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| NVENTI ON DI ELECTRI C BARRI ER LAYER FI LMS RELATED
WERWBULINCATYI ONS [ 001] The present application clBCTVES2004/005531

priority to U S. Provisional Application 60/451, 178,

"Dielectric Barrier Film" filed on February 27, 2003,

by Richard E. Demaray, Mikundan Narasi mhan, and

Hongnei Zhang, herein incorporated by reference in

its entirety, and to ¥y\§E pmm@}EN\? \cation
60/ 506, 128, "I ndi um I\Ejgﬁéa?l on Layer, ﬂ)@g on

Septenber 25, 2003, b dan___Nar asi mhan_and Pet er
Br ooks, herein W@grlﬁéﬂ:"\ﬁﬁg% fidk LAXER FILMS
entirety. BACKGROUND 1. Field of the Invention [002]
The present invention is related to dielectric barrier
films and, in parti cuRELATEDRARPLICATHANS| er fil ns
formed fr 55 ?i gh-density optical materjal |ayers for
utilizati i L~ dpt present anpfieatiop clREms priorithiel b i Reayisiontld
bi o-i npl ant abl e devi ces. 2. Discussion of Related Art

[ 003]AHBIEH IR 6043 1) 4%, Déglectripy BpiepFigmp dideshamiggbruary 27, 2003, by
increasingly inportant as protective |ayers for

org arﬁléhaifg Eherasrpy, (MgndandipeasinplemEnyl) HengtheoZheag, herein
optical or opto- electronic devices. Typically,

di el éeeorpasatphby fedarerica jreitsentirety, dadiodi Selrovisional fAiphisation
with the appropriate electrical, physical, and

opt i AI50ps18pehidivs Nudeprontlayér, diled enBeptaebet RS 2003, by Mukundan |
operation of other devices. Dielectric barrier |ayers
can Déarasimhbanzad Peter Bploks abrein indogirateBY refedénce in its entirety.
tribol ogi cal devices. For exanple, touch screen

di spl ays require WO 2004/ 077519 PCT/ US2004/ 005531
optically transparent prot BAGKGROIND S to protect
agai nst transm ssion of atnospheric contam nants as
wel | laKietdpofiholnsentiongai nst physi cal wear. [004] Many
thin filmdeposition technol ogies that nay be utilized

to form ?(IHFZ dipgl &@gehf. %Vétn‘;ﬁélt? gsstglllat%& k88l S A8 BarkiQr ﬁﬂngfand, in

i on densi cation or subs I as

particular, dielectric barrier films formed from high-density optical material layers for

utilization in optical, electrical, tribological, and bio-implantable devices.

2. Discussion of Related Art

[003]  Dielectric barrier layers are becoming increasingly important as
protective layers for organic light emitting diodes (OLEDs) and other optical or opto-
electronic devices. Typically, dielectric barrier layers are deposited thin films with
the appropriate electrical, physical, and optical properties to protect and enhance the
operétion of other devices. Dielectric barrier layers can be utilized in optical,

electrical, or tribological devices. For example, touch screen displays require



densification. The densification process elimnates
the columar thin filmstructure that is typical of
wo aodomsaeposi t ed chem cal vapor (CVD) or physPCHEIUS2004/005531
vapor deposition (PVD) thin films. It is well known
that such densification can be achieved by a
secondary ion source arranged to "bonbard" the film

during deposition. See, e.g., W Essinger "lon
sour epsicllyrahsgardntpamteatw Iageacto tphitert hgdint BaRA%IsIon afmospheric
Rev. Sci. Instrunments (63) 11-5217 (1992). See, al so,

Hr v oj centémiiitints @k wall as forp6e@ dhaiass pRfsicalwearSoci ety of
Vacuum Coaters, 41St Annual Tecﬁnl cal Conference

Pr oceedi ng@od,] 248fany thin filkD&@Posivb ©bhdiosiey ﬂﬁ@ﬁm? B@ utlhzed to form
effects of noisture exposure on wavel ength shift fo

el ectyu@NdibeAM BYyaB MRl Aot FB of fmRRANBdatioh Br substrate bias
particular, ZorC et al. denonstrated a factor of 15

Or S QiehdIRERYE MR deﬁlﬂﬁ%’%ﬁ ngﬂgsts Ry iHalek teQol rﬁi: P Rim structure

beam evaporated fil as conpared to e-bea

ex Lglﬁﬁagg 50y #“maﬁ?‘%l‘%‘f 91{2@3%%5 ?%85@‘?@ S %t 4
gf)n'grdeg%(% 1R§{IP?E1?%2 dg; 1Pa g}%évg Ct [l %ég g%s?at&? can I’be achieved
proadka R et Fofifl Qﬂ’PB%%@” 8?‘*@?10@@?18% pstion 5o,

e. stabl e stac dense films 0

sili gﬁéﬁﬁ}l’é% g@%’&”ﬁéﬂ "*Plﬂéégkg ’é‘ Qldea‘?%‘“’é‘r t]#‘é’r Soi.
titani um di t ant al um pent oxi de or ni qQbi u

pent &&%ﬁa@em ﬁﬁ?ﬂél SRbf H18H2)- See gfso, Bvgiecons, fal Prefeefiwgs ofthe .
Soci ety of Vacuum Coatersg, 41s' annual Techni cal

Conf eXeife! VAgH: Cw@rzgﬂ ‘Apgyord Teqipical Gaufpiencedieceerinay 243-
by Morton, et al., indicated that roomtenperature 2

VO 2667/ 1§3%5tigctptiuesss do4ffogssimoisteskpesirice vayelength shift for
hum dity up to 100% hum dity was attai ned, as measured

by t etecmpn beal evapmtﬁ@ﬁhm{@éve@m)sIm@r@uéhrem@@tral demonstrated a
| ayers deposited on substrates nounted on a rotating

pl at dactor@ftl b enso impravamenion wevadrigitcibihfos efeciront teemsivaporated
sanples tested in Morton, et al., wvaried fromO0.1 to

1.6 s (a-bedding as ¢ommpatddao pibesme fitnes dxposied mithiackmtted ion beam
concentrations of defects or absorption centers in

t he dbweteiter expdsaryges 30% Addidityatzd ICy, no fil mthi ckness

or filmthickness uniformty data was reported by

Morton, efoedl ., Df BrMosh, BiedMemonstrated wide-band dielectric pass filters

comprised of alternating layers of SiO; and TiO, deposited using a “cold cathode ion
source” to produce oxygen ions for the purpose of providing “moisture stable stacks
of dense optical films of silicon dioxide as the low index material and either titanium
dioxide, tantalum penfcoxide or niobium pentoxide.” D. E. Morton, et al. Proceedings
of the Society of Vacuum Coaters, 41% annual Technical Conference, April 18-23,

1998. The results described by Morton, et al., indicated that room temperature



energi es between 134 and 632 Volts and i on beam
current up to 5 anps. Morton, et al., therefore fai

wo eoodessie be a filmthat woul d operate as a gopdI/US2004/005531
barrier layer for optical devices. [006] Self biased
physi cal vapor deposition, such as ion coating or
activated reactive deposition, are well-known neans
of providing hard wear resistant coatings. However,
t hes eedgatce ngjsunaidity & toHO0Yedhepoditstvedt atthinsd we mahsubudngtedoptical
Volts of bias voltage and form penetrating surface
t r eatpeEfbinsansé diwirghedieledirié laers Beveiiddain s0Bstakt nfuhfed6f a rotating
to react with the substrate material, or they are ion

assi gilaeh. fOptichhetifdiion @6&ficibntel &% Hieasi fehpldsMit<dah WHIRE, et al.,
structure of the film A "filtered cathodic vacuum

arc" +afitd/fom rO.elft@_rl.fUﬁ)@, indicating the presence of significant concentrations of
http://ww. nanofil msystens. com

I engl/defoéd ot BEBRHLA Bhtdds M thd@SIeBEE MhyeldS %‘adlttignilﬁ/f 13 A1m thickness
dense filmfroman ion flux. In thi's case, 1ons are

cr eate e ARdckns SRAIBLEE, cfa{a%sltrf}%gﬂsgg% BRroK ARAL, b4 105 bE¥n

a magnetic vector so that on aving a

poSi tehcyr‘éieg Bahe6: 13ARLE ¢ {/Q S ‘cﬁ‘lldqgﬁ ﬂe%&em%rlﬂ%gﬁé fé{)nﬁgl Morton, et

vol tage~can be preset so that average tran

ener f.rom about ~..50.t.0 several hundr Volts
are g%\/%lg]{gg)gisfea.ﬂ t(f_gé\/%cer?)e’l ao%“e%%r%%@é% Pt 80P g g?ﬁ”?’é%yef for

due to.th robl em of extracting and directing a
il

| over® “Fon flux with a useful space charge

density. t hou uite rough due to re-sputtering at . N
t he hi gh ﬁi?rqﬁlen%i%]?q%? pMF"G{J Bt ‘ge@?ff“i%l’ PUppEs doncoating or activated
al um na,. $ WD .2004/ 077519 PCT/ US2004/ 005531 and ,

ot heFaFHYeFaPATEons giervelidnowp mertiiaroedipe Bad weatvesjgant coatings.
deposited wth this process on, cutting tools and

twi stHagrer ey Gess qoptings Areesithsrdepqsiigdatsevsral pndrpd Yoltopfdiasyoltage
the limtation of the coating species to the ion

f | ux 2n¢ aminseetifnesrieetreagpentsiiih fheden Byx neaetrdiog the surface to
carbon filns are often deposited with the |owest rate

of dégsebivith tha sulbstrgte materl, nuoyretedpmsaspisted fog dlraomvapase of decreasing
substrates up to 12" in dianeter. [007] Transm ssion

of a tRrOlniapstiepesefithellilpy 4£CHMered cag@diavmcuwa el (G A-

is increased from about 50% at roomtenperature to

abov eefBEd6cf -olitisi My e@andfilinpy stbiys.cong feagivagtetitmelogy.htm) has been
tenperature of deposition to above 230 C, with the

best used to form a dense film from an ion flux. In this case, ions are created and
separated from the neutral vapor flux by a magnetic vector so that only species having
a positive charge impinge the substrate. The bias voltage can be preset so that
average translational energyv ranges from about 50 to several hundred Volts are
available. Lower ion energies are not reported due to the problem of exiracting and
directing a lower energy ion flux with a useful space charge density. Although quite

rough due to re-sputtering at the high ion energies, hard protective layers of alumina,



transm ssion at 600 nm of about 90% at a deposition

tenperature of 430 C and a substrate bias vol tage not
w@e@anersie han about 50 Volts. This high tenpere€T/U82004/005531

processing indicates the use of a thermal annea

process for repair of ion-induced damage to the

films. For FCVA deposition with a 200 Volt bias the

transmission is nuch reduced. FCVA filns deposited in

t hi s ahdsthepmalefise sihanteghipdral tabhe caP®d Jpbiiet alithitlhi® process on

The defect structures exhibited in the FCVA | ayer are

t 00 lcattgg tddd andft@istadiiisonittodonehdratibwds GREiLSAIDIRAS fhe @initation of
| ayers. Additionally, ion sputtering of crystalline

fi | Mind GoallRPERcieio RYioh REx, CoMsileahte®krb SR 2t kst dr BAALAYarbion
to hi gher surface roughness. fect structures forned

i N a MOLRGHN BelodY &l wiliftle RRQEANE of H@pogiﬂbﬁ,f%f ’ Q.%B#x@érs per

of the |ayer andJaIso provi de paths for di sion o

at MSphigh G GRRLeLBlRoRSaikiLaUgh the | ayer

conprom sing the protective properties of the |ayer.

[ 008] 1on;hi-ase i [ if'ﬁ@ﬂ; ragress
toward t hé&jgial ?%1 M“%E%@‘?%%??@@%%@ gclz)b' ory Abgtr6r%|8élrrn

for protection of electroni nd _optical filnms., such .
. NSHEEIARatE B5h AN S0 R eifirbls oo for e

el ectrol um nescent filns. Particul.ar]y. organic ligh

o ¢ C1S PR RESE P SHeTHT PHAEPERl (9 A0 BIDHrifbfly best

reactive net al WO 2004/ 077519 PCT/ US2004/ 005531

doped? aa?l’éléil?lb%fégo FRPT 8P %ﬁ%ﬁ gRposifipR tegPeraBisg o4 478 °C and a

materials, can be protected b such filns. However,

the e iba@éfaltiﬁeaebggatfrdh@s%esﬂ YOn¥elts; [Thishigh temparganec

Vacuum Arc Coating Technol ogy or FCVAC process, is .

r epoPERSEssing ipdigriesche wselofs thejma] apneapproeqsg fos repaiof fop-induced

greater than about 1 defect per square centinmeter. It

may idemegeip thefdmshFeiFG\es derasiéion ftthrazd08 Valt bigsdhefragsmission is

vol tages used in this process cause surface

r oug meyeh mefluc@e riCA An Fiyms dehesitod xtbisdeshish havepbgen isiedven to be

represents a defect through which diffusion of water

vapompolycrysiritigenThadelgpt gosaaes cAhiboed inlee FOVI4hnyesse ¢fo large for

the surface formed by the FCVAC process inpacts the

st r esemarion nfxtfehidteagyica bekriat wgers. hadditisraiigpen sputtyrie e

the uniformty of the index of refraction. The

r esputyisetlgd fflink Hdepandedtloakte diystiotibiratphplesdite ©haghesurface

shields or be drawn to the filmsurface by the |arge
roughness. Defect structures formed in a protective layer can degrade the optical

quality of the layer and also provide paths for diffusion of atmospheric
contaminations through the layer, compromising the protective properties of the layer.
[008]  Ion biased films have shown significant progress toward the goal of
providing a satisfactory barrier for protection of electronic and optical films, such as,
for example, photovoltaic, semiconducting and electroluminescent films. Particularly

organic light emitting diodes, which utilize calcium or other very reactive metal



el ectrostatic field present in an ion beam process. In

any case, the particle defect density for particles
w@e@angrsie han the fil mthickness al so det er m nBGT/PB2004/005531

hol e density or other defects caused by discontinuous

depositiion of the filmbecause line of sight filns

can not coat over a particle that is larger than the

thi ckness of the film let alone a particle nany

t i meslopededectiodésrand jother hzescotieot hiativmemsriols, dah®e bidtatted by

[009] In the case of ion-bias or self-bias energies

ex c esuénigmsellewenler, dhemost biasedymbddess totdhie, the fiftskAThBOEL Vacuum

energy of the ion participating in the bias process

can eéwc€edtingt Trehwiiexyi ¢ ECVRChptooeys, énepayedad pidaged fithidwith a

The inpacting ion, then, can either forward scatter

at ompanicletdessigxdraiter ligmfabbun] alefebByek s@iatt deffimatb:0 MnAfbe that the
the existing film Likew se, the participating ion

can héhatsatidas rhltaptht ARhGbRMeNGsel id MisGhrodels GaLk AHEQ
scatter or absorb fromthe filmsurface. Sputtering

of t heugB¥ifg iCRetainly, MePRAere 8F 4 F4rAE rdpkQBALE %]Qefe&)ﬂ%r&%;ﬂghich

filmare both favored at i ncom ng angl es of abou

: ' : . .
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5 V\Df(%'QQM)Q TSy gé:ﬂolcté% glqlgécl%Q&ES?h]ess ailﬁrl{lﬁﬁoé%eagg .alﬁo the

coat ed. However, as noted, I on energ ing

L SHRACRl Sy A ALY, o B84 m me

b ' f he, | i f
e SRRt Forh BRHdOCLILL AR o s oPBe EREH Y o e SGRE o7 e targe

resul in.surface roughness, increased optical .

absor ltﬁ?tlmos ﬂaﬁ% g’ﬁgirpé%ste et grf }ogij,edné RH’C%SF-eEH T ﬁ“ﬂé’f‘%‘&’leél.efed

[ 010], | he case of, the r.gcess, roughpess is an .

| nor SstsTin [P RATERF gitereh P g Hin MHr Rl CE TR B gk Agnsiy o
from botfg.z nonet ers roughness for a 50 ) )
nanoﬂ@f’re‘#Je 9913 SPe8 Py Sen oS dopRsttionof flisfiln beeryse line of sight
nanoEE;ler Cu filmindicati ng_ substanti al rougheni ng

of t HEMGPPETSPet er f Ratiel i3kis laesrithamehethickpess of the film, let alone
differential sputtering by the self biased incom ng
copp@Pafigls snang tiags gropter it sige than dheghickpess pighe film.

particularly at the interface betwen two | ayers of

di f f er ent [Opéf r de thecasq ofdenxbiasty sel&bias endsgies ¢xspeding several electron

dielectric properties of FCVA produced filns have not
beenv§lisuthg franslational energy of the ion participating in the bias process can exceed

the chemical binding energy of the film. The impacting ion, then, can either forward
scatter atoms of the exisﬁng film or back sputter atoms of the existing film. Likewise,
the participating ion can be adsorbed into the growing film or it can also scatter or
absorb from the film surface. Sputtering of the existing film and scattering from the
existing film are both favored at incoming angles of about 45° from the horizontal. In

most ion coating processes, the ion beam is directed at a normal incidence to the



[011] Charging of the deposited filmis also a
particular problemw th ion beam deposited

wale@smctsne cs. To date, no | ow tenperature di el PCT/UBH04/005531
and also no ion beamdielectric is known that has
ever been shown to provide the electrical quality
required for a transistor gate |ayer, for exanple. The
i on beans enbed charged ions in the film leading to
| ar gesurfegad be eoatdda tdwanel, aalotaig@soradi@drdidsal ke ding alic dhdfical
not be passivated at tenperatures bel ow about 450 C

The shieflais aadpdrgealaly d bRrgeedxRedding0 Ve ek sd, @amhdeSo i film or
sl ow accumul ati on of capacitance, preventing the sharp

ons etth@fubste@biiihOforh Ahefoh ERAS) 18 bRdes@Pthd GRIEANbinding energy is
Consequently, no as-deposited I'ow tenperature

di el egdnificant, Rldastks A subfb R88HhessASrRRE BpRlPRRSHHA OF
| ow tenperature transistor applications or is known

at t RingralibiBics, ind Qe HrAdadd PCT/ US2004/ 005531
[012] Therefore, there is a need for high quality,

ldens € d! el[@l‘@)ﬁ r i th@é/e]% 3f tth FCYl }%rbcze :rcg.%hﬁe% R%Elrl .d:%asing function
_ayers_ln oplca_, e_ectrlcal, ri 60IC&, an
\?v: ?E%? H%% m tﬁ‘i e'séf %{c're%%]llﬁg rf{?l%{%&%Z 1La91%1:1)’1 tg%sgplg% glgslrs gc?rnac

I
present 1'nven one of nore

depodreatf By haFus il B g b B opdgfoaing

vapor pasi tion .progess are presented. dj el ectric,
bar r s apiehBE PR g DT RLES FRbB iRt bt
be forned ftogzﬂ geast one highly densified netal .
oxi dEPYUE R b BieariE papsdcingpHrRg eqpRerdenso Pk fiing wilheatter light,
present i nvention can be highl densi fied, highly
uni f GrFHculary ptdhsiniape %%%?Eﬁ%wa )s(aypwé Auffeygnt refigetiviedndegy Lo date,
concentratigns of defects, providing for superior
per f GPHigheetiglectily properties f FCHAeproducsd dilmshavg pyihesn found.
wear and at nobspheric contam nation of underlying o
struct ur eB1a§ weharging sf o denogitaddfiletis alee ypatculdrarotieny with ion
be deposited to forman electrical, optical, or
medi datm defwyitesledicl@arigsi dio datgyry lowderoparalivegli¢lesttidand also no ion
present invention can also be self-protecting optica
| ay erbsam diekctriciigklownahahes ever baenishotogipeatidd thy elegritdh goality
can be utilized actively in

required for a transistor gate layer, for example. The ion beams embed charged ions

in the film, leading to large negative flat band voltages and fields that can not be
passivated at temperatures below about 450 °C. The surface charge of the dielectric
layer results in slow accumulation of capacitance, preventing the sharp onset of
conduction in a transistor application. Consequently, no as-deposited low temperature
dielectric, biased or unbiased, has been proposed for low temperature transistor

applications or is known at this time.



optical or electrical devices. [014] Therefore,
barrier |layers according to the present invention

w0 p@u0dssd a  densi fied anorphous dielectric | ap&r/us2004/005531
deposited on a substrate by pul sed-DC, substrate
bi ased physical vapor deposition, wherein the
densi fi ed anorphous dielectric layer is a barrier
| ayer. Furégfr &ﬂeﬂgep sition can be perforned with a
wi de ar ea Y& gettergforeyiliereds a agedion hiplngraditsh dense dieldctmipdayers for
accon%#n .to 1he present inventions includes
provi'd lﬁ%m& 28 bgeerlayess Wioatiepdysipstricak gibaldgiogh hyd biomedical
densi fied, anorphous, dielectric material over the
subst3PRlications. o pul sed-dc, biased, wi de target physica
vapor deposition 7 WD 2004/ 077519 PCT/ US2004/ 005531
process. Further, the process can include performng a
soft-metal breath treatment SSMMARYsubstrate. [015]
Di electrif S rg&er st acks, can include any nunber of
i ndi vi dual®lPhy eP@ccqrirups dith ghepresersrinventien, bag orimore dielectric
| ayers according to the present invention. In sone
enbodPYREAPEed figl layds of mefal-oxidermatenial depesited bpa pbBed, biased,
optical layers. Typically, alternating layers of |ow
and Fﬁlﬁ?ﬁr?ar@é(%"%f‘f apesfdepasition provessake mesedied mAtdslé@liShagas layer
be arragged to formanti-reflective or reflective
coat PIgEIREO distiresant ideantioe san Hedbreaddropl & .leadSors hedhly densified
dielectric barriers according to the present invention
pr ovingial exige leyec Dislectfiaimetiéro accaglingwe ile G 6itidn can be highly
functional part of an optical device. In sone
enbodénsifiet shighfly tuiformi nitte Binbeth ambeho@X@ER With fikgh@et ri c
barriers according to the present invention can be
ut i | caneehtratiorsavfidefyctshanidiag o: blpeABPhdromthidB Ss }ing{ecfi% layers
formati on and protection of transistor structures.

Addi ddatisipllyyicaltear hein@hbphatc Sh@LeGkbL 6 '
some enbodi nents of baf%ief Iayerslaccégggﬁgﬁégﬁgﬁggas“mu

Payors. 1o Tarmroar ot org b el Bl R & REhef Bprial or medica
broath r oat mont T et Aok B Ebn b sl Pt orng
i ani s ey e e P AR BRI R AR el ety in
/TR gBALREI &4t bl ides! OF
[014]  Therefore, barrier layers according to the present invention includes a
densified amorphous dielectric layer deposited on a substrate by pulsed-DC, substrate
biased physical vapor deposition, wherein the densified amorphous dielectric layer is
a barrier layer. Further the deposition can be performed with a wide area target. A
method of forming a barrier layer according to the present inventions includes

providing a substrate and depositing a highly densified, amorphous, dielectric material

over the substrate in a pulsed-dc, biased, wide target physical vapor deposition



enbodi nents of barrier |ayers according to the present
invention. [017] These and ot her enbodi nents of the

wOo pweftison are further discussed and expl ai neRChebmoM/005531
with reference to the followng Figures. It is to be
understood that both the foregoi ng genera
description and the follow ng detail ed description are
exenpl ary and explanatory only and are not restrictive
of t leodesyv Gatth@the amceds @bimdlude fatfdrMiig.a s6RSEdtdl ibgeath treatment on
expl anations or theories regarding the deposition or
per f ard@Bsetf 8 WO 2004/ 077519 PCT/ US2004/ 005531
barrier layers or soft-nmetal breath treatnents

accor di ng 18] t hBidRicBRAfrick éwedatch@ﬁlcﬁﬁeanymuﬁﬁ)%mﬁﬁdl@faﬁal layers
expl anation only and are not to be considered imting

w th t
or DHASSPEEL e S I RE Bl el B R

Fi gur ﬁfbo!hﬁeﬁﬁ Gpnd Elél%\)}(.&%?ﬁ%ﬁ&%}%; dﬁ%ﬁ Be b}%técgﬂa?eﬁg 'El;yg ?Iﬁré alternating

for depositing ayer

pr es .?%;ersl JN&H Blgpfﬂ% ?Q}? Af rgfregzwrg Rict f: 19 1|del3‘I rsnta e%%l? ge}rﬁjge atrrémged to

barr layer act
b t f { t 20
e ogll e %]eere uv§% %ﬁ&cc)ﬁt 1[[‘% en 8?%31 8&"5??5} fgge)%fone As such,

deV| ielecgtric stac arrier
2eC0 b"*???&l% i S ieS HR RTERE enl ot Bfcye function as
[021 re 3_.shows. a n1 rocavity .enhanced LED
S r utelE DEiE ARG B EOP P! S Bmapiaipents of the
| ayers according to odlnents of the present
i nvertVeBHon fqresaypl ?Sldg’fﬂtb ErioagignRccardgst e Hifpgeserd invention can be
tranS|stor device with a dielectric stack of barrier
| ay e MElizeddn Fai gnascehidd prrlittiong for friormationang protection of
invention. [023] Figure 5 shows a top gate transistor
devi ¢@nsigters C‘Hieé-l égdlrlmallg,tth@;ker@ﬁma gleqtisq prppgresef some
accordi ng to enbodi rents of the present invention.

024]embpgmeets 6f bhdeudayers asseifipk éo b peesent dveutionicpy be utilized as
enhanced LED structure simlar to that shown in
Fi guekc@icillastersap fpmoessibedr bapacitivé éiklecitics. ¢ st ack of /
barri er

[016] Insome embodiments, a soft metal (e.g., indium) breath treatment

can be utilized before deposition of a barrier layer. Such a breath treatment is shown
to significantly improve surface roughness and enhance WVTR characteristics for
embodiments of barrier layers according to the present invention.

[017]  These and other embodiments of the invention are further discussed
and explained below with reference to the following Figures. It is to be understood
that both the foregoing general description and the following detailed description are
exemplary and explanatory only and are not restrictive of the invention, as claimed.

Further, specific explanations or theories regarding the deposition or performance of



| ayers according to enbodi nents of the present

i nvention. [025] Figure 7 shows another exanple of a
wo@rotavd ty enhanced LED structure simlar tRCT/O81004/005531

shown in Figure 3 further protected by a dielectric

stack of barrier layers according to enbodi nents of

the present invention. 9 WO 2004/077519

PCT/ US2004/ 005531 [026] Figure 8 shows an exanpl e

Ti 02 boaer lagers loayet-maariaredh rgatiente advoiingRo ttise @bschiifvention are

present invention deposited on a reactive al um num

| ay erpraséited for exglastioeoilp amd 41k gbt th bertlisidyred MinBing with respect to

tenperature environnent for an extended period of

t i me.thd 237d offth@ipre@nddisieofe cxthetXampl € silicalal um na

barrier layer according to enbodinents of the present

i nvention deposited on a reactive alum num | ayer after

exposure to a hi BRIDEDESCRIPTIONOK SAFEDRAWENGS

envi ronnment for an extended period of tTinme. [028]

Fi gure 10[GI8pwsFigtreSEMaphiB ditpsagib a dépitioh assraaciht @positing

of an enbodinment of a dielectric stack of barrier

| ay emarriee bosrdilng at DrdpRAd@Best ifentibe present

invention. [029] Figure 11 shows transm ssion versus

wavel engt [010yr VEgukQr i@y s bar@¥Amr @SpRfte ] §Gktts
stacks of barrier layers according to enbodi nents of

the picR8RHMo dufboMdnRbr teQRQbniT@dhi&s 12A and 12B
illustrate a single barrier layer structure deposited

Wi th a_nd YUZ()FOult‘lgﬁesc‘?;x,tZHIQF?&D,WEeﬁHQFHﬁlﬁ@é@%Q&m les of devices
according to enbodi nents o t’he present FRvents on.

[ 031)5ifRl BMES TS

ppar e R ROt T B B e resent
Iayemﬁrn&gﬁZ] Figure 14 illustrates a neasurenent of

the wafer oow using the Flexus Stress Measurenent

appar at us [d2|1j u 5151&1% %%h&v@s aFrln%lch{cgvi%rsénhanced LED structure utilizing

dielectric stacks of barrier layers according to embodiments of the present invention.

[022]  Figure 4 shows a bottom gate transistor device with a dielectric stack
of barrier layers according to embodiments of the present invention.

[023]  Figure 5 shows a top gate transistor device with a dielectric stack of
barrier layers according to embodiments of the present invention.

[024]  Figure 6 shows an example of a microcavity enhanced LED structure
similar to that shown in Figure 3 further protected by a dielectric stack of barrier
layers according to embodiments of the present invention.

[025]  Figure 7 shows another example of a microcavity enhanced LED
structure similar to that shown in Figure 3 further protected by a dielectric stack of

barrier layers according to embodiments of the present invention.



10 WO 2004/ 077519 PCT/ US2004/ 005531 [033] Figure 15
illustrates the stress in various deposited barrier

wo ag0e10875a€cor di ng to enbodi ments of the presenPCT/US2004/005531
i nvention as a function of tenperature through a
single tenperature tycle after deposition. [034]
Fi gures 16A, 16B, 16C, and 16D show atom c force
m croscopy nmeasurenents of surface roughness for sone

barrier |492] fFlgne Stoos di agnipl Tiopbadbimeyd: ac@hdihd®
present invention. [035] Figure 17 illustrates a water

vaporenfhiodingeitsSE kl@rprésestintdidén €pBsilee on W idactiveuhum layer after
characterize barrier |layers deposited according to

e b o dixpaitesto @ fhidhTRimidiEyS SRR kerhpRYRRb eBAronhBRGhr 5 GRS period of
18A through 18D illustrate the effects of different

I n/ Snimbr eat h treat nent paraneters on the surface
roughness of the deposited barrier layer according to

t he presemioi NVERLIY Shoh O3] dxaFinBUiiRs/ak3dn . .
i || ustrat ?t e E%E‘gct s of thxgﬁ%ubst rate loﬁgbgﬂ%rﬁggéaccordmg to

roug régflﬁﬁgm%e[a{g?ﬁ éhegjrr%gﬁéﬁ]tﬂ%gﬁ&l Jie#i?%{e}@%x? a g%c&‘ae; atrhihng{nullnqueeg after

accor I nven
o S P O Sl o

on ttpe surface roughness of a deposited barrier |ayer

accordn?ehg to the present invention. [040] Figures 22A
and 22B i trate that the racter of the barrier

| ayer de Ldgg ?t i ]glﬁurg c@ S{f‘%‘?’srwaél Sﬁ%?gﬁ‘ﬁ%?%‘?ﬁas“‘bgﬁ Sgqtign ot an
present i.nventiop . effect surface roughness. [041] In
Phe. FRURTEED ol gHfRIS TERboh T oo Leahir o Bgn sEPempp of the
the sane or simlar functions. 11 WD 2004/077519

PCT/ U558 41603531

[029]  Figure 11 shows transmission versus wavelength curves for various
examples of dielectric stacks of barrier layers according to embodiments of the
present invention.

[030] Figures 12A and 12B illustrate a single barrier layer structure
deposited with and without a soft-metal breath treatment according to embodiments of
the present invention.

[031]  TFigure 13 shows a Flexus Stress Measurement apparatus that can be
utilized to test barrier layers.

[032]  Figure 14 illustrates a measurement of the wafer bow using the

Flexus Stress Measurement apparatus iltustrated in Figure 13.
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DETAI LED DESCRI PTI ON [042] Barrier |ayers according to

sone enbodi nents of the present invention are
wale@asitsed in a pul sed-dc, substrate biased, wWdEUS2004/005531

target physical vapor deposition process that is

descri bed further below wth respect to sone

particul ar exanples of such barrier |ayers. Sone

enbodi ments of barrier |ayers according to

enmbodi ment@330f FigerepiSeBesthtes teatitss dmvaidns dposited barrier layers

characterized as highly densified, highly uniform

hi ghlagcading phouis dirsgney o thé Ilirbseﬁﬂ[ﬁzdnﬁuﬁ & d finbtw ddednffetature

concentrations and high surface snoothness. Further,

bar r itkjouglay siide anporatire gydoaferbadsikent s of the
present invention can have beneficial optical and

el ectri caljoxhar E!fgtn%ﬁ 164 168, | fdtandh éﬁﬁov@&f@llﬂlc%fc% 'nﬁEroscopy
|l ayers to be self-protecting optical or electrical

| ay emeabiteBitd SB%ure ro@iR6Ls hiBine B8 NHeFBFer! gﬁ&oi’ﬂn‘éé‘t

these | ayers. [043] For exanple, sone enb I ments

bar riegfhokigdfls Sf Bt ehQod N€ Present invention can
have excel | ent opt|cal transparency characteristics.

Furt her, (ﬁ%;l . llL{ BhEAL &/h@ﬂv ?JﬁgﬁYsls%H?est that can be

_barrier |aye epen dent: on

d eposifii an, & fé}agactté}%g S% P la S8 k| Io?n%d acco%n%ﬁpe&%ﬁgﬁléeglkﬁe{f the

| ayers accor ese I'nve

i n hi controllable and self protecti ng,
nventlon . . .

reflg ng or anti- reflecting coatings for optica

Sore. - onb @%%Le 81 1 B Shn e ﬁ%%%ﬁg 'aﬂgvs%wm tw'Sn

28{3 | géﬁ\l\% tnl,ﬁaar:'nlg g%%%lt%eﬁum:{?&hlggsz 8tf ’?he depos1ted barrier layer
sel f - gg(%e t| For. exanpl e, depositions of

rare? F‘ﬁEFB: m@ﬁ@ﬁmﬁngPblun1or Ytterbi um can result

in optlcal anpllflers or frequency converters. [044]

Addi ti onal%y]  ditsyes hehind 198 iBasiateche ¢ffpptsiof thesubititeray surface
to the present invention can have hi ghly benefici al

di el &E&EARES-properti es and can therefore be utilized

as self-protecting electrical l|ayers. Sone barrier

| avers actBBHi rfjgure 2@ iHystidteseanagrieflayen Rcin@ing(0 e@rdbidiGnvention
PCT/ US2004/ 005531 the present invention, for exanple,

can Bt fwrthbi aperdteass p §uin inapgeotidgers. O her

[039]  Figures 21A and 21B illustrate the effect of substrate composition on
the surface roughness of a deposited barrier layer according to the present invention.

[040] Figures 22A énd 22B illustrate that the character of the barrier layer
deposition according to embodiments of the present invention effect surface
roughness.

[041]  Inthe figures, elements having the same designation have the same or

similar functions.
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enbodi nents can be utilized as high-dielectric

constant | ayers in capacitor devices. Enbodinents of
wale@umoctsne cal barrier layers that are useful fPCT/BE804/005531

devices are further discussed below [045] RF

sputtering of oxide films is discussed in Application

Serial No. 09/903,050 (the 050 application), filed

on July 10, 2001, by Demaray et al., entitled "Planar

Optical Devices and MeDEIMIEH DERERIPTEONS act ur e, "

assigned to the sane assignee as is the present

i nvent i on,[04ér e BATFHaBIpatcarding th pome érabairoents of th present

entirety. Further, targets that can be utilized in a

r eactiBYengerare deprgitedon eipslspd-as evlistrata binsdd, omdeatiget physical vapor

di scussed in U S. Application serial no. 10/101, 341,

fi | edleprsitivmmuéredsBhat 20d2critmd Sirtheebkltvo withecspedito @5 1BRRN1ar

as is the present invention, herein incorporated by

r ef ercaaroples of su¢lsbagndrilayetsy .Soletelhbdgimehts dePRSEN 1A RS according to

oxides in a pul sed-dc, substrate biased, w de-target

physicotbdiugpisiof depaserdt irn{diMah bptiteRESizad £ Hisll BGlsified, highly

di scussed in U S. Application serial no. 10/101863,

fi| edniforndyighly dbforpidR0 Biyert heth bR LAY lor\xe(ﬁe%cﬁ @alcel#%ﬁ@ﬁs and

"the pul sed, biased process") assigned to the sa

assi gippeudsceistobiiBeshr F&ﬁi’&,baﬁf&ﬂa&&@%c@fﬂi@@ regjlfg iments of the
incorporated by reference inits entirety. | ?

Fi gupRSedt thvemibnlddn hbvetbshdrif oﬁtic'é?aﬁl‘ate'férctrﬁlecﬁgﬁgtlélslsﬁlcg that allow
| et according

for sputtering of material froma targ

enbocl et el S S GRAN) AP Ol Ehsel a8 o an

enbodi ments, apparat us or exanp

fro ATk . O mm substrate size)
sys&?ﬁ%@%ﬁeﬁg%ﬁ?@ﬁ%%?%ﬁﬁg?‘gan AKT- 4300 (600 X 720

bst [ Appl. i Komat su, Sant a
Gara, oA Fhe ToRRETEETh: BRI §bal PR nopalng o te
th : | Li anpers connected by a
vacul s BREsH ROk s S RRE P moms cbitar grice afner, e
b i.fied h that .13 WD. 2004/ Q77519 '

e/ BBbbAT BOLE 5! PRy aLPeie Jamsrs depelspim temelsrighed
target and RF power is supplied to the substrate _
dur 1 Hg HERb ¥ REHOt S Rab R p1a ot o peongipe tberpresent

10 includes a target 12 which is electrically coupl ed
Imvention can result il ughly controllable, and self protecting, reflecting or anti-

reflecting coatings for optical devices. Additionally, barrier layers according to some
embodiments of the present invention can be doped with optically active impurities to
form optically active layers, which are also self-protecting. For example, depositions
of rare-earth ions such as Erbium or Ytterbium can result in optical amplifiers or
frequency converters.

[044]  Additionally, embodiments of barrier layers according to the present
invention can have highly beneficial dielectric properties and can therefore be utilized

as self-protecting electrical layers. Some barrier lavers according to embodiments of

12



through a filter 15 to a pul sed DC power supply 14. In

sone enbodi nents, target 12 is a wde area sputter
wa@omrog7star get, which provides material to be PEpUSion€as531

on substrate 16. Substrate 16 is positioned parallel

to and opposite target 12. Target 12 functions as a

cat hode when power is applied to it and is

equi valently terned a cathode. Application of power

to t ahg@bsehlinCéRinh for &aPpRS AR U3 AtilAII0M/ dsRiA6d lafeks. Other

Magnet 20 is scanned across the ‘top of target 12.

Subs teho@indefitsi ciin BeRtafed hyabi dieRbRk @6nstdnP1a96s & @a@&cﬁ@g §evices.
17 through an insulator 54. El ectrode 17 can

coupligghddinéls GFdicl QAR baski? My¥rskBat a£e%§ﬂu1 fo? Euowe%@éé are further
reacti ve dc nagnetron sputterlng, as per or nmed

appaQ@kgge%gﬂOQhe polarity of the power supplled to
target 12 by power supply 14 oscillates between

negative ?(51(% POgk %#ﬁf%nﬁ%&@d}ﬁde%ﬁs 1s%’f{c'u£bgd hﬁp}:ﬁ% A% 2h1 No.

positive po ent| I nsul'at ng

sur f %9%03%5@1,@{&9 %%0 %Wlicatlo% %%ha od1gJ% (},Sfl’%)ltj QO(ﬁr 8¥ ﬁgmfﬂﬂ' g‘i ad.g entitled

prevente arc on;

frequ n, excee

crit E%fl%fﬁ?%ta%ﬁfa%v;cef %%ﬁ"tieésafg 3L Ms?u”ffcégg,t afm?f"the same
on tar mat.eri al ﬁ.current ang erse t]

Hi gh® eF 31545 Qf%seF‘i if Wél T NIRRT Py ‘“rr%%fé i3 \?Seenﬁfety
pul se, DC wa net i n_appar at us 10 [ 049]

Pul s g& tﬁ‘% ﬁi}b‘? v I&edclﬁ% TRActox ﬁ% b‘ﬁ?&@d 1@@%?8%@?’311“011 are
supply, for exanpl. e an AE Pi nnacl e

Adv aeseesseshisr (. Applicatiopseyial pg 10/1) éﬁ& fed %Wa@ 16,3002
101cWof pul sed DC power can be supplied at a

f r eqagsApd &7 the sampashistee 2 #ﬁdhesﬁsan—@venrwe, hessje fnserporated by
voltage is 10%of the negative target voltage.

Ut i | irgfeienesiin its gniagsy 2 diealiady 95degosiingy adis duid pOSB3I, substrate

ot her power supplies will lead to different power

char &esed, widd-iexget physiqulenpy depdstioat €P) sioress amrfurther discussed in
reverse vol tage percentages. The reverse tine on this
enbodl. srefpplicgfonpend mo SIPISN §631 filed an Mezctatlj, 0802 ther@nafter referred
between 0 and 5 s. [050] Filter 15 prevents the bias

poweto fisr tim g bissad poyesi’d afsignenl tecthel plohenaysigideas fths p@sent
DC power supply 14. In sone enbodi nents, power supply
18 i application, herein incorporated by reference in its entirety.

[046] Figures 1A and 1B illustrate a reactor apparatus 10 for sputtering of
material from a target 12 according to embodiments of the present invention. In some
embodiments, apparatus 10 may; for example, be adapted from an AKT-1600 PVD
(400 X 500 mm substrate size) system from Applied Komatsu or an AKT-4300 (600
X 720 mm substrate size) system from Applied Komatsu, Santa Clara, CA. The

AKT-1600 reactor, for example, has three or four deposition chambers connected by a

vacuum transport chamber. These AKT PVD reactors can be modified such that

13 .



a 2 Mz RF power supply and, for exanple, can be a
Nova- 25 power supply nade by EN, Colorado Springs,
w@0040hsnef ore, filter 15 is a 2 Mz band rej erCT/082004/005531
filter. In sone enbodi nents, the band-w dth of the
filter can be approximately 100 kHz. Filter 15,
therefore, prevents the 2 MHz power fromthe bias to
substrate 16 from damagi ng power supply 18. [051]
Howe wailised DOt owrk isasnpplizd ks thd tdoket dRPRE bbeel if kdppedio@hdWbstrate
fully dense and nost |ikely have col umar structures.
Thes&m@ﬁgdﬂﬂﬁﬁbﬁbf@ﬁﬁ%ﬁﬁ&ﬂ@[e detrinental for optica
applications and to formation of barrier |ayers due to

the scatt egimng Qfagratﬁﬁ"go 1n91'uHé§sC&| tﬁ%e@l@b@ﬁéh glélet:@i%ally coupled
structure. By applying a RF bias on wafer during

deposhiohSa ﬁft&q s46R 9§1's&ﬁgc %b&v&] shffly kP@ g’l%ﬁie ehl%gdﬁv)énts target 12

ener getl C 1 on bonbar dnment col utmar structure

can he, %v&ﬁ%%%'%h@ér SX n_gé ﬂgfgﬁ{é Infefl- (S)FJVQ&% Inatddia Q%e de}lfgosﬂed on

production o one e a barrier

accoryd ﬁf)&tq € 1t6o Rﬁa{?.slm ]%SEESm Cﬁﬁé@g%rlﬂ?eﬁ] toueﬁld Posltg Ear%eé r1]2. Target 12

exanpl e targ
have 43 ga caﬁmé whe Qv%%s a675 d7to A éls uLy, t1y4t 18d a
't R lt A&t R

in order eposi
Subet "E”S%Ppélg ?%Eotfﬁé‘%% B 8&%@5%@%&%@1@3@ st 12

500C., , The di.stance, bet wee and substrat.e

can DAegEt T ﬁcaﬁﬁ‘?ﬂﬁ“%mﬁ‘ﬁ ‘Iazfr %ﬁetéz bsﬁf‘t‘}c1§§%ca@é‘§tlvejfy coupled

(for ex e, t n l.imted to tures. of Ar and

02y 3R BECTHE 7 AR o S lseroderd opepe coupled 1 n RF

2004/ 077519 PCT/ US2004/ 005531 of apparatus 10 at a

r at e POFeE BPEBOJG 200 seem while the pressure in the

chanber of apparatus 10 can be hel d at between about

0.7 and 60311 | Fermulsedepgeate do magneiipngauteang,mg gedermed by

field of strength between about 400 and about 600

Gaus gppfiretee t G dhe pelariteof the peveer sdpplied tpetergei2l 2dnygpowst snpylyd 4

across target 12 at a rate of |ess than about 20-30

sec/ ssatated retgeammegatlyo didvpmsitive potentiaty. MYpringaeheicTiod 60Msitive

reactor, magnet 20 can be a race-track shaped nagnet

wi t h pdiengalsthe msalbting lagtdsOn the sbyface @ target 12 [sObRhargedjaitdercing is

1C shows a dielectric barrier |ayer 110 deposited on a
prevented. To obtain arc free deposition, the pulsing frequency of pulsed DC power

supply 14 can exceed a critical frequency that can depend, at least partly, on target
material, cathode current and reverse time. High quality oxide films can be made
using reactive pulse DC magnetron sputtering in apparatus 10.

[049]  Pulsed DC power supply 14 can be any pulsed DC power supply, for
example an AE Pinnacle plus 10K by Advanced Energy, Inc. With this example
supply, up to 10 kW of pulsed DC power can be supplied at a frequency of between 0

and 350 KHz. The reverse voltage is 10% of the negative target voltage. Utilization

14



substrate 120 according to the present invention.

Substrate 120 can be any substrate, for exanple
w@k@snis1o gl ass, Si-Wafers or other material. BUbEs1084/€05531

120 may further include devices or structures that

can be protected by barrier layer 110, such as

organic light-emtting diode (OLED) structures,

sem conduct or structures, or other barrier |ayer

st r uef uthesspovBasupipbes Wilylexd td dfecmnpdecrahdreitedisdtics faxietiey

where the netal can be A, Si, Ti, In, Sn or other

met alchargctaristicemd renekdel vd@sge Jorkntd@s. TRE re@bM@time on this embodiment

di el ectrics. For exanple, a high index of refraction

bar r io@pol@%abplf &ncditbelAfuRd 1dBerfER@SikiisqR, of Ti 02

froma titaniumtarget wth exanpl e deposition

t i .
DR 300w DR b8t e bies nowe from paver supply 18 from
t t i 200 KHz )
2" O R0 lio pdioft B Bhw WY 12§ B BR8N Rents Sl Wty 1815

power w,. 90, scc | ow,

, Ar £l 0 f 950
P ot a2 RGBT TN LopfR Fnt Raple” G R Qo e gy Tade by
f ti er | be. f i |
Car gotIs b Re St e, Bkt e B5 s T el iegstion fiter.

| aye

Sl 2OBSIPRUOIEE 408 0 55 e (RiAPB e BRRraEAgly 100 Kt Fillr
pul S PG foe AL i B By ouplig: L0 o annaging

sccm Ar flow, 90 sccm 02 flow for 1025 sec of
depo®PVPGHPRIYAB) . As is further 16 WD 2004/ 077519

PCT/ US2004/ 005531 di scussed bel ow, a wi de range of

process pHPahetBokevenkhohREandpulsedDglepesied fitmsyag potdylly dense
| ayers according to the present invention. [054]

Bar r iped mpghfikely hgvenlutivgg strusturére Thesegohmriansimisturesrredgtrimental
be formed from any oxide materials. For exanple, MO,
Ta20%or optig applicditons and RGFErmagp of bagiidrilgyers-dug it the Sia@ring loss and
and Y203. Oxi de conpounds of Nb, Ba, Sr, and Hf can

al sophnbolet cdusaidyy thestnicoren Braappiyeng 4 RY éias oaeafr d6 doridgo

the present invention. Further, barrier |ayers can be
dopedepiusition,rths éepesitedl Hilin@ms bd denpifiedbif enepyztit Gl Hoynbakfiieviand the
| ayers. Paraneters provided herein for deposition of

par t ic6lumadr skraytefesat Be Shibstahthdly Elilsatedyers and the 92-8

| ayers discussed above) are exenplary only and are

not i nt enpad] t Omhig drbdlctib&r sof ehlBBdiments of a barrier layer according
to the present invention using, for example, the AKT-1600 based system, target 12
can have an active size of about 675.76 X 582.48 by 4 mm in order to deposit films on
substrate 16 that can have dimension about 400 X 500 mm. The temperature of
substrate 16 can be held at between about 50C and 500C. The distance between ‘;arget

12 and substrate 16 can be between about 3 and about 9 cm. Process gas (for

example, but not limited to, mixtures of Ar and O,) can be inserted into the chamber
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i ndi vi dual process paraneters are approxi mations only.
A wi de range of individual paraneters (e.g., power

wo ea0a037519 r equenci es, gas fl ows, and depositi oPCT/URES3/005531
around those stated can be used to formbarrier
| ayers according to the present invention. [055]
Dielectric barrier layer 110 can be characterized as a
hi ghly dense, wuniform defect free anorphous
di el edeppagatisalfert 2 rdiaup weapoat 200 stravehild thh pepdureialthe chamber of
transparency. Such filns can be deposited in a
pul segpaeins dubmtbedtld abbetwesh B 0. pargioesilifofro Manet 20 provides a
netallic target in an Ar/02 gas flow. As is further
di scusspeetidiidldui stresgilrbeteadnabotB4D0d bt 600G sk Birected in the
barrier |layer 110 have excel |l ent surface rougl ness

char gtdneof Bitgee 52 Afl indloved abydsh Gadel Y2 attiSralef HsSGHS BRM 20-30
further below and with the exanples and data

pr oViseetan. Wekl s8fne ¢ RPOdimehit8 REH7iSSThE AKITAL 68 réaRfor, magnet 20 can be a
dielectric films according to enbodi nents of the

Pr €S gite-thadl g&bé@x‘ﬂa?/{eﬁwﬁﬁaﬁﬁ%bﬂ aBbubBdhintigSdooampar at us

(MOCON referes to testing service o

M nneapol P%'B 1 MYigh: 1@%h&\5§§dﬁ3f3@tﬁc %aﬁSer I%Qer% 18 ?%do\g%

and are often less than 5 X 10-3

2004/:00t2ek 928 ngéogﬁﬁg 9341419 Pé?%}glyglg%ﬁ] S s@a&cl?{) ic%rhbe any substrate,

barrier stack epositing

barr 'f&r Cthlﬁ'%ﬁr% 'iagdrst‘?ﬁ gfassb [ Wa?err%!)rqxlferr Ima%‘e%gl. .Ag}%stlalr{%gﬁ)r I%’l?[lya rther

st acke yers can

}gee; BRI gs%c‘w% o B0 %‘Ec?g 865 biRe Rl sy

eV|ce as nmetal l.i c breath

treaf F&gm C th" —er%lgmg 61[5?%% QL%P? 8trucfu6esd%eﬁ‘8%qn(ip%ﬁr sg']uctares, or other

b . d 1 f th t
veRETSH R Bt Shabtr 5 f LU o P ity eiré?u%?srletal
expo ur of t%g substrate to a soft netallic vapor,

i's fOF ther Exis 3 T arcgllic pedernitidgy hilids og b islacirics. For

enbodlnent of a dielectric stack 120 that can be

ut i | PRERPla ¢ highiadex o refipetionchagics layer ¢ be ferneg b diprfisitign of TiO;

further optical functions. Dielectric stack 120

i ncl dees taminm iargetyghrexample dorasision parameens degigmatedi4,

and 105 accordi enbodi nents of the present

i nveﬁKWiﬁQOVE@@@K%Z/ 60 F0Q2Y 908 (KW dftpli]sed-00farge0Bowek (200 W of

and 105 can be deposited utilizing deposition nmethods

as degsiratbbuls powdr, 200rieHziBsttlz pulding frequency of the pulsed-de target power,
60 sccm Ar gas flow, 90 scem O, gas flow, 950s total deposition time). Another
example lower index of refraction barrier layer can be formed from a target that is
92% Al and 8% Si (i.e. 92-8 or 92/8 layers) in a process designated as
3KW/200W/200KHZ/85A1/9002/1025 (3KW of pulsed-dc target power, 200 W of
substrate bias power, 200 KHz pulsing frequency of the pulsed-dc target power, 85

sccm Ar flow, 90 scem O, flow for 1025 sec of deposition time). As is further
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U S. Application Serial No. 10/101, 863. The deposition
is described generally above wth respect to
wappanztsus 10. I n general, dielectric stack 12PCT/ES2004/005531
i nclude any nunber of layers. In particular,
dielectric stack 120 can include only a single barrier
| ayer. The particular exanple of a barrier stack 120
shown in Figure 2A includes five layers, layers 101,
102, did3ssed Odlow/whwitlo tangt Bf frbeesepaambters @in B4 @l1R6d fol deposit barrier
stack 120 shown in Figure 2A, dielectric layers 101,

103 gaﬂﬂ§ﬁﬁmﬂﬁ%t$ﬂk@ﬁﬁmﬁmn@mﬂhgh i ndex nmaterial such
as titania (Ti02). Layers 102 and 104 can be fornmed of

a | ow i ndeys4Tat Bhire laydyideoReh ki |t | :

doped wi tﬁ ;FE m na (g}.’g. , 8%%% :ﬂiieggesgﬁollgg}glgf)%?n%ﬁg&ymd from

by Cahl 8RidP #affiRisS Fol REmpie; ﬁgbg’iygb%)’. TiBarjcs! %E 3%, 1 28 con.
Iy u 100 “a% shown

can be deposited direct on-a substrate

in Fi.gy rsgoDZ; mPY 2(513.6 Me_tc%glg&lﬂxd@ of ﬁ%,%ab %9, Zln&l?lf ts,z{}gag%fbienutilized to

Fi gure Layer” 107 is ayer to be 'protec rom

i G ' A .1 .
2004705 RS OB 3 b g i Blyions Ryt ey cam e
ool 880 B AR 5y PRR A By povies

dielectri tack 120 is forned. In.s enbodi {

subs teisikon Bt Elan Sl et plg IAVES (ot o A e 2 52T tayers
at nospheri ¢ .contam nation _of |ayer 107, In sQnge

e SBETsspE DA lEF wu? had Y B0 R (ke Gpine. Turther
barri.er. l.ayer structure 120.. [058] Table 1. o
il ué‘ﬁ“&@ PERSHS SARMSITSALT shpErrdnatiqng pulyo pevids spgs af individual
dielectric stack structures 120 according to the

pr es @ARICHEE(S - BAVeIAEVede Sequepaes: tollews, enddepesitiondimgsk around
120 illustrated in Table 1 are fornmed utilizing an AKT
4300 tmgpsigled canbapsehiy foun BiHerdayemacsedinpty the aesseng énvention.
Scanni ng Magnetron PVD Process as further described

in U S PHteht Wspcinedpirignlagerlilficamoe chattte045d88 3 highly dense,
whi ch has been previously incorporated by reference.

Fur t herforma dplactdtes smbphass desaric get thdsmag alsothhverleglpetical

to Figures A and 1B, can be clustered in the AKT

4300 tievipasyisy. Suchfitis @nlbe dellositdd in @tpakybdds, sabstrate biased PVD
out gassi ng chanber, and may be equi pped with pl asna

shi elptlgearftbnaa metailel iahgbtaa b Ar/OAgasSHvaMNAL 1 fiTilgtdiecudfd below,

di el ectric stack 120 for these exanpl es
some embodiments of dielectric barrier layer 110 have excellent surface roughness
characteristics as well. Typically, as is discussed further below and with the examples
and data provided, water vapor transmission‘rates for dielectric films according to
embodiments of the present invention are tested in a MOCON test apparatus

(MOCON referes to MOCON testing service of Minneapolis, MN) to be less than 1 X

10 gm/m* day and are often less than 5 X 107 gm/m*/day.
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includes 5 layers -- 3 alternating layers of Ti02 and

2 layers of 92-8 Si 02/ Al 203 (92% 8% by cati on
w@omgmntsiat i on) . [059] Dielectric stack 120 f opCEHESIWO0H05531

t he stacks shown in Table 1 was deposited directly on

substrate 100. Substrate 100 for each of the stacks

formed was first |oaded into the | oadl ock of

apparatus 10. The | oadl ock of apparatus 10 was punped

to a base [(f6¢s s Dredectric Hapss statiamamboformaddbbdépositing fiktker barrier

sheets of substrate 100, which may be of gl ass or

pl astlayers svasbdrtiariager &k f Ay mthteoofstdtkat baatanihers oah be utilized in

apparatus 10 and held at a tenperature of about 300 C

for abdetha? therésuiBg sttudire @6t dnly RHEHASS ABYricMBY &L bik thay have

al ready accunul ated by substrate 100. For pol ymer

baseatizup ﬁ}ab@b @the fRHiltidOdMNEe20 QA1 OF LB, a soft metallic breath
PCT/ US2004/ 005531 exanpl e, the pre- heat step can be

el i miRadhrdt Ay BesFHAE @ dépokiQ¥RSS 4 BRI ALERording to
dependi ng on the pl asti c substrate used. I'n sone

casegmbbiighentdReite 3)?(%61% nebesttiel A sofhﬁ@faﬁfc%ré%{h @J&Eﬁémﬂéf&s to

10 can be di sabl e The substrate col umm of

sh O%xﬁ&ﬁre R ARABIHLIAD ag%ft ﬁlgﬁﬁ%crva%@r %sqg Pﬂﬁ-‘tbﬂaéécéﬁagrieh Below.

t he deposition process 060

thr ough 6 (35|7:] us%gﬁ’rte%g éh ;.l' Qpén?bo]dira&ﬁ 5r L& ?gﬁg’ém% a@ﬂl?f%ﬁat can be

t he dlele rier yers In dielectric's

'18 1:riu%§%e%gaﬁ glb%yg gug Vsﬁl’ as rov cin%egaélﬂﬂ Iaﬁgl 6151 ?/%1%;: Psl;electric
8 e B TR LB ey

| ayers.ar.e de ited wi.th the ra ter Q inth

Ti 02° m&%&?ﬂﬂ?ﬁﬁl OBt oSty r‘??}% 3538l {08104, and
are n the formt: tar omer/blas . .
powe%f% &?“s‘?erpﬁp?ﬁlté H‘él%?é%g/ C]&POSF EOCH%WSG%%‘W{I} 1gpye detail in
time., Target power _refers to ower supplied to

t ar g(l_;{ S. ]_Azppgfsat%égpgt% 19/401, §3aSThﬁ 1t1‘ogﬂq9c£‘§crth§d generally above

power supplied by bias ?enerator 18 to el ectrode 17 on

whi ¢ Widupspestae apreodsild. Ingsupteb diclastrisi stack 130 canipdedezang number

16 as shown in Figure | A and capacitively coupled to

el ec©f balers.11n partivalanrdigdentricopack| 13\ caminesdeaentng single barrier layer.

substrate 100 are then described in wunits of standard

cubi dhepaticytetespthplenf § Sooerstackil @ kloyn it Fegudedyo ictuidenfive layers,

time is given.
layers 101, 102, 103, 104 and 105. In the example of dielectric stack 120 shown in
Figure 2A, dielectric layers 101, 103 and 105 are formed of a high index material
such as titania (TiO;). Layers 102 and 104 can be formed of a low index material
such as silica (SiO;), possibly doped with alumina (e.g., 92% silica and 8% alumina
by cation percents, the 92-8 layer). Barrier stack 120 can be deposited directly on a

substrate 100 as shown in Figure 2A or deposited on a layer 107 as shown in Figure

2D. Layer 107 is a layer to be protected from atmospheric contaminants or physical
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For exanple, the Ti02 | ayers for stack nunber 1

illustrate in Table 1 were deposited wth a target RF
w@owe/71519 about 7 KW with about 200 W of bi asP@Dws2004/005531

pul se frequency of about 200 KHz, an Ar flow rate of

about 60 seens, an 02 flow rate of about 90 seens,

and a deposition tine of about 950s. The neasured

thi ckness of a typical Ti02 |layer deposited according

t o t hiempgowdssaydesodd dvagptical of tlectiicd) de\Dep@anbdth@ilayer. Substrate

Process colum is shown in the neasured thickness Ti02

col urmoo 6 a siibkttade dn wRioh W20 4t 0ié1EotHS sRCK 12452 6@ 480503 de

[061] Simlarly, the deposition paranmeters for

deposinibo@ithedts, bkt Gl dafbRE ploRide abafriRf to@BBspheric contamination

dielectric stack 120 shown in Table 1 are shown in the

Si | i GalaEUI07NEn sdniPdFicesl SRRt SthRPrRMREARUpRitdd B ver Hfrrier layer

i ndi cated, each of the silica/alunina | ayers for

stac%ﬁagﬁgqgg 1-6 shown in Table 1 are about 92%

Silica and about 8% alum na by cation concentration.

For - exanplss) | NTAAEE NBIRAIopdsitidn éﬂﬁa&l{e?ér@ﬂ)r dind Bit1ckicleotric

the silica/alumna |ayers were deposited wt

powerg i sﬁ'%ﬁg%t? 1 2%) thcg)"?%lﬂ% toqgggxfeﬁﬁlt Jﬁ\#ntlfoh h &s 'Hés%ﬁbé?f%’%&e each of

to electr was a requenc

Pl ow gttt #PEte fe ?ﬁt&ﬁ%m#%nwf*r g0 B i
e, b PR Bk R b By P o il Horvea
par 155 2Pt 4 @aflﬁé%oed%ﬁs%l@%aﬁﬁtgéﬁs oot %%%r%?ou y

dielectric arrier er fromthe 92% Si| (f / 8%
Al umlwgfﬂoa%ﬁty feﬁfwca Eiher @Pissatys Krasidgspaped hope pith aespect to
to as. a 92-8 layer refers to a barrier layer formed i
st epd’ 13u.r<=c§n1ﬁ H 1 o1 bs; qlysteagdpimethy Al HA0G B ét/stemgtizﬁsoadlock
| ayer can be forned, for exanple, on plastic
subs tchanmless, apneteasanshpRberagnsiBayherpqmiEPIdovifeplagRa shields and a
Si-wafers or glass substrates that are not so
sensishiplddettgr. Fenthowh d6BigueR Ae digleciait stable 124} fac thsse examples
illustrated in Table 1, the reverse tine for
pul séethugies pbaers -s3iplpinyating layers of Tiedna e lakoief 92-8Fi0,/AL0;
m cr oseconds. The spacing between target 12 and
subst(9236/8%1)caviers congOrirafiomnd t he spaci ng bet ween
magnet 20

[059] Dielectric stack 120 for each of the stacks shown in Table 1 was

deposited directly on substrate 100. Substrate 100 for each of the stacks formed was
first loaded into the loadlock of apparatus 10. The loadlock of apparatus 10 was
pumped to a base pressure of less than about 10 Torr. The sheets of substrate 100,
which may be of glass or plastic, was then transferred to a heat chamber of apparatus
10 and held at a temperature of about 300 °C for about 20 mins in order to outgas any

moisture already accumulated by substrate 100. For polymer based substrates, for
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and target 12 was -4-5 nm The tenperature of

substrate 100 was about 200 C and the shield heater
wobkocappsiat us 10 was set to about 250 C. The hPOEUS2004/005531

of fset of magnet 20 was set to be about 20 mm and the

scan |l ength was about 980 mm The total pressure

i nsi de the chanber of apparatus 10, in plasm 53,

during deposition of the 21 WO 2004/ 077519

PCT/ Us20014/ tbdfbdibat sTiplan baylanisatedsr mhptthedet @ 16Wer tebfigerature

total pressure inside the chanber, in plasm 53,

dur i nBp&RRQSntthOplatit sibiea®iukdde 34 SdrbkdaBes, 1h8 ¥ @isiraté@Bd shield
about 8-9 nml. [064] In sone barrier stacks according

t 0 t hRatbf&$ GfardndVIOnthh 88 dishMd. IT8E sullsBYE CluMh®F Table 1 shows the
deposited by a reactively sputtered thin filmlayer or ‘

| ay er@mpbQfid Gdubita® 100hAERA &S dBSRMR YR)cY¥ssdescri bed
in the pul sed, biased deposition process, U S.

Appl i cati efsoPer intlaciNoF stabRé 1 BdoB8 % 1110888 W $He 1,0hES B osition

deposi tion process conbines optical quality vacuum

fil ”%fﬁ%Vdég AT 'lé&ef’sﬁﬂﬁféléif{?{c@ﬁeié ?ﬁi ﬁ%i%r/&ﬁs/g“ﬁozﬁk@g/Tioz,

col umar ects t. at” are typl ca non- pl ased vacuum
cont 1 e el yARTOE 18Fhog 105k SRR AREA ey fers and
PR A e

o BB Ry TS R SRR B B e
O Bt L RS D A2 AT A e

densification and the | ow defect concentration, it is
deno PSYERPIRPYeEPUIsRE SeNrary A Hawd s dloatierpsiionsting. sharget power
provide ,superior diffusion barrier protection for
noi strefers o Highews: werliadds trresd [hof apaates 1peBirs apyesrefers to the
Lastly, the same filnms denobnstrate nmuch higher _
di el eewei grplieddydinmeenairiaet8 aickitrods! 7 pgevhiel subsiratey] Wgs
a result of the low levels of defects. [065] Figure 8
s howsnangd ipplaceadfisubpstrated0ss sownon Figureghh mddagadityvelshéayhled to
tenperature environnment for an extended period of
ti me.electrodenld. Shapirend Dolnwiraies derayeisubsiate dbfoart th20dedcnbed in
of Ti 2 was deposited on a reactive alum num | ayer
t hat unadof dredmrddelpio sertmtbtanimin (séém i Rinadignthevdépesitiol lime is given.
sanpl e was kept in a chanber at about 85

For example, the TiO, layers for stack number 1 illustrate in Table 1 were deposited

with a target RF power of about 7 kW, with about 200 W of bias power, pulse
frequency of about 200 KHz, an Ar flow rate of about 60 sccms, an O, flow rate of
about 90 sccms, and a deposition time of about 950s. The measured thickness of a
typical TiO, layer deposited according to the process described in the TiO, Deposition

Process column is shown in the measured thickness TiO, column of Table 1.

20



Cwth arelative humdity of about 100% for about 500
hours. As can be seen in 22 WD 2004/077519

wEIMOBEM4/ 005531 Figure 8, no defects are vPGI/DE®WOEONS531
the wafer indicating a high | evel of protection of
t he underlying reactive alum num|layer. [066] Figure 9
shows a sanple with a silical/alum na | ayer according
to the present invention after exposure to a
hi gh- hum @d1y, Singlarlyghpéspasitiorepamudters foraiBpositforof sifica/alumina
extended period of time. In the sanple shown in Figure
9, ahswts fdPeadhindiafectrizlstagk M20BHoS e PASE I 8@ sBéwRindhe silica/alumina
silicon wafer. About 100 nmof silica/alumna is

depogp/Blicpystiorn fiecesd ¢olirn NAs hBR a8 RRHEo MRSsiidARMimina layers for
placed in a pressure cooker at about 250 C wi th about

3.5 atabk fimBaé Woah&sh SIRBMP If 8¢ ooty §ifa BRUSRut A9@ vhina by
no defects are visible on the wafer indicating a high

| evelca@dn ddh&dnGeiidn0 FoP Exahntpfe, UNGRkIINBE: 1 GRS Table 1, the
al um num [ ayer. In another exanple, the thin reactive

Al oR{1Ra/ BB 18Yerd\Bsre dbFii&yMDEE hod B8 1% B&gg\%ﬂ& (%P 8§ kw,
rent thin

wi thout a barri‘er layer and becane transp

M NULRS,;f o%?@te?ﬁ%%rh&?w \L’%Gd%])ut%b thgggéﬁ%@g a)?)lghlggd DC power

films deposite e previously

f 1
Pnr 2? gﬁ@ly L{ 8 IS0 08 HAA2 '.E?ﬂggv:ratt% gvaggrrl%oﬁlg %% sacrémaﬁ'lg O, flow rate

are not only TIhpérv e

¢ hemv&a 5%021??& gcrcglt, Ialﬁd; t g ﬁ?p%si%imll P}n bl'ellts %l?o%g é,@{)ic' &P’ ovi de

1me W, c

protecti 0 an reyrng rayer c&°fromthe

ef fect of noi st ure. i.ngress |l e servi as, a

opt 1 cal . KFEE o ierd B EPPERT s drleafopai R o as

devi renderi ng subst antj al nuf act uri ng and . )

envi DR Heh i ettt e ERB EritioyapapStagag a dilectic

devi ces. The . su jeq}éﬁtoc%ss has been denonstrated on

wi de PETERlaxEnt Bp d&7ocnliG e Sluage igeh A disleciiis|Yarrigg layer

| ow tenperature material such as _plastics. [068] Table

4 shésferred te et 2-8dvgnesss opmbairioy yerciomes in stigpuifrery the 92%

testing an A1203 barrier |ayer and an Er-doped _

al umSHEASH Abatien tgets/aPhrfilayer @ode sormed dpr ¢xample, oplastic

Si -Waf er. The A1203 barrier |ayer was deposited in a

23 substrates whereas 92/8 layers can be formed on Si-wafers or glass substrates that are
not so sensitive to heat.

[063] In each of the stacks illustrated in Table 1, the reverse time for
pulsed-DC power supply 14 was fixed at about 2.3 microseconds. The spacing
between target 12 and substrate 100 was ~60mm, and the spacing between magnet 20
and target 12 was ~4-5 mm. The temperature of substrate 100 was about 200 °C and
the shield heater of apparatus 10 was set to about 250 °C. The home offset of magnet

20 was set to be about 20 mm and the scan length was about 980 mm. The total

pressure inside the chamber of apparatus 10, in plasma 53, during deposition of the
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WD 2004/ 077519 PCT/ US2004/ 005531
3kW 100W 200KHz/ 30Ar/ 4402/t process with a 2.2 s

w0 ewe3m19i me. The Er, Yb doped A1203 was depPST/U8104/005531
with the process 6kW 100W | 20KHz/ 60Ar/ 2802/t process
with a 1.2 s reverse tinme. As can be seen in Table 4,
the hardness as indicated generally by the Vickers
nunber is large conpared to conventionally deposited
al umTi@, kidrereas §HO6O03-6 ReE. UFheitotgl firesskie guside tRAchamber, in plasma 53,
dielectric stack 120 is deposited on substrate 100.
Each dofinddgpokicion bfye silicalddimind BRers 18 abok®4-9 and 105 can
be optical layers (i.e., layers that are optically
useful ). Reapt r atseme OtkrieBstadie acoyding 18 3i% prédeiSihvdntion, barrier
metal lic, or sem conductor substrate. The thickness of

| ayengedkQie deb8dted b3 reakfivkly sfttiered Bin Gfm Gived & ¢dyetsCformed by a

stack 120 can be varied to formeither an

ant i pfRbdsas Efewﬁ)ugls; AbdcABeddih tiR pulsed,| veatd ¥& o588t blrdgess U.S.
Figure 2B shows a transparent conductlng ayer 106

depo §51 ﬁoﬁgatloﬁ ¥&fial ‘Noe h&%h I 863 gte S{flsédzgrase-ﬁrd%ﬁocsﬂ%%?c};ﬁess combines

conducting |ayer 106 can be, for exanple

EN: ?h% {1%F3 a@ﬁfﬁacuf h Séeha% gldéledgélg ancﬁpl%oli'&zésrf?ete%f #Q0

CtrIC sta

surf a6 %Qldde?ecpsq}l%t%{:g @%&Il 3¢ ﬁorglglasseﬁ Qfﬁ(té.{&ﬁlt ir ]fﬂgms Wlﬁ%aﬁs per

particu | nC
ig‘go%{fg@n ui,g d{g:aégﬁ r | h %%S 1calzln ex an??gz@éf%%égg? high
St ot e Ot&elr%é&f O hp ned of ' e can be

gp ds :Eléqsl %fl[‘@ﬂ%@@mc%qo g‘i%}ei éﬁﬁgchoagﬁ%egoe icggststt]gp;%gl‘glrf g 1n the near
maybe hi gh i ndex | ayers accordlng to_the present
i nve Rt FEPeY énct;umfomhoeﬂlq oggr& PEartyper Pl @owé@g éwzftaa}@ally
may be | ower index |ayers such as silical/alunmn
| ayePeriectiraRfprEacyo A saepodiof hsrmighde et damsifiasion 'and the low defect
dielectric stack 120 can be found in Table 1. As
anot kecerixaiiop) ibisgemansiiated thap thegeaery Banspags fismadscprayide
to the present invention that provides good
t r ansupesisi dffusipmbargerqrotettiop goringoistuteangreds ay measyted dly sam
WO 2004/ 077519 PCT/ US2004/ 005531 Ti 02/ Si @2/ Ti @2/ Si &2
| ay e pemgpatidn. tlhisitk messms fihRs ddnanstrat@Gudbhiggr dieldtrB brendnlown
and
under high voltage stress, also a result of the low levels of defects.

[065] Figure 8 shows a sample after exposure to a high-humidity, high
temperature environment for an extended period of time. In the sample shown in
Figure 8, about 200 nm of TiO, was depo§ited on a reactive aluminum layer that had
been deposited on a 4” silicon wafer. The sample was kept in a chamber at about 85

°C with a relative humidity of about 100% for about 500 hours. As can be seen in
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90.87 M, respectively, deposited on glass provides a

hi gh transparency in the wavel ength range of about
wadad4nimiand 650 nm [070] In Figure 2D di el ecP€T/TS2004/005531

stack 120 is shown protecting a |ayer 107. Layer 107

is any layer of material that should be protected by a

transparent barrier |ayer. For exanple, |ayer 107 may

be a reactive netal such as al um num cal cium or

bar i Wigurt dymerdeft ar@yisibe ca the wgbl iadicatingra I8gCIBYA ST Protection of

conductive transparent oxide, or |ayer 107 may

i ncl uBeurRRlgiag rssctiilirgialmdiyee! ectri cal device. As

di scussed above, the individual |ayers of dielectric

stack 120[@a¥) PFRVIEshBROh 8aklOWithQbilich/ARMidaNGHE 84BRling to the
of atnospheric contam nants and protection agai nst

physigakntdamREsn er le@)Rlire 104 higﬁﬁumﬁﬂ?%i@lﬂ%ﬂjeﬂ{%ﬁg Snvironment

[
the l'ayer thickness of dielectric |ayers (e.g., layers

101, £308y exiddded peHdd or B8, AORe ét%‘f@khio@n 7 Blgli ZRouPi0 nm of
dielectric stack 120 are arrangéd to form’either a
t .ent. - i i i o1s .
A o e e e A
Chi SO ol : . ) L K 120

Ic ngﬁqésgtec? Ié &irlﬂ%l aYdrHlHQl]li. fThJﬂ %&p‘}é&g%@@%ﬁ%é&? I(frr %rf)rgagsure cooker at

to for ectirve or an

?é?' %ﬁt‘{té‘gﬁiﬁ St o2 octhuie] %E%%E? gt%%ﬂ?%?:@ﬁ?@@ 5518'?-?%?511% no
i in Fiqure. 2 L ghl y. '
b SEte et en B R tne o Riahie 8 BhiCiedign o e nderlying

protecti.ng .a .layer 107 where layer 107 has been
depoSTACHY YRMEUBLIFYEt & 98T #arpliethe tin reagihepdaariSi wafer was
conducting | ayer 106 has further been deposited over

di el destedivadesithe samegndifiprg prighovtra bagiigs ey erang heganaq rgsparent
where a second barrier stack 120 has been deposited on

t he DBethimpinuigsof fiedes§pg.subst rate 100. [071] Figure 10
shows a cross sectional SEM view of an exanple

di el ect ri 0673t aB¥ediedcoetali axgfletlibms pepopitad it the prgwiepslp disclosed
Again, a five-layer Ti02/92-8 stack is 25 WD

2004 /p0x?S1 §oRCTsUS2QBG05H 3dore thiw Whmivrots, sthingkendsisnpervious to
550 nmfor the Ti02 layers and 970 nm fcnthe 92-8

si | i oafisime mnd ehemlitd pencamiidnens s Hidmybrit narFlguprevid©priogcion to an
dielectric mrror stack such as that used to forma

m cr aadatlyling lhyeDor device from the effect of gas or moisture ingress while serving as

an optical, electrical and/or tribological layer or device, rendering substantial
manufacturing and environmental margins to the respective layers and devices. The
subject process has been demonstrated on wide area substrates of glass and metal as
well as low temperature material such as plastics.

[068] Table 4 shows Vickers Hardness (MPa) values obtained by testing an
Al,05 barrier layer and an Er-doped alumina/silicate (40% alumina/60% silica) films

on a Si-Wafer. The Al,O3 barrier layer was deposited in a
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[072] Although Figures 2A through 2F show vari ous

configurations and wutilizations of a barrier stack
wa2@4hzmsing five |ayers, in general, a barri erPGr/asi004/005531

120 according to the present invention maybe forned

of any nunber of barrier |ayers. Further, the

exanpl es of barrier layers 101, 102, 103, 104, and 105

illustrated in Figures 2A through 2F illustrate

exanpies 1 @fW/poKEaB0 A MUt ey Wit92. b Os thersp tig®e Mhe Er, Yb
i nvention where those optical |ayers also function as

sel f-4g &i&s@; ek &-Pasﬁteg Rmdhaueeg@cewﬁkvm@@wvmmm@k@/@goz/t
therrse ves as as t he partl cul ar surface or device

A I O e R L U

105 na act ant |

Fare- ear tefr(:icge}éenrgllf%; fhg 1cléérs num er ]V? e c%}pgregg? @&gﬁl}tvnally
active f%(ﬁtlonagﬂtg Further in accordance with the
pr es SROSTPRIIWRER one or nore of |layers 101, 102,

103, 104, 5 maybe | ayers er .than arrier

| ayers ac é@@ﬁ' #@ew ghta F ﬁes%*ma HAFE IE5H. 12%&6{?138%“6? it
barrier Iayers descri espect to

t hr ogB¥Fole 10GnEMS o @6‘6@’( P@%IS EH% |1 Y2 ilAY 19‘*@5%@8 Cand?ea@@aal layers
dep03|t|on process as_has been described in

Appl it Py Balaraertigally usfido Sybgwt 108 marYd%er% g}ﬁﬁsg Rlagtic,
densified layer of material with very | ow defect

conc értalhg, iopprsnicqngpgpr mbefiatee The diHelmessad daviesrl 081 03¢ty £04, and
321 utilizing dielectric stacks of barrier |ayers

accorl@p nfditlecitih stagh EX)enan be marisdtte fomm epibersh onlirréflectegponiing or a
3, structure 321 includes a dielectric stack 315
deposéfteetiviorvating ubgitre aBeh@1t trddsipsént atreluding lagey 10@deposited
fornmed, for exanple, of glass or plastic nmaterials. A

t r anspard¢ltctionahiltcD Vv Erdnspagant ca@ifideting lkgler B danbe gxaegain@le, an
indiumtin oxide, is deposited on dielectric stack

315. ihdiiyif fin-o2 Gle\Ye? 40 ZCLStrRied 4 LiH20A« 1 @0®HRB dieledttid stacks 120
can be an el ectrol um nescence | ayer such as, for

exanekgositad RSP @p-sdeRRtnd @%bten Qirfaté Uﬁubﬁﬁitd’rﬂioe Iihaparticular
rare earth doped silicon rich oxide light emtting

devi GRamPIE showh 1A IFgAR ZC IrcBilabs @rnttoli@nPeH del®tric $hdkD20 with
(organic light emtting diode) or polyner stack. A

et aljJeavidi, Bh2103MM4 lanar?os Reosatubh mwsaﬁﬁcermum&ate 100 and
doped ‘Wi th calciumor barium is deposited on th

E Ie de J0&fEr dufbbBimeRtor dideREQNE 19, &hEFH hdvingSh ek 1 GRL YOQ 4o, 111,

and 112 in Figure 2C, deposited on the bottom surface of substrate 100. Again, layers
108, 110, and 112 may be high index layers according to the present invention (e.g.,
TiO; layers) and layers 109 and 111 may be lower index layers such as silica/alumina
layers. Examples of deposition parameters for dielectric stack 120 can be found in
Table 1. As another example of a stack of barrier layers according to the present

invention that provides good transmission characteristics is a four-layer stack
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formed on the bottom of substrate 316. [074] Structure

321 illustrated in Figure 3 is an exanple of a
wo@notavdty enhanced LED, protected from watPCT/E82004/005531

reactive gas which may diffuse through substrate 316

by dielectric stacks 315 and 317. Wen |layer 312 is a

nmetal layer, a mcrocavity is forned between | ayer

312 and dielectric stack 315.- Dielectric stack 315

can oUP/BBuflie./FiQghayesng ofttbidkiasssml 2H2 atny 86, B £FIGEATaRn, and

| ayer 313. Layer 313 emts light when it is

el ectHidTainl, yesbéctiselyl, deposited es plats m{m&s\adhghamsp@aicy @tlthe

bet ween transparent conducting |ayer 314 operating as

an arodelesgibl range dabotinp Olnayerd 630 2m. operating as a

cat hode. The layers of dielectric stack 315 and

di el ect ri 0787 aci Bdufe 2D®eldictdcRNOE & sh&v&%"&e@ﬁ% 4 BGer 107.
light emtted by |ayer 313 between |ayer 317 an

met alllave 102yedny 3ah2r off B4tEAAD ChaBEhotlda)e ?Fot&ftédaﬂ&et%ﬁﬁar&{% barrier
guide light along substrate 316. Additionally,

di el eglef.i ForleRdtfle, 3d56r IBYmBELA! £ANDE thet? silchal §ﬂh1tmdrﬁ OB ium or
produced by layer 313, thereby formng a non

ar r ang@RNhyet § mhy 954 erﬁIeﬁ e’? Eﬂchtagg &1‘1&?&&@[{%&1@& £ gxide, or

normal to substrate 316. |gure ['1"us

the 44,@PEMms) QRudhe a0 (ﬁ)@l@&l%g e]ﬁgtﬁml%xag%) £$a%, ﬁegﬁbove the

dielectric stac s accordi Fese i nven

IQEUF@\%%{ ?%X; thl%%%& \%tlééli aﬂO glq rov1 Ip ?ctlggh%tg ;I‘Ogl 1ncur31on of

Spec Four l es were. ne red a each
B '3§1§t§nek ghig i e nf@alzftm%% e Sy 100, 1

PCT/ 8200 1 1 O2/9 descri bed above.

sanples’ fia ave]?ﬂg Egﬁ@@fﬂ?iﬁﬁ@gidWﬁyafﬁﬂF@éesuHWﬂ#ﬂ@b102103

and 8). .As. ted in Figure 11, the two

di f f i&‘g ﬁ{‘ﬂ?%z ORB VR 3 FlgCtElg fack %&ﬁéﬁ%@ig%to form either a

specgrunldenoq#%ratl the repeatability of the

depoSPIPYRMY sdlesive et paficHaravaypisnaihh foneskdlefl finsthe art can

t hi ckness arraﬂged sg.,as . to shift the transm ssion

specfteiitoie fidnessof prdijaduatrilamssin dielentris gtankp 1 20 taderm a reflective

generated after the third exanpl e was mai ntai ned

undef? BbrgBectigsfilm gdicloettiestankt i) {respmecmbdilinicntss whérelayer 107

120 hours. It can be observed that the humdity and

heat S Igetﬂ@pclm\;\@man@;m,dnpﬂmgmlcmm the device shown in Figure 2D

forms a highly stable mirror. Figure 2E shows a dielectric stack 120 protecting a
layer 107 where layer 107 has been deposited on substrate 100. Further, a transparent
conducting layer 106 has further been “c‘i'epos'ited over dielectric stack 120. Figure 2F
shows a structure where a second barrier stack 120 has been deposited on the bottom
surface of substrate 100.

[071]  Figure 10 shows a cross sectional SEM view of an example dielectric

stack according to the present invention. Again, a five-layer Ti02/92-8 stack is
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i npact on the transm ssion characteristics of the

mrror stack, again denonstrating the functionality
wotoogacisidi el ectric stacks as protection | ayerBCHES2004/005531

as optical layers (i.e., no neasurable wet-shift). A

simlar result was obtained after 500 hours of test

with the 85/85 conditions with no nmeasurable

wet -shift. [076] Figure 6 shows an exanpl e of another

st r ushewe wiB Zhighine$s 520 nmi for ihe T¥D 4 lyyeen @ ITe dnd f£bme 92-8

structure 321 as described with Figure 3 covered and

pr ot edicedlupyina Berexatple shobddn Fipuke Bbis b AR EMAAr bthck such as

Figures 2A through 2F. In structure 321, as shown in

Fi gunieat Gsed tayemsa @itdbcadtI.EmNd 312 have been

patterned. A structure 622 with dielectric stacks 618

and 620 depR$i t aBhdEh DRARS IZIA&hl%lqu?QF Q{owavan%ﬁ’sbc%tnﬁg&rgtions and
619 can be forned separately. Dielectric stacks 618

and G#ifzaioss b HMRek: 88ck BRMRYInRede YyEh Hieleatd b
stacks 120 of Figures 2A throgghGZ §t rgucture agx}%sgaglﬁlzo

then ac&@dlﬁ?@‘th@ﬂre&ﬁ?ﬁwélﬁ%ﬂ Gy b€ f o%ﬁ-rl:d bpar&ré%%ﬁse# &Rk layers.

and protect structure 321. Epoxy layer

exanpifner @ e)pa?n 0 ﬁn@tplgﬂs 1({10?(72] 153 9?5 Snd 1§§1 MBtrated in

anot her structure 700 wth an exanpl e
mcr@ Ydsbw ®RNBNSE e32 as_ des 3@1
Wit gure tg gverg1 andé}amllﬁ cPRiE yeés %“cc?r@g‘(g p Ere present
623 hose sh |nF r 2A t ) . ]
Cover) %%10%%@5@ 3o ot e bt oSS eeng berir ayers i
strugture C es su te Q with dielectric
st ac g%y Bf"ge&é{f?‘g o 25U ilﬁ'tg? Bam%@@ SUERRS A devigen or belOW
devi ¢ ?‘é& a[é éplo ggp& 4 i]lustrates another exanp
of b%V jpdheyjaxg, Sl@éc “H@allﬁ/ooﬁer?é mogs; fhapter faygrs rlpi d|Q2 103,
t hat 430 f(#JSnctlon as electri.cal t¥ers (i.e., layers
wi t h1%&&eq 19wy nelydeentisplysastine %&Pab ioRA YFhep tpresiarth some én order
or functign as the dielectric in capaci tor
st r ubrRIPEYe meporseally@etivediagtionsiity- nFlFrthgla ipacgordance with the present
illustrates an exanple of a bottom gate transistor
st r UBVEREN4TE o5 Emost ofilegre 191t HE. pi3ed@htnd hRfemey berayers other than
Transistor structure 422 is formed on a substrate
416, bagreidayeanaccerding tothe prasent dnrvenfiicus Fapmothe bdrried layerhdescribed
enbodi ment illustrated in Figure 4, a dielectric stack
415 wiboesdeohip Kigueh2A prambF can be deposited utilizing a pulsed, biased
deposition process as has been described in U.S. Application Serial No. 10/101,863 to
form a highly densified layer of material with very low defect concentrations.
[073]  Figure 3 shows another structure 321 utilizing dielectric stacks of
barrier layers according to the present invention. As shown in Figure 3, structure 321
includes a dielectric stack 315 deposited on a substrate 316. Substrate 316 may be

formed, for example, of glass or plastic materials. A transparent conductive layer

314, such as for example indium tin oxide, is deposited on dielectric stack 315. Layer
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invention is deposited on a top surface, of substrate
116 and a second dielectric stack 417 according to

w0 b@4prmsent i nvention is deposited on a bott oP€BUSIlALE@5531
of substrate 116. Dielectric stacks 417 and 415 each
can include |ayers of high index and | ow i ndex
dielectric materials, as discussed above. The high
i ndex and |l ow index dielectric materials, for exanple
Ti 02 34A§21 be pealgcaiolymirpacdnas/levey sueh atefor Fxdngde, alpbusghor-doped
each have | owvoltage flat bands and | ow surface
def e Okidepn fuetiderraftertad rare sargfudapadkibicorf ieh axéde 1At dohittihg device, or
filmtransistor structures. A sem conductor |ayer 423
i s depessanisdigbhemibagmiobymes tQIHD Gigananiikhpamiteigd@ele) or polymer
Sem conductor | ayer 423 can be a sem conductor such
as sistacke o mega dayen3 I2mwhioh ntgg e bEmifung kiiCm bR with calcium or
pol ymer material. Layers 424 and 425 form source and
dr ai hatiaygs Sefiositaiant thcdidancalage i 808 Ao Hlehe%bﬂ%rstaé@ 317 can be
Layer 426 can be fornmed of a material with a high
di el éaidet oncli@rdtiantof ssidghe 3s6.any of the dielectric
| ayers formng dielectric stacks 415 and 417, for

exanpl e t [@ahi ghrucHir&38GHIHGted i B ggxtg@ if bz 'iee(ff{a%[lﬁr_})cawty

deposited by the processes descri her e. yer

| S aBnhant&l LEIRYRSte A d R :
WD St R W Rler okl g%}‘%&?u%&@“sﬂﬁ{/\%@h

an e o] ICG .
T s et L PR

t hat ﬂléo&rv% %%ﬁ%dfbre%ez? aggr?qa%n(ll 81616?@%%% g%i&&eétiig gtack

exanp e water or gasses SICa

abra ack and 517. Dielectric
st acgiso%f?é Ogip%f]f%a?nél F’(ﬂ? féf&%)lﬁﬁnbrﬁéceﬂ?e 1a¥F6|3§3 | LAyer $13
of o terial sed above with dielectric
ot ac nlSBn FBbER e Bl BEIeD SR pRER b B it botesn
stacg 515. La %» be a . netallic | ayer such as
al uni RS "8 “8%% a)i\qui‘% aPgaingas pr grgde gad cqngucting layer 312
dep03|t d over L é‘ g A .sem conductor |ayer 532

is d¥5E ﬁntgé‘ﬂaéiﬁ %t he ey grs of diglertris stackoilsrand diglsetris3tack 317
Seni con uctln Ia er, 532 can be simlar to | ayer 423
of AR QNS é?P%ta@sﬂse lightiemtied by layerotiB betvpen lagersd 17 and
| ayers, respectlvely and are simlar to |ayers 424
and #9gllighayeyl2, famipzoan gtalqm agiapgentpnbieczuivieyight floramebistrate 316.

froma conductln%:netal conducti ng
Additionally, dieleciric layer 317 may be arranged to transmit light produced by layer

313, thereby forming a monitor arrangement with light being emitted substantially
normal to substrate 316.

[075]  Figure 11 illustrates the transmission data collected from examples of
dielectric stacks according to the present invention. The metrology equipment utilized
in taking the data resulting in Figure 11 was a Perkin Elmer Lambda-6

Spectrophotometer. Four samples were measured and each were 5 layer stacks of
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oxi de, or a conducting polyner, for exanple. [080]
Dielectric stacks with barrier layers according to the
w@e@sernts1o i nventi on can have atom cal ly snoot hP€T/UR2004/005531
surfaces, independent of the film thickness.
Additionally, dielectric stacks with barrier |ayers
according to the present invention can have film
transparenci es that are unneasurably different from
zer 0.TiOFAZ28a@s désetiexitabbee. Shvacdesiplee paeshntans thiglhess layers (55 nm
capability for biased barrier filmdefect |evels and
bar r T80, prdot0Satn 9238). Revillpstattd di Bignedd] the Bgo diffeleatinhd Bave
barrier protection fromwater and oxygen, such as
OLED atthsqp ligysame aamntigioarspéctrum digloactatioy eleeatdbiliey of the
centinmeter. Sonme enbodinents of barrier |ayers as 2.5
nanorkep&itfondicteas Mhbitiik xemple had & AFREent EkBedI 8B Meed so as to shift
deposited that exhibit an average surface roughness of

aboutthOirahsibsibn shddtinkabw18s e BRDBIR: fol AR e}PA’hﬂﬁé%\%% genbGid after
| ayers exhibit an optical quality surface for al

fi | migdingh ReSRSwiERR1atRE und-f BS/8S 7
anmor phous film uni formt y 30 WO 833;%$575/§1519191§1dftﬁ%s?b&ﬁnmn3

PCT/ W52004,0Q593% b@Bﬁs@fv@@PJ ﬁﬁ%l% idil gﬁ'c? 10% 81‘&%%%%’6 a significant

t hat produce enboglnents 0 arr

acc orlg 01t1 %e%ﬁmﬁ%s@(}e&tarac@yl E:Is IOP{I]IG nlqu 1Jtaci:<)| ae | Elc errnlﬁgi;crgnng the

barri et ayers accor presen I nve 1 oNn

of P%ﬁ%%%‘# PshoLeE @%‘?ﬁ“ﬁ A of Em%gﬁ%ﬁ%fﬁ gw‘i b o 0@80% Kjers
P S
ox Sﬁ%ﬁeogf/gﬂm@ i With o PSR g o |

descri bed_herei provi de | ong tern1protect|on of
reactive \Ed}dns r@% S]éi?‘%s apﬂ Fappieot ppotler siEuqhye PR Witk aa
of one or both wafers. n hole in the protective
di el SutPraVitygplpqnesd P W@@e g’%ﬁ as\fgfceibed Witk Rigtre agoweredpnd
approxi mately 75 square centineters, would translate
i nt o PEPTgsitad byHoTmacyes 3P sychas thpspehovd. in Fazares @A thigugh 2F. In
centineter. As shown in Figures '8 and 9, there were
two watars 32bme shoviorn Figura %é@fﬁsﬁééﬁé 3 aavd 30 dave lebh patterned. A
titania barrier dielectric coatings, that were
f ai | girectire 682 withdiclagtrilstagkse® 8 lped GR{kbdeppsitd onoppwitesides of a
was 150 square

substrate 619 can be formed separately. Dielectric stacks 618 and 619 are formed as

described with dielectric stacks 120 of Figures 2A through 2F. Structure 622 can then
be epoxied over structure 321 in order to seal and protect structure 321. Epoxy layer
621, for example, can be an EVA epoxy.

[077]  Figure 7 shows another structure 700 with an example of a
microcavity enhanced LED structure 321 as described with Figure 3 covered and

protected by a structure 623 such as those shown in Figures 2A through 2F. Covering
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centineters. If there were 1 defect on these two

waf ers the defect density would be 0.00666 per square
wa@emdionster . However, since the wafers were frRer/v52004/005531

defects, the actual defect density could not be

measured fromthe results of only two wafers. As

i ndi cated, then, the actual defect density was |ess

than 0.0133 per square centineter and likely |ess

t han sGu&iré 6B inchidebduBste@ds 10NRER Qieldc B 2lack B2G&PBsited on substrate

enbodi nents of the invention, a soft nmetal, such as

indiqnpﬁgbkaaﬁﬁﬂkggmk breath treatnent can be
performed before deposition of one or nore barrier

| ayers sugdysas tibese idhsaks seanak o b barSer vkl ¥oordine to th
that the gdgf? rretggrl t;reath treat%ﬁfﬁ%ecana be l}'lté”iczoémgo e

. SO LS e L 0k il
su bs%&'ﬁ@n sdcHl ra% a?iéii or@si%ﬁ‘fo‘é opﬁﬁgéionbars L?let cg?l&%ﬁcﬁf_%'ﬁgﬁl acitor

can act to nuc urther growt

free or f- barrier..l aver..fil.ns on th

cunst Pap ) (Blssr@fa bl fe Rl i@y lPahdf ogp gotom st
barrier .l.ayer structure,1200. with deposited an a )
o ubs (PRTOTT e 427 aSGoRaiE PRy brosbnt gy Tibey Ajanpenpcture 422 i

treatment, accordj to .the esent. i nvention. I

Fi qureEd R0 & Qusttel A3, Yhigpal beysplastieipr 5653 Batoils & ped

above is_degq ited directty on_ substrate 1201,

SubstePbpdime fdﬁ“%"&??dﬁ%ﬁgﬁ’gﬁ > 8 fiefegbicstaski L3 gogprding to the present

materi al, including glass, plastic, or Si Wafers, for,

ex anpientiongy gerosiigdeonpion sufage of stk il aad ajsprond; dislegisic stack

OLED structure or other optically active structure

whi cH1¥ é@fgxc}n%to ﬁljlegﬁes(gpit ipyepfion md@p@ﬁgh@n ppotipm surface of substrate

el ectrical structure that may utilize the barrier

| ayerld6.abictdcuiststacksdt 1’ aag éi 5 cacBaan inelnd¢ layess ofiligizindemangdow

any one or nore barrier layers as is described above.

As i l[ihdgs dretecttd materiily as discieskd abeter iThe highymwiex andb® indax

devel op stress-rel ated surface roughness during

depodlidiéctiv raaiekials dor ek@8@lE THD-gund eilit@ Buiminalstersdselssdribed above,

results of depositing barrier |layer 1203 follow ng a

sof t eadtilale bmeadlfage fladbndrind &oe anficadeftas adrierefore are suitable

enbodi nents of the present invention. As is shown in

Fi gurfér uk2 B thinhflmstaneis®r sttucapdanedidigontdedtbran@d423 is deposited on -
- resulting in a barrier layer with nuch better surface

SNDOLBARS fack 415 and patterned. Semiconductor layer 423 can be a semiconductor

such as silicon, germanium, or may be of zinc oxide or a polymer material. Layers
424 and 425 form source and dréin lasfe;fs 1n contact with semiconductor layer 423.
Layer 426 can be formed of a material with a high dielectric constant, such as any of
the dielectric layers forming dielectric stacks 415 and 417, for example the high-

dielectric strerigth TiO, material deposited by the processes described here. Layer

427 is an inter layer and layer 428 is the gate metal.
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[085] A soft-netal breath treatnent according to sone
enbodi nents of the present invention includes an
wez@anursed of the substrate for a short tinme toPEI/BE81004/005531
netal vapor followed by a heat treatnment.' An
indiumtin breath treatnent, for exanple, involves
exposure of the substrate to indiumtin from an
indiumtin target in a pul sed- dc process and a
subsequenf0gat Fignest siews an Siatpid ofexpOgdsd RarsBtor device 529.
i ndiumtin-oxide vapor does not yield the particular
beneflrensistorrdedics 529 ik Fdrmsd bah ebshat 6V thiWit PRcted GloRBatmospheric
‘bound by a particular theory that nay be presented in

t hi s dhemimngon @or &amble/wailerdi gakdy) adoEcA QR4 SliHBHSion by
PCT/ US2004/ 005531 treatnent can relieve stress in the

deposdidi@gridadcks 815 dndysey, DidBR\dtls SL 718587 a2 TRtA R3S one or
and MOCON W/TR performance. [086] In a particular

exanphdéte Rlyeds OF flchONatofial RRKEL Rl BY R with diMELHE §adlPB: Gate
an enbodi nent of a soft-netal breath treatnent was

per f QLIRS PR aghoRi I felSHRS{h @] 5, %é}%’ FEl (ﬁmE&e Bég&e Eufe’%}licmelayer such

treatment of I'ndium Tin, for exanp

fr oma@@lumli | Mdé%ugg% b i%l@ lag%r é%?tls del-lpggﬁte ro%:rqa%%re gﬁ{ A

performng t rea reatnment can

desi 5 200 .KHz/ 20Ar / 002/ 10 . t

s 0l Gt RN A0 00 R A0S B e SSRE

£ o gptsgtuchs [y T i B S R et Ao Bl 4 o3

in a | sed PV stem 10 (Fi.gure | A) (Pul sing

Fi e BhEy S906° K R BIS ST o gk sty GyIoseref2dcind 428 of
in the AKT 1600 PVD system using. the Pinnacle Plus PDC
powerde‘éla%ﬁ%f?f%lgﬁﬁee% and Ry b GHRH B & CoRSHPUEGAE AneRaducting
and supstrate 1201 was transferred into a |l oad | ock

of anXuRserAsoniusbrg rolyaer & exgElie.was punped to a base
pressure of |ess than about 1X10-5 Torr. The

substrat elA88% tRiglscitic stasksevitlelpriics layersaaeording ibibe prgsent

130 C at  1X10-8 Torr where it is thermally treated at

130 @viesiionlsp hevesomicaly fuo® filgutysiheast indepeaient ofi thdfilnhe
indiumtin breath treatnent described above) was then

mov e dhi¢lmess. Saidiiotalbh distretricwheksevittabartieiaiemyaecordin® B fhs present
deposited. Barrier layer 1203 can be fonned, as

i ndi caerttbnadaoave fimdrangpa@2cBs Matiare nomSistuilblg tdefferent from zero.

These dielectric stacks represent a new capability for biased barrier film defect levels
and barrier protection. Few products requiring dielectric barrier protection from water
and oxygen, such as OLED displays, can tolerate a defect every square centimeter.
Some embodiments of barrier layers as 2.5 nanometers and as thick as 15 microns
have been deposited that exhibit an average surface roughness of about 0.2 nm,’
indicating a damage free process. Such layers exhibit an optical quality surface for all

film thicknesses deposited, representative of the high amorphous film uniformity
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(92% Si /8% Al') target wth the deposition perforned at

roomtenperature. [088] The process paraneters for the
walepasitsion of the enbodi ment of 92-8 barri er PCHYE2004/005531

1203 can be 3KW 200W 200KHz/ 85Ar/ 9002/ x. Ther ef or e,

the process is perfornmed with about 3 KW PDC power,

about 200 KHz Pul si ng Frequency, and about 2.2

mcro ec%qu.ket\égrse time. Bias power can be held at

about*3HeP 1A e progessephap pOdp @ &b Aiments of the barrier layer

PCT/ US2004/ 005531 f| ow of -about. 85 scorns of Ar an

about**%¥I8g (g PissenpmveRiionyt i | | zed. I n deposition of

this particular_enbodi ment, the deposition process was

pover cycl®d] whiekctrisdauior lagyrs bevowiss BRRUrestB0nSEESH have been

l ong and the off cycle was about 600 secs |ong for 9

cycl &20wn tyipeotedh nlieriin scaofive thealr i bt hingiRaS 4.6 rste&ﬂ)ﬁ?{]t
1203 was then .about 16001. In a particular test, e

pr oc E¥idatipasiiani 25t 2500@ amasssutbs b ZEAThPss of 0P R
a barrier structure 1200 with substrate p%gegs?é%ﬁoggunjmds of

t hr eboyst with ing vistbdedegecobn $0048n Gili&ED ' ont
Teijin PEN filnms 200 mthi ck, refer?‘%ﬁ' ?Sh%g‘beélﬂsﬂgﬁf%cpea”hﬂ

subsbathtihiun oxi¢ef@raiimina/ @At d aye : f he
92-8 or Ti02 layers di scussead abé\]/[g yelga%s %%%8%8@?%%@

f ol | rewidglong $@tpro®Biidh oPrBat R nt. .As discussed
before, exanples of pr 0cesses h%g%gﬁnt%e |1@?11?§e‘6f‘p to the area of

bar réreror bagievaSerd CHRHEH g resent invention are
pr esent ed here but wi de %g}rllé §teg Vepd(j‘g%cgé% G LRt 10p gnm

can wasUlvithiaf aR]AGE ) : accordi to the present .
i nventi on. [aO§9] Ba@ ??}Jg?yt?lg;] &P ﬁ@ﬁ%ﬁ@miyg@d&qnslate Into a pin

S UbHoleAdcBsik 2R GRD i \?ﬁéx%&ué&g gf%lggigﬁeij E%gs%ga variety of

t echni ques,” sone of chare WRapFigpies 8 and 9,

par th&sake in lLayer 1203 can be measured
using a Fleetggglgﬁl getrs?'gégast 3@@‘&%@%?& PRSI G thditanisharfigrdielectric

r oughi e qeasured utilizing an atomc force
mcr osg-%%etﬁa?%fﬁ%ﬁa@ﬁ ee'mg'feetPtal/%fﬁ%‘?e%W?e&ﬁhftﬁWﬁWS mas &S0 square
( : neasur in a_high pressure, high
h\lﬁ\xrr/i-g |tltn§/e?%?'2§t§ﬁrf & eogg%g?ct g8 hesetwo s theidglecedenSity would be
il H%E?aé es _a Flexus Scanning Assenbly 1300 that can

|

be “uti11Zed T CRUDCH: Hopeyer) sinpe thesvafers tmareefreb2@@efebts, the

Fl exus 1%cfann' ng Assenbly 1300, a
actual detect denstty could not be measured from the results of only two wafers. As

indicated, then, the actual defect density was less than 0.0133 per square centimeter
and likely less than 0.007 per square centimeter.

[082]  In some embodiments of the invention, a soft metal, such as indium

or indium-tin, breath treatment can be performed before deposition of one or more
barrier layers such as those discussed above. It is likely that the soft metal breath

treatment can be utilized to release stress between the dielectric barrier layer and the
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light beamfor laser 1310 is directed onto the upper
surface of barrier layer 1203 by a mrror 1312. The

wo edokectsed | i ght beam from barrier |ayer 1203 PGI/US2004/005531
detected by detector 1314. Detector 1314 neasures the
defl ection of the |ight beamfromthe beam 34 WO
2004/ 077519 PCT/ US2004/ 005531 reflected by mrror
1312. The optical section 1316, which can include
| asersulsdhd, Fufthdry the sdfBh2ial Boddh deitmettein a3 Idhucta Befurther
scanned across substrate 1201 and the angl e of

def | @eéwiBrdf Pin-hid Bée dr Sefebil-Bdetdrriod layBEiliR Gh Use @bstrate.
curvature of substrate 1201 as shown in relation

1318. [091483Theritien 15A b BIB 896 d SndhPbdri & ayb2QRi1chRN 1200 with
be calculated utilizing the changes in substrate

def Ord@?és'ltedﬂoﬁ@ Sl 1 30 ﬁ}@aﬁusmalra% A Sfttfcdi P iiPReatment

optica portion 1316 is scanned IS shown In

| at i
R L S T

e 1 nverse o

]tgzglec u Q%Mgd %Jr ggnié{%@&%i écffh\g aﬁ & Ve QHJ?&!FE e an g];ﬁ% géltra?eaﬁol? ¢an be any
ngg;shl arlf—)llee%lb)%tpage méttF at na&éﬁ%gcahp it r | '7¢é ‘*éﬁafaafge example.

ypes Pt H‘!?Z%?rﬂgcl’r%?én@%ﬁ'aﬁv% DO SRR ot&genué'ﬁly active

FI exus apparatus 1300, then, can have re.than on
s o oY YL Faice heb PR he St Srars tat may
di fferent f%JI m types VVI Il reflect_different
waveweﬁ e bagfier lﬁYegms elqefyicebayers. tRaarigrdsyep £ QSpap he apy one or
[ ntenS|t provi des a_good indication of the qualit
t he M%ﬁ%r@ﬁvémers 35S %ﬁé?eé|ab0veoﬁ8|lh1@ﬁﬁteﬁm%la@rptl% ot layer
detector 1314 indicates a poor neasurenent condition.
[ 093]129%heam dexelep %tf?@%lfeé?ﬁﬁissuafwaougmﬁ% slyriggdeppgtion and use.
determ ned using Stoney's - equation. In particular,

stress i nl084yerligpod2Baipspatesibe @SMTMdewlﬂm@smwehﬁmlé%%
of the radius of curvature before deposition of |ayer
1203 fellavinhesaftietabbrofth eptmantarerdiag tossomdepibsdlitrieots obfhe present
| ayer 1203. In particular, according to Stoney's
equatmventiort. hes is shrayesin Figare 198, diesaessliyapparently relieved resulting in a

barrier layer with much better surface smoothness.

[085] A soft-metal breath treatment according to some embodiments of the
present invention includes an exposure of the substrate for a short time to a soft metal
vapor followed by a heat treatment.” An indium-tin breath treatment, for example,
involves exposure of the substrate to indium-tin from an indium-tin target in a pulsed-
dc process and a subsequent hea‘; treatment. Direct exposure to indium-tin-oxide
vapor does not yield the particular beneficial results illustrated below. Without being

bound by a particular theory that may be presented in this disclosure, an In/Sn breath
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35 WD 2004/ 077519 PCT/ US2004/005531 Es is 1 (1-vs)6tf

RS Rf where E, /(I -v,) is the biaxial nodulus of
weaisorsmte 1201, a is the stress of substrate PAR0$2004/605531

is the substrate thickness, tf is the filmthickness,

RS is the pre-deposition radius of curvature, and Rf

is the post deposition radius of curvature. To obtain

the best results, both neasurenents of the radius of

cur v ateatmens¢routltbvb etrqse irf the dapdsited batnier lagatenpredhg fudface

mnimze systematic error in the neasured radius. In

addi tsmoothnéme aadBEOCON &V eTR pefamaacewalf er i s uni que and

because stress is cal cul ated based on the change in

def or mat i UB6Df Inhepastidasi Baintple Gfaotinatioh 6f baRQUAFr BN ard 1200,

basel i ne radi us neasurenent. A positive radius

i ndi GAkABOdiIRRE] dfR sEiMeHS bRAM tRaMeEBhYRrioaflédih a plastic substrate
i ndi cates conpressive stress. Wafer bow can be

cal cubei el braath tRaNht bABLAUTIR, 1fexalipdTBAH JeP it ddSrom an
maxi mum poi nt of deflection fromthe chord connecting

the endsh qihm%%?fo%l) B Bile prgcleggf(fof‘E%gﬁ@ﬁﬂﬁhé'i%gglrn/ﬁn breath

[ 094] Measurenents ‘of Stress perfor on “sever

enbo qge%{%}ngc??g)e P%%m‘%ﬁ ag f75 dVV%V@/ Ebgr/?(ﬁ{/gélsgcr:. fni olt}rlgr words,

1203 i s as di scussed above w

W t hout - ion la 202 forned b 0 . 0
sof t bpiRot it Al ARV BN Rersl REaieY wihya ppee Tngjomn10%
As s in Table 2 anple 1.was a 1.5 KA 92- I].m

of adruareebat o iByS 29 B0 el dahPar ol g e pulsed
subs te. The esulting stress.at about room .

t errp%&if e S )A Wng Frqpgmen 290 fiblg, Beverss tipg 2.2 psec) for
92-8 filmof actual thickness 1670 A over an

Al - bl @ &% B ALY 1 N FVE3 estemsing the BippaskesPlas PIAG pawer supply.
-460.2 MPa. In sanple 3, a 1.5 KA 92-8 film of

t hi cFhes shefaeath peaiaent genbwpd and ssbiyotegid8hivas Bansferred into a load

I n-breath deposition and resulted in a stress of

- 3301k nPan AKda1309 Togigni/g Toolveras uneped éd 4 brse prbsurdeS less than

ot her two depositions depicted. 36 WO 2004/ 077519

PCT/ &J320 0% 00F5:3.1 The substrate was then transferred to a Heat Chamber at 130 °C at
1X10°® Torr where it is thermally treated at 130 °C for about 25 min.

[087]  Substrate 1201 (with the indium/tin breath treatment described
above) was then moved to a second chamber where barrier layer 1203 is deposited.
Barrier layer 1203 can be formed, as indicated above, from a 92-8 Alumino-Silicate
(92% Si/8% Al) target with the deposition performed at room temperature.

[088]  The process parameters for the deposition of the embodiment of 92-8
barrier layer 1203 can be 3K'W/200W/200KHz/85A1/9002/x. Therefore, the process
is performed with about 3 KW PDC power, about 200 KHz Pulsing Frequency, and

about 2.2 microseconds reverse time. Bias power can be held at about 200 W. A Gas
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1, sanple 2, and sanple 3 as shown in Table 1 over a

tenperature cycle. The tenperature cycle included
wheationt§id rom room t enperature to about 160 C BOTUS2004/005531

cooling back to roomtenperature. In a Si-Wfer

substrate, the radius of the wafer is assuned not to

change with tenperature. Stress data in each case was

taken at the tenperature indicated. As can be seen

f r omflemgafrabodtBS s@@aLoffArlans alshap@Gscemd obDewagutilized. In deposition of

In-breath treatnment exhibited nmuch | ess stress than

di d ahit peficdlarS2atddfnhdnmigkefepsditiathro@vewasqiowdt clriddattere the on

treatment or a 92-8 filmdeposited over the substrate

Wi t hQyle a5 Bdut 1804ead lobE et the 61 el R R aboliiB]secs long for 9 cycles.
At om c-force m croscopy (AFM can be utilized to

Meas Uhg HabikRCS the @Mﬁk‘iﬁgﬂﬁﬁwﬂay@r 1208 Ras tRn AWt 1800 A. T a
m ni ature probe is physically scanned over the

sur f %ﬁﬁlcglfar Rstl ihk Eﬁo%ls’s%hle&ﬁ@éd éﬂa% @Esolhﬁlzé@fdr Qe Qiﬁ%ﬁgf 2 barrler
and follows the surface, of fil ro

smal 'strﬁét@reélﬂﬁ% LA Ev@; fg!étg 1581 b‘é @egpﬁgucas%é{é é‘i‘s?%e)% ingh by 6 inch

monitoring t sur roug ess features on

gL‘rjfezDgf;on T]; %\Iévesgq@frn}ss?aés t{sl ferr?é;%fl) é’%ﬁ{ sug%w%e) Iﬁqgenelfal
PEN fi | 200 m t hi fore..de

bar r i%8¥ E?r&%weaé%%rﬁ]ﬁﬁg%toa T“?ﬁ%‘/ebsr‘&“élg*gﬁ S f%“d’ﬁ.de}l@“ed
is shown in ure 16A, a PEN substrate t plcaII?/ has
a supfoyEne ?&fﬁﬁﬁ@%@e’ﬂ#ﬁ trgyglplétgekszhsgusraf?ﬂ before, examples of processes
root - mean-square average RMS of 3.6 run, and a

typi denl enphedimianin af baigieh xS agcortingfp thePreseptvengon sgwrpsented
in Figure 16B, deposition of a 1.5 KA 92-8 after an

i ndi daettiuhwisleaaitas oFRateRBIEareToTE CRRERFU B beriat yereayprding to
in an average surface roughness of 1.0 nmw th RVS

r oug hkeeyssepf nfenfiomm and nmaxi num roughness of 23.6 nm

As is shown in Figure 16C, an indiumtin-oxide (ITO
breath t (@& neBurierlgyqyetrdaturerd2DObef sobgratehi01 can ieribe tested
92-8 barrier layer filmdeposition 37 WO 2004/077519

PCT/ US2804A68% bBikchrigss)stme of whienaradescabeal sebavg hingmgicofar, the
2.1 nmwith RVMS roughness of 3.4 nmand maxinmm

r oughtes sn Bfer5303 cairbe nidaure i 4 FlotusShevs Medsulfeh@hirtechnique.
16Cis performed wth a 125 m PEN substrate rather

t han Sarf2&QonaEN canbsneauRd uligheiodtemiceodt hfGbscope (AFM), and
water vapor transmission rates (WVTR) can be measured in a high pressure, high
humidity pressure cooker device.

[090] Figure 13 illustrates a Flexus Scanning Assembly 1300 that can be
utilized to test barrier layer structure 1200. In Flexus Scanning Assembly 1300, a
light beam for laser 1310 is directed onto the upper surface of barrier layer 1203 by a
mirror 1312. The reflected light beam from barrier layer 1203 is detected by detector

1314. Detector 1314 measures the deflection of the light beam from the beam
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| TO treat nent does not performas well as treatnent

wth an indiumtin breath. As shown in Figure 16D,
wale@asitsion of a barrier layer of 1.5 K A di r er€T/ySmn4/en5531

125 m PEN substrate resulted in a barrier layer with

aver age surface roughness of about 5.2 run wth RVS

roughness of 8.5 nm and nmaxi mum r oughness of 76.0 nm

Therefore, although the ITO breath treatnment was

bet t aefleactediby mErreor il 2 mBbappticalsgetiveri | G twlueH caniindinde laser 1310,

respect to surface roughness, an indiumtin breath

t r eatoment 1318sandidettctionilHecadndstscannett fcadse sulatrghn28isand the angle of

yi el ding an average surface roughness of about 1.0 nm

[ 098]deffegioti @, Wiich Islrelsted &t e radind@F EurvAtRR QF sitsBAS M2 GISds@Rown in

(W/TR) testing apparatus 1700 that can be utilized to

char aghdd gggbarrier layer filnms according to

enbodi ments of the present invention. A sanple 1701

can be nmouged TR RmARRAEAEYS barkidOB0k @an;%’ecéalcﬁla%mhil gk the

the surface of substrate 1201 (Figure 1 I's 1solate

[T OMchdifhcs AULEAGR RforfiRtid: rﬁéasﬁlea@ PSR obih B o opid

noi st ur ree gas 1s tnput to con acts

S ur f %81?1*%)9]:13 f‘({aﬂgéa ngd7 O&S is 3N 1% Feciat%%nglgﬁg? fSO ES %%g I §’f ’ghe re?ﬂected

vapor com ng
2“.0 S'e s fap s B0 "??&fgfﬁn%u %éarnﬁa?l{i %%z%‘%fsteféﬁ R BPSgsSrvature R of
1704
he gﬁ%ﬁﬁﬁﬁa{f g bﬁadlfulit%ggméﬁ%é%{vaﬁ“f il angfy a0 Bncflon of

noni t or. vvat er vapor that is transmtted through
"sarrplp85“_§t 6’[56@‘@)] Such tests are performed by Mcon
Testing Sf 7500 Boone Avenue North

M nneapol (% M@é@@? gasey, §lexprignpprights 18 Ybcanmitiliee @ digf Patplength
is peref onned i n accordance with ASTM F1249

st andeshrrlosyTy Fregesss the range of ilrsipes thay gheyipyliperpally phmeasuring.
PCT/ US2004/ 005531 utilized for W/TR testing by Mdcon

can dashelexusagpasains 5109ntheh camplave mogrethan one laser 1310 available for
0. 00006gnT 100i n2/ day to 4gm 100i n2/ day. The Modcon 3/31

i nst sesreme thefwaferssmeagifterent filws tyaed willaeflate didfetrenbwavelamgths of

of about 0.0003gnT 100i n2/ day. [0100] A barrier |ayer
deposighti dinrthayr threctlaptedlaser iiénsiy patvhies o getdneditation of the quality of
followed by a 1.5 K A 92-8 barrier |ayer deposition on

a 20ChermdaBiNersenss T general, low light intensity at detector 1314 indicates a poor

measurement condition.

[093] In Flexus apparatus 1300, stress can be determined usiné Stoney’s
equation. In particular, stress in layer 1203 can be determined by measurements of
the radius of curvature before deposition of layer 1203 and the radius of curvature
after deposition of layer 1203. In particular, according to Stoney’s equation, the stress

can be given by
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resulted in a Mocon test W/TR of 0.0631 gm 100i n2/ day.

A barrier layer deposition fornmed with an In-breath
woe@avnsme followed by a 1.5 K A 92-8 on 200 np@ENS2004/005531

substrate resulting in no neasurable WTR in the Mcon

3/31 instrunment (i.e., the transmssion rate was |ess

than 0.0003 gm 100i n2/day). [0101] As was further

di scussed above, Figures 16A through D illustrates

the role that a soft-netal Breag’h( tireatnent (in

particul ar an |nd|un1br@éT@“fT§§r )z lean play in

determ ning the surface ro ghﬁ%sé of a’/deposited

barrier layer according to the present invention. The

sur f aderaBl(ifvoesthe blaxal padulieef shisjrate 128h cak $© sabdsef substirate

the W/TR characteristics of a barrier |ayer. Snoother

bar riigo1,ltay & stiesbie thickhefet; isthe fiMMVRRkpES:f K168 Gee-depdsition

such, Figure 16A shows a bare 200 in PEN substrate

W t h radigs dFlFvhRfe, afd RUS the b6 dShRMOn 2add@brdhPEire. To obtain the
substrate with a 1500 A thickness 92-8 barrier |ayer

depogkitesbufd, bsth rfeabiénRbhtds RS Rdful BASIRRre AR BH ﬁégfohﬂed on the
the present invention. Figure 16Cillustrates a

pPi N BEN: fiPoth@ingzddvkimatd @l ifyng dredshad Iraﬂlﬁg In a@bﬁﬁfm because
deposited after treatment with I TO breath. Figure 1 16D

s ayg ds@lr Sl %Nvaé&qpéﬁlgt%téﬁd%é seastr%%qg cd‘[\:ﬂa?te&gbegaf &1 tﬁ% change in

Iayer eposli e substrate.

seen ’defo%%at%o% "f‘fﬁel’é[ﬂ?sng g’:lCH Waftr %ldslpclggg b%/%ﬁﬁ%%ilﬁlbl}l%sféemem

surface SFTDOt élr acteristics

PCT/ SZOQ[%%(I)OCIS 115s31r]1'd1czlt?s]tenslle ;—traekgé G d3 a nelg?tyv%trg ﬁsei%gﬁﬁgsecro%llpressive
exanp ) SNDOo

o L A R Y] R%lt"‘%ﬁ i et eﬁubya?lsaswngsthe

I d d ab f ot k b .

dopo P ERTBROBY AT HO8 BRLEt S HOBEh PG of » s of
pol ycar bonat e ﬁL N produced by General Electric,

cor p Fyux apRaa§s{ P hows that t he doubl e-si de coat ed
barrier |la er structure (rows 1 and 2) perform about

an order 8P*hagMrasytsaepistof gfess perfopesn sRyard grelodingpiypf barrier
does the one S|ded,structureséérom5 3 and 4 [0103]
Rows TBms hQ5uterebartiqr fimrlapbis e Hlile asehiwussed dhove ity and without

PEN substrate
a nucleation layer 1202 formed by a soft-metal breath treatment is tabulated in Table

2. As shown in Table 2, sample 1 was a 1.5 KA 92-8 film of actual thickness 1760 A
deposited on a Si-Wafer substrate. The resulting stress at about room temperature
was -446.2 MPa. Sample 2 was a 1.5 KA 92-8 film of actual thickness 1670 A over
an Al-breath deposition resulted in a stress of about -460.2 MPa. In sample 3,a 1.5
KA 92-8 film of thickness 1860 A was deposited subsequent to a In-breath deposition
and resulted in a stress of -330.2 MPa, nearly 100 MPa lower than either of the other

two depositions depicted.
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(with rows 5-6 describing deposition on a 200 gm PEN

substrate and rows 7 and 8 describing depositions on
w@202575m PEN substrate). The I n breath treat neer/US2004/005531

paraneters refer to In/Sn breath treatnments as

di scusssmbleabape sanie3 ARbopainkitlet sverartempdee cyele. The

Fi gures 16B through 16D as-described earlier. As

di sctesEdtieicyeleinchided hdating frem rdcus eenpendrhtveabsutaif °¢ hrd

best WTR characteristics are shown in row 6, with 1In

br eatcholimgdatirentorh tdnhpevatde.bin adbpisiet substrayd, tiee 18@uBof the wafer is

| ayer. The data in row 9 indicates an In breath

t r eatassenied @bitb Shgngeintth tdmpgheture pEEE dom irBeach cava eas {ak&bat the

gm PEN substrate. Presumably, the thermal stress

behavdrserire andichfedg MskRENbStbs fromtRgiirs 15,Warssfinisdapositétbdver an

for a 200 gm PEN substrate. Further indication of this

ef f eqi-bichth tiagN¥t Exhitil@ nfloh RsDftrebOMEn SA elthr QWAL @ deposited
along with Figures 19A and 19B. The data in rows 30

and 3derd AA LA IR MAEH BT § DN I@iﬂrﬁ @e&sité@&tefrﬁetsuﬂsaate mx\lt a soft-
on a 200 gm PEN substrate foll owed by about 1.

92- 8 M BcaBBRAGAdE ON, Which yields a very sm)oth
surface (e.g about 1.1mm average) as shown in Figure

19A and a ft)s?;ig d e}xﬁ)ﬁ‘hé%& mlMy}#@rﬁ& %maﬁﬁﬁéd t%trheéilﬁrg surface

t he MOCON 1 test equi pnent ata in rows

g
PCT/ %J 004/ O%ESSJ'Ch é . PEN S act:{ dﬁtoﬁdv%s)tﬁ%ﬁu&fage, o‘% 8‘16 film.

ACE O obe 1s m cont
srmot?mess l% nes

est

g ?85099 Byl o 83%%?%%%@%1? a%cflgfﬁsla pGhiprip fie sustace

30 thro e con curre I erformed in a single
oper ATEBHESS R Free s T M RECISEhg 13 of Table
3 i ndi cat e a In-brea h tre tmept plus 1.5 kA Ti 02
deposi t | ol0gh algss it St iss wogieso AT R Hbstiage (Dupont
and 11 indicate an In[ Sn- br eath treatnment plus 1.5 kA
92- 8 TgbwddN filvrs 29 ran thipknays)Peipre slappsitionoé a baxgierclayer pecording to
seen in Table 3, the W/TR characteristics of 92-8
| ay etl® jirssentoineentivth afs iashoydieFigie hidy i RENIsibbiett¢ epictliyalms a
the W/TR characteristics of Ti02 |ayers.
Repr eséark adugheess nbokehpe3.2 nho root-mwsn-ighasidethge BMES of 3.6 nm, and
presented in Figure 22A and

a typical maximum roughness of about 41.0 nm. As shown in Figure 16B, deposition

of a 1.5 KA 92-8 after an indium-tin breath treatment on a PEN substrate results in an
average surface roughness of 1.0 nm with RMS roughness of 1.7 nm and maximum
roughness of 23.6 nm. As is shown in Figure 16C, an indium-tin-oxide (ITO) breath

treatment was performed before the 1.5 K A 92-8 barrier layer film deposition
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representative snoothness for rows 10 and 11 are

presented in Figure 22B. As is shown in Table 3, the
war@nags1snoot hness for 92-8 | ayers i s approxi PEL/E53008005531

order of magnitude better than the average snoot hness

for Ti02. [0105] The data in rows 14 and 15 of Table 3

illustrate an In/Sn breath treatnment on a 125 m LEXAN .

substrate followed by a 92-8 | ayer deposition. The

dat a résultedingn peragrrotghnessof Bé noowph RS wiutimebdef 3ctarira and

inrows 32 and 33, which are [In/Sn breath treatnent

on a ni&snwm Eftﬁi\ghswsb of 554 emf Gh¢ dapesitityy stemwh. ib FighredBCs performed

| ayer deposition. The snpot hness is conparable

bet wedith 4 195 | IrXAN sabitraRRENh& Uhsta 00 PBNHQUSR. aher6@Fe, a direct

be seen in a conparison of Figures 21A and 21B, the

mor pheOa@Yinieat ddds hbt§JelBim ad wéll asth%'étrrﬂe%f wltﬁ)ﬁ?ﬁﬁmm—tl breath. As
according to the present invention deposited the

L EXA%&%E%LP&?&@ é@lg,gd’g{: idn 4% @QH e@fa?éryof Ll Q}? A\%egﬂ}? dna125 pm

| ayers PEN su

AR T g 8
L 0 O WO e
The d | 16 i ||

e A AR S el

is taken with a current of the barrjer

| ay efeSPRIt R RESRIBIHICHSH iR lfe}lumr%br?%ﬁ §ﬁat6»eafarﬁwlted m the best
treatnment is_perfornmed at 1.5 kW of operati power

In t & %ﬁmg@ﬂeSF Hipiting an) PEPELTBACS 1 ElEGFs I8 abqq%é Ojna7- Sn
breath treatnment is perfornmed at 750 Wof operating
power. | nl®4th Bawe 17 fllstamcorpteywpr tmanissipe (WYTTRY tegfing
the resulting barrier layer is below detectability on

t he an@ong 508 that pant eywiibipgd. to Clarartgrizg herriguiagerifiims asgsrding to
19-29 of Table 3 illustrate different In/Sn breath

t r eatmbodizenindf thhprasent fifvetion. dnsatipte K0t Cacke: momudidinesipparatus
of the resulting barrier |ayers and on the MOCON WTR
char a¢@Giniss¢li xway thatthdatrfacd of snlstatel120 2 PFigure 12 ik isolated from the
exanples of where the In/Sn breath treatnent is

r epl amée of bairier lewapRi3aFidrel 12).| Ayesistinelfteowadis yput to port 1702,

contacts one surface of sample 1701, and is directed to sensor 1703 where the water
vapor coming from sample 1701 is monitored. A humid gas is directed to the
opposite side of sample 1701 through port 1705. An RH probe 1704 can be utilized
to monitor the water content of the gas input to port 1705. Sensor 1703, then,
monitors the water vapor that is transmitted through sample 1701.

[099]  Such tests are performed by Mocon Testing Service, 7500 Boone
Avenue North, Minneapolis, MN 55428. In addition, the Mocon testing is

pereformed in accordance with ASTM F1249 standards. Typically, instruments
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a 130 C preheat treatnment. The surface roughness
characteristics are illustrated in Figure 18A and

WG bam®78m aver age roughness of about 1.1 nm He@EVE2004/005531
the norphology is very granular as is shown in Figure
18A, with presumably a ot of porosity, resulting in
MOCON WTR test on the order of .8 gninR/day. The data
shown in row 23 of Table 3 illustrates the case where
no | ntiBpedofoeWIVTR testirigrtigriodon caniddiddt rexbradithntii €he2BFem
PEN substrate is preheated before deposition of a 1.5

KA 92-@006kep 060k Tdag to dih/ab0iaday h IO MoBorE3/8 U xR trd86nt /BB example
a surface roughness of about 5.2 nm average and a

MOCOMa YW bR eDEictedtion tinfh &F 2860t 0000/ 1 WinYdag. sane as is

shown with the indium evaporation vapor data shown in

rows 19-2%y10dheAahols lay&ﬂ'lﬁp&@t[@l forpfbANAG B A1S0rE£8 treatment
result whether an indi um evaporation vapor treatnent

'PSC’:T 7 [1‘)%% \xgeg /bg 6151;5?](_ A ‘[9%%8%{9 éggg/ d%Oggéﬁ op a_Fa% {4 BEN substrate
S D VAR S TP v
Igg Ko S 1 P ea ey %318 %%gfgﬁgn S PEN

W/TR data mas about 3 X 10- rn/n2/day. This value is
nuch SRisgRisrestiiiag i %Wea%%W%ﬁRtlﬁ Eleé\ﬂ?ﬁon 31 instrument (i.e., the
deposi tions of rows 30 and 31, which were below 5 X

10" 3 trapipponratp whstese thap |0|0i09%/gm4 1RPinddayd. t he MOCON 3/ 31

i nstrunent. %glOQ] The data in rows 34 and 35

i || ust rat B40 pods e Bribafdisgussedabione, 35gv6% 16Azienglf D.iBustrates
a deposition with a target having 35% Si and 65 % Al)

f ol | diwi mly thet hiadBmetad bpathi ttepiprent(n par@@Qaram Bidiiim breath treatment)
substrate. As is illustrated, the MOCON W/TR are 1.4

X 10<in gay mHettayptiningthe burbhowaglhfees gfasiepdsited bretdadsyer yccording
of a biased process for producing barrier |ayers

ac cotigliha gresent irventivne B burifady edstighteds off Dbeh@dr [fjlepthnelsd@ ffect the
illustrates a barrier |layer 2002 that can al so operate

as a WVTRRhdrhdiFisgod 6f abairite 1§ GoidoBidr Blirier 18940 Sdstii@irthetter
2001. A thin filmgate oxide 2002 can be eposited as

a bariieR pb@%alande G QN Fidupe 19EsHRHE 3B 200 YLWEI@ Bubstrate with
Such a | ayer as the beneflt of protectlng noi sture

and AW HAGE:. glﬁla tlbﬁ ehot\n[sa St oﬁEILI aéﬁo ats W ul%gg A tIuckness 92-8

barrier layer deposited after a In/ Sn breath treatment according to the present

>

invention. Figure 16C illustrates a 200 um PEN substrate with a 1500 A 92-8 barrier
layer deposited after treatment with ITO breath. Figure 16D is a 200 um PEN
substrate with a 1500 A 92-8 barrier layer directly deposited on the substrate. As can
be seen, the structure of Figure 16B shows the best surface smoothness

characteristics.
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germani um tin oxide, zinc oxide, or pentacene, for
exanple, while functioning as the thin oxide

webk@anriseal | ayer. Substrate 2001 can incl ude BEI/US2004/005531
el ectrical device that can be forned on, for exanple,
a silicon wafer, plastic sheet, glass plate, or other
material. Barrier |ayer 2002 can be a thin |layer, for
exanple from 25 to 5001. [0111] Titanium oxide is well
known as {H&2)r Eftde 3 lbsmateseseiabl ekanplbi dflbegiec dlyers, with surface
i npl antation due to the [ack of inmunol ogi cal response
t o tistmanthuess obarahéeristies and AOCODINW VITR tesing reafiles. rled'abla af the
athin filmof Ti02, which is an inmunol ogically
I ndi fshraplendestidtred ietovtsayLtire 92 &afelrid daodiad abyvep bOthekhess about
a device such as a voltage or 43 WD 2004/ 077519

PCT/ U58POA4RIEEBIN o R LI sKRESOL 70 L fhidi ol feafboHRY (IGEXAN
such as a wavegui de while perform ng the rol e of

coup |p.kd?ﬂcédﬂ|§l E&Naf Ele@@lﬂ?&)irﬁj. VENiaR sh RS th&thd JoubHesidPeoated

its' "high difelectric constant or 1ts’ high optica

| nde ’Bargr%@ iéa%@r] stefittn r(fogéé 1%nd %?B%‘fdxﬁl%éut GRS d2P oﬁﬂé‘g%tﬁ%? W¥ter in

t he hi pacitive nsity ue to the proxim

3908 BT e e 4PC UGN ol by

such as ,

array can d to.monito he el.ectrical actjvit

ot 1t ade 3k K SR Rl Rl arhblion o PeN fobuiar
signal s, suc t hase that., acc an he propagati on

ot SOtk Fiveare SRS Smiobion gt 6 R FEDreRiagl S geyt Aend 8
ganglia. Conversely, it can also be used to

el ectdesceibingerositioneonsy i A SENsubdjated e Be Indedaflstrentment

ti ssue. High resolution, high-capacitance coupling to

t he opphimetersaefeeio Infva breatidir¢abmgntamsrdiepssed atoeerr Ehe AFNgueameters
on the order of 5 to 50 fenmto-farads/n2 is nmade

uni qued shotve askiplres byB thuaigh d 6Dap desctibedeathiar. r Aedisdusdeth before, the
wi t hout i munol ogi cal reaction. [0113] O her

enbodtdreintfe ehodtheess mactht b WM TH claeaceppivs @it shbn ihRse6, with
skilled in the art fromconsideration of the

specil beathit@AnRACKONSWEL byc@peditid WF al vsSBYdr Ohe @it &l 0%
herein. This disclosure is not |imted by any theories

or hypRt.Resh o Rfath GRAARA (Q’DSIQ%HI 1BERr Povhdriof @ Fhihfer (125 pm) PEN
explain any results presented. It s Intended that the
SPeCl iRk et RIS R ARHRE AL PR Rt i

only, rue

worse than that for a 200 um PEN substrate. Further indication of this effect is
shown in the data of rows 30 through 33 along with Figures 19A and 19B. The data
in rows 30 and 31 include a indium/tin breath treatment (at 750W) on a 200 pm PEN
substrate followed by about 1.5 kA 92-8 layer deposition, which yields a very smooth
surface (e.g., about 1.1nm average) as shown in Figure 19A and an undetectable
MOCON WVTR characteristic on the MOCON 3/31 test equipment. The data in

rows 32 and 33, with In/Sn breath treatment followed by 1.5 kA 92-8 layer deposition
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spirit of the invention being indicated by the

followng clains. As such, this applicationis
wo osuesionly by the followi ng clainms. 44 WO PCT/US2004/005531
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O
N N hoddnhedd) MHaM Wi edNilNDBIMOCON apparatus of about 1.7 X 10
gm/m*/day. The 92-8 depositions illustrated in rows 30 through 33 were concurrently
performed in a single operation.

[0104] The data in rows 12 and 13 of Table 3 indicate an In-breath treatment
plus 1.5 kA TiO, deposition on a 125 um PEN substrate. Data in rows 10 and 11
indicate an In/Sn-breath treatment plus i.S kA 92-8 deposition on a 125 pm PEN
substrate. As can be seen in Table 3, the WVTR characteristics of 92-8 layers is more
than an order of magnitude better than the WVTR characteristics of TiO, layers.
Representative smoothness for rows 12 and 13 are presented in Figure 22A and
representative smoothness for rows 10 and 11 are presented in Figure 22B. Asis
shown in Table 3, the average smoothness for 92-8 layers is approximately an order
of magnitude better than the average smoothness for TiO..

[0105] The data in rows 14 and 15 of Table 3 illustrate an In/Sn breath
treatment on a 125 pum LEXAN substrate followed by a 92-8 layer deposition. The
data in rows 14 and 15 can be compared with the data in rows 32 and 33, which are
In/Sn breath treatment on a 125 pm PEN substrate followed by a 1.5 KA 92-8 layer
deposition. The smoothness is comparable between the LEXAN and PEN substrate,
although as can be seen in a comparison of Figures 21 A and 21B, the morphology is
different, i.e. barrier layers according to the present invention deposited on the
LEXAN substrate show more granularity than barrier layers deposited on the PEN

substrate.
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parameters for an In/Sn breath treatment followed by 1.5 KA 92-8 deposition on a
200 pm PEN substrate. The data in row 16 illustrates a setting where the current is
set rather than power. The data in row 16 is taken with a current of 6.15 amps. In the
barrier layer illustrated in row 17, the In/Sn breath treatment is performed at 1.5 kW
of operating power. In the barrier layer illustrated in row 18, the In/Sn breath
treatment is performed at 750 W of operating power. In each case, the MOCON
WVTR characteristic of the resulting barrier layer is below detectability on the
MOCON 3/31 instrument.

[0107] The data in rows 19-29 of Table 3 illustrate different In/Sn breath
treatments and their effects on the surface smoothness of the resulting barrier layers
and on the MOCON WVTR cﬁaracteristics. The data in rows 19-22 are all examples
of where the In/Sn breath treatment is reﬁlaced‘ with a evaporated In layer followed by
a 130 C preheat treatment. The surface roughness characteristics are illustrated in
Figure 18A and shows an average roughness of about 1.1 nm. However, the
morphology is very granular as is shown in Figure 18A, with presumably a lot of
porosity, resulting in MOCON WVTR test on the order of .8 gm/m?/day. The data
shown in row 23 of Table 3 illustrates the case where no In/Sn breath treatment is
utilized and the 200 pm PEN substrate is preheated before deposition of a 1.5 kA 92-8
deposition, which as shown in Figure 18C has a surface roughness of about 5.2 nm
average and a MOCON WVTR of about.0.8 gm/m*/day, or the same as is shown with
the indium evaporation vapor data shown in rows 19-22. Therefore, the same

characteristics result whether an indium evaporation vapor treatment is applied or not.
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[0108] Rows 24-29 of Table 3 illustrate data where an In/Sn breath treatment
was performed at 280 °C rather than at room temperature. The surface roughness, as
is illustrated in Figure 18B, was about 1.1 nm average. However, the MOCON
WVTR data was about 3 X 102 gm/m*/day. This value is much higher than that
shown in the similar depositions of rows 30 and 31, which were below 5 X 107
gm/m*/day detectability limits of the MOCON 3/31 instrument.

[0109] The data in rows 34 and 35 illustrates deposition of a 1.5 kA 35-65
layer (i.e., a deposition with a target hqying 35% Siand 65 % Al) following a In/Sn
deposition on a 200 um PEN substrate. As is illustrated, the MOCON WV'TR are 1.4
X 107! gm/m?/day, which shows the possible necessity of a biased process for
producing barrier layers according to the present invention.

[0110] Figure 20 illustrates a barrier layer 2002 that can also operate as a
thin film gate oxide deposited on a substrate 2001. A thin film gate oxide 2002 can be
deposited as a barrier layer according to the present invention. Such a layer as the
benefit of protecting moisture and oxygen sensitive transistor layer compounds of
germanium, tin oxide, zinc oxide, or pentacene, for example, while functioning as the
thin oxide electrical léyer. Substrate 2001 caﬁ include any electrical device that can
be formed on, for example, a silicon wafer, plastic sheet, glass plate, or other material.
Barrier layer 2002 can be a thin layer, for example from 25 to 500 A.

[0111] Titanium oxide is well known as the preferred material for biological
implantation due to the lack of immunologica1 response to titanium oxide. In
addition, it is preferred that a thin film of TiO,, which is an immunologically

indifferent barrier layer, can simultaneously protect a device such as a voltage or
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M c Ehafgé sepdoNoiNin a@ptiCrl@e e uch as a waveguide while performing the role of
coupling the device capacitively or optically due to its’ high dielectric constant or its’
high optical index.
[0112] An array of capacitors can be coupled by the high capacitive density
due to the proximity of the sensor provided by a very thin high-k dielectric such as
TiO,. In practice, a micron or sub micron array can be used to monitor the electrical
activity, amplitude, and direction of very low electrical signals such as those that
accompany the propagation of electrical signals in single axion of single neural
ganglia. Conversely, it can also be used to eléctrically couple stimulus to adjacent
cells or tissue. High resolution, high-capacitance coupling to the optic nerve, the
auditory nerve, or neural tissue on the order of 5 to 50 femto-farads/ pm? is made
uniquely feasible by such a capacitive batrier film without immunological reaction.
[0113] Other embodiments of the invention will be apparent to those skilled
in the art from consideration of the specification and practice of the invention
disclosed herein. This disclosure is not limited by any theories or hypothesis of
operation that are utilized to explain any results presented. It is intended that the
specification and examples be considered as exemplary only, with a true scope and

spirit of the invention being indicated by the following claims. As such, this

application is limited only by the following claims.
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a densified anorphous
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conpri si ng:
deposited on a substrate by pul sed-
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2004/ 077519 PCT/ US2004/ 005531 WHAT IS CLAIMED IS 1.

A dielectric |ayer,
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wherein the densified anorphous dielectric layer is a

barrier
waoelewasitsion is performed with a wide area

| ayer.

2. The layer of claiml1l, wherein the
t ar PEeT/USB04/005531

The [ayer of claim1, wherein the barrier layer is

al so an opti cal
wherein the barrier

layer. 4. T
| ayer

i ncludes a Ti02 | ayer.

he | ayer of claim 3,
5.

The layer of claim 3, wherein the barrier |ayer
includes an Alumna/Silica

claim 3,

treat nent .
soft-net a
treat nent .

barrier layer is also an electrical
T~ CI' g
ive |

D

| ayer

capaci
the ca
claim
Al um n
wher ei
13. Th
is ind
8, fur
15. Th
breath
16. Th
i ncl ud
16, wh
WO 200
claim
Al um n
i ncl ud
of cla
is an

TABLE 4

further including a soft-netal

| ayer. 6. The | ayer of

br eat h

7. The layer of claim®6, wherein the
breath treatnment
8. The layer of claim1, wherein the

is an indiumtin vapor

| ayer. 9. The

a/ Si

a

=

t her

Hv

| Vickers |

oy

n the
| aysg
umti

A

" 28

I'm 8, wherern th
ayer. 10. The |
veglayer §§ axTi
retn the eapati t
ca“lay?r. © 1 T
barrier layer in
r of claim12, w
n nmetal or oxide
ncguding a sq;t-
r of chai @ 143 W
medt IS a® indiu
r of c¢Taim 1, wh
ri bol ogi cal | aye
the tri bol ogi cal
19 PCT/ US2004/ 00
ergin the tribo
cay . The Kay
soft - et al, brBat
erein the sof
+ tin vapor trea

1836
2 087
753
834

e barrier layer includes a
ayer of claim9, wherein
D2 [ ayer. 11. The | ayer of
ve |ayer is an

he | ayer of claimS8,

cl udes a resistive |ayer.
herein the resistive | ayer
14 The | ayer of claim
metal breath treatnent.
herein the soft-netal

m tin vapor treatnent.
erein the barrier |ayer

r. 17. The layer of claim
layer is a TiQ2 | ayer. 54
5531 18. The | ayer of

pgi cal |ayer is

er of claim 16, further

h treatnment. 20. The | ayer
[ -nmetal breath treatnment

I ment .
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21. The layer of claim1, wherein the barrier |ayer is
a biologically imune conpatible [ayer. 22. The | ayer
w@booglozisme 1, wherein the biologically i mune cpopasiood/ensssi

layer is Ti02. 23. The layer of claim21, farther
including a soft-netal breath treatnent. 24. The | ayer

of clwimas aranamig:he soft-netal breath treatnent is

an indiumtin vapor treatnment. 25. The layer of claim

1, wherein, th@elditeit Roéd tangdristog i s Ti 02. 26. The | ayer

of claiml1l, wherein a target utilized to formthe

dielectric fil pubRmied amepRe@tislaitiORyaidefikdedbn AAMsBHe by pulsed-
Si. 27. The layer of claiml, wherein the target

ut i | ig@dub@rafe¥idted sidhiBlapGiidepSsitidnl M is  formed from
metallic magnesium 28 The layer of claim1, wherein

the target nateria Y [
g %&ré? tﬁf\é)dmglhé(?%irl@fﬁs dgelle%tzrglgfse?% a l_%a?r‘i)e%gl%er.

group consisting of My, Ta, ,

Sr, Nb, apd g0 e[K?EM‘i:iaﬂH% Wﬂé?@lfl el qe 101-1*1??%%?5% szﬂl a wide area

cl ai m 28, "wherein the target materral Inc
concgg%&gtion of rare earth netal. 30 The | ayer of
claimZI, ~wherein the target material conprises a

sub- oxi de ,of. a r Qup. consj st.i of . Ta,. Ti, Al...Y

oo ot o TR Tl A el e ) gy pftonigfer.
The layer ,of ,claim.l .fyrther. i.ncl udi a soft- a

br at b ¢ r At Sl bR D PRobed e e ieS b AopR s ter

32. The |l ay f clajm 31, wherein the soft-netal e
breath tr ga& h‘%ﬁ’@’eri of Ciﬁﬁn Snﬁh‘ﬁ?ﬁ" te; h?“%?’é%éﬁaf ifludgs 3 Aylumina/Silica
33. The layer of claim1, wherein the dielectric film

has 3%f5&r meabl e defect concentration of |ess than
about 1 per square centinmeter. 34. The layer of claim

1, wherei & tThelayeiod clajm goirtherdpedurdings sit-metpldreath freaggent.
than 7. The layer of claim 6, wherein the soft-metal breath treatment is an indium-tin
vapor treatment.
8. The layer of claim 1, wherein the barrier layer is also an electrical layer.
9. The layer of claim 8, wherein the barrier layer includes a capacitive layer.
10. The layer of claim 9, wherein the capacitive layer is a TiO; layer.
11. The layer of claim 9, wherein the capacitive layer is an Alumina/silica layer.
12. The layer of claim 8, wherein the barrier layer includes a resistive layer.
13. The layer of claim 12, wherein the resistive layer is indium-tin metal or oxide.
14 The layer of claim 8, further including a soft-metal breath treatment.
15. The layer of claim 14, wherein the soft-metal breath treatment is an indium-
tin vapor treatment.

16. The layer of claim 1, wherein the barrier layer includes a tribological layer.

17. The layer of claim 16, wherein the tribological layer is a TiO, layer.
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about 1 X 10"2 gni n2/day. 35. The |ayer of claiml,

wherein the optical attenuation is |ess than about 0.1
waelBjogrism a continuous film 36. The |ayer of BCHUA2004/005531

wherein the barrier |ayer has a thickness |ess than

about 500 8MThe Bifer oFRRith 2% S he@din ﬁie%ﬁ@l&%? alY%@ ?A‘i‘urﬁliﬂg/sﬂlca
wat er vapor transm ssion rate is less t Out

10- 2 g nBhdaye 123§ of Eagn I1ayﬁﬁhé9ﬁnﬁ1 s%ft-ﬁleéllﬁfb?éa% &&%nem

barrier Iayer thickness is less t

and the erhY A 8r oftc ggslg" ﬁlgebé%?t}]ﬁ & pleta b ?t% ﬁpen‘ﬂ_ls an indium-

about 1 X 0 "2 ayer o

wher er Iayer operates as a gate oxide for
a tﬁl%a%gfnatﬂ}riéky stor. 40. A nethod of form ng a

b !
deposit ng a1 gAY B B s RS 35 by immune

materloall e the substrate in a pul sed-DC, biased,
wi de 1 glpgté 6‘ﬁy5| cal vapor deposition process. 41. The

met hod of i nc I.Ng .perform ng

sof t - net al &E’gia erof 8§P’Frgn‘f’h36ﬁn #ﬁgﬁlcg%glly é’fl@unﬁ%’mp?ﬁéle layer is
rretﬂglg of claim40, wherein the dielectric material is

for Orrom a target conprising 92% Al and 8% Si. 56

WD 2004/ 077519 PCT/ US2004/ 005531 43. The nethod of

cl ai m 40, 2dahéheirnerof glagn @1 distther inclydingeisaft-netal oepathetgeatment.

froma target conprisi ng of Titanium 44. The nmethod _
of clai m 46, Thnleraiof cleive 23 vaereintthg sofirmaetelrtiresith reatthentieeh indium-tin
froma target material conprising materials chosen

f r omvapgyrtisaimesbnsi sting of My, Ta, Ti, A, Y, Zr, Si,

Hf , Ba, Sr, Nb, and conbinations ther eof . 45. The

met hod of 25,-| iherﬂ\am,ofwlh'mt &i wherdig ths dfefectriet fiin ibTERt h

treatnent is an ,

26. The layer of claim 1, wherein a target utilized to form the dielectric film has a
concentration of 92% Al and 8% Si.

27. The layer of claim 1, wherein the target utilized to form the dielectric film is
formed from metallic magnesium.

28 The layer of claim 1, wherein the target material comprises materials chosen
from a group consisting of Mg, Ta, Ti, Al, Y, Zr, Si, Hf, Ba, Sr, Nb, and combinations
thereof.

29 The layer of claim 28, wherein the target material includes a concentration of
rare earth metal.

30 The layer of claim 1, wherein the target material comprises a sub-oxide of a

group consisting of Mg, Ta, Ti, Al, Y, Zr, Si, Hf, Ba, Sr, Nb, and combinations thereof.

31. The layer of claim 1, further including a soft-metal breath treatment.
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indiumtin breath treatnent. 57
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32. The layer of claim 31, wherein the soft-metal breath treatment is an indium-
tin vapor treatment.
33. The layer of claim 1, wherein the dielectric film has a permeable defect
concentration of less than about 1 per square centimeter.
34. The layer of claim 1, wherein the water vapor transmission rate is less than
about 1 X 107 gm/m?*/day.
35. The layer of claim 1, wherein the optical attenuation is less than about 0.1
dB/cm in a continuous film.
36. The 12?yer of claim 1, wherein the barrier layer has a thickness less than about
500 nm.
37. The layer of claim 36, wherein the water vapor transmission rate is less than
about 1 X 107 gm/mz/day.
38. The layer of claim 1, wherein the barrier layer thickness is less than about 1
micron and the water vapor transmission rate is less than about 1 X 10 2 gm/m?*/day.
39. The layer of claim 1, wherein the barrier layer operates as a gate oxide for a
thin film transistor.
40. A method of forming a barrier layer, comprising:
providing a substrate;
depositing a highly densified, amorphous, dielectric material over the
substrate in a pulsed-DC, biased, wide target physical vapor deposition process.
41. The method of claim 40, ﬁu’thef including
performing a soft-metal breath treatment on the substrate.
42. The method of claim 40, wherein the dielectric material is formed from a

target comprising 92% Al and 8% Si.
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43, The method of claim 40, wherein the dielectric material is formed from a
target comprising of Titanium.

44. The method of claim 40, wherein the dielectric material is formed from a
target material comprising materials chosen from a group consisting of Mg, Ta, Ti, AL, Y,
Zr, Si, Hf, Ba, St, Nb, and cgmbinations thereof.

45. The method of claim 41, wherein the soft-metal breath treatment is an

indium/tin breath treatment.
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