteciddn tdyer, fwiresdin Wvportion of the
ratection layer abuts an d.confornms to the gate .
solind 2 PrometoR g D0 TS tedts BT A PoEiiopt Gedigt UV protecton
layegamti aQBBtabtay@r st@f lafdrloveaRe SkRBRATUW frbtettiotdiaier( 0)
carbon (C), hydrogen (H), nitrogen (N, or
conbi nations thereof; a second UV protection |ayer
[OG)M%E the pf bhgherlh thofh%ﬁ:t is 0%%’@ b seMb%ﬁ@&cﬁoradMet t&prising: a
of The second W protection [ayer conforns to
warkpieqst argate dispaspdavafthe erkrieost algontpetote tay@tnowa;aed abutting the
n t 2c.0n :
e o AR ALY B TS RER e AGRERO i avhgein the UV
pr@eaiondaydr abiste ahd onrdoieison the o planargrpliorsoindye cantact stop layer, and

wor. k sposed ov t he work

i Bt 08 nsfletpcios B PaR LR Moot e gaian Gaed wifh oxyeen

(091,|ch1|‘b%n‘(ﬂiph§dl W%éd\/(l{)pmbg&l NorlcBdBinafy@Bthébes, cont act
stop | ayer, erein the protection | ayer abuts and
conforns to the non-planar portion of the contact
stop layer, and wherein the UV protection |ayer
conprises at |east one |layer of silicon doped with
oxygen (0), carbon (C, hydrogen (H), nitrogen (N
or conbi nations thereof [0012] The foregoi ng has
outlined rather broadly the features and technica
advant Rges of enbodi nents of the present invention
in order that the detailed description of the
invention that follows may be better understood.
Addi ti onal features and advantages of enbodi nents of
the invention will be described hereinafter, which
formthe subject of the clains of the invention. It
shoul d be appreciated by those skilled in the art
that the conception and specific enbodi nents
di scl osed nmay be readily utilized as a basis for
nodi fyi ng or designing other structures or processes
for carrying out the same purposes of the present
invention. It should also be realized by those
skilled in the art that such equival ent constructions
do not depart fromthe spirit and scope of the
invention as set forth in the appended clains. -

3a



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0013] For a nore
conpl et e understandi ng of the present invention, and
t he advantages thereof, reference is now nade to the
foll owi ng descriptions taken in conjunction with the
acconpanyi ng drawi ngs, in which: [0014]Figure | is a
cross-sectional view of an enbodi nent of the present
[8¢3&lent i'Ton fompeingibas autivedraties broaghy thayeatuies afoeghmeral advantages of
over a workpi ece; [0015]Figures 2 through 5 show
enboaBsersedtthoxaten irowatiof insprdanthanied detided detipidvn of the invention that
conprising a transistor with a UV protection |ayer

foll RSBy BE b BF S thOC Ak HANSnal BarBfes %@%@M brembodiments of the
enbodi‘'ments of the present invention;

i) gg&nﬂvﬂi ooy ﬂ%cgb dshermﬁaf?& EI%E%OI%[E ﬁ‘)&l\%@% &f th&claims of the invention.
seni conduc devitd con‘prl sin

should be appreciated by those skilled in the art that the conception and specific embodlments

disclosed may be readily utilized as a basis for modifying or designing other structures or

processes for carying out the same purposes of the present invention. It should also be realized

by those skilled m the art that such egnivalent constructions do not depart from the spirit and

scope of the invention as set forth in the appended claims.



transistor having a plurality of UV protection |layers
formed therein. [0017] Correspondi ng nuneral s and
synmbols in the different figures generally refer to
correspondi ng parts unl ess otherw se indicated. The
figures are drawn to clearly illustrate the rel evant
aspects of the preferred enbodi nents and are not
necessarily drawn to scale. DETAILED DESCRI PTI ON OF
BRIBHDETRRIITYENENBORAVBREWINGE18] The naki ng and usi ng
of the presently preferred enbodi nents are discussed
~in detail below It should _be appreciated, however,
10033 at thesa BB eqfaplpigeAeiSeRAME |t%es¢ahw§®tp% aaghihs advantages
i nventive concepts that can be enbodied iii a w de
theryell reétrgnaefis speoiade © hodokowsg dEbmipgpeciakércin conjunction with the
enbodi ments di scussed are nmerely illustrative of

ccdﬁ@g@rﬁm Girdyss, iiowhRke and use the invention, and do
not limt the scope of the invention. [0019]The

present invention will be described with respect to
[Gﬂlﬁﬂ ef efi@ee biiropsreaEBoniah vigwsplea smbodipent of the prases! {nvention,
the formation of UV protection layers in transistor
wheetey s TUBSprotEheor layerit immedwywenh soripéecappl i ed, however,
to other sem conductor devices and el ectrica
deV|ces such as capacitors, diodes, conductive

[001p] s Figursh dhibronghe 5 G Cross-segtimel ‘@vwwf 4 sEpisRbACtor dggice

_comprising a transistor with a UV pmta_ctmn layer formed at various locations, in accordance
with embodiments of the present invenfion; and

[0016] - Figure 6is a cross-sectional view of a semiconductor device comprising a CMOS
tranststor having a plurality of UV protection layers formed therein.

[0017] Corresponding numerals and symbols in the differsnt fisures generally refer to
corresponding parts unless otherwiss indicated. The figures are drawn to clearly illustrate the

relevant aspects of the preferred embodiments and are not necessarily drawn to scale.



exanpl es. [0020] There is a trend in the sem conduct or
“industry to reduce the size of conponents, e.g., the
critical dinmension (CD) of conponents. As conductive
lines are decreased in size, propagation delay and
power di ssipation becone a problem Copper conductive
~lines and low dielectric constant materials are being

used in. back-end-of-the-line (BEOL) - i nterconnect, to

DE{ &dlde DRSERAGTES SEGELL R TRATAVE 2B ODEAENTS

di ssipation. A dielectric constant of 25 or less is

desir in,sone .diele ICc_materi | ayers,. for . L
10083 i e SR tsct BB et g0 atiansBiscet fisgussed in detail
constant of 2.5 or less tend to exhibit weak
belafp o shavidhie appaisited. heweres; thak teyprasenigovantiop\provides many applicable
dielectric constant materials may have a hardness of _
-Invengzs caphents thbiowan bk cOntGpiedind: aidavdidty o pfeci®scotdan The specific
about 5 CGga, for exanple. In order to achi eve sl ow )
emboiRieRaidiscessed Btately M SkARk ofkbRidPLRE dndlardn %gé fhe invention
~sonee |ow dielectric constant naterial’s are tornmed by '
9kl r 3 d then exposing the
and g[r?g'cur s%@gts%‘p%\??%%%n 022] However, a heretofore
unrecogni zed problemis that UV |ight can damage sone
[0d18hder The presenbin®entiin WHYES Gesciig@iaiitly RisYed: MPA& RS embodiments in a
device performance and reliability. For exanple, it

spcciﬁ%oﬁiﬁﬁ,nnﬂﬁéﬁ%g F&thaB¥n OPerV ?fé%{&i&i ﬁygxgs 1_%1 gtre‘mrrg’%t 13 @%&iceg. The

. invention that if a dielectrtc Tayer~i

: _ ri-cal - deyi.ce suc a transi stor and the . .

invedfoa i He App iRt ESeRn  SPe el tRgh e gt angilectsical devices,
transistor may be deleteriously affected, e.g.,

such 45, GApgeitoRs, (fiogas. icrBeRaT e ilies, sendiicting Vigs.or dfjertchrenitiolements, as -
light. Alowdielectric constant material dielec¢tric

exapleger may be cured using WY |ight having a wavel ength

of about 200 to 300 nm at about 15 m nutes, as an
1002 xampl.e, .al't hoq![Jgh al ternatively, other W wavel engt hs
“Hnd ti0HE L FERY BHEC fepasediRedndusy0o sjdnes the siks @f components, e.g,,
performed on CMOS transistor devices by the .inventors
the crgfical Hpepies@ap) of components. As conductive lines are decreased in size,
propagation delay and power dissipation become a problem. Copper conductive lines and Tow
dielectric copstant materials are being nsed in-bacbendiof—the—line (BEOL) interconnect, to
reduce wiring propagation delay and power dissipation. A dielectric constant of 2.5 or less is
desired in some dielectric material layers, for example.
[0021] = However, materials having a dielectric constant of 2.5 ér less tend to exhibit weak -
“mechanical properties. For example, some low diclectric copstant materials mﬁy have a hardness
of less thgn about I.O-Gpa and a modulus of less than abont 5 Gpa, for example. In orderto - |

achieve a Jow diclectric constant material with improved hardness, some low dielectric constant

materials are formed b y depositing a precursor and then exposing the precuréor to UV Iight.

&



i nvention before and after curing dielectric |ayers

di sposed over the CMOS transistor devices. The CMOS -~

transi stor devices included a PMOS and NMOS

transi stor. Large deviations were seen in the gate

oxi de thickness at an inversion region Tox_in, of

both the NMOS (0.4 A) and PMOS (0.2 A) transistors. A
[002R} eshHbeewcnl 4 mgeofond fitrevesizddgpolsemns that Uheli Ve damage some

transi stor (0.025 V) after the UV light cure process.

undeding @RAEH 2 laye! £eghfPKAGRpEdHHoaRYicE %Sﬁfor‘ﬁ@a‘im&iﬁﬁdl%ﬁﬁﬁﬂkw For
after the UV i ght cure process by about 15 AtnP f

i o L
_ exa%?w ﬂ%?b%"@?%&e\'m nﬁg%g\bén?rthcf ar[ngsg*éfl in%? IFEE}% ?1 lcue:lectnc Iayer

he present
se of

devi.ces for over a work by. 1 he,

is SRR BT b R Rty FORHEn 200 & Sece 1Rer % then cured
el ectrical devices. Wth reference now to Figure 1,

usingt}dY dishs theHEmpisier Swiibe Selirriawmlicrsizried, 4. 80dimage may be induced in the
accordance with a preferred enbodi nent of the present

n‘anmaumehy eV hght. ok bssdeictnormistadi mwteridldiejectric layer may be cured using
sem conductor devi ce 100 includes a workpi ece 102.

UV FBE: MRIrRIwaelck B dTRYoITHIOUE 808 nS i 60RAUCHRftes, as an example,
subst rate con‘prr sing silicon or other sem conductor

o B BSOS APREL NPy DULEN. A hBVEL,
ot her active conponents, circuits, or eI ectrr cal

[0020%Vi c@ssd @emBdriondden CMDS tenslsiof deviid¥e byt laventBf of the present
shown in Figure 1 (see Figure 2). The workpiece 102

mvefl@éﬁ KRR S S hbiG Hra@é_lﬁ:'ﬁlg@la ¥§ %1'856%1(%59 heSERos taaduesmtor devices.

l'icon, for exanpfre may 1 ncl

roe B L5 LB BB SR e cviaons wer
capaci t or conductors, or insulators forned therei

seen i the ot dedBivhussh 8t FeWvesHIEEoR Lox Gatkoth fp' NMOS (0.4 A) and
Si/Ge, or SIC, as exanples, may be used in place of

PMQS q&z:&htrat[sms 1Arnh@asiesd drahag shii kwaa ajpo sésar ingle NMOS transistor
enbodi ment of the present invention, an ultra-violet :

(0.0260) afRF HeaCV 1OR: dudy Blocdf6 HuSthbRhde dra%’l%ékéﬁ%ment 'Ifh%) was decreased
wor'kpi ece 102 or optional insulating |ayer 104.

CO”DO?%E{:MQI c@éﬁ%& a%ggd or el ec?rr gh&lg/fec\ﬁ/‘srcéle@%&d§ fransistor.

I T'CUi
formed within or over the wor kpi ece 102 from UV |ight

[002410. BhbahRQerbpdE peskn: fokenddd d;ﬂw:tneaém@rb todYekrickD Bevices formed
conprises a material that |s adapted to absorb UV

t s
in amﬁ bge!?ta v;g'r#rﬂ? n%%’ﬂ;% %?lgeg!rfa ng i gdt'tél%f?)ﬁ 1 lf!g@%e% \%:9@15 elecfncal
re 1; .see ure ), for ex | e

demf%%ﬁb&ef&re@ i Firel. o S Wﬁ@@cr%&ew 100 in
protection |ayer 106; as shown. The dielectric |ayer :

accordgge ath ﬂa@efﬁ@rﬁﬁe@bgémﬂjﬂ chér wasentiapenticndp Gsiredsegctional view. The
(CV])) or by spinning on the dielectric |ayer 108, as

semicexdupbreiyicall 0b dehlica b tvesRpiety @03, Tiod Werkpitep a6 tut:@rinciudc a

o techni ques may be used to deposit or formthe

semicBh@lcBistb&ratePdtprik@: sificon or other semiconductor materials covered by an

* optional insulating layer 104, for e:xém];ﬂe. The workpiece 102 may alsoinclude other active

components, circuits, or electrical devices formed-in the front end of line (FEOL), not shown in

-7-



[00271The dielectric layer 108 preferably conprises a
| ow dielectric constant material having a dielectric
constant of about 3.0 or |less, in one enbodi nent.
- Alternatively, the dielectric |ayer 108 may conprise

a traditional dielectric material such as silicon
oxide or high dielectric constant naterials, as

FigadnfzbeBiguter2)o The enidaséasel(2, meh eompudesdioon oxidayper doge-crystal
preferably conprises undoped silicate glass (USG.

sﬂx&ﬁef&'sﬁhﬁﬁkr The haYiglieckO@2BYy BRITAE bR sofiuetiveElagdrs or other
di électric (PVD) or an inter-level dielectric (M),

snmco&%égtgp »J:l?%ents (09 @&Eﬁ%fg\zéﬂ?é&t REbiRD Slzz)éﬁ[)r lQﬁHuctors or insulators

r mor?b ece during expo

[ 110 absorbing.at least a p A .
formp i 59t TP T NHRABE POPERANTE OT4 ?ﬂ%%fﬂde B 51, s examples,
dielectric layer 108 is cured using W light 110, the

mayUve peedtieplaronl 4ldsA8r 106 protects the workpi ece 102
during the UV |ight 110 exposure. Alternatively, the

{0&%‘:‘& ngl(ﬁ%ﬁ? %‘?Pﬁ'ﬁg%% ® lR‘I? Qrog F%%Dté)gls t :%)f Qzlgt%:ﬁesgnﬂnvention an ultra-violet
step for the dielectric |ayer UV ect.ion

(U ayeiectiopdayst dPe & formarbovss r%we Rece 0561 PHSOﬂFf Spghlaiing layer 104
i ght exposures subsequent to the deposition of the

The @V praxtaonilorr 18§sradafed td BORST Rrtbkaompdnenih 6 it gad/or electrical
of the materials and paraneters of the UV protection

devic@yREmed Qi drloveekt “J@@k];d@és?mm&n UVigighVi 10r Gb eat embodiment, the
| ayer 106 may conprise a S|ngle material |ayer or may

g Sl Cﬁ?aaie}“? 0 LorHREEs Ewg:%/a@%ﬁﬁ At@é’&fa%tedT@ﬁbéé%UVhoht 110, for

ayer rned sing plasma

T XX TR TR ST

pressure CVD (LPCVD), or conbinations thereof,
shovex inpieats, 1; a¢erFiswigl6).4bt examm@level y, ot her deposi t| on
techni ques maybe used to deposit the UV protecti.on

| ayer £C b
o025l ety doen B Pt Sragie Wﬁe‘*ﬁtga%% LR Y shown. The
. .workpi ece 102 or naterlal | ayer 104.
dielesirirlayerciV mayke Tovnp eiee ehonCRLAR %)@SIPQII ¥ Y 85 by spinning on
prevent UV light conprising a wavel ength of about 157
* the dietettric ddyenl 0% @0 exmmples plthambrilivgnativelywethkirepesition gechnigques may be
and/ or material |ayer 104, as an exanple, although
. used&bueﬁég@ctdr\feﬂnymetcmecwcﬁ ﬁﬁsl on layer 106 may
protect the workpiec.e or material |ayer 104 from
ot her wavel engt hs of I|i ght 0030] The UV protection
[8627hy er Tho Gickecticalnyds| 1P8 pofprableeomaprises & lowe iplesiriGenpgiant material
50 to 500 A, as exanples, although alternatively, the
havika Bledic8ed dBrahBofebholi060 BRikse,daRbE ambodinent. Alternatively, the dleiectnc
di mensi ons. The W pr otection layer 106 preferably

layef aﬁp{?ﬁneénsreea{é ULaiRARK ks fsu@ﬁ"ﬁé’&ﬂz&aéoﬁx@e 8r High dielectric

as ex aternatlve y, th
. const ?}:nea%etrf snasl ea amples ?n é/ emgg&nlm Ethe dieleciric layer 108 preferably

bt

, compﬂsas undopéd'siiicaté“ class (USG). The dielectric layer 108 may comprise a pre-metal

dielectric (PMD) or an inter-level dielectric (ILD), as examples.



refl ective index having ot her val ues. The WV

protection |ayer 106 preferably conprises an ~
absorption coefficient (k) of about 0 to 1.2, as

exanpl es, although alternatively, the UV protection

| ayer 106 may conprise an absorption coefficient (k-)

of other values. [0031]1In one enbodinent, the ITV

[ogPsot ectiopvl f;ﬁ'd 1etickQ8y 10k ralbY t1EONBkbRes 182 dh@ﬂsékposure to UV Light
one | ayer o S|I|con or other sem conductor materi al

110%3‘)&%?01%’11{0]%6%}8' Jﬁﬂ{lkﬁ ¥ mERSV IR id ¥or%%§£n?§é% bk smmple if the

ses or conbinatiéns t
exanpl es t hough. ,
oG oee O K ared i gﬁh%‘ﬁ&%&%ﬁ%ﬁ?ﬁkﬁy fﬁ%ﬁé"‘e@s the
UV protection |ayer 106 preferably conprises Si OC
workpiege 10%uringshe b light ddP ssRodsh qukxbdhweﬂ:ows 102 may be

wherei n the oxygen content is greater than the carbon
exps@dite by lighiONsutSbdenSnGufdc(eing proesd othenthewm e burs step for the
oxi de doped wi th hydrogen, wherein the carbon content
dmlérﬁn@fa?@ﬂ A8, MRV heoexuaeRyG o eRbtiets BRWOMBIONS2 during UV Light
hereof, or multiple Iayers t hereof, as exanples

cxpc%u}c@%ﬂggéqﬁé&t ) {ﬂl%td[,ffgglﬁon 58 ?’(f 21[ ?%c%gfé'rl 9%’ |elr | ggﬁ

nprise o I napuriw
The UV protection |layer 106 nmay alternatt veI y

[06250 DT Pee@ih@hbddilmeiits by ttbopedribyed saatneters of the UV protection 1ayer
" sem conductive naterlal such as germanium as an

106 WME%S éi{epc?%% @@%&%bﬁ%}kr 1@@&35»'\409{[3&%%5&1&19& material layer or

ayer era Iy conprises "SI OC. H

mbodi nent ot ect S ol eing
may FORBAFR Y] QfemP’i‘?d*é"ing’?ﬂ)la%ﬁm L SEO PVl IR LGRS b Sormed using
absorption coefficient (k) of about_Q t a Uv -
plastop grranged, elVEh G- \op). dbsh domsify piashe (5D ), Al layer
in this enbodinent, the UV protection |ayer 106 may
dnpasmmr(mmmmqﬁrbmuta Y¥D @RSV or obmbinetivnsithéreph ag egamples, although
and an absorption coefficient (k) of about 0 to 1 at

alterARBidly, 83 BBosADNXARRI1RS maA Heh@ud b @pbsit BRI TV eirytection layer 106.
the reflecti've index (n) and absorption coefficient

e HIBE IR T I o cing e
WOIL’}(_‘:pgfinFE“O e ma )@4 enbodl n-t ftﬂﬂﬂé&/?%te%gxp 52'1}%?10613

about 1, 8 to - 10-
adapted to prevent UV light compnsmg a wavelength of about 157 nm to about 400 nm from

reaching the workpiece 102 and/or material layer 104, as an example, althongh alternatively, the
UVérbtecﬁion layer 106 may protect the workpiece 102 or material layer 104 from other

~ wavelengths of Light.

10030] The UV protection layer 1(_)6 preferably compriées a thickness of about SO"to' 500 A,
as examples, althongh alternatively, the UV protection layer 106 may comprise other
dimensions. The UV protection layer 106 preferably comprises a reflective index (n).of about

1.5 to 2.4, as examples, although alternatively, the UV protection layer 106 may COmprise.a

- -= ) -9_



22 and an absorption coefficient (k) of about 0 to 1 ™
at a W light wavel ength of about 248 nm as
exanples. Also, in this enbodinent, the UV protection
| ayer 106 may conprise a reflective index (n) of
about 1.6 to 2.0 and an absorption coefficient (k) of
about 0 to 1 at about 193 inn, as exanples, although
alternatively, the reflective index (n) and
reflgpldvsripiexhavisgsthar vrings. The VVipiptesoomplayeel Preferably comprises an
val ues. [0034]1n anot her enbodi nent, the W
absprpgive codfbrichtaipel 406t el gy &tﬁmmﬁxpﬂﬂmgh Sitdtnatively, the UV.
thi s enbodi nent, the UV protection |ayer 106 may
pro€R i 12§& 186 ek d?:@ﬂ iri€ ah RES¥pdY cRffAkaYL) 8F &héﬁvaﬁlpé
and an absorption coeff|C|ent (k) of about O at a
ght wavel engt h of about 248 mm, as exa Also
{OGBH t hils cesrbbPdiment, thﬂwEVWOWmIebWrohﬁ)ﬁl abi};’) eompiyses at Jeast one
conprise a reflective index (n) of about 2.3 to 2.4
layand s#toradysligtsemivoadedtht kbl dopkd widh abiongury.t Ohelingfurity
about 193 rim as exanples. Alternatively, the

prefefble@hip¥iged I, XH () o %Eﬁie%f Cégeéxfabﬁﬂf%nﬁlﬂ{olﬁéh alternatively,

may ‘conprise other values in this embodi ne

tha%u?a%(/{l%%] T%é&% asg*,?c;a ﬁ%{;lee ?ng : ]rgre apo thg{%@%ﬁu? I]il?:ﬁﬁff ?Jvoprotecnon layer 106
en’godl ment, the UV protection |ayer 106 may conprise
prefgraplScrPRI S SIDRdR £ gﬂflhépn abioE £arpop dppedh With Rydrogan, wherein the
absorption coefficient (k) of about 0.2 to 0.4 at a
oxygranaonienigs greafer dizauhe earbom ponters), Sx@NpS Y, SIAIH, (cign silicon carbon
thi s enbodi nent, the UV protection | ayer 106 may :
oxide @iepEd Bich Hydr@ﬁdn? Gheieen had@bon bn@ht 18 Resdierlthbn tHe 0%?0311 content),
and an absorption coefficient (k) of about 0 to 1.

com%ntag?ﬂr%?;{e?%;g{]%ﬁmﬁékaﬁf#g thePens R, eégaxip%)aﬁglogxch alternatively, the UV

ective in

pmt?c%m??ﬁo oeff| Ci. en%%% pu"%, ‘&Eg&? se o %Vgﬂbgmpmucton

Cross-secti-: onal views of a semn conductor devi ce,
tayer Hifgrasalisgpagi vely sasipsso pthe ity Noprddesesiod AeTigpRGuctive material,
forned at various |ocations, in accordance with

suchewigentianrknd, @5 af etdveplpr esent i‘nvention. The no el WV
protection |layer 206 in accordance w th enbodi nents

the present_invention is preferably disposed over
[OGSSL e &néz‘%g pabgdimesg the FV. Rri)tf:cgon layer 108/ prefcrgbly comprises SIOC:H. In

this embodiment, the UV protection layer 106 may comprise a reflective index (n) of about 1.8 to
2.3 and an absorption coefficient (I_c) of about Oto 1 at a UV Iight v;ravclcngth of about 248 nm,
as examples. Also, in this émbodiment, the UV protection layer 106 may comprise a reflective
index (n) of about 1.6 to 2.0 and an absorption coefficient (kj of abéut 0 1o 1 at about 193 nm, as
examples, although alternatively, the réﬂective index (n) and absorption coefficient (k) may
comprise other values. | |

: [0033}_ In another emﬁodimsnt, the UV protection layer 106 preferably compﬁsaé’ SiON. In
 this embodinient, the UV protection layer 106 may comprise a reflective index (n)-of about 1.8 to
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shown at 206a in Figure 2, at 206b in Figure 3, at
206c in Figure 4, and at 206d in Figure 5. Like
nuperal s are used for the various elenents in Figures
2 through 5 as were described with reference to
Figure 1. To avoid repetition, each reference nunber
shown in the diagram may not necessarily be described

1 I, i
23 ag@mna%serp%a 2b anch?{Hj of B 9o I%EM tg%%ag{eia{ﬁ%% of about 248 nm,

et cC. are prefera

TRt d des r to . .
as eg%lal%e S R e L L
. th{ 5. As an exanple, the preferred and
indeg f%%aéaop%ﬁ Hut-Erang 128 ARFRIPEPHEISESRRS (b @bPBEtcr bt about 193 nm, as
the UY protection layer 106 in the description for
examplgaradthougiy diepadfely atheyed e usied (f)and ehsorpon coefficient (k) may
protection | ayers 206a, 206b, 206c, and 206d shown in
combiiguisthsr Rldebr ough 5, respectively. [0037] Referring
next to Figure 2, the sem conductor device 200 may-
include a transistor 220 formed within and over the
[083dbr k pileenetizg smbpienant.ohe TSt protezion e Wayeteralby eompdses SIN. In
and a drain]) fornmed in the workpiece 202... The
this sobodm=, tied)dpeiteddiondyydrd 06 erayedmbyise spdfRptiveihdex (n) of about 2.2 to
dopants into the workpiece 202, for exanple. An

2.4 #Bbh APl doeHiieer? 28 debolke AQrredi-at w&@ﬁcﬂéﬂﬁ) of about 248 nm, as
surface’ of the source S and drain D7, as sh omn The

cxanld:ﬁ@sn SAJ§(S 94 t}gszé}n}!)cgﬁ%l cralgglaptgﬁte&)f Inq%recg\%éG pl fee é’%%ﬁﬁ ’a teflective

I Sposed over a

indf:)\éﬂﬁ ﬁ)g agquéag t@ti% Yad B%%;géigg%qu@\l\gggm}t %etosl%l’tJ ggt?ut 163 nm, as

sem conductor material such as polysilicon, for
exampiesnpilemanmelypite ovfidctive inded dn)pd ahsoyptien ¢affigdntak) tiag comprise

top surface of the gate G as shown. Alternatively,
othertvatneg ad tisGoibmyiaentf ul |y silicided, for exanple, not

shown. Spacers 222 may be forned over the sidewalls

of the gate G gate oxide Goz, and o tional silicide _
[003326, Iaget anesien embpdimgnidbe §Vopptestign kemprptOtsprefambly comprises
: i nsul ator such as an oxide or nitride, for exanple. A
SiCCOshHali thie drisvibhentSthiedi V gifotea@indaye2 166 may dotpiliss pesisttive index (n)

on either side of the source S and drain D, as shown.

of abyi@ O3Bl 14 A zﬂﬁﬁ iop Johfﬁc!ih%t 9?’%2%6[@ a2 @fo & bey wavelength .01C about

i nvention shown i Flgure 2, r the transistor

en f c yer 206 .

248 nft e SR ES i P Ll D et B PG5 oo day comprise o
articular,: | n th i s enbodi nent, the UV protection

reﬂwﬁé@ H13ep (9 T PROY et 8 28 13pC AR Shwsripnsvericimn (arfrabortidto 1.2 at
source S and/or drain D of the transistor 220. If the

wavelgpgthof aByut dPainm, B examplas. eAlieatinety, sk tefiectiyat indeva{n) and absoxpnon
sui cide 224 or- 226 formed at the top surface thereof,

coeffitha: @yn&y@bﬁ?hb@&hleﬁyﬁﬁeﬁﬁ%s eidb&tRAty is di sposed
over and abuts the silicide 224 and 226, as shown. In

~this enbodinment, the UV protection |ayer 206a is

{0036pr-ef Eigintsy2 thosiugh Sckhaft eoss-sestigial vickd ef 2 34mann g6 device
formation and before a contact etch stop layer is

compd€pQs tedstioveith & W?@B&i(ﬁilﬁ?&r&‘&&&dbﬁ vAGoss Ibt Aok, idZBcordance
IS present on top of the gate G preferably the W

di
with eggb%télﬁﬁét’ﬂéf &tt}ﬁ?{ %?%%%dﬁ BZE%QQ ‘8%3 n accor nc?gz)Is E,‘z‘?accordance

Lnveni

. with egﬁ)&aﬁnelzﬁst %ﬁéﬁrgsw‘% mventuon 18 prlgFerzPoﬁf EEBésad over | %ahsmtoz ’)20 as
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3, a U protection layer 206b is formed over the
transistor 220 after the formation of a contact etch”
stop layer 230 is forned over atleast the gate G The
contact etch stop |ayer 230 may be forned over the
sidewal | spacers 222 and the gate G e.g., over and
abutting either the gate G or the optional silicide

sho@i 6t 208aén BRBFAL tat BOEInSEi@R! BYES0R 30 Pﬁ%}‘e Q%ﬁ% 5@?@[]} Figure 5.

i nsul at or such as a nltrlde for exa e con

LikeShirherst OR sV L af oﬁs M %ﬁ SSI z}r%a%egé Oscnbed with

processi ng steps, en e
for exanple In this

~lhe .e 0 thetranS|stor

eIt ‘gﬁgﬁ%ﬁf& ﬁ“ﬁ YRRy TRRGT0RY $a6h r¢fatpRre HEIST SagWhi the diagram may nof

formed before (shown in phantom) or after an optional

DECESHEY] Bt JeRgiora pesn rBdetnl hatesp oBattierosieilat irateniskefRex @ x06, etc... are

_ 202, for exanple. Also, in this enbodi nent, the W

pr efem}jy uesdifortht mperiaROGbwinngiefeinad h&thfr@ﬂéf@z@e VBiouRNd where x=1 in
abutting the contact etch stop | ayer 230, as shown.’

Figufbeand%=Di0 Fiagids OthbRpes SRLR i B dr0iehBS 2B ARG n lve materials

the underlyl ng cont act etch st op

ri P1V1 may bhe _.
d| spos Q%vg}élﬁ%mrg%ég g‘ﬁ' %é?%}ﬁfggﬁc? fopkbigHre 1 are
ur Figure 6_at 336). [0040)In another -
| Pfﬁfeeﬁ{y T TisF 20r GO ATALeF g iedcss 206k 206b,206a] k2068 abwmyin Figures 2
er-234 is deposited over the optional insulating B
througla dEspRgvelyThe i nsul ating | ayer 234 provides a pl anar

surface for subsequently deposited naterial |ayers,
for

1003 Xan%r gﬂﬂ‘ﬁﬁ r;ﬁ?%é%ﬂg{oggtgctlve | | nes gglgevéﬁgegum@udmmmm

.compl etely cover the contact etch stop |ayer 230 (not
220 frmistwptiindg avey theevedipivice 202 .nBohtmmisistdr 3261 indhée £ e S and a
~or etched back to renmove the insulating |ayer 234
drain Driormedie theoporkpicta 262 0Th beuree B zag traet Dhnsj 8P fdr#¥@Tby implanting
230, as shown. A UV protection |layer 206c 1s then

- dopanfsGh@RHe & n the, |
L S A e

over .t he DV ect i Iayer
surfacég%tgﬁ Sas S;ﬁ%ﬂﬁx%th Tf’ﬁa q%@%;\;ﬂ éo%%ﬁ“‘iv Gox and a
oat Ggﬁ%/e 06¢C i S- forrred over the etch sto Iayer 236,
gate G fuanosed gyer achapngh iggiongfdhe woskpiece @88 owhareit thy ehamiaér‘*glon resides
optional insulating |ayer 234 and the contact etch

betweagt thpsquagee’ aRBirainds. Shewate G npyesvtipmse B sEiniiohBuctdr mﬁte;]ml such as -

pre-netal dielectric may then be fornmed over the etc

- polysilioapfok a:iipi? 38n opQbnal SN 21004 14 R RARALPEE top s
' enbodi nent t he DV prot ect| on@llgg};er 206d etg% surface of the gate

G, as sﬁ@&ﬂeﬁlt&ﬁﬁfﬁyhgy Qﬁeevatg% 1 eI C%gﬁiééﬁmhomﬁ@n Spacers

|gure 5 pre=neta

ere an tch.sto er 236 for exanple
222 i o AR T R el OF ENESfe Fagate RN S aspdionsislicide 226, s
t he pre- netal dielectric 238 (not shown). In one
-shown.e kiyosiaaen €22 maE cOVppso e dtsitkator sagteas 206ddsraynibgde, for ﬁ:xamplf: A
| formed within the pre-netal dielectric 236 (not .
shallovstensh isoldtidA4edidn DVB Ragitecdibmiied 8y SthorBYic HheOddiBek & Und drain D,
-~ one or nore |locations of a sem conductor device In
as showaCcor dance with enbodi nents. of the present invention
Figure 6 is a cross-sectional view of a sem conduct or
devi ce conprising a CMOS transi stor having a
plurality of IN protection |ayers. Again, |ike
nunmerals and letters are used for the various
elements in Figure 6 as were used in Figure 1 and
Figures 2 through 5, and tol%4void repetition, each
reference nunber shown in the di agram may. not
necessar|ly ‘be descrlbed again in detail herein.

Rat her, sim |l ar




materi al s x02, x04, x06, etc... are preferably used
-for the materials shown and described with reference
to Figure 1 and Figures 2 through 5, where x=1 in
Figure 1, x=2 in Figures 2 through 5, and x=3 in
Figure 6. [0043]In this enbodi nent, the sem conductor
devi ce 300 conprises a conplinentary netal oxide

[00383en GoRRdET08: CIVER)erfiRditent 386he iTRe1iEY PR 8 b BRudSH after the
i ncl udes an NMOS transi stor 352 and a PMOS transi stor

transis;’[?]f)ioz Privs SO %(?1 eaatg?gﬁ‘&%ﬁ Doy gffg{lﬁ?:fgﬂf depgﬁiéedwer the

iments o \ sent 1 nventlion, ast
.prot.ection. .l ayer 306a, 306b, 306c¢, and 306d is fornmed.
wransifloed 0 e Seupin oy Hes ooy, et LY ooty Q06F fpreterabiy
~ layer (not shown) may be deposited over the pre-netal )
disposgi @veicangd jpputp %ﬂu@sg Fy/qrsimioNd of the Eersisrar %szelf tizpegree S, drain
The inter-metal dielectric [ayer may conprise a
D, or ghte Geompiise tatoptinzd] sillvide 424 oc UR& thrusi mythe il shifgiatthereot, the UV
for exanple, and the at |east one UV protection |ayer

protecAB Riyer3RBR pre}faslyan disphsed @0k MHAHEG S $iBiIdNMOR and 226, as shown.
transSi stor 352 and the PMOS transi stor 354 from

. duri j _ r i | Viers s
i i AP AL O et YRS o BN Bty 224
226 foprmlion ud efoga g%ﬁ%% B P RS S‘qu'ﬁi?%iié%:cﬁe_ R 220, o
[ 0044] Advant ages_of preferred enbodi mrents of the o
silicidgp?¥sie presenivarnen ohthe gate e orgemdlvd thed ¥ naoigefior zyer 2062 is dispesed
protection |layer 106, 206a, 206b, 206c, 206d, 306a, ‘

over amDditais 8O gate Gaofdhetrad@der 720 semi conduct or devi ces.
The. UV protection | ayers 106, 206a, 206b, 206c, 206d,
306a, 306b, 306c, and/or_ 306d protect underlying o
[0039]¢| edp precatange itk agothppempodsmential dke PrapaY S0 REPRES Ghown in Figure
| i ght exposure. The UV protection |layers 106, 206a,
3, a U Ofitectidl) Byer 206ds i@66d ovalhb trafibor, 2 Hnaftcarth8fGnhation of a contact
advant ageousl y .conprise materials conpatible with

' etch st riB0 e emBdovethelddy (BE P48 ¢ I THE doakRf Stch QR %9&@;30 may be
06b, 206c¢c, 206d, 306a,- 306b, 306c, and/or 35% '

o USR8 ) L COELL B85 B BRI e

1 eas
o AR B 02 e i A0 Bk oS e

, be -15- manuf actured in accordance w th ‘enbodi ments
nitride,dér ¢xiampler Ederconianhaielt stop layen2Hhis tiseldsean, eteh @oP&n later processing
o devi ce 350 having nore robust performance in the
steps, vih alRtrRilScodfacORigadXb i $40d GloTelESralsistdt, foP\eRRSipRY) In this
regi on and threshold voltage. Shifts in threshold

eﬁbodiyrﬁgﬁ{, Gy ?5‘9‘8@09“ 19eq 2088 ﬁmg%@%&m %tl{fll’ichﬁne in phaptom) or after an

gate oxide rntegrity

. i as _Lenper re.d nstabili BTl ) ,..and hot carrjer . _.
* optiona) s TplF BE 137 oA ACKE ESEPRERA0R. TRl ASS, in his
tools are required to formthe novel UV protection ,
embodimgyle the UV protowna layg@hod Buseferabticprmgd eusT SUeHuLtIEase contact
. and/ or 306d - . . o -
eich stop layer 230, as shown. The UV protection layer 206b conforms 1o the shape of the

- underlying contact etch stop layer 230 in this embodiment. A pre-metal dielectric (PMD) may

be disposed over the UV protactibn layer 206b (not shown in Figure 3; see Figure § at 336).

-13.



descri bed herein. [0045j Al t hough enbodi ments of the
present invention and their advantages have been
described in detail, it should be understood that
various changes, substitutions and alterations can be
made herein w thout departing fromthe spiritand
scope of the invention as defined by the appended

0046) @ "By anbBler EXBAMIRA, show kd Fiperd £adio oned desndating dexsy 234 1s
L t'hose skilled in the art that@r?any ofb?he features, a

depoi;}é'@m VePHR o Bgﬁ\/ﬁ%ﬁgﬁ égé%n r PBb emhalBukese Idybﬁmm@:bmdas a planar

D& Var I ng W thin the scope of the

sunagt{)%srlesg%qe;}g%/p%gt eHgs(xteP(b ; e%\éag &H}Ect sh (‘e” X %?z%g}r 9%111 3H§Ct c%%@ﬁ&ﬂk lines and

particul ar enbodinments of the cess, chi e

vizs, femarhenplos Ehe TDBHESIE] 705736 FEbE GPOSIHSAR SOmPIs gver the contact
-and steps described in the specification. As on

etch @bgliayar §30s{tiot $howm) tavel masy bwmdmwémqh@uaﬁwéhl%& @?\4?) or etched
fromthe disclosure of the present invention,

back Ra‘iz?cﬁ:%ﬁﬁe m&ﬁﬁfﬁk&cﬂﬁzar THfubra Ghe (o, surfaneefehe caiact efch stop layer 230,
means ods, or steps, presently existing

as sh?% g‘aﬁr{é Bro e&?ondlgygl ﬂ)%egs theH 3broRRver fhe l%?ﬁ@ﬁzﬁ Rksuldiing layer 234 and

I on” or I eve substantia y the sane

result as the corres | mbodi ' -

the exposed FORH © BESERH IFYefg)g’B @ﬁg‘?t% ;lag'%{]%e pr g) élr{?%d over the UV
i nvention. Accordi ngly, the append | ai s

protectinelayeT06o. dSsbPute ImpRhEmbedEIeAL, FEQIEROn 12yer 2060 is formed

_ processes, machines, manufacture, conpositions of

over TR sto §ﬁ5736[rﬁﬂtdmt‘is stchitoptieps. 236 GLoxpRBitext o the optional msulatm“
sem conduct or device, conprising; a workpiece;

layer 234 and the contact etch stop layer 230, as shown in phantom in Figure 4. A pre-metal

dielectric may then be formed over the etch stop layer 236, not shown.

[0@1] In another embodiment, the UV protection layer 2064 may be formed over a p}.re—

rﬁetal dielectric 238, as shown in Figure 5. The pre-metal dielectric 238 may be formed over an
etch stop layer 236, for example. An inner—metal dielectric (IMD) may then be formed over the
pre-metal dielectric 238 (not shown). In one embodiment, the UV protectio_n -laycr 206d may be

formed within the pre-metal dielectric 236 (not shown).

10042} ATV protccﬁonllayer m.ay be formed in one or more locations of 2 semiconductor
devicé in accordance with embodiments of the present invention. Figure 6 is a cross-sectional
?iew of a semiconductor dcvicc-“comprising a CMOS transistor having a plurality of UV |

| proteétion layers. Agm, like numerals and Jetters are used for the vagous elemant$ mn Figure 6
as were used in Figure 1 and Figures 2 through 5, and 10 avoid repetition, each reference number-

shown in the diagram may not necessarily be described again in detail herein. Rather, similar

-14-



a gate di sposed over the workpiece; - a

first ultra-violet (UV) protection |ayer over the

gate, wherein a non-planar portion of the first

UWprotection layer abuts and confornms to the gate,

and wherein the first UV protection layer conprises

at | east one layer of silicon doped with oxygen (0),

materizdr HENxPACx06, biedr mg prefébhly wsed fogeméiials @hown and described with

' conbi nations thereof; a second UV protection |ayer

refere e Fifi8e | ki Bkickis D HRbASH 5 0RhbrBYel in Pherel k-2 mpfuhtég@ throngh 5,

of the second OV pr ot ection | ayer conforms to thé
L r portion of the first UV protection |ayer;

and}‘lso% a®contact’ etch stop layer over the second W
protection layer. 2. The sem conductor device

[0043c c ofroihingrmbodiGl=at, Melsenfictridietor dengy 3081 ddgnraiies a complimentary metal
el ectrical device formed within or over the

oxide y&mh&;ﬁe@ mﬁz\m@@e@&@w MEH IO SARV]E & 58 G5 §hs 38 NMOS transistor

G aim2 erein the electrical device conprl ses

t a |tor he se
352 an {08 bRy S ROREY T oot ien PP ES wéo@m‘ms of the
source or draln f a tranS|stor faormed in th
prescol B RIHOBCE JEARHRIF &1 1y PROtEIOR A&ser 06 P0Pla S0PBrnap6d isfermed over the
- di sposed over and abuts the source or drain of the
CMOStdearsi3StoAn imtrenstehdickenuiedeyer (e shoen)avep bél degpsital over the pre-
claimi1, further conprising a dielectric |ayer over

metal didlecttio m}rﬁCfB 8%k eip W}stﬁétecmﬁ} layHS06eNTEORAMC ISR 88MESR layer may
according to daim wherein the dielectric |ayer

I N
compngoyafexa%&ﬁ pRardr Ol Rl Bf s&m Qgsﬁoﬁgroﬁg, fpgéygiﬁ;ﬁé, AAVDE 185t one TV

dielectric constant of ab
protection layer 306a, 306b, 306¢ and/or 306d protects the NMOS transistor 352 and the PMIOS

frapsisior 354 ﬂorﬁ damage during the UV light exposure, Aitemativcly, the pre-metal dielectric
338 and 5p€ionai insulating layers 332 or 334 may comprise a dielectric mate‘rial that is cured
using a UV light, for sxamplc.

- [0044] Advantages of preferred embodiments of the prssént invention include providing a
ﬁovel U"V pro‘bectidn Jayer 106, 206a, 206b, 206¢, 2064, 306a, 306b, 306c, and/or 305d for
semaconductor devices. The UV protection layers 106, 206a, 206b-, 206c, 206d, 306a, 3‘06}3,\
306¢, andfor 306& protect underiying éiectricaldavi.ces 220 or 350 from Me during UV light
exposure. The UV protection layefs 106, 206a, 206b, 206c, 2064, 3063, -306b', 306{:, and/or 3064
advantageously ;omi)ﬁse moaterials compétible with CMCS proceésing._ The UV prqtccﬁon
layers 106, 206a, 206b, 206c, 206d, 3062; 306b, 306c, Aﬁdfor 306d protect undeclying el'gc;mcal
devices by absorbing at llcast a portion of the UV light during the U“V light exposure. CMOS

transistors 350 and other eléctrical devices with improved performance and-relizbility may be

-15-



7. The sem conductor device according to Caimb5,

wherein the di'el ectric |ayer conprises undoped

silicate glass (USG. 8. The sem conductor device

according to claim1, wherein the first UV protection

| ayer conprises oxygen and carbon, and wherein an

oxygen content is greater than a carbon content. 9. A
IDamEmen tHietordafey e embeMEch s Tdhe ?f&!&"t kPlcRE6n. B r{ﬂﬁﬁc%lar, a CMOS

di sposed over the workpiece; a contact stop [aye

devR¥ 850 ﬁﬁ‘ﬂﬂ@ﬁ‘cﬁ‘é st ?foﬂ‘%.tf‘ce 11?%}% C;%?aﬂlt&rs of Yv'at%l o é#g?aﬁcss at an

pr ot ecti on l'ayer o the con
forrrs to t he

er
T e A TR R G R —

non-
he UV protection |ayer conprises at |east
abo‘btﬁgc T i’ﬁé«{‘ f 2819 pradminisspsd( GPDhnesxiigebiat Gympscamisanstability (NBTD),

(C) hydrogen (11), nitrogen (N), or conbinations
and hpfamit areTeGuCEH or shmimonid Utirbermiey | mecaecoblliafdrehfired to form the

claim9, wherein the seni conductor device includes an

noveemﬁpzfot&ﬁbn mwsq@sfmambsu bO6d) 2064, 2085, 338, 306¢, and/or 3064
WOr Kpl ece

described hersin.

[0045] Althongh embodiments of the present invc_ntion, and their advantages hav-c been
de.scribcd in dstail, it shonld be understood that various changes, substitutions and alterations can
be made herein without departing from the spirit.and scope of the mvention as defined by the
appended claims. For example, it will be readily understood by those skilled in the art that many
of the features, functions, processes, and matenals described herein may be varied while .
remaining within the scope of the presenf mvention. Mc;reover, the scope of the present |
application is not intended to be limited to the particular‘cmbodin‘lents of the process, machine,
manufactire, composition of matter, means, methods and steps described in ﬁe spéciﬁcatiom
As one of ordinary skill in. the art will readily appreciate from the disclosure of the present

| Invention, proccsses machmes mannfacture composmons of mattcr Imeans, mf:thods or steps,
presently emstmg or later to be developed, that perform substantially the same function or
achieve snbstantially t'he same result as the corresponding embodiments described herein may be
utilized accordmc to the prcsent mvcnt:on Accordmcrly, the appendf:d clzums are mtcnded o

include wﬂhm their scope such processes, machines, manufacture, compositions of matter,

means, methods, or steps.
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11. The sem conductor device according to claim9,
further conprising a dielectric |ayer over the W
protection |ayer. 12. The sem conductor device
according to Claim1ll, wherein the dielectric |ayer
conprises a pre-netal dielectric (PMD) disposed over
CItidSUV protection layer. 13. The sem conductor device
accor Hgﬁ%eln t he sem conduct or
= dev?\(:%h%glﬁ%?ﬁoge%&@& 8 di el ectric (PMD)
di sposeggicouer the morkplece and wherein the W
prot, [ !ﬁﬁg sed within the pre-netal
dlelgg%dgg) .f %?gonductor devi ce accordi ng
d ai s MtfaunqlﬁéUVQ gw'@ptp@l layigr (gfebt}l@ Spe e @(@&lqnpr&omon of the first

uv prcgte%lc\l/[?) la %9 SEH QUGS LB WRE KR $ifoin RO VDO rp%‘dt&h&ﬂ"ﬁyéﬂyompnses at
ayer 1s di sEosed over the pre-netal

least omh Iﬁdee@TSﬂm@z domsi wilthexyg Ao tCrhydregnd BD pEage Nt egnbinations
thereofcall %condjtﬂf %‘\c;tgééoﬂ %gefﬁyépﬁ:é NGy @H}t&ﬁ&haﬁ% Q?lgfeﬁ%%fomon of the second UV

posed protection_ | ayer
protects:a ﬂnycmmibumso@ thd enpi-plenar pertior efi tthﬁfﬁ'éjv‘@Tﬁeﬁﬁl@ layigh &k n
t he 5105014 +RA 1dyEYt er - met al
dle|§§ ri 8a%¥%b§& g%ggiﬁggber ?6%0 pi ece, and

wherein the uv protectlon | ayer is dlsposed Wi thin

2 1 gy | AL SN tg?‘«!le > d16 Claded 1, AR SRIPSRB BYEERical device formed

dev Ice accor n19 further conprrsing an
etwhmsbo@wiﬁyend@wgposed over the workpiece, wherein
the UV protection layer is disposed over the etch
stop layer. 18. The sem conductor device according t

3. C ahmemi:pncruuuot drevice ecnopdinasp ftpina A, Wheredr helpgrical device compﬂses a
d'ﬁmmm ric LMD, di sposed over the UV protection

LG d pac

4. The semiconducior device according to Claim 1, further comprising a source or drain of a
transistor formed in the workpiece, wherein the first UV protection layer is disposed over and

abuts the source or drain of the transistor.

5.  The semiconductor device according to claim 1, further comprising a dielectric layer over the

contact stop layer.
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10.

11.

12.

13.

14.

15.

19. The sem conductor device according to Claim?9,
wherein the UV protection |ayer conprises a thickness
of about 50 to 500 A. 20. The sem conductor device
according to Caim9, wherein the UV protection |ayer
conprises a reflective index (n) of about 1.5 to 2.4.
21. The sem conductor device according to Claim?9,

. Whergl BhiGakd ?E\%eea%o'r fo @Iﬁfn SCQﬁ@éﬂl e Sleﬁa:ﬂc layer comprises a

absorption coe I cl ent about to 1.2. 22. The
seniloofidedtiorongeny vx@@n@}énewl@a ﬁr@leﬁtac @ngﬁ%ﬁéabomeor ilgss-
the UV protection |ayer conprises a Iayer conpri si ng
two or nore layers of material: 23.

. senilbosaiendrcta éwf@elcwéfé@ﬁfél%mﬁ@W@fﬁﬁlWPQld%% fayfrgomprises

theuyc}(/) ot ST ggqus@jer conprises SiOC.H 24. The

sem Con ct or ce according to Claim23, wherein
the UV protection |layer conprises a reflective index

( n S tRL [&] a C T COomy I'ISSS -
. (kg T‘§§ & %3%1 cé) 8 ch% LeosiiNE ﬁﬂn@%ﬁfemth@ﬁsﬂg%fot&away p

at about 248 nm 25
s emogyaat ek carbory etmil Wberae €0 PRHSAYCAMBENICH FEHFTIN a\gapRFotent:
the UV protection layer conprises a reflective index
(n) of about 1.6 to 2.0 and an absorption coefficient

. (k) Ackmidouductogdeviselcomprigitbut 193 nm  26. The

seni, H%( tor device according to Caim9, wherein
the @e s&gsgcﬁ:&\%%hclvﬂ)\ﬂ&ﬁecgo”prl ses Si ON.

a contact stop layer over and abutting the gafe; and
an ultra-violet (UV) protection layer over the contact stop layer, wherein the UV protection

layer abuts and conforms to the non-planar portion of the contact stop layer, and wherein the
UV protection layer comprises at least one layer of silicon doped with oxygen (O), carbon (C),

hydrogén (H), nitrogen (N), or combinations thereof.

The semiconductor device according to claim 9, wherein the semiconductor device includes an

electrical device formed within or over the workpiece.

The semiconductor device according to claim 9, further comprising a dielectric layer over the

UV protection layer.

The semiconductor device according to Claim 11, wherein the dielectric layer comprises a pre-

metal dielectric (PMD) disposed over the UV protection layer.

The semiconductor device according to Claim 9, wherein the semiconductor device comprises
a pre-metal dielectric (PMD) disposed over the workpiece, and wherein the UV protection layer
is disposed within the pre-metal dielectric.

The semiconductor device according to Claim 9, further comprising a pre-metal dielectric

(PMD) dispesed over the workpicce, and wherein the UV protection layer is disposed over the
pre-metal dielectric.

The semiconductor device according to Claim 14, further comprising an etch stop layer

disposed over the UV protection layer.

18



27. The sem conduct or device according to O ai m 26,
wherein the WV protection |ayer conprises a
reflective index (n) of about 1.8 to 2.3 and an
absorption coefficient (k) of about 0 to 1 at about
248 nm 28. The sem conductor device according to

160 ailine 26yiconietasidevicchecconting totlein P.avhercinfes scaisppupigpdevige comprises
reflectiNe i “idl?f' Qi bvel the whikpieed) aieheftih the UV protection
absﬁ%ﬁr\é}%&é%{ggﬁél en dl(s%é o%v about&B to 1 at about P
193 layer is dgposdeitidetr: omanstal dieleefé¢i ce according to
Caim9, wherein the UV protection |ayer conprises
SiN. 30. The sem conductor device according to daim

1729, Thhemsiandicre deficeprordng foshaingyBirthes spppprisgigen gich stop layer disposed
refl et e 1 RdeX }J%bp?& 16 Baydr @ Hspfisedd6kr 32 etch stop layer.
absé’F%rtt]?eonor 5%’1)‘%?0 entfﬂg K" o 1aIlioﬁt O%éjtsabodt féfSSr?Ir)ny
31. The sem conductor device according to Caim 29,

18.Wh Sh&k ner&ipo%du%/rﬁg %&d{(ﬂﬂ%ﬂoﬁﬁﬂl 19 el SStRpriding an inter-metal dielectric
refl'ective | ndex (n) o about 2.3 to 2.4 and an
abs ¢IVDID) dsposed efdrittei [ profektiondéyerbout 0 to 1 at about
193 nm 32. The sem conduct or device according to
Caim9, wherein the UV protection |ayer _conprises ]

19Si COhkisenB@ndikie deerr acomding todrlaigdy Wheein te SPopraigetiop layer comprises a
d aiym.3 ' UV protection | ayer conprises a
r ef Iﬁggﬁnlgsﬁg%ﬁgﬁ?q?%be%f about 2.2 to 2.4 and an
absorption coefficient (k) of about 0.2 to 0.4 at

20.ab 0 l"ﬁ:e ge%uglcorﬁﬁ?lctor device according to Claim 9, wherein the UV protection layer comprises a

reflective index (n) of about 1.5 t0 2.4.

21. The semiconductor device according to Claim 9, wherein the UV protection layer comprises an

absorption coefficient (k) of about 0 to 1.2.

22, The semiconductor device according to Claim 9, wherein the UV protection layer comprises a

layer comprising two or more layers of material.
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34. The sem conduct or device according to O aim 32,

wherein the UV protection |ayer conprises a

reflective index (n) of about 1.5 to 2.3 and an

absorption coefficient (k) of about 0 to 1.2 at about

193 nm 35. The sem conductor device according to

Caim9, wherein the UV protection |ayer conprises
235! OgpH e@o%cto%‘d%ce%cm toGOARINRtdrSOR e U\fﬁ/r@t@étion Qdyer comprises

mul ti pfe ayers thereof..” Inpurity Doped

Pr otS&e¢:Hon Layer ABSTRACT OF THE DI SCLOSURE An

ultra-violet (UV) protection |layer is fonned over a 7

sem conduct or wor k- pi ece before depositing a UV . . :
24cur dbt eerd¢oafiustor didcd aggasding prdaimd3 grhseeitibe BIY mrefgripn layer comprises a

pr e\f&{%{:éve Met {ng B abbliOm Heachh RO RRHHARBBRERG (k) of about 0 to 1 at about

underlying material |ayers and el ectrical devices.

The 2¢8mmpr ot ecti on | ayer conprises a |layer of silicon

doped with an inpurity, wherein the inpurity

conprises O, C, H N, or conbinations thereof. The W/ o
25pr ofTbe sdmderniiusios devienaceqsdips toddaimi2@vhareinghe NV prpipgtion layer comprises a

St CQLefd1iofe QER &ng St 1418180k aPibstiMfidnl Bé bR Y88 about 0 to 1 at about
therlggf, as exanples. ( FIG 1) -
nm. .

26. The semiconductor device according to Claim 9, wherein the UV protection layer comprises

SiON.

27. The semiconductor device according to Claim 26, wherein the UV protection layer comprises a

reflective index (n) of about 1.8 to 2.3 and an absorption coefficient (k) of about 0 to 1 at about
248 nm. '

28. The semiconductor device according to Claim 26, wherein the UV protection layer comprises a

reflective index () of about 1.6 to 2.0 and an absorption coefficient (k) of about 0 to I at about
193 nm.

29. The semiconductor device according to Claim 9, wherein the UV protection layer comprises

SiN.
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30.

31.

32

33.

34,

35.

The semiconductor dévice according to Claini 29; wherein the UV protection layer comprises a

reflective index (n) of about 2.2 to 2.4 and an absorption coefficient (k) of about 0 at about 248

nm.

The semiconductor device according to Claim 29, wherein the UV protection iayer COmprises a

reflective index (n) of about 2.3 to 2.4 and an. absorption coefficient (k) of about O to 1 at about
193 nm.

The semiconductor device according to Claim 9, wherein the UV protection layer comprises

SiCO:HL

The semiconductor device according to Claim 32, wherein the UV protection layer comprises a
reflective index (n) of about 2.2 to 2.4 and an absorption coefficient (k) of about 0.2 to 0.4 at

about 248 nm.

The semiconductor device according to Claim 32, wherein the UV protection layer comprises a

reflective index (n) of about 1.5 to 2.3 and an absorption coefficient (k) of about 0 to 1.2 at

about 193 nm.

The semiconductor device accc:;rdingr to Claim 9, wherein the UV protection layer comprises

SiOC:H, SiON, SiN, SiCO:H, combinations thereof, or multiple layers thereof..

21



Impurity Doped UV Protection Layer

ABSTRACT OF THE DISCLOSURE

An ulra-violet (UV) protection layer 1s formed over a sericonductor workpiece before
depositing a UV curable dielectric layer. The UV protection layer preﬁcnts UV hLight from
reaching and damaging underlying material layers and electrical devices. The UV protection
layer comprises a layer of silicon doécd with an impurity, wherein the impurity comprises O, C,
H N, or combinatiops thereof. The UV protection layer may comprise SiOC:H, S10N, SiN,

SiCO:H, combinations thereof, or multiple layers the:re{)f,‘ as examples.

{ FIG. 1 )
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