| npurity Doped WV 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

| rﬁf/gaflngﬁ reI at eéﬁﬂ]ri;ﬁﬁéé W?ﬁglﬁﬁ%%%n of

sem conduct or devi ces, and nore particularly to the

[00§13r raJihisrepplicationatams e Heagfarof fLbS. Rivvigivailegpplieaton No. 60/640,695,
BACKGROUND [ 0003] Ceneral Iy, sem conductor devices are

filed @Déceaibetl 302004 RAGHED BEpwitpDdbed UWWPBfectib B2t Righ apphcatmn is
conductive, and sem conductive material |ayers over

heregyﬁbf@}ﬁe@ﬁergyglb RLERSceand patterning the various

material layers to formintegrated circuits and
el ectrical devices or elenents thereon. The
conductive, sem conductive, -and insulating materi al

TECHNIeAd. FE&Ipat t erned using |ithography and etched to
formintegrated circuits (I1Cs). [0004] A
m canduct or. wor kpi ece is t |caII exposed to
100036 B BB iminSRariols acesrily orthed bapiionat semiconductor devices,
process._ Ener sources such as visible |ight;
and mpre pasficulagy tq %V)f othasion of alneateriablryebipaivaptectivay
radi ant energy are used in photolithography, for
exanple. [0005] WV light is often used in many curing

A F{@ﬁ@ﬁﬁﬁs, e.g., for spin-on dielectric layers and/or
BAC ow dielectric constant insulating materials. UV |light
has a shorter wavel ength than visible Iight. For

[00033x aMGicerally delli@nlib @bt ddviech Wil faidayed %@%Péﬁg% ?ﬂn‘gﬁy of

i ght having a wavel ength of about 3

msulé’é@'trl Sl tivlegzm}i]i sEﬁu&ﬂﬁH@%ﬂv& n?a?%sag%y Jiesgov%%%sfnﬁﬁ#mte or WDrl]kaCE, and

wavel range o
patterning the various material layers to form integrated circuits and electrical devices or

elements thereon. The conductive, semiconductive, and insulating material layers are patterned

using lithography and etched to form integrated cirenits (IC’s).

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

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

[0005) UV light is often used in many cunng processes e.g., for spin-on dielectric layers
_and/or low chelectnc constant msulatmg materials. UV light has a shorter wavelength than |
visible light. For example, visible light is typically considered to be light havirio a wavelength of

B ' about 380to 770 nm, while UV light is usually considered to fall within the wavelamth range of

about 157 to 400 nm.




-1 [0006] A problemw th exposing a sem conductor

device to W light is that the UV |ight nay cause

undesi red changes to underlying material |ayers and

el ectrical devices. [0007] Thus, what is needed in the

art is a sem conductor device structure and net hod of

nufactur|ng t hereqf wherein materi al ers. an X

[0006) oct 4 PERhicry SHDCEROTRE AEINISARAUSIOT d8WRS E.Cbﬂx{deﬁ%é}s fg%t\ﬂl%@v light

are protected fromUV |ight. SUMVARY OF THE | NVENTI ON
may F00O8hdeThedchanpes totnderhypnDivatens! layes gethelestricyl deyicesd

or circunvented, and technical advantages are

ener, IIy hi eved . b referred enmbodi,ments _of the
[000H; ese mwg S it B T S C BT ok S By AR method of
| ayer for rotection. The W protection |ayer is
mamﬁ@éwaté@re@w ereig| tpgenid! dayfersang eé@glq@éd@ﬁ%esffﬁrmed on the
insulating material such as a |ow dielectric constant
semicoatiztoradevics arcdpptesicidehm Y liglat when the | ow
diel-ectric constant material is cured using UV. |ight,
the UV protection |layer prevents the UV Iight from
reachi ng and damagi ng the underlying electrica
devi ces. [0009] In accordance with a preferred
enbodi nent of the present invention, a nethod of
fabricating a sem conductor device includes providing
a wor kpi ece, formng a TJV protection |ayer over the
wor kpi ece, and formng a dielectric | ayer over the W
protection layer. [0010] In accordance w th another
preferred enbodi nent of the present invention, a
sem conduct or devi ce includes a workpiece, a W
protection | ayer over the workpiece, and a dielectric
| ayer over the WV protection |ayer. [0011] Advant ages
of preferred enbodi nents of the present invention
i nclude providing a -




novel UV protection |ayer for sem conductor devices.
The UV protection |ayer protects underlying

el ectrical devices from damage during UV |ight
exposure. The UV protection |layer advantageously
conprises materials conpatible with CMOS processi ng.
The UV protection |ayer protects underlying

SURBEARN oplTIewr¢eRTRYNabsorbing at | east a portion of
the W light during the UV |light exposure.. CMOS

transistors and other electrical devices with i npr oved
[00R%r f or Flease enchotbienrebbleins hietgenemily bel vehorufimommyewted,iand technical
accordance with enbodi nents of the present invention.
advatagddQe@ pentR@lyfaohiethd, B pRasr¢Emtidaatertabh@E pREQAGWention, which
the features .and technical advantages of enbodl ment s

d

g A s e

e S B IR LT R B
herel nafter, which formthe subject of the clains of

depqsiad,i so\asitvhisn the low diglesitieconstans patssiabis sarodyismg §4K light, the UV
skilled in the art that the conception and specific

protentioodiyee ptesents itedlNd dight fray répehingadil dymaging iwachdedyiag electrical
basis for nodifying or designing other structures or

devipgsocesses 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
[0008bnst frugacPiarcedwiting prefaysdremtiodiment nﬁg'smmsent- igvehtios comethod of
of the invention as set forth in the appended cl ai ms.
~ fabrieatingRl &£nifdMBGRbATAVINN itdfudedpriRAME NerkSieds3 forltlg aUWDptection
' conpl ete understanding of the present invention, and

layertch%r BHRARERBES b RIBAy a diEESEHR1GRT byer w&e&ﬁo% lﬁgcr.

fol | owi ng descrl pt1ons taken in-conjunctio

[0010] ~ In accordance with another preferred embodiment of the present invention, a
semiconductor device includes a workpiece, 2 UV protection layer over the workpiece, and a

dielectric layer over the UV protection layer.

JO011] Advantages of preferred embodiments of the present invention include providing a
novel UV protection layer for semiconductor devices. The UV protection layer protécts
underlying electﬁcal devices f_rom damage during UV light exposure. The UV protection layer
advantageously comprises materials compatible with CMOS processing,;. Thé UV protection
layer protects under]yincr electrical devices by absorbing at leaét a portion of the UV light during
- -the uv hght exposure CMOS transxstors and other eIectncal devices with 1mproved

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

JIIVEIIUOD.




acconpanyi ng drawi ngs, in which: [00141 Figure | is a
cross-scctional view of an enbodi nent of the present

i nvention, wherein a UV protection layer is forned
over a workpi ece; [00151 Figures 2 through 5 show
cross-sectional views of a sem conductor device

[001?3 pr I(}%E ?(%‘C%I L& RAS Iu%n d. rmthbroac&lTY oﬁéohzee%tahg teceﬁ %%radvantages of

oUS ocatlons ance
and [0016

s of the resent t| ) .
:emb@%w&r%'ﬁ?%prsseer Byel %‘E‘c‘?u%‘ﬁ‘-‘él q@v@e&ﬂﬂcﬁ %WB%%%@F&‘?VSMOH that
devi ce conprising a CMOS transistor having a plurality
follayts rupy b bstlevundsrsioaty shddifienaiuturereandiad varjtages pf embodiments of the
Correspondi ng nunerals and synbols in the different
invehiiguwidbbegiesaited hyrdiedffer, widch fonths pajett 6o thealdisis uhibedsvention. It
ot herwi se indicated, The figures are drawn to clearly

should B@%ﬁ prétifed lfhethoEeesllﬁYéﬂrlh tRSRE ﬁfaﬁth@fcoﬁcréﬁhgﬁ ﬁlﬁ@ﬁp‘aﬁ‘ﬁic embodiments

ments and are not necessarily drawn to sca e.
T
dlsdﬁg%?é%f% Ry R e g g‘%rr Aoty Sl Cyeapopuggs or

i ments are discussed in_detail  bel gw S
Pr 00%@68&35?%% the e RIPOsEhH gk g’? BESSHIL dLERHOR. nb h‘fl}qg ﬁJSO be realized
provi des many applicable inventive concepts that can
by thb@e skitieddn & drnthat spickl equivalenttopngifucgpesodd ief depart Bsmghe spirit and
The specific enbodi ments di scussed:are nerely
scopé bf this invasitionensalbt pR6h fHeappendedichimmke and use the
invention, and do not limt the scope of the
invention. [0019] - The present invention wll be
described with respect to preferred enbodinents in a
speci fic context, nanely, the formation of W
protectian layers in transistor devices. The
i nvention may al so be applied, however, to other
sem conduct or devices and el ectrical devices, such as
capaci tors, diodes, conductive |ines, conductive vias,
or other circuit elenents, as '




exanpl es. [0020] There is a trend in the sem conductor
i ndustry 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
BRIESHESCRIPACK ORernt pRiewhiag (BECL) i nterconnect, to
reduce wring propagation delay and power dissipation.
A dielectric constant of 2.5 or less is desired in
[0013oe Hhirelnswe complett widemtanimgerf $he presentivaengion, afdd2 afvantages
However, materials having a dielectric constant of 2.5

there6f, réf@sficeliSAw trRadeXd tHe fbl 1yl destEiphiany kdn PlcoRRbEi@swith the
For exanpl e; sone low dielectric constant materials

V. bar; . of less than about 1.0 Gpa and a

accmﬂ@%ﬂ?%s&% nf’sgs'}lg than about 5 Gpa, for exanple. In

order to achieve a |low dielectric constant materia
[00143i t h Higgee dwedcibay-shedsisal vione dn@mbdidahar of the presest iangntion,

materials are fornmed by depositing a precursor and
wherdiR 8 U@ $RALOY 14yBEis RE@EaT v eF 2 Workdiécki ght . ;. -6 [0022]

However, a herétofore unrecogni zed problemis that U

| i ght can damage sonme underlying material |ayers,
[0015)egatFignedsy? througb i shgwaesss sectipoali wewadicaseamdonductor device

reliability. For exanple, it has been di scovered by

compfikifg b ReaYMIG Wit h TN propicase Myet fovieedt atomribha@lochfiond, in accordance
dielectric | ayer is formed over an electrical device

: éﬁ%:@& [ e dielectric layer is then
with cure Lﬁi?f&g@%%k?lﬁgﬁ?n t ’gh(?r ansi stor may be
del eteriously affected, e.g., damage may be induced in
[0016] he Fignensisatonosshygctidnal Wewldf glemicAndwrordiesice cbmipdsing a CMOS
constant material dielectric |ayer may be cured using
isdYr Raviifata ﬂiﬁ”ﬁéii @%Y&é&i@)ﬁll <Bf foRhQithe@) to 300 rim
tmnsgyﬁggggt'15 n?ﬁttes, as an g&anple, al t hough :
: alternatively, other W wavel engths and tine durations
[0017hay Goerrespentiing numerals and symbols in the different figures generally refer to

corresponding parts unless otherwise indicated. The figures are drawn to clearly illustrate the

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




[0023] Tests were perfornmed on CMOS transi stor devices
by the inventors of the present invention before and

after curing dielectric |layers disposed over the CMOS

transi stor devices. The CMOS tr ansi stor devices

i ncluded a PMOS and NMOS transi stor. Large deviations

were seen in the gate oxide thickness at an inversion

i T L

seen in the NMOS transistor (0.025 V) after the W
[0018]i ghtTheunskipy axbssng ditht prsemiyerefgat enbofia@aisCid dietissed in detail
(79) was decreased after the UV Iight cure process by

b : i :
bel‘“f"oggﬁ‘]“ﬂ@béé ihed, eRleed Bt ?gﬁ@%n%ﬂ%&%&%g@ applicable

Enbodi nents of the pr I nvent1 on preven

. I ' ices.forned .in d_over .

inverf RERARCHS o B 60 o LR ok VRS o e Rl Sy speitic
f.ormed..over the electrical devices. Wth reference . .

embogpenisHipqussedeara mepehy () S AIVE| A RPECH G BRYB TRRKS e U e devention,
100 in. accordance wth a preferred enbodi nent of the

and dpmptlenit therppapr ploke inventior. oss- secti onal view. The
sem conduct or device 100 includes a workpiece 102. The

rkpiece 102 may in de a.sem conductor substrate .. .
1001930y S FhEPiserd friEation Bl B¢ FesPriSelil ot & bRtk G todiments in 2
. .covered by an_ optional insulating lrayer 104, for -
specifisconiskh namply, srirpnatioa of ¢V migjeclps drversdp trasigiondevices. The
active conponents, circuits, or electrical devices
invenfigy meylalsonbe dEplied driwesnx) tobther semi¢deE@LDr devatesahdeiectrival devices,
' -7 Figure 1 (see Figure 2). The workpi éce 102 may
such 28 @ARICI G, dibddsCeihdaxiveairRY,AonShdivk Q14! HSHBYr cirthit ERiEnts, as
for exanple. The workpi ece 102 may i ncl ude ot her
exam;ﬁé’é?du‘:t ive layers or other sem conductor elenents,
e.g., transistors, diodes, resistors, capacitor,
conductors, or insulators forned therein, not shown.
[06201Co npDhunelissatrenddn ehetdeicondEebsindbithy to Pkdifce thedizebeon@fonents, e.g.,
exanpl es, may be used in place of silicon.

the critical dimension (CD) of components. As conductive lines are decreased in size,

propagation delay and power dissipation become a problem. Copper conductive lines and Jow
dielectric constant materials are being ﬁse& in-back—endiof—the—line (BEOL) interconnect, to
reduce wiring propagation delay and power dissipation. A diglectric constant of 2.5 or less is

desired in some dielectric material layers, for example.

[0021] . However, materials having a dielectric constaﬁt_ of 2.5 or less tend to exhibit weak -
“mechanical properties. For cxarﬁ_lple; some low dielectric. constant material§ méy have a hardness
of less thgn about I.O-Gpa and a modulus of less than about 5 Gpa, for example. In orderto -
achieve a low dielectric cohstagt' material with improved hardness;, some low dielectric constant

materials are formed by depositing a precursor and then exposing the prea:uréor to UV light, .

-6-



[0025] In accordance with a preferred enbodi ment of

the present invention, an ultra-violet (W protection
| ayer 106 is forned over the workpiece 102 or optional
insulating layer 104. The UV protection |layer 106 is
adapted to protect active conponents, circuits, and/or

[002% ect Hoaber, A8MEBETe hRfABEhiMAt bElerﬁﬁs MMEUV Rt can damage some
wor kpi ece 102 from W Iight 110. In one enbodi ment,

g B 5 A0 RS A e

exangR\{ ,ﬁ{ }gazsguﬁtl i ve eg:;%ttOG A gleq{ft}%r%eﬁgeg? %/Em%g%t@é\ tg?tgg%‘l glaeTectric layer
6), for exanple [0026] A dielectric layer 108 is

is fofragchensr e lectipal dexicps tej tepsisign.and tpadielgeris ryghis trppcured
dielectric layer 108 may be forned usi ng chem cal

using Uikoli gholethoghrisisoor nf«P\ia) detatetynsBrffenierpe. gndahipe may be induced in the
dielectric |ayer 108, as exanples, although

transBdrHyIRE UVaight. RIS GiRROSEddsRBt heehr &eu@&lm{yepﬁlay be cured nsing
used’to deposit or formthe d| electric layer 108

oV [ 90RE D Fgglgig@ncsf%b of RAEE HBAPHOEEA iR ASSafhple,

et ec Cons havi n
Iess in one enbod nent

constant, of a
althoagh alfernatively) ?fgcfm WY caé‘thﬁ apd tipng Furatipppmay be E%ﬁﬁipr i se

a traditional dielectric rraterlal such as silicon

xi d
[002% e{‘égfs %r@&r%ﬁE@ ch gMOSCcQB e d V1 J]?cg g:?' 1R BiverSrs of cghe present

ne enbodi ment ric |ayer

anEl'%ﬂg %efOéq- alﬁiGE r{})r | ?ﬁéi%gc gﬁ’ %PF?F? S%veg %&%L%ﬁﬁmstor devices.

dielectric &PIM )1 oran |nter-level di el ectrlc

The (YIOS) trangistog deigas dacluded 7RO angMMOV trnsisict [angeidgyigpions were
106 protects the wor kpi ece 102 during exposure to W

seen ini thhgate ddide hickabssart bi: yesdion rgin Ta; poof hatintheNMAS OV A) and
light 110, for exanple. For exanple, if the

PMO%&Q et tFaniston OF iHBoldSyIMES Shifl a8 AisbVed Hhke KOS tfagsistor

protection | ayer 106 prot ects the
(0.025 V) after the UV light cure process. Furthermore, gate leakage current (J) was decreased

after the UV light cure process by about 15 AJcm? for both the PMOS and NMOS tramsistor.

[0024] Embodiments of the present invention prevent damage to electrical devices formcd
in and over a workpiece by the use of a novel UV protection laver formed over the electrical
devices. | With reference now to Figure 1, there is shown a semiconductor devicc 100 in

- accordance with a preferred embodiment of the present invention in a cross-sectional view. The
| semiconductor device 100 inclndes a workpiece 102. The workpiece 102 may include a
semiconductor substrate comprising silicon or otherAsemiconductdr materials covcred‘by an
optional insulating layer 104, for eﬁémple. The workpiece 102 may also'include cher active

o corhponents,_ circuits, or electrical devices formed in the front end of line (FEOL), not shown in

-7-




wor kpi ece 102 during the UV |ight 110 exposure.
Alternatively, the workpiece 102 nay be exposed to W
light in a subsequent nmanufacturing process other than
a cure step for the dielectric |ayer 108. The W
protection |ayer 106 protects the workpi ece 102 during

m S S oSSR 98 By
GRS 8 D L BALRTSLE A e

protection |ayer 106 may conprise a single material |
semitandactop elemenly, ©onBRIsiOrs Giodas, TepisErsyRIRACIAN congdpetozs, or insulators
The WV protection layer 106 may be fornmed using
formpl afrEn epbhsved (pERECMD)contnabrs.darkss, InP, Si/Gisner $Ubas examples,
(HDPCVD), atom c |layer deposition (ALD), | ow pressure

ddiRGMB) of Qlicdonbi nati ons thereof, as exanples,
mayg?’/?%ougﬁ}é alternatively, other deposition techniques

may be used to deposit the UV protection |ayer 106. .
[0623he Ud aocaiiamct ivoth d pgkerred @B1bodigans phtha prepenigaynsgny an ultra-violet
prevent WV light 110 fromreaching the workpiece 102
(UV)ProlBiic lager 108 ¥efori€fover thowerkpidee d02renspticnhkinkhlating layer 104,
‘ protection |layer 106 is adapted to prevent UV |ight

The iﬁn?}]ﬁ&ggt.idﬁq%&rwgsl altﬁﬁ}gr&ﬁ‘ @éro?&?%ti@%@m@ﬂhén%, aheuts, 40 or electrical

rom reachin vv%)r pi ece 102 and/or materi al
.layer 104,.as an exa e, a Lernat i '
deviceh gt Saineyr ey G5 “ebeieesy 1SN R 118} 1y Bl embfment, the
or material |ayer 104 from_ ot her . wavel engt i
UV mPoteion 10305 Cmerisona IR o 102 et 1 BROR OF aisdisLgo for
conprises a thickness of about 50 to 5001, as

examplea sV pritection dpyeal @emanbe fesimed overoriyprdpy at eieh stgp layer, (not
 ayer 106 may conprise other dinensions. The W

nowRPERGE DRed Bivare 6h06r BXBASEAbl y conprises a reflective
° OWi r%de%%( n) of abou6tb 1.5 toﬁ2.4; as exanpl es, although

alternatively, the UV protection |ayer 106 may
[0026]onprA deleatricdayesd08 isdformetbavaida HY metsetionlaygdQo; aghown. The
UV protection |layer 106 preferably conprises an o
dielectric layer 108 may be formed using chemical vapor deposition (CVD) or by spinning on
* the dielectric layer 108, as examples, although alternatively, other deposition technigues may be

- used to deposit or form the dielectric layer 108.

[6027] The ‘dielectric layer' 108 preferably compriscs‘a low dielectric constant material

| _ haviﬁg a dielectric constant of about 3.0 or less, in one embodiment. Alternatively, the dig:lcétn’c
layer 108 may comprise a traditional dielectric material such as silicon oxide or high dielectric

_ constant.matcria_ls,' as examples. In dnc embodiment, the diclecjzic layer 108 prefera,'bl'y

_ coiﬁprises undopé_d‘silicaté glass (USG). Thé dielectric layer 108 may comprise a pre-inetal

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




absorption coefficient (k) of about 0 to 1.2, as
exanpl es, although alternatively, the U/ protection

| ayer 106 may conprise an absorption coefficient (k)
of other values. [0031] In one enbodi nent, the W
protection | ayer 106 preferably conprises at | east one

[OOZV\f yerTge U%' rb{é?tﬁb Q%ﬁé%tt%% riE 5 pr e %1 F@i&fﬂnalcxﬂgﬁ?gto UV light

th an uri corrprl Ses

or conbin as &
1105y sirbe Aiedh %a?ftlerépﬁﬁwctﬁé*gﬂtq@fﬁt R ﬁpgmmeple if the
ot her el enents. In another enbodlnent the
dielepiristiexer L G%hisi ayadrusEael V ight bHafre Uy W@%@a@é@ﬁ protects the
(e.g., silicon oxide carbon doped with hydrogen,
workpiees e0Ddnrive: theXHGkghtddfierposuies Ajtendtvelt, Herworlipicent Bhmay be
content), SION, SiN, SiICOH (e.g., silicon carbon

expofet 1627 APRdn Wishbsehiveht ag@ackiies 9rdte§shﬂh&&hh0m ciaeStepritr the
I's greater than the oxygen content), conbinations

| dielegtlf’%? rl]%%f 108 p@@ﬁﬂr{gtp%éft dRES 108 108 ROt 1HRAWGERER AR dlurmo UV light

protection |ayer

e S e o A IR P <

conprise other inpurity doped l[ayers of seni conductive

ter DiARnS O PR thitYiald nd 81¥R] & thd O83gibtdetion layer
[002%!3 Pﬁgﬂcgﬁcrlé%ﬁ? 1t hle UV protection Tayer 106 preferabl y Y

oo LA R BRTE R g o

(n) of about 1.8 tq absor pt eff|C| nt
may CQEyPLSE TR 8T Mmops %te@alal@Y%S 3@1‘? 68 o "@ lf?% ﬁt’md using
248 nm as exanples. Also, in this en‘oodl nment , the U
plasnprephacei 6V BREEVDYdighgenstyplesme GV D GIDEEMR)eatomigilayer
(n) of about 1.6 to 2.0 and an absorption coefficient

depoaﬁﬁan QILIED o pRsduge CVEX (IHTVID), bOSombinatias theeaimd @mmples, although
al t hough alternatlvely, the reflective index (n) and

altem?ggeg%%l'llé% '&gﬁ N dol tgoﬁ%ugg Qag%%se&@rﬁéﬁbﬁﬁth‘éw brotédtié@Sayer 106.

. er e I me the UV protection | ayer
The d& prot orc%fog rlgykélr Yoé 1s%p fleragf’y ascffagé'd o prevent UV light 110 from reaching the

workpiece 102 or material layer 104. In one embodiment, the UV protection layer 106 is
adapted to prevent UV light comprising a wavelength of about 157 nm to about 400 nm from
reaching the workpiece 102 and/or material layer 104, as an example, although alternatively, the

UV protcction layer 106 may protect the workpiece 102 or material layer 104 from other

. wavelengths of Iight.

{00301 The UV protection layer 106 preferably compriées a thickness of about 50 to..SOO A,
as examples, although alternatively, the UV protection layer 106 may comprise other |
.dimeusi-ons. The UV protection layer 106. preferably comprises a reﬂective inde); (n). of about

1.5 to-2.4, as examples, although alternatively, the UV protection,layor 106 may compt?is_c‘.-a

T - 9.




this enbodi nent, the WV protection |ayer 106 may
conprise a reflective index (n) of about 1.8 to -10
2.3 and an absorption coefficient (k) of about O to I
at a UV light wavel ength of about 248 nm as

exanpl es. Also, in this enbodi nent, the UV protection
| ayer 106 may conprise a reflectlve i ndex (n) of

rcﬂe@ﬁ@éﬁhdéx Bavif Sthb vahds aMh@ s OpRtd.Abn o f@@pr@ﬂfabﬁk&orﬁ}fnses an

about 0 to I at about 193 nm as exanples, although

absogé;foﬁfcﬂgﬁi'c B%L: {lﬁ D% Ql?ou% 8 J) ?021: Llél c%(d 1]%7’ aléﬁb?ugﬁ@ﬂer?%ﬁ% ,tt}%eg@V
proSHigh Bt {0F 26 Od%ﬁngﬁéré%tagﬁhs% 5110% CigH T e Ly

protection |ayer 106 may conprlse a reflective index

[00383 g%n cﬁ%%bo%uﬁentt Qhe @f\ﬁ;@ﬁ:@n ?%ﬁ@ﬁrbﬁ?ab?}ﬁ&frﬁﬁﬂ‘sb?ﬁﬁlcast one

out at a- wavel engt’h of about 248

am ..as . di
layes %{1@8{1 %ﬂ%ﬁ"};&e@wﬂf@@amaﬁ%ﬁﬁf?%s@"‘pﬁlraé*f%cim% oo Sapugey
(n) of about 3 to 2.4 and. an absqrption
prefegahky eorapses Q. r@ HoN, ghenmbipatiogs thegtotetsouramples. qlfhoughalteratively,
exanples. Alternatively, the reflective index (n) and
the impsoy playcomprist biher derperftk.) In anether ompodiseent, shendV prafectéan layer 106
in this enbodinent. [0035] In yet another enbodi nent,

prefetdlbg)éé‘!hﬁﬂs@& SEOCBIelgaaicod @fiderceftaon abbsd ity iogen, wherein the
In this enbodi nent, the UV protection |ayer

oxygérpgoﬁ 1%@3%1‘ %Ensﬁe Giob %hﬂéﬁ’? | BRK SfN%(Sl(ﬁ HE{@QUEﬂx%f.n?carbon

orption coef f'i ci ent

wavel.en of about S
oridaghpgs Wi} by Os%eaﬁ%ea% Caf?%ecownﬁfééréa*?f AP AR ey,
conpri se refl ective index (n)-of abo t 1.
com@@O%ng@ﬁf ﬁgaﬂtmlfp Iprers daregic L » aithoyg a%teréatf‘@? » the UV
1.2 at a wavel ength of about 193 nm as exanpl es.
protectidndryeatl DG ebay, conipeise ethbricipuvity dopdiayeny ofildccab Joe ATV protection
coef-ficient (k) may conprise other values in this
_ layer @0 ARy AR&natively comprise other impurity doped layers of semiconductive material,

such as germanium, as an example,

{0032] In one exhbodimcnt, the UV protection layer 106 preferably 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 (k) of about O to 1 at a UV light wavelength of about 248 nm,
as examples. Also, in this embodiment, the UV protection layer 106 may comprise a reflective
index (n) of about 1.6 to 2.0 and an absorption coefficient (kj of about 0 to 1 at about 193 nm, as
éxamples, althqugh alternatively, the réﬂectivé index (n) and absorption coefficient (k) may
comprise other values.. | | |
o [0033] In anofher emBodiment, fhe UV protection layer 106 pfeferably compriseé‘ SiON. In
' this embodirﬁent, the UV protectibn layer 106 may comprise a reflective index (n) of about 1.8 to
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[0036] Figures 2 through 5 show cross-sectional views
of a sem conductor device conprising a transistor
with a UV protection |ayer fornmed at various

| ocations, in accordance wth enbodi nents of the
present invention. The novel WV prot ecti on | ayer 206

2o R e oS TSR LA RS il f g 245 .

220, as_-11 shown at 206a jn Figure 2 at 206b in
as Glﬁﬂgb?ﬁ eAbo, igithis sgwbortimant. gt U Vaprokrirtlelerolf§ may gergiisg a reflective

S. Like nunerals are used for the various elenents in
indexFiny of &wull.6 he 30ghd Bnabsorplie weEidnb 89 ofiabhut (efleat @hew 193 nm, as
to Figure 1. To avoid repetition, each reference
examPHIPethos FoMR it vElyetheirefficane idyx (10 tand BBeest@r ddeffidimt (k) may

descri bed agal nin detail herein. Rather, simlar

PFIEES x04, x06, etc... are preferably used
com Ee materl al s shown and descrl bed with reference

‘to Figure 1, where x=1 in Figure 1 and x=2 in Figures

[0034 t hipuagthé.emodaners xheflVeprotehtorpiagéreitepefarably comprises SiN. In
alternative materials and di nensi ons descri bed for

this eﬁiﬂsmh%np E&tmtph'&ecﬂcﬁMﬁYerl@§ nia} chRpriges %ﬂe@ﬁt@ﬁd&@(n) of about 2.2 to
Figure | are "preferably also used for the W

t .
2 G0 (A Ol S ‘flghf‘%&%%%% SRR b8 oo
ext . fo, ure 2 S conduc ce 200
exampley | 4156 U8 EPURTL S50 ¥ GRHER ORIETY § ORGP § rflective
morkplece 202. The transistor 220 |ncludes a source
mndex dmobfabowi2ad 1o 234 fest aebsprption sosBeiRpl (ki of gt 01y é a&@h% 493 nm, as
S and drain D may be formed by inplanting dopants

examples. OAldrrativelk ficeeBRe B2 inder (n)eand mpscepticincapfficiemk) may comprise
silicide 224 may be forned at the top surface of the

omcﬁﬁ%sqgﬂ%aﬁgocgﬁﬁhp D, as shown. The transistor-220
i nc es a.gate oxide Gand a gate G di sposed over -a

- channel region of the workpiece 202, wherein the .
[0035F hanheyet eagharemtedides, thh&iVgetect d:telascmmf@rsfemwy cemmpmses
_ D. The gate G may conprise a seni conductor materi al
SiCO:$UCh t§ embodiment, the UV protection layer 106 may comprise a reflective index (n)
of about 2.2 to‘2.4 and an absorption coefficient (k) of about 0.2 t0 0.4 at a wavelcngth of about
248 nm, as examples. Also, in this embodiment, the UV protection layer 106 may comprise a
reflective index (n) of about 1.5 to 2.3 and an absorption coefficient (k) of aboutQto1.2ata

wavelength of about 193 nm, as examples. Alternatively, the reflective index (n) and absozption

coefficient (k) may comprise other values in this embodiment.

_ [0636}. Figurcs 2 through 5 show cross-sectional viéws of a semiconductor device
c_omprising a transistor with a UV protection layer formed at various locations, in accordance
with e_mbbdimeﬁts of therpresent invention. The novel UV protécti_(')n layer 206 in accordance

- wi£h embodiments of the present invention is preferably disposed over the transistor 220, as
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pol ysilicon, for exanple. An optional silicide 226 may
be fornmed at the top surface of the gate G as shown.
Alternatively, the gate G nmay be fully silicided, for
exanpl e, not shown. Spacers 222 may be fornmed over
t he sidemalls of the gate G gate oxide G ., and
opt i $|I|C|de 226, as shown. The spacers 222 may
ShO“’éld’ﬁﬁgg a8 Fague Reai 2860 in Ergure hat 20pcdr Fmrof, andtat RO inflogure 5.
exanple. A shallow trench isolation region 218 may be
Like ghwpelseee wed fnthevarsin elenientshe FaamgsethBuahd o8 vardddcribed with
as shown. -12 [0038] In accordance with the enbodi nent

referaice tdiging \ie Mol ABidBHNRidnNedch §otbRncs mihte? ShdWASin th
transi stor 220 has geen formed, a UV prot ection ?aagrammaynot

ncces@%gﬁ?bé ﬁesfcﬁﬁéﬁeéiamq{l dRERGRE n%& dR%ﬂé l}ljlt}lﬁlm%{?%n gt% e’c}fq 86 etc... are

In particular,” in this’e
butsthe

[ r abl 0 ed over and
prefelgBi e P Bespasbich Sicimshorder b raar biesee magver. ihere x= in
. e S drain D, or_gate G conprise the opti onal .
Flg“f“s?rﬂil Fefeln FPgnres 2 topughct. ndsiamexarps, thopprefertdend allenaive materials
the U protection |ayer 206a preferably is disposed
and digeasionadtsathed ortthe UST piotictien RRé Hdn BidGes@iptivh WnFigutent are
this enbodi ment, the UV protection |ayer 206a is

preferislehles akddyof e mdp@ftécﬁbn 1h8rs ok, @b@ﬁ, ﬁ%é a?.ﬁ 306 gl@own in Figures 2

formati on and before a contact etch-stop ayer

mouoggpg}g%gcgdepver the transistor 220. If no sili CI de 226
IS present”on top of the gate G preferably, the W

protection |ayer 206a is disposed over and abuts the
[0037)gat eReFemihg ke tb Fignee S) E s@BRondRR3Abvibs 200 ?Gﬁﬂﬂﬁ@e a transistor
wi t h anot her enbodi nent of the present invention

220 foﬁﬁé&’%ﬂhﬂ afid S4Hr€he Worké 1clc,l¥ 285, oggg&%:&ﬁﬂr%&%rxdcgﬁ%ta sg)Hrcng and a

forned over the tran Istor 2

t.ch st er 23 for d ove at | east
drain If‘ﬁ°%93 e /0hd o, dit Sbuke S il Branants fospegey implanting
d over. the sidewall spacers 222 and the gate G

: dopantél n%e(y(pé;plgqe@ gbfgpxﬁgp]@l tAheqptiopad s@m@: 224(;may be formed at the top

surface of the source S and drain D, as shown. The transistor-220 includes a gate oxide Gy and a

gate G disposed over a channel region of the workpiece 202, wherein the channel region resides
between the source S and drain D. The gate G may comprise a semiconductor material such as -
- polysilicon, for example. An optional silicide 226 may belformed at the top surface of the gate

- G, as shown. Alternatively, the gate G may be fully silicided, for example, not shewn. Spacers
2272 may be formed over the sideweﬂs of the gate G, gate oxide Gz, and optional siiicide 226, s
-shown. The spacers 222 may comprise an insulator such as an exide or nitride, for example. A

shallow trench isolation region 218 may be disposed on either side of the source S and drain D,

 as'shown.
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the optional silicide 226. The contact etch stop |ayer
230 may conprise an insulator such as a nitride, for
exanpl e. The contact etch stop layer 230 is used as an
etch stop in later processing steps, when electrical
contact is nmade to the gate G of the transistor, for

[0038] €X am@cordgﬂcé R th gee@mahﬁ&moﬁ tHeNBvd¥oR sRbER i ﬁ@uieazy @ftcr the

206b nmay orrre pbef ore (shown in phantom

transzs%?ﬁﬁﬂ%{ 'ggegl [?{7 f;%}%éela%r ééﬁa %r{g?-#)cpg'reﬁpgsfed otvgr%he

enbodi nent , the UV protection |la 206b is preferably

transistpby4fe dn Fericulanan BBy embord meRethed Y BEtectiondiyes g gusa%rﬂably
230, as shown. The WV prot ection layer 206b conforns

dlsposeti@vtmdabaﬁséh@fourda@ angrairdig iDhof tho trapsistor2h I thepsource S, drain
layer 230 in this enbodinent. A pre-netal dielectric

D, or gdtP¥ Gmpiey tHepdosd a8 Rilie@P2aror D6 fdepa0tRabp SutfdcaYiedreof, the UV
206b (not shown in Figure 3; see Figure 6 at 336). -13

protecuL)Q 4RI 2 6@| 2! u{aﬁﬁr Eﬁp@ﬂﬂ TRaL andsdlﬂﬁféghé S1ifad 3@@ affd 2% as shown.

pti1'ona ayer 234 is eposi ted over

i SR AL B0 YA TR el 24fce 22¢ o

deposited material |ayers, which nmay conpris

226 for@emﬂdub@&)w P AeRa @a:h SlaPARYerfipenoR i er tfméansxstor 220. Koo
insulating |ayer 234 may be deposited to conpletely

silicide 22 mipreshet ananp efthe getedh mtforablyatherUY 30otectian lsyaniliba is disposed
and may be chem cal nechani cal polished (CW) or

over an€hifiethe ghRCKof Be trRnMMer 2302 i nsul ating | ayer 234 from
the top surface of -the contact etch stop |ayer 230,
as shown. A WV protection |layer 206c is then forned

[0039] ovéin actnedanse vdthanothesembedingny clyky presnt dxwgntiehas shown in Figure
expose_d contact etch stop |layer 230. An etch stop

3, a UVIpdgtedtiod 36yera0o0e féraiedeteothe trahdisor B20 4ftepttieciormatidrayfor contact
206c, as shown. In one enbodinent, the UV protection

~etch sto%?a%(&: 23996 forhy boLHR @eaQtVtﬁé ghib &, ef“t@ho%ﬁa%?eﬂcﬁ)é@}%} Igﬁ@ 230 may be

the etch stop |ayer 236 is deposited o
formed g{) %Hx%]nsgéyg@ﬂégﬁae%sa@%ﬁg% aﬁez g%%tn gﬁ%rhﬁ)dﬁ%gh.}n cAt%Er Jﬂe gate G or

* the 0pt10%a1 31hc1de 226 The contact etch stop layer 230 may comprise an insulator such as a

nitride, for example. The contact etch stop layer 230 is used as an etch stop in later processing
stéps, when electrical contact is made to the gate G of the trapsistor, for example. In this
eﬁlbodiment, the UV protection layer 206b may be formed before (shown in phantom) or after an
‘optional insulating layer 232 is diséosed over the workpiece 202, for example. Alsd, in th.lS

: embodiment, the UV protection layer 206b is preferably formed over and abutting the contact
éfch stop layer 230, as shown. The UV protection layér 206b ﬁqnforms.to the shape of the

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

 be disposed over the UV protcctibn layer 206b (not shown in Figure 3; see Figure 6 at 336).
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dielectric may then be fornmed over the etch
stop | ayer
236, not shown. [0041] In another enbodi nment, tﬁe U%
protection | ayer 206d may be formed over a pre- netal
dielectric 238, as shown in Figure 5. The pre-netal
dégle?trlc 238|nay be formed over an etch stop |ayer
for .ex . ) . N .
10040f pori ot MGt shh I BRRE B B e e ot

over 't pre-netal drelectric 238 (not

deposie o8 BTN HETRE: B Tt A ALDr Brer o BEaeopenas

shown). [0042] A WV pro i :
surfaco tfier smbsert[ppm:l'_s{ (]dﬁpggiteéﬁgatgtﬁa? gﬁg&%@%@%&%ﬁg&;&gé&feﬁivb Bnes and
a_ccordanc_e wi th enbodi nents of the present |nventio
vias, foF @kHNEI6 The Aswlndsslaga @Bt onal be depesitedito SOBMBIHLHANTE e contact
device conprising a CMOS transistor having a plurality

etch sﬁ%ti or 286 AR ShdalD), ArRdBEPbe Ahital théckeninal pelisted (BIMP) or eiched

o vve:s aredu_sed Tor the various elenents in Figure 6
e.use . j

bk S Sl ry@ 2 o, fpatifiae & O clob siopryer 230

aar a . . o \

as hotdh 2 [V FrOFRS Y I A0 1 Qeproraied byt 8 RO iRAlRg 1dyer 234 and
x04, xO06, etc... are preferably used %6“ t he .mat ’rig}ﬁl

the cxpbeiiontadt igswey loper 390t KD eteh SPBIRYET 23 BRGHF PTFeg gy e UY
Figures 2 through 5, where x=1 in Figure 1, x=2 i

proteciof y@s 26, he o n on@entboifient (R g meotectiqrojarsOppis formed
thi s embodi nent, the sem conductor device 300

over L SE9aRr STHTREEIRE LRE YtopEhfr 236X dbposiend aonthespgenal insulating
t%%%% ge ice 350. The d?éé:/i ce 3@5%’ incl udes an

transistaq ]
o R R a0 U PBABLE R s e
) _ inventign, at |east an |
st Tooed e SERSn R MM ' B8
~device 350. An inter-netal dielectric |ayer (not ‘

[0041? howg) an%er%ﬁlbggﬁ%ﬂ,ttﬁéjm&écﬁ& R§&-206d may be formed over a pre-

metal dielectric 238, as shown in Figure 5. The pre-metal dielectric 238 may be formed over an

‘etch stop layer 236, for example. An inter-metal dielectric (IMD) may then be formed over the

pre-metal dielectric 238 (not shown). In one embodiment, the UV protection layer 206d may be '

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

{0042] AUV protectionllayer méy be formed in one or more locations of a semiconductor
- device in accordance with embodiments of thé present invention. Figure 6isa cross-sectional
~ view of a semiconductor device comprising a CMOS tran.sistor having a plurality of UV |
"'lprrotec.;ti‘on layers. Agaiﬁ, Tike numerals and letters are used for the various elementé‘_) in Figuré 6
as were used in Figure 1 and Figures 2 through 5, and to avoid repetition, each referenéc ﬁumber |

shown in the diagram may not necessarily be described again in detail herein. Rather, similar
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metal dielectric |layer 338 or top UV protection |ayer
306d. The inter-netal dielectric |layer may conprise a
dielectric material that is cured using a W light,
for exanple, and the at | east one UV protection |ayer
306a, 306b, 306c and/or 306d protects the NMOS

materidld A0S k64, Q06,302 A0 Prdr@abioMsS fdr HiRNAMEHAE sidwh dd@kcribed with
damage dur i ng the W light exposure. Alternatively,
& 1 I Vi aky . o
e 06 9565 T el R AELEAC 5 758 20 PRI DA P,

_Ihat is cured wusing a W light, for exanple. [0044]
andx“ékﬂ%ﬁ’t“ﬁges of preferred enbodi ments of the present
i nvention include providing a novel UV protection

10043] | 2Y &1 thdQ8abodBRak, tROGRmicatiBsor d86eh 308Q%enpri3&sondiifkentary metal

and/ or 306d for sem conductor devices. The W
. r ' [:S.: 10 : . . .
oid s EATLGEARTGS 305, By R0y 2950 n 8 590 i

_ devi ces 220 or_350 from_dama duri. light ..
352 ancga BYCRY tensisink sy A tsvae I G0 w@&s%z&%%?‘g%@s?w of the
206c, 206d, 306a, 306b, 306c, and/or 306d )
present fvoatnna gideass Pre Y ppeicaiwniercs B6d, 308 Apas.iapf 804 is Hormadover the
processing.. The UV protection |ayers 106, 206a,
CMOS 26/6d, 3500 8, in2P6m@tal 3RGatriciBE (n@Qhewn)ansy bs d&oeitkd over the pre-
protect underlying electrical devices by absorbing at

metal dibRASHk 18eP2Id br3bp UV prbfeetidMaldrBvsd duhd Herl MaalNelbidb }layer may

exposur'e. CMOS " transistors 350 and other electrica

devices. w th.Lnproved kfO oeh hahl b Lty V.
comprish § &P IS Bhe B! TN Il G bt ¥y 190 0ne TV

.the present invention. In particular, a CMOS _devic
prOtectl%l@Yfﬁé\%éO%r3ngf R 06d protesiide ﬁffﬁst%%@? %ﬁ%@@ﬁge PMOS

of gate oxide thickness at an inversion region and

transistor B54 &hol damagt duaripg. thSHiVE light ienpashree sltaranatively thgese-metal dielectric
avoi ded, and concerns about the reliability of gate

338 and @sticten indhlend yer{ $J or 333908t totepridk aglidlentieraterakthat is cured
instability (NBTI), and hot carrier are reduced or '

usmga@{;ilgihp%reegmﬁgytherm)re, no extra tools are required
- to formthe

[0044] Advaﬁtages of preferred embodiments of the presént invention include providing a

novel UV protection layer 106, 2062, 206b, 206¢, 206d, 306a, 306b, 306c, and/or 3064 for

~ semiconductor devices. The UV protection layers 106, 206a, 20613-, 206¢, 2064, 3064, 306b,7
306c, and/or 306;1_protect underlying electrical devices 220 or 350 from damage during UV light
exposure. The UV protection layers 106, 206a, 206b, 206¢, 206d, 3062, 306b, 306¢, and/or 306d

" advantageously jcoini)rise materials compétible with CMéS processing. ‘The UV protection

, layers 106, 206}1, 206b, 2060, 206d, 306a, 306b, 306¢, éﬁdfor 306d protectﬁnderlying élccuical

~ devices by absorﬁing at 'least a portion of the UV light during the UV light exposure. CMOS |

transistors 350 and other eléctrical devices with improved performance and reliability may be -
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novel UV protection |ayers 106, 206a, 206b, 206c,
206d, 306a, 306b, 306c, and/or 306d described herein.
[ 0045] Alt hough enbodi nents of the present invention,
and their advantages have been described in detail,
it should be understood that various changes,
ubstitutions and, altergtions can be pade_herein .
manyfachre( in deCErdance K P@ﬁ?@%ﬂ@ (S LR Prasedt HVspErtp in pagicular, a CMOS
_invention as defined by the appended clains. For
devicg,3athbrwng morgyabustnsriogaatice yn thederamaserd obgate lesile thickness at an
skilled in the art that many of the features,
inverfion cdgicmnmgd threshsld selkagea SHiftsdh elirbslodd delspes hedviideédiand concerns
may be varied while remaining within the scope of the

aboutRhe fefiabilityofedid Sde MOV RIOD! RB2660PRs f@‘mﬂe%tnﬁ gmﬁry (NBTD),

application 1s not interided fo be [imtedto

i- i ; f hi .
R OO TG e A TR i o e

ure,

novel JEBRAFOS R 105 2l 200 St SPhd Dy SeBr st
the di sclosure of the present invention, processes,

descrifedbdreiés, manuf acture, conpositions of matter, neans,
nmet hods, or steps, presently existing or later to be

rooss o Bty ATk REHL S BRRt Aieh ot Hod BEirSPBusses bage been
e correspondi ng enbodi nents descri bed herein may be

h
descﬂfzﬁq inidsigd, 1 shsild Prgndessteqitha wasiens chaggesh shlstitutions and alterations can
Accordi ngly, the appended clains are intended to
be madghdreid avithouhdepatthng) froms deppiri ot spipecd sixemyention uks defined by the
manuf acture, conpositions of matter, neans, nethods,

appendyd c34i@PS For SGmB\T Wil HelrMdisRinkiskstobd t tABdeN@1e8n the art that many
: fabricating a sem conductor device, the nethod

of the B2ARL &inPSons, Bfo@é’sjsgé, B9 RalRLk -BLEREE herein may be varied while ‘
remaining within the scope of the present invention. Moreover, the scope of the present |
application is not intended to be limited to the particular embodiments of the process, machine,
- manufactare, composition of matter, means, methods and steps described in fhc specification.
As one of ardinary skﬂl in' the art will readily appreciate from the disclosure of the present
| invention, processes, machines, manufacture, compositions of matter, means, methods, or steps,
presently existing or later to be dex?elopejd, that perform substantially the samg function or
. achieve substantially the same result as the corresponding embodiments described herein may be
utilized according to the present.invenﬁon. Accordingly, the appended blaims are intended to

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

_means, methods, or steps.
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formng an ultra-violet (UV) protection |ayer over the
wor kpi ece; and formng a dielectric |ayer over the W
protection |ayer. 2. The nethod according to Caim1l,
further conprising exposing the dielectric |ayer to W
light, wherein the UV protection |ayer protects the
rkpi, € nthe W light. 3. The nmethod according
w%mwﬁ%]rt her conprising form ng an el ectri cal
device within or over the workpiece, wherein formng

1. Ath&h&NoPfapli@Eihk @ RemRBRincER MRS §fe éﬂgﬁigg&?ﬁgﬁs?%’y t her

protection |layer over the electric
c ¥ 'r]ﬁ i.ng the dielectric layer to UV light,
mﬁ%?gwﬁtt eaﬁﬁﬁ%%otection | ayer protects the
el ectyical device fromthe UV |light by absorbing at
| J2gping aﬁ&#ﬁ'&lﬁfe& (UY hroiggtien Isper ovgr thepgorkpieps; gnd
according to Claim1, wherein formng the dielectric
| dpsning gdipi¢otrs laytrarver tie UV pratectide peyei.t i on (CVD) of
the dielectric layer or spinning on the dielectric
| ayer; and wherein formng the UV protection |ayer

2. Theangthedsasondiigg (lhias duehbraoepdsi6y/Bx fdSkgVR) dieltc@i? layer to UV
density plasma CVvD (HDPCVD), atom c |ayer deposition

Tight, Whbkidin the QY BoRstsiBh f‘aﬁ@/ﬁo&ﬁ@@}%ork?fecc LRV A8

thereof. 5.  The net according to.laim1, fufther
conprising formng a transistor within and over the

' B0 f ] . rotect i L. ayer_. -
3, ToEckRlAGE CorgtB o S R ARIBC B AR GE G0 i fvice widhi o
ransi stor., -17 6. .Th hod according to Claim1l, -
over the, PpRkRICE IS Eofiping @Fmgr%@% EEIPPRRes FRrping e UV
over the. workpiece, the transistor conprising a gate;
protectipg laypopver thy edectinal devicee furthes caompprisiyeexroviag thehdielgeitie ayer to UV
| wherein formng the UV protection |ayer
light, wherein the UV protection layer protects the electrical device from the UV light by

- absorbing at least a portion of the UV light.

4, The method according to Claim 1, .whcrcin forming the dielectric layer comprises chemical
vapor deposition (CVD) of the dielectric Iajer or spinning on the dielectric layer; and wherein
forming the UV protection layer comprises using plasma enhanced CVD (PECVD), high density
A_ plasma CVD (HDPCVD), atomic layer deposition (ALD), low pressure CVD (LPCVD), or

‘combinations thereof.

5. The method according to Claim 1, further comprising forming a transistof within and over the
workpiece, wherein fomﬁng‘ thi_a uv protectioﬁ layer comprises fbrmigg the Uv protection layer

_over the transistor.
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conprises formng the UV protection |ayer over the

contact etch stop layer. 7. The nethod according to

Caim1, further conprising: formng a transistor

wi thin and over the workpiece, the transistor

conprising a gate;, formng a contact etch stop | ayer
6. TheBrthod @cepadiag tahluim dr Frihgr SOPPRESREt al di el ectri ¢

(PMD) over the contact etch stop |ayer; wherein

f ofoing a transistoy withist anch dvienthe axaskpiceny e teansistop compgsinge gate; and

UV protection layer within the pre-netal dielectric.

8. fofthimgniohtd: ecicaosllaygr dwar Gleadamm, Whefein fdiming the UV protection layer
_ conprising: formng a transistor within and over the

) I averd O M Nng

o D e e B e i g

pre-netal dielectric (PMD) over the contact etch stop

i f ' e tection |ayer
7. T]%:egﬁn%? ?%&&%F%#%%%ngwﬁ%r%%ﬁ i|’Hgn | ayer ov)ér t he
pre-netal di.electric. 9. The nethod according to Claim
D SR R PBSHER P 30 OV HGTSHEE e FAHH G comprising & Bat:

dielectric (IMD) over the workpiece, wherein formng
t Herming p contas eicbistdpdgear oventpe gatesatdor mi ng the WV
protection layer within the inter-netal dielectric.
1@ormiheea pretinetd] diclectrid i(P) @vEl the codtactfetoht ey layer, wherein forming
conprising formng an etch stop | ayer over the
the U%E&%tﬁﬁ%ye‘f"@&hﬁﬁ&s FHTh O the tU plifedtionliSye i Y fe-metal
conprises Tormng the U\/°protegt|on | ayer over the
d‘iclec%%cCh stop layer. -18 11. The nethod according to Caim
, further conprising formng an inter-netal
dielectric (IL D) over the UV protection |ayer.

8. The method according to Claim 1, further comprising:
forming a transistor within and over the Wt;rkpiece, the transistor comprising a gate;
forming a contact etch stop layer over the gate; and
forming a pre-metal dielectric (PMD) over the contact etch stop layer, wherein forming

“the UV protection layer comprises forming the UV protection layer over the pre-metal dielectric.

9. The method according to Claim 1, further comprising: forming an inter-metal dielectric
(IMD) over the workpiece, wherein forming the UV protection layer comprises forming the UV

protection layer within the inter-metal dielectric.

10. The method according to Claim 1, further comprising forming an etch stop layer over the.
\ﬁOrkpicce, wherein forming the UV protéction layer comprises forming the UV protection layer

‘over the etch stop layer.

-18-




12. The nmethod according to Cdaim1, wherein formng
the UV protection |ayer conprises formng a |ayer
conprising a thickness of about 50 to 500 A. 13. The
met hod according to Claim1, wherein formng the W
protection | ayer conprises formng a | ayer conpri si ng

?rﬁlyg agéclc::cv dd‘h%%eqﬁaﬁ%? %bi%ﬁ{)g}'%l?;’nfg l RS té‘hmy%?dlelecmc '
r°vtg§§]sﬁ§\? PSBRIBFE] cnt (k) of about e compr i

The nmet hod according to Caim1, wherein formng the

UV protection |ayer conprises formng a |ayer :
12. Tasmethed angording orClagt b Whﬁf@tﬁiﬂ@ﬂnﬂrﬂwﬁv aqfoteq_@n lgyeg comprises
. method according to Claim1, wherein formng the W
formjiigot legdricomptisiyg s tackmpss csf@outfiﬂthﬁ@}a UV protection
| ayer conmprising SiIOCC.H SiON, SiN SiCOH,
conbi nations thereof, or nultiple |ayers thereof. 17.
13. iﬁ%&ﬁém&@om@ﬂm 1, avidréih foriningibe reV prdtestivh iayer bemprises
WV protectiaon layer conpri ses formng, at |east one
o W ist 8.. The
e S R U e
conprises 0, C, - H N, or conbinations thereof. 19. A

1 C [ : - Di: - .
14. 'ﬂ} %tﬂ_ln@%?/}ﬂ%}iﬂo]t, évg}réfe%?qr%thgw Eﬁt&hgﬁ Fayeflomprises
wor k- plece and adlelectrlcla er er th
formipe @daset PRRPTisREA ADerPLion ocfE shopt f fe
.according to Caim19, V\herel n the WV protection |ayer
is adapted to prevent UV |ight havi %a wavel engt h of
- 15, TisemethciGitcondingdo Eledmt 1, xdoras cfrmmglthe protection layer comprises

forming a layer comprising two or more layers of material.

16. The method according to Claim 1, wherein forming the UV protection layer comprises

forming a UV protection layer comprising SiOC:H, SiON, SiN, SiCO:H, combinations thereof,

- or multiple layers thereof.

17. The method according to Claim 1, wherein forming the UV protg:ction layer comprises

forming at least one layer of silicon doped with an impurity.

'18. The method according to Claim 17, wherein the impurity comprises O, C, H, N, or

" combinations thereof.

-19-



reachi ng the workpi ece. 21. The sem conductor device
according to Claim 19, wherein the sem conductor
device includes an electrical device formed within or
over the workpiece, wherein the UV protection |ayer
is adapted to protect the electrical device from U

[ . ' .l.east a portion of the W

19. IlblL éﬁ%cg@%ﬁ%‘qé@é%@gﬁ%ﬁﬁtor devi ce according to Claim
21, wherein the electrical device conprises a
t r &EIERBYS 23, The seni conductor device according to
Caim 21, wherein the electrical device conprises a
capadltracviolep AT Vypiotesion tlagercret te wrakpieee: a8¢or di ng to
Caim19, wherein the sem conductor device includes a
Souldiedeotriic thiyen oventhedJY pansition dayef.or med in t he
wor kpi ece, wherein the Wprotection |ayer is disposed
over and abuts the source or drain of the transistor:

20. %He sebiBendweidr GoVIEs Sdcordinteni SN s, erhdicig tHeOF CippbtBetikd, layer is
wherei n the sem conductor device includes a gate of a

| : : : ’ .
sl U BB Sl AR TRl 40 o

of the transistor. -20 26. The sem conduct or device
reaclgeféﬁ}c

NHEPPEF- A ai m 19, wherein the dielectric |ayer
conprises a low dielectric constant material. 27. The

sem conduct or _devi ce according to Claim 26, wherein )
21. Thessemisgndnelpedaviceacedde in 1o 18y WaereHsdie somicepdiaion device
constant of about 3.0 or less. 28. The sem conductor .
includesvancatectricab deicgformedOwithim ar @venthe wetlipitdee whitnelnetbe 1\ protection
' | ayer conprises
layer is adapted to protect the electrical device from UV light by absorbing at least a portion of

the UV Iight.

22. The semiconductor device according to Claim 21, wherein the electrical device comprises a

transistor.

23. The semiconductor device according to Claim 21, wherein the electrical device comprises a

capacitor. .

24. The semiconductor device according to Claim 19, wherein the semiconductor device
includes a source or drain of a transistor formed in the workpiece, wherein the UV protection

layer is disposed over and abuts the source or drain of the transistor.

25. The semiconductor device.according to Claim '1'9,- wherein the sem_iconductor device.
- includes a gate of a transistor disposed over the workpiece, wherein the UV protection layer is .
‘disposed over and abuts the gate of the transistor.
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undoped silicate glass (USG. 29. The sem conduct or
devi ce according to Caim 19, wherein the

sem conduct or device includes a transistor forned
wi thin and over the workpiece, the transistor
conprising a gate, wherein the sem conductor device

26. "Iﬁﬁl L&ﬂfcﬁ?sﬂlcfd? AEREL 2 &bfding Eooglajﬁéf ;wl‘rf]gr ﬁ%ﬁﬁd‘%@: éée{é? gomprises a

ga e transi stor,
g osed ,over the contact etch stop | ayer.
t or device according to Claim 19,
V\herel n the dielectric layer conprises a pre-netal
electric di sposed over the WV protection
27. éffmm@PUCfPﬁ gD ‘é“érﬁce%%twctpdi laige2f, ovhexeie Gredplielecty gonptant
19 wherein the senmi conductor device. conprises a
' mat@ﬂehm@ﬂﬂémeb@nﬁaﬂt@fé(m Odirgspsed over 't he
wor k- pi ece, and. wherein the U/ protection |ayer is
di sposed within the pre-netal dielectric. 32. The
28. Thenentiewhdattor detivgiaceordingas dldig 10pwEkaidmhi Yiclddwid A9Er comprises
conprising a pre met al dielectric (PLAID) disposed

undoP¥@SilitAe gMB (IBIGY and wherein the UV protection
ayer is dlsposed over the pre-netal dielectric. 33.

The semi.conductor device according to Caim 35
2. W*%@fmﬁ%ﬁ-‘%%%eﬁ%ﬁ SRl EChIR o, b RERERAUE R dovice

evi ce acc to Claire |9; wherein the
md“g ? f’@g'x‘zt d Qi the Seukpipee, fhedrangistos pomprising a gate,
di eI ect r| c (1& D) disposed over the workpiece, and
whergip iegieiqonduatsy depice wgmde@ @ chaipesretdhsstop lapaschsgosvd o¥erhe gate of the
the inter-netal dielectric. 35. The seni conduct or

transiciey, iané wheehr e DY proteClian taydSis dispbiddaivee SBRbMGE cBSop layer.
etch stop layer . disposed over the workpiece,

, Wwherein the W protection |ayer is disposed over the
30. T8k Sinisbiictor device according to Claim 19, wherein the dielectric layer comprises a

Iow

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

31. The semiconductor device according to Claim 19, 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—meta‘l dielectric.

32 The semlconductor device according to Claim 19, further compnsmg a pre~metal dielectric

(PMD) disposed over the workpiece, and wherein the UV protection layer is dxsposcd over, the

pre-metal dielectric.

33 The semiconductor dev1ce accordmg to Claim 32, furl:her compnsmg an etch stop layer

dlsposed over the UV protccnon layer
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| ayer. -36. The -sem conduct or. devi ce according to Caim
35,, further conprising an inter-netal dielectric

(11 Vi D) di sposed over ‘the UV protection |ayer.. 37. The .
sem conductor device according to Caim36, wherein

the WV protection |ayer conprises -at |east.one |ayer

34. &ﬂleseﬂrﬁoonducdmﬁeﬁcwmhrdmgﬁorﬁﬂam 19.: wiggein Hiesemiconductor device
. sem-conductor device according to Caim 37, wherein

(l:om Heesl diptel-fttat @igRRbiis¢BVD) diSpotdd dver the workplcaamidovierein the UV
hereof. 39. The sem conductor device according to _

AQREE Prclift Lﬁ{tePJix?étﬁQﬁél%é ayer conprises a
|ckrPJeslsS 0 E%ﬁ 50 to 500 A 40. The seni conduct or

devi ce according to Caim19, wherein the W

. By e PS50 14 S5 oty rvosbop yc
disp e gllstg% w'é ;pégggayr?pﬁr?lg theg ?ﬁr{)]@%:lgq%t lzLiJ{\r/q{)ri)sr @%p%%%ﬁ{‘erhﬁ%’%l&h stop

1.2. 42. The sem conductor device according to Caim
layer19, wherein the W protection layer conprises a |ayer

corfprisi ng two or nore |ayers of material. -22 43. The

sem conduct or device according to C aim 19, wherein

36. Tireseblicqurindierdeviva abayding te Clgimi BefirBexongrising anihier-metal
sem conduct or devi ce according to O ai'm 43, wherein

dielobt3e (HDPEBSAREL bR AT VTprofeSWBl s a ref | ect i ve i ndex
. (n) of ggig%t 1.8 to fand an absorptlon coeffici ent

( k) of about O to 1 at about 248 nm
* 37. The semiconductor device according to Claim 36, wherein the UV protection layer comprises

" at least one layer of silicon doped with an impurity.
38. The semiconductor device according to Claim 37, wherein the impurity comprises O, C, H,
N, or combinations thereof.

39. The semiconductor device according to Claim 19, wherein the UV protection layer

comprises a thickness of about 50 to 500 A.

40. The semiconductor device according to Claim 19, wherein the UV protection layer

comprises a reflective index (n) of about 1.5 to 2.4.

41, The semicon&uctor device according to Claim 19; wherein the UV protection layer

comprises an absorption coefficient (k) of about 0 to 1.2

42, The semijconductor device according to Claim 19, wherein the UV protection layer
comprises a layer comprising two or more layers of material.
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45. The 'sem conduct or device according to O ai m 43,
wherein the WV protection |ayer conprises a

reflective index (n) of about 1.6 to 2.0 and an
absorption coefficient (k) of about 0 to 1 at about
193 nm 46. The sem conductor device according to
' Claim 19, wherein the WV protection |ayer conprises

43. Shesemitdndutive deeind aonufing orCldinv 1 2,evinteiatisi UY protetlici laver
46, wherein the UV protection |ayer conprises a

compifds S¢OC¥E i ndex (n) of about 1.8 to 2.3 and an
absorption coefficient (k) of about O to 1 at about
248 nm 48. The sem conductor device according to

44, %@ééﬁu@&du%ﬁﬂ&h& atcgf?rdﬂ\é C94iGCA4 %cl‘egﬁf g'[e U?%?&éét%%slaﬁ'er

refl ective index (n) out 16t

con BRI R U P Bnb b 5200 Sy P ot v

Iat% 19, wherein the UV protecti on | ayer conprises

The sem conduct or device according to Claim
49, V\herel n. the W protection |ayer conprises a
reflective index (n) of about 2.2 to 2.4 and an
45. Hssemirondirtersienice erending k Clim 48owherdindhe UAbprotecfidBlayer
nm 51. The sem conductor device according to Caim

"compfi8es avefeative itdex (WMofabohtelcé tono kay ek abéb@;bmﬁl' c%@ﬁioi’ent (k) of about O to
reflective index (n) of about 2.3 to 2:4 and

1 at 2BOEAOPLION coefficient (k) of about O to 1 at about
: 193 nm 52. The sem conductor device according to

G aim19, wherein the U protection |ayer conprises
46. TB Shidonductor device according to Claim 19, wherein the UV protection layer

comprises SiON.

47. The semiconductor device according to Claim 46, wherein the UV protection layer
compljisés a reflective index (n) of about 1.8 to 2.3 and an absorption coefficient (k) of about 0 o

1 at about 248 nm.

48. The semiconductor device according to Claim 46, wherein the UV protection layer
comprises a reflective index (n) of about 1.6 to 2.0 and an absorption coefficient (k) of about 0 to

" 1 at about 193 A

- 49. The semiconductor device according to Claim i9, wherein the UV protection layer

‘comprises SiN.
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53. "The sem conductor. device according to C:ai m 52,
wherein the UV protection |ayer conprises 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 nut' 54. The sem conductor device according
to Gaim19, wherein the UV protection |aye
© 50. Bmmnnmuqommwm@ngﬁ@ &laimA9, aﬁ:em@te{i" Bratestion fayer
and an absorption coefficient (k) of about 0 to 1.2
" comtisegdiflect @3nden (nd 6f abbne2 a0 slomd untabsorpiée ceefficient (k) of about 0 at
according to Caim19, wherein the WV protection |ayer '
aboutUhses SIOC.H SiON, SiN, SiCOH conbinations
thereof, or multiple | ayers thereof. 56. The
sem conduct or device according to Claim 19, wherein

51. 'fdf%%ehi?éo@gg& opegﬂ &%&fnﬁ t§%ﬁ%%d BYV Brfectiay Bfyer

| comﬂ%ﬁg qc o utfx%eg}ﬁ%e%i\é ?ﬁaé)gﬁbf 5 %a E% angﬁn a #onr}atg%oco\éﬁfm%rt] ?c) of about 0 to
lat a%:)glf_trlggfmn. e

52. The semiconductor device according to Claim 19, wherein the UV protection layer
comprises SiCO:H.

53. The semticonductor device according to Claim 52, wherein the UV protection layer

- comprises a reflective index () of about 2.2 to 2.4 and an absorption coefficient (k) of about 0.2 -

to 0.4 at shout 248 nm.

54. The semiconductor device according to Claim 19, 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 '

i2at abbut 193 nm.

55. The semiconductor device according to Claim 19, wherein the UV protection layer

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

'56. The semiconductor device according to Claim 19, wherein the UV protection layer

comprises at least one layer of silicon doped with an impurity.

57. The semiconductor device according to Claim 56, wherein the impurity comprises O, C, H,

N, or combinations thereof.

24~




