. WD 2004/077519 PCT/US2004/ 005531 TITLE OF THE
DI ELECTRI C BARRI ER LAYER FI LM5 RE

Wd@g%%\ld\ls [001] The present application C:?ggﬁiﬁ?,mmmosssl
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, herei ' t ference in

its entirety, and tohfé%@%g&igimmﬁcati on

60/ 506, 128, "Indi um Nucl eation Layer," filed on

Sept enber 25, DIBLEGTRIKBARRIERAAYIRFIINS Pet er
Brooks, herein incorporated by reference inits

entirety. BACKGROUND 1. Field of the Invention [002]

The present invention RELAEERIARPLIICAIEINStric barrier
films and, in particular, dielectric barrier filns
formed fri@ihi drhegeesentiapplisptionoddimaptioniiyad U.sPesdsidnat
utilization in optical, electrical, tribological, and

bi o- Applicatiomb0/¢5 JERE, tRilectdic Hirse WFlad, Ofiledlon Rebaag@®7/2003, by
[003] Dielectric barrier |layers are becom ng

i ncr Raghidd. PeindRg] Makindas Naftiaihes ahd BlohgyeirZhahg herein
organic light emtting di odes (OLEDs) and ot her

opt i fRbrperatedMyRefeRnELn iR Bhifel OIS .S, Prddisional Wpplication
dielectric barrier layers are deposited thin fl?ns

Wi t heo/5¥e1 22D IL@RM RhGeaibf Edyet,® Bled oR R¥FlefBLn 2528603, by Mukundan .
optical properties to protect and enhance the

OPeT bl BnS aff Pbr BEH sChifeoin FoSip BRI rBRfhbSh it HGES.
can be*utilized 1n optical, eléectrical, or
tribol ogi cal devices. For exanple, touch sereen

di spl ays require WO 2004/ q;jék%ﬁﬁ}ﬁﬂSZOOM 005531
optically transparent prot®CTtive Tayers to protect

agai N1l hRMS el of atnospheric contam nants as
wel l|7as to protect against physical wear. [004] Many

thin filmdeposition technol ogies thai may be utjlized,
to form [002]p The present invention ig related to dgelectr){c barrier films and(,j in

particular, dielectric bartier 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. Typif:all_y, dieleotric barrier layers are deposited thin films with
the appropriate electrical, physical, and optical properties to protect and enhance the
0per£.1tion of other devices. Dielectric barrier layers can be utilized in oplical,

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




such dielectric layers include sonme formof ion

woRbgbHE@at i on or substrate bias densificati Qgyrrdesmnosss
densification process elinmnates the columar thin

filmstructure that is typical of vacuum deposited

chem cal vapor (CVD) or physical vapor deposition .
(PVD) thin films. It is well known that such

dens fi . . L -

dons bhicany LRBpfaN A ARDIGYEh ke eBEANIAN Kot Rt simosphor
depogéntta{rﬁﬂantss%%eéﬁits%lo Rro%el\é\fﬁgﬂr}@lgﬁﬁal VJBQID sources for

i on beam assi ste It1on, Rev. Sci.

I nstrune (6 - , VQj

Zorc, et Tgﬁﬂ P%céegl %‘gd§°%&%éte°§§@?%@ytﬁ%fm&l%eudu ped to form
Coat ers,,. 41 Annual. Techni.cal nf,er ence Proceedj ngs,
2a3. Ssf gicler iAo oot 1681 o R A ol eiale TS

noi st ur Xposiire o vel ength. shift for. _electron
peanTETEEI B e FrHSEan o P Ko ip R it S structure
et ‘al ., .denpnstrated factor of 15 or I npr pvenment

Ch it Bl FotsRrIm deposile shemigsl vBBordCYT) g phieical vapor

fil e-.be as, conpared tqo a-beam fil ns deposited .

wi t hngeﬁgﬁp?lb&t@éa thig B s ko En e sichdepdlcrian pap bygwhicved
‘humdity at 25 C. .[005] D._E_Morton, et al. .
denoh¥st §esensarsipa salisen aragged) te dhonthard ghe film fyringgleposition. See, e.g,
conprised of alternating layers of SiQ2 and Ti Q2 )
depo¥: Eesinges 1oy seurces ddrdoheamadeisted thin Sloudapesition™ Rev. Sci.
produce oxygen ions for the purpose of providing

" noi Jestowaaentst (AR d -3213 K292). oFee,ddvvs Braye Zorg) et fil. Pnseafings of the
silicon dioxide as the Iow index material and either

ti t SSvciety ofiNapwid €oatemsnd H AumuplePechnitad €onferanco Biogeadings, 243-
pentoxide.” D. E. Mdirton, et al. Proceedings of the

Sociz7y1998, which disvusesmtier effectd bSinoRMmdIetpodhee b inaddlength shift for
Conference, April 18-23, 1998. The results described

by Mdcton beddi edlporatel] i€ @tiRamE)) ah pitouTar Z6fek al Bérfondtrated a
WO 2004/ 077519 PCT/ US2004/ 005531 resistance to

hum féiéofUB ok So A0t Bliviareld@ih ik FrtfidiroR BediBampbRitd

by the optical perfornmance of single dielectric

| ay gfimg ?@%ﬁ)ﬁ?%ﬁ%ﬁ%%ﬂeﬁ% Ligd va;h AditteAlibdSbam
extinction coef

pl aten. Opti cal ficients tor the six

LGS AR DSl by, Voo om0 o

concentr %dSﬁ’ n SD?E. Morton, et al. demonstrated 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 titanfum
dioxide, tantalum pen?:oxide 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



defects or absorption centers in the dielectric

wd BB Esfddi tional Iy, no filmthickness or fideRisaonarm0ssst
thickness uniformty data was reported by Mrton, et
al., for ion beam energies between 134 and 632 Volts
and ion beamcurrent up to 5 anps; Mrton, et al.
therefore fail to describe a filmthat woul d operate
as araoemDR kit X@ﬁoéwhgmﬂﬂ@i bt SEScashi i
Sel f biased physi%g? vapor depo ﬁ??oﬁgﬁ%h%ﬁﬁ%s |%§;ﬂw(mhmﬂ
coat b,Rg @Gl & j [.tJ00n I .

b an@Gf B %lec&ﬁ:qg#e!ﬁ% &?grﬁgﬁ\?%igirlbsmwgm?gﬁ%d on a rotating

wel | =known neans of provi resl’s

GomobP i RS Bl AR BoSeLLGhngono.
1 PR REG 181 b B SIchATEmt BEALEEDE Senthial donCentBfions of

flux penetra sur

subs erji.al , or .they.are.ion assisted for the .,

pur pos B ol Rapldh conhs AP Gfcic vert: SBheHLy-Gho fidickmess
film “filtered_.cathqdi c vacuumarc" (FCVA- |

et oV BERFRAA FaF FPHIIGY S AR ShAls B i bovm

t echnol agy. ht S used.tqQ forma dense film

fro n?%efﬁl?%tﬁ“ﬁrgﬂ}g‘? MP AL ag&oni%sﬁg CFet Bp a3 @BPsafdorton, et
separated frogmthe neutral vapor flux by a nagnetic

vect B tegeiprg 431l g dpspribpa filre thap wonld gperate 5p 8 igpod earderdayge for

i mpi nge the substrate. The bias voltage can be preset

so t ab#%WQQe transl ati onal energy ranges from about

50 to several hundred Volts are available. Lower ion

ener gi es [0 n&elf biegrdrphysical wapar depdsitiops subhh &nipw Eoating or activated
extracting and directing a lower energy ion flux with

a ustshaiive deposition, e well-kienvei mgans Af ploeidity herd wear resist@bcoatings.
due to re-sputtering at the high ion energies, hard

pr ot Howéves, theay eratingsfaradithier deposited a¥¥avadDkinded SAdds of bias voltage
PCTI US2004/ 005531 and other materials such as

t et radefoiiapenenating Surfaea freitteflis A theidn Wk PerdelbiSndhe 68HEe to
on cutting tools and twist drills wth comerci al :

| evaksct ofithilid subdtdhte rhAteridl Qrikts ard 15h baisk@YoOhe pllpBse of decreasing
coating species to the ion flux, coating rates are

| oW.thd BtuBRs str@iurb 8f M6 $itm C Ar9Rred Chihbdc %cﬁuﬂfa}@’r(F CVA-
e.g.

deposited wth the | owest rate of deposition,

0. 3 BRRABEL §fS./RGAv.naRSRRNE sRhsSBRTEAAFS tééﬂu&l@g%’) hik been

di anet er.
used to form a dense film from an ion flux. In this case, ions are created and

separated fiom the neutral vapor flux by a magnetic vector so that only species having
a positive charge impingé the substrate. The bias voltage can be preset so that
average translational energy ranges from about 50 to several hundred Volis 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,



[007] Transm ssion of a ZnO fil m deposited by FCVA at

wotdymsigwavel ength is increased from about SQ%erats 664A¥ss31
tenperature to above 80% for single filnms by

i ncreasing the tenperature of deposition to above 230
C, wth the best transm ssion at 600 nm of about 90%
at a deposition tenperature of 430 C and a substrate

bi as aNPth@IeatctRls sHEIEASEahbRAT: Uland dyiﬂésftg’d mﬁ‘#}:ﬁ  process on

hi gh tenperature processing indicates the use o

t her pRlin2RAPR%hd ﬁfi&"ﬂ%ﬁ§w§tﬁ rc%é}%g%iiaﬁ leQ;Telts Pl W?#ﬁ% l%é]écblimitation of

damage to the filnms. For F eposition

Vol t yRi.as; ch.reduced, F

{11 nee gl e R coufine BHE Dol B3 198 e R oton
pol y ' ructures.exhibited in

he” HF b uoekf i nEibu S KIS bsP R o 8o S nandhueters per
effective opti.cal barri.er .l ayers. Additionally, ion
sput%egl??cﬁ%n%%’smeﬁygt%’aﬁ i"l’igmﬁéfeﬁ's i s dependent on the
crystal rentation, |eadi t I gher surface
roughnesg.bb fﬁ%@S@{SFIB%PE?@OFﬁW sfipf by &t 6q0pn

| ayer can degrade e optical quality of the |layer .
s WPCRae Pt Pont St silSrtenbreratuh dpimet 0% for singlo
cont gm nat,i ons_ t hrough the | ayer, conprom si gg t he

pr ot@&si dngsasie thej terapesgtuse ik depgsiion to 2ty 30 n with Saechest
filns have shown significant progress toward the goal

of pmewmission gt 690 sy oiebeut98%5at B depisionftempemtere of 43010 xid 2

el ectronic and optical films, such as, for exanple,
photsghetatedies voliegeinod ardater thamatsntiS@Velts, riifuhiznespenture
films. Particularly organic |ight emtting diodes,

whi ghoesssihg indicated the useofia tieerinel amnenl pravess Cor regaimaftiad-induced
WO 2004/ 077519 PCT/ US2004/ 005531 doped el ectrodes and

ot healandageliodbe Hipisc For FEEAakepasiticmatier 4 200sVolthias the transmission is

protected by such filns. However, the nost biased

pr oamsch redncekht RCVA figmd ddpbsiteddn (had fastidbiChava beshthow o be
Coati ng Technol ogy or FCVAC process, is reported to

Pr ogGuederystallife. Whé deféct siRdhirbsdx@itied &i thy FOVAALRY atehsd) {arge for

about 1 defect per square centineter. It may be tha

the forltha4ion bESHRIEFIPHDA bhtePla9trs! RAaiRbAHNyVRh LARRARISE

in this process cause surfacé roughening. rtainly,

LN oRyBNRRHmIls depdi@bdtlofi o drRAI SHERA ol 1AERE o nibHRt e
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] ITon 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



di ffusion of water vapor or oxygen can proceed. Al so,

wo hReybpeghness of the surface forned by the 5@%’9@52(}0 1005531
process inpacts the stress and norphol ogy and al so the
transparency and the uniformty of the index of
refraction. The resputtered filmmy flake fromthe
process chanber shields or be drawn to the film

sur f doediiectrbies bid @Ber RBETDRSIrAédctivd mSibGa1D rcﬁlz%r]p{éagtted by

an ion beam process. In any case, the partic

densiici fhas. Haddvers the nddt Biaded hrdcBRno HhE t&é ﬁl@é@i@ﬁﬁ&h@éﬁ’acumn
ot her efects

al so determnes pin hole density or

lc_ausg@b Ovatidl; TebioBY BHECHARLRbdob LR Bforfel B péﬂo@@e %%ﬁgﬁﬁg a
ine of sight filnms can not coat over a particle a
is | ElE dé | |0 l.on a
part Tere” hana ey bith SEEE Sof b0 Bk Bt Bl B g e

Of U iigh bshifiorh@B9] otk Hif1ev 156 Bla bWl Bl3Sis Buse suctice

sel f-Dbi as energi es excedi ng-several €
the SREERE COMEhy Mot s R R A ol ipoef whicn
oi ¢ reaffin S\ el of Bfvecf BRCP R BT, e Frighi? o putace
¢ o TSt i AT hoctstifits Hyehtpan Fiunbolas «af i b
fil%a%r it can ‘rﬁl so.scatter or a?sorb fromthe film

sur fEREparycy apd the poiformity gE thg index iof spfimetion, Zhe resputtered film may
scatteri ngﬁgr omthe xi sting-fitmare both favored at
) ﬁ&o

i nc § ROORSF chagingt stuelds grbgdraven tadhe floysusfce hyrthe large

nost _i on coaf%qil@g processes, the ion beamis directed

at £IBPTHC Heltprawentia andon hrammprogess G0 an0Gare Hee patticle defect

PCT/ US2004/ 005531 surface to be coated. However, as

not &lusityifos pariclesarqptes thaateeddm thigkndse alstdetbrovities pin hole density or

threshol d, and particularly at energi es exceedi ng 20

Vol toéhes flefeess canaefehyediscontintveus deposition oftthefinbstusatine of sight

resulting fromthe ion energy in excess of the

c he dila banyioh dbah gvez ia paxgiglei that islaper thia the thiciaiesk Jreiseilivs lot alone

i n surface roughness, increased optical absorption

c harpettielei radnydines aredies ireskiel then thé (adhe oS the[f@h0] I n the
~case of the FCVA process, roughness is an increasing

functi on[008] tlnhd dakddftibh-bishESself-HidknBafts BeoebdiRf ARV Electron

0.2 nanoneters roughness for a 50 _
volts, the translational energy of the ion participating in the bias process can exceed
the chemical binding energy of the film. The impacting jon, then, can either forward
scatter atoms of the existing film or back sﬁutter 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. Spuitering 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



nanoneter filmto about 3 nanoneters for a 400
woaegeisey Cu filmindicating substantial roughgpifgsnessst

of the polycrystalline copper surface due to

differential sputtering by the self biased incomng

copper ions. Such a filmwll scatter |ight,

particularly at the interface between two | ayers of

di f f @h@sk td B doafel] YRweRd St noted, Q% eene@i’% .refnj:e%ﬁiﬁg bhe cheleaI

dielectric properties of FCVA p uce Ve Nno

been tﬁr@é&ﬁﬁf at{d(&ildcugﬂ aP g%m&feﬁ& g%@%&n&g f' l md %o the film or

al so a particular eam

di el ibs%%te rgéﬁltﬂ%te ton g:%ec{nf)é’ﬁe{ RELd atﬁz-:uo dc{h%%?:ci]lgg&mg energy is

and a SO no ion ect c 'S

f\éghu fﬁﬁ%@?ngr Pgsngllrsg ocg%og a%l?’g'eﬁ%’ld%%%arsle @ucgt%qﬁpéqn The

ion I inthe film leading to

| ar gé negéilvég¥ﬁbeﬁggﬁgm%%ﬁ%ages and fields that can

not be d at t ures bel ow about 450 T.

The surf @iéjchg?glg c&fe? @E‘I“F?Scm“g Iipes s ap greasing finction
sl ow on of ca preventing the sharp
onsepr i HEE kKSR wreﬁa&a@w b 0 Gpmoariers Eavglenss for a 50

Conse entI no . as- deposited | ow tenperature

di ol BRI sy bauict naFBP T e 2 HRaB BT bBlos bdionng
IOM/tenperature transistor applications or is known

at t fbgtantiahougheningjofthempplycaystalline copiear surface dunipatifférertial
high quality, dense dielectric layers for utilization
as bsnuiterng Hysheself tissed rcpming copreetons.i Sizdh, a film will scatter light,
tribological, and bionmedical applications. SUMARY

[01 mm@h@p@cm@fm betweeebenipyarnoftifferont rpfrativelingen To date,
barrier structure, conprising: a densified anorphous

di el leetiarioc diekeyieic pdlﬂ@@'s pEBCYA prodnudabfilathavdnot been found.

pul sed-DC, substrate biased physical vapor

deposi ti ¢ol1]whehadgingtofiehedizpesited fin RrlioRRAttEult SloBlehd Wwith ion
| ayer is a barrier layer, and wherein a water vapor

t r arteginsisp@ited dibRctibs. DO, A6 1A teipBiatiréliBlectis ah@§§o no ion
t han about 1 x 10-2 gnf rrz/day when the barrier |ayer

has tkainldidddonRsis kadwiaib@ttas dvoe bEd shbihh 8rofial el eflehich Cquality

barrier |layer according to the present 1nvention can

be  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 accumnlation 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.




formed fromat |east one highly densified netal oxide
| ayer. Dielectric barriers according to the present

i nvention can be highly densified, highly uniform
ultra snooth anorphous layers with ultra | ow

i ‘ Nt ¢ .
cone el ARl JBLES eSS LR g s o
andizatiorosithet¢rdayeoin @ricalatlieowicall tribaltasidal) 4hd biomedical

structures as well as overlying structures that may be
FEBBEAO8% to forman electrical, optical, or nedica
device. Barrier |ayers ac ' o the present
i nvention can al so be sel @%i ng optical |ayers,
electrical layers, or tribological |ayers that can be
uti | i z6€HadPnsaspgetiol thepresent inyentiqnarreyidenis barde strueture,
[013h]. Anot her aspect of the present invention
(FOBPIRs: adensified gmomhoysglisleciis laver dappsited pn p sghsirate by pulsed-DC,
conpri sing: providing a substrate; providing pul sed DC
pB Ptei’@S% Rbpiepd apof Aenssigen, &’hﬁl‘éwdﬁ?‘%ﬂélﬁﬁfi gporphaus dielectric fayer
t.hat rejects da frequency, providing RF bias at the ]
115 BRATRH 3ok gnd Whgses g peter 3aner rapspisien B thiongh the bag lgyer is less
ensj fied, anorphous, dielectric material over the
o & 1A €I OaY gt e bpisbleva e WrcbBesa Rl abaetd 5 KA

through the barrier layer is |ess than about 1x10"2
gm n2/ n.the barrier |ayer. has a thickness. of
‘about [g%] %l.glefeﬁ bafﬂ%rrléi_"%raﬁ‘,gor@é‘lg P the nrgsrat mvention can be
FeRdddife at Radtope Méﬁ?ﬂéﬂﬁﬁéﬂ%ﬁéthﬁkidl@ﬁ%@ E?el@céﬂc barriers

densi fied anorphous dielectric layer deposited on a
- saesdingtetheypresghtisaemdon o lbs thighl p dertsi foesle Highhyysiifoain, ultra

Lt wh in the d 1 fied hous ..
S0 5 e 8 b OB s o
depai bbd bepiveidi ' '
dopant s mgaee syt R AD PCA 00

cReapinatien of saderlyieg sitistyres dsorel arpverlsiigstmetuats thatewashbe
gi%:g%&@@ B foRf anterf%ﬁéﬁ? Sotptn%ﬁlebr &gﬁ}ig%lﬁfgiv@:eglg%ﬁef laagrgrrﬁ éllcgc{rding to

s can inclu any “nunber
ithrecprastinhipventiorodanralsocb it ff préofectigy et abla gk i18@rit A 14528, or
%ﬁgﬁent invention. In sonme enbodinents, the ]
(aRAlosieRl dayepsingt @i hegydized aettyelidin optical g elegtrinebdevices.
Typically, alternating |layers of |Iow and high index
of r i 3]t Amptiiee bgecof tHe pféRihAnGos provites A hARIRH frRing a

barrier layer, comprising: providing a substrate; providing pulsed DC power to a target
through a band rejection filter that rejects a frequency; providing RF bias at the frequency to
the substrate; and deﬁositing a highly densified, amorphous, dielectric material over the
substrate wherein a water vapor transmission rate through the barrier layer is less than about

1x10? gm/m?day when the barrier layer has a thickness of about 1.5 KA.

[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.



formanti-reflective or reflective coatings in optica
wolguaes1e for exanple. As such, dielectric bapttfERoa00ss31

according to the present invention provide a

protective function as well as being a functiona

part of an optical device. In sone enbodi nents of the

invention, for exanple, dielectric barriers according

to t eS8 hber) 100 L uRE i]ized.in Vi

enha??gggsL ED aeé’p ?glg%dljsgns, éhrla? B %)nr’drlwl‘gt%l iS8ft eﬁag teathreatment on

prot aethni.gf transistor structures. Additionally,

the beneficral dielectric properties of sone

embodi Menfesspf BRLLLEhRYEIRs BONALIG. L0 t0C AL ESENY fayers

i nvention“can be utilTizé

s oo 2R e e BorTREEF 1 Reseried B the ety ioe abpom
R e i L N e —
Pl kS LS e

accogding.to the present invention, [017] These and

ot he ”Bﬁﬁ G iiretvesorsstleches qontagsin eptical devicgs, foremample. As such,
di scyssed _and expl ai ned below with reference to the

f ol | HelEstHe bagigrs @scording fosthe pregeat inmetdios powvitle a rivatective timetion as
the foregoing general description and the follow ng
det awlb%sq@m tiontl part of areopsiopl devige.ahcsomephboditenty of the
only and are not restrictive of the invention, as

cl ailpegrtion, For example, diplectiit bariens pbanndihg trthe presdnb #Wertiva can be
regarding the deposition or perfornmance of 8 WO '
20041bzRbinSaFiFTénbeRed LEDQpDIRhtionaor in dsmlatiy@ ikl @btection of
soft-nmetal breath treatnments according to the present

i nvdrmsistor sirueturgsr esiditionsllyl tie bexdficRialeleORic YRIpERE F RER
not to be considered limting with respect to the

scopmbollinidngs gfbasierfayéts SebAsid 6 (Y prédest il edtin® canBRuElized as
DESCRI PTI ON OF THE DRAW NGS [018] Figures IA and I B

| eisetithBlagersipom tdsRibroaRaiRINS dleRctdlgPOSi ti ng
barrier layer filnms according to the present

i nventi opg16f 018 sofrie @hbBdifdents. d doBLARITE g irfﬁﬁﬁ::{)i tebattl Bhent
deposited on a substrate
can be uiilized 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 invertion.
[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




accordi ng to enbodi ments of the present invention.

wd Pb7Rioures 2A, 2B, 2C, 2D, 2E and 2F illu

exarrpT es of devices wth dielectric stacks 2‘%&2@\%0?4&05531
| ayers according to enbodi nents of the present B
invention. [021] Figure 3 shows a mcrocavity enhanced
LED structure utilizing dielectric stacks of barrier

| . i i L t . .
: ﬁz :E?ﬁflﬁﬁ%} %g%ﬁglg?tglurf?%ﬂ%%gn\stg %c%rgi%‘gg{xﬁgg)?eéent 11.1vent10n are
tr an?fe%n%d fgpééiﬁga%?%ﬁe%gad@'a%ln ogtogl:peccfoﬁt@i?l%lé% L b%rvgitlhergspect to

| ayers accordi 0 ne

i nveRt.i Floure 5 shows, a top gate transistor
devigés%ﬁ?ﬁkgég%ﬁmggﬁpﬁ'ngPﬁ B parrier |ayers
accordi ng to enbodi ments of the present invention.

enhanced LED ot Raaty Bs G IV
enhanced LED st BiisCIY ﬂ@i@ﬁ@

Figure 3 hygit hes te J dielectric stack of ..
barrier [Iba)}er ?i %‘S%Sgﬁjiﬁrﬁlg%t @X%t%ﬁeoadﬁ? eﬁ@?’tﬁ%n ?ﬁ’a‘?ﬁ’@ lﬁ’r%eposmng
pre s ] Figure.7 shows anot her

ex asn%?%eré&égﬁ%nﬁsggr&g%rg%%mg ﬁ%ﬁ??g YR8 structure

simlar t hat.. shown.in Figure,3 further, protected by
a di el ect[re}dc] s?@ﬁe %&ﬂiuﬁiﬁalt?s?dgimfeé%@%&egﬁﬁﬁw Aguksgate
embadi nent s of., the present invention. 9 WO 2004/ 077519
PCT. /%%%ﬁ’é‘ﬁ?‘bﬁ%%ﬂe@s f%g%q’reﬁ“b‘&?"@%nshoms an exanpl e

Ti 2 barr}j l ayer cording to enbodi nents of the

pr esent i[@ nt ? éﬁ‘ed 2%‘0%]?’12&1 anZ% andeft il lpsteategxamples of devices
| ayer..af.ter . exposure.to a high humdity, high

te nﬂ"é‘#’a‘{lﬁﬂf'?e‘n% FFG?‘%S Sh harrer laysrs apordingde ambodimeits df thé present
tinme. [Q27] Figure 9 shows an exanple silical/alumna

bar MRy er according to embodi nents of the present
invention deposited on a reactive alum num | ayer after
exposur e[9%d] a Ricyte Fshatvels mjcrodavighentenged LRIstaicture utilizing

envi ronment for an extended period of
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 exa:inplq of a microcavity enhanced LED structure
similar to that shown in Figure 3 further protected by a dielectn'é 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.



time. [028] Figure 10 shows an SEM phot ograph of a
weiRegsaction of an  enbodi ment of a dielectr]
of barrier layers according to enbodi ments ofl!'(?%fléﬁﬁﬁhoosssl
present invention. ,[029] Figure 11 shows transni ssion
versus wavel ength curves for various exanples of
dielectric stacks of barrier |layers according to
enbodi mentepf #; I, Lon. . %@% Fi gur es
12A and 158071 | ulg'fr ?ggfel&g%}%eﬁéa_ﬁ{éﬁg‘é?%%?&ﬁ pocotding 1o
St r ughHbBmedts B s d,. W t.hout a soft-netal

ohie BFfl b et o P et o RSl e ayer afer

breath treatnent accor gto

' i . F re. 13 shows a _ Fl exus
D £ oo b Rl igh o BobbrRne ekitomaent don o odacperiod of

test i harrier layers. [032] Figure 14 illustrates a
neasur enent of the wafer bow using the Flexus Stress

Measur e pparatys illustrated_in Figure 13. 10 WO
2004/ 077 gﬂgc%?@é‘igéﬂ&?"ﬁc?@%@ﬂ[’ 699/ almnmng barries layer according to

il ustgzlte_gs t stress_in various deposited barrier

| ayefB% ?}’Fﬁj‘i’l}ﬁb" Preseahisentior derosited quavepntize alminum layer after
invention as a functjon of tenperature through a

si ngPAROSERHI0 e Ligh fugnidiy, highemparatyes sauirenment for @8 dxtended period of
Fi gures 16A, 16B, 16C, and 16D show atom c force

m cr¥8%opy nmeasurenents of surface roughness for some
barrier |layer films according to enbodinents of the

pr esent i[?’%gé nt Figare 100de{s @it §EMphoBgiabh ubs crassedotionvafianr
vapor transm ssion test that can be utilized to

c harhodimentofpdielpetric Stagkeofbatiephyé acbor oo Gib@dintents of the
enbodi ments of the present invention. [036] Figures

18A n¢sefuntenti®D i | | ustrate the effects of different

I n/ Sn

[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] Figure 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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breath treatment parameters on the surface roughness
wtooliapsfeposited barrier layer according to

present invention. [037] Figures 19A and 19B 1%11%82004/005531

illustrate the effects of the substrate on surface

roughness. [038] Figure 20 illustrates a barrier |ayer

according to the present invention that further

t thinge fikk ' 039] . Fi 21
and 216 1 [Pot ropae i SVERLEpe K8 inserldiasbucli Bar e
. f a. It b [ | -
accor g oy U RoRme A AT e MRS 5o ten phomsohine

and aﬁ'ﬁlﬁ'ésﬂ@ét@ﬁﬁeﬁﬂﬁé%}cﬁgﬁﬁg e&sﬁ%er of the barrier

| ayer eposition accordi W ments of the

toi ti ff h : 041] |
Phe- 11 gur OSc Fifbefh 163060 [ et Ll dowiin oo mioresreny

t he or . si.m Lar fupctigns. 2004/ 077519
PCTI %%%B“‘Bﬁ?g %EGBE’P&F’&% goepgrdgyer Gl acpprditisde
| ayer s cor di to sone enbodi nents of the present
inveﬂ??%ﬁ?‘ °éﬁ§ﬂﬁﬁq4ﬂ¥WW¥QQ pul sed-dc, substrate

- bi ased, w target. physical vapor deposition process
that is \348353 ri @ 'tffr)‘luH@?Fatqﬁe"i VAIPIKRBOY trepstpesion teef thagiven be
particul ar —exanpl es of such barrier |ayers. Sone
enb e oshypctpzetagier layprdepesiiedacdindipgtio embodiments of the
enbodi nents of the present invention can be
chareseBiipystioms hi ghly densified, highly uniform
hi ghl y anorphous | ayers wi.th particularly | ow defect
concentr &93£ nsFignws 184 dirough f&rdlusrmrahdeffisss offdifférhefn/Sn
barrier layers according to enbodi nments of the
pr eduenth treament parameters drethe stofnefoughmebs ofilid depbsitbdarrier layer
el ectrical characteristics that allow such barrier
Iayewsxﬁuéhehspkﬁmmhmmﬂﬁmlng optical or eleéctrica
| ayers in optical or electrical devices forned with

these | ajea7s. Figdid} 194 bn@ XS DhGatS ARG IR RatObn surface
barrier |ayers according to the

roughness.

[038]  Figure 20 illustrates a barrier layer according to the present invention
that further operates as a thin film gate oxide.

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

[040] Figures 22A and 22B illusﬁate tﬁat the character of the barrier layer
deposition according to embodiments of the present invention effect surface

roughness.

[041] Inthe ﬁgurcs, elements having the same designation have the same or
similar functions.
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present invention can have excellent optical

wd 588§ Rsfeency characteristics. Further, the

[
refraction of individual barrier |ayers is de%%ﬁ\?jsgﬁémﬁsssl
on the material of deposition and therefore stacking
of multiple barrier |ayers according to the present
invention can result in highly controllable, and self

protecting, reflectingpBrAfikbnE&t I. coati ngs
for optical devices. Addrt |—n'a‘ﬁ‘y—%o ) | ayers
accor di ng[062)] s BErierdaRAHcERMS 1P ot RIBRGR of the present

i nvention can be doped with optically active

Al %0 el T pr ot Ber: me. ¥ ErR e st Gl ypdld byl apor
[ optrcal a1 oot ot W GabdPl St Bt
ot ha B SEmRORACk 7o ke ARGy G e Rorpercaming o
s s e e AP o e el g dgpoied, highty
Pt DEgRB R B b e A TRRRLER ooy o Attt sonconisipme s
e ol FRioRG S b Grsemana i eatodiments of o

i oS VRt RaF Vit opfinl ool eartois st allow
St VTR Bt B ot g cprisd os eewivat vppin ptcabor

Serial Na.. .09/903,050 (the 050 application), filed

on %FV"}%&SWE?F&%FHM&?WAWQ@E al., entitled "Planar
Opti cal ﬁﬁgj ces and Methods for Their Manufacture,”

- assi gned t HEoT sxample, semp gmbediments of hauder fayessemtording to the
invention, herein incorporated by reference inits

ent P& mventionicag haveteaeeilentsoptite trausparehey dhatabicrigibsi Rusther, the
reactor according to the present invention are .

di stdesefyefrastion s? indjyplvetlatriiar tayssris ddpefident diDfhd hiedidilos
filed on March 16, 2002, assigned to the sane

as stiepositiomandi thertfor shackin@ IO miultipld Baki9ed Jayof R ding to %le present
incorporated by reference inits entirety. I\/tho sPor

de piogention garoveiudiia highlycodttbBadik, 8k seﬁ%&étﬁk,ereﬂecﬁng 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 fons such as Erbium or Yiterbium can result in optical amplifiers or
frequency converters.

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

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

12



bi ased, w de-target physical vapor deposition (PVD)
re further discussed in U S. Appli j

W © 10/ 101863, filed on Narch 16 2005‘?‘5#_'%“04’""5531
(hereinafter referred to as "the pul sed, biased
process"”) assigned to the sanme assignee as is the
present application, herein incorporated by reference
in i p I . [ Q46 iqures 1A.and 113 illustr a
reac th%rp‘; %%gﬁg%ﬁggﬂ, %Ef E']f’%trﬁiﬂg’pcﬁ? ?’ g F%ﬁﬁf Tesisapes RS- ?ﬁtg?ﬁ
atar .12 accor di 0.enbodi nents of the present .
" nvesbbdinepf %O‘?Fe““?lgﬁdtoaé&ﬁ]?é‘ﬁ?‘?%&ﬁ?}ﬁm ety 1 cppagton devices.
exanpl be adapted fr.om an, AKT-1600 PVD . (400 X _500
mm g@@@??‘&%ﬁ&%ﬁ@%&%%‘%’@fﬂ% Jagsts &fgﬁﬁeélaew&ﬁﬁ%h dgyfices gre further
AKT- 4300 0 X 720 nun substrate size) systemfrom
Appl ﬂlsﬁéﬂi‘ﬁ'&%, Santa O ara, CA. The AKT-1600
react or, Epor exanpl e, .has three or four deposition
chanbers ©O8nheIEepuisting of oxide films is dissprsed inAnphiepsion Serial No.
These AKT PVD reactors can _be nodified such that 13 WD
200499995495 (ErerPspobicstions Sed on July 82008 hyemariset al., entitled
supplied to the target and RF power is supplied to the
substileras Optical Deyicerend Matladn fasfTheir Manyfactre, T assigned 10 47| same
Apparatus 10 includes a target 12 which is
el ecaspigaes 4syis o pysisend inventiooulginein irfcoipomtedilly rebreacpmlis entirety.
DC power supply 14. In some enbodi nents, target 12 is-
a w Kuther, dagetpthat @n bs gtilized it aregetbr acabidivy tpthepidles invention are
material to be deposited on substrate 16. Substrate
16 | dsquewitin Uil dpphratibi ekial . 20Yd0NP4IQ Slddenhtrget s, 2802,
Target 12 functions as.a cathode when power is
appl dseignddotoitiie same aisigneelal iy the PRdskt iHRAHES hdreinGAdIARIRed by
Application of power to target 12 creates a plasm 53
bel aefereiic & itsledtiretyVadaBédsdP déposHingd BRRAL AGTA%Sd-UH fulis@bte
of target 12. Substrate 16 is capacitively coupled to

an aljigaelwidetak SRADVhpaINdd : :
can tl)e coupl edgﬁtghgn RFp po%@%m%%%?eg[%ﬁ%ﬂ%&&%dm

pul sed. A i . § '
! 88 ABAERAE RGN AR BRI 20 LAt

10 t359%he pllsddy bﬂ&ﬁ%foc%éé%éﬁg&eﬁ to the same assignee as is the present

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
AXT-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,



osci |l | ates between negative and positive potentials.

wdolsiodsidre period of positive potential, thePCTI"US20041005531
insulating |ayer on the surface of target 12

di scharged and arcing is prevented. To obtai n arc

free deposition, the pulsing frequency of pulsed DC

power supply 14 can exceed a critical frequency that

o ndBEEIEC el ERahm R bl el B RGP

filmg n eactive pul se DC magnetron
sput £eri] d&?ﬁggggfaaréé agf%“ [ 049] Pul sed DC povver

xonpl ¢ aFPAE pRmREEl ﬁgdeiaaﬁ’rs%“ﬁ&a@é Eale@?@ql@foupled
C. p TR 5 Eipea bt i oo oot tarect 12

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

negat &/ & 415G SPUNPHPIEG darati Wl‘lFlg BIOVEsigs maberigigho be deposited on
2004/ 77513 PCT/ US2004/ 005531 of ot her power supplies

wi | | SyestRfed s Sybstate dfis Rosifienedamseallsbtoand epnosits target 12, Target 12
frequeng characteristics and reverse voltage

per chf' %§33WFE°43éW@P§@W?f iprepnbiad it andeigioqudy terped a
power Su 14 can be adjusted to between 0 and 5 s.

[ 050$aﬂm<igt érplistign elromes tor targettli2aseateswalasina Gihbplowsarget 12.
supply 18 from coupling into pul sed DC power supply

14. 2R AB isasogd awptsdhe topvbtargstiih| Subdiate 6 isaaciively coupled
RF power supply and, for exanple, can be a Nova-25

powetoe am#mtxyderr}a"’dhrobgh arEihbulatGoi4orElebtro@pt T cegshe chigpled to an RF
Therefore, filter 15 is a 2 Mz band rejection filter.

I n msumﬂwbﬁ.nents, the band-width of the filter can

be approximately 100 kHz. Filter 15, therefore

prevents [D48) 2 Fitpulpdwektite dihidherbi Suttbines %ﬁ
from damagi ng power supply 18. [051] Hovvever both F

and gpphasd ID@hélﬁﬂ?ﬁtPrbﬁﬂteﬁabtv&% 1ed@9taxéreehi uyﬂ@vvémaﬁ%

nost |ikely have umar stru ures hese” col u

St I UEIERS bathvBeriRlphiviBRg ﬂ&sﬁnfeg{/ o1k CBL?.@O@E g&ﬂ)td' ot Basitive

and to formati on of barrier ers due

% ;3/ a?gﬁ?ﬁ% aﬂe‘?&%gﬁgg Iag&'gﬁlt%a e - & A ?LF% glg Eﬁgch%}gre}f Ghd drGing is

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 magnetxen 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 voliage is 10% of the negative target voltage. Utilization

14



deposition, the deposited filmcan be densified by
woe{/@8Ek4C | on bonbardnment and the col umar s

can be substantially elimnated. [052] In théﬁf Hd4ftossst

production of sone enbodinents of a barrier |ayer

according to the present invention using, for

exanpl e, the AKT-1600 based system target 12 can

hav eo@fih@ pbiMGuspiis i et i RYfrédk

o ? ppls “{m}eﬂ@ 766 091% ‘f'hg’%%géi?%cgt ﬁ:% u%f(gy

in order to deposit filnms on subst

St PLPRRARG ey el Tl BB A oRbodiment
' d b
can H2oRE ek 1455 BETRR aBb0ew0 et S ocess gas

(for ex e, hut pot limted to, m xtures of Ar and

02) can g@?d] ns gﬁfie'é bgPﬁY%ltﬁn;h%g’éﬁBW dromppwapsupply 18 from

2004/ 07,7519 PCT/&Jg 004/ 005531 of apparatus 10 at a .
r at COUBlMeIRmylze OY/SE FHPREY: 14e In prangerelpdiments, powersupply 18 is
chanmber of apparatus 10 can be held at between about

0. 7 &hMEE R pawer synply sadg s exanmple cay beieNova-2 hpayres sipply made by
field of strength between about 400 and about 600
GaudiNlgCelerda §prings; Ge Tharefare, Shtert14ise? Mz band réjectionidter. In
across target 12 at a rate of |ess than about 20-30

s ec/sgmgsmbedimentaebeband diidtrof shefiltek vani tegpplosindsiely 1600z, Filter
reactor, nagnet 20 can be a race-track shaped nmagnet

wi t H5cthensfosé, prevaite the 2168z powknyr@0 theibins t¢ Sfbsiraté i ¢ fom dhfdaging
shows a dielectric barri-er layer 110 deposited on a
subgowat sipglgd8accordi ng to the present invention.

Substrate 120 can be any substrate, for exanple

pl asti c, [@1assHowevey\bbttr RF aid pullded DOWRp6sited filmSul $ibt 11 dense
120 may further include devices or structures that

can shémostdikeRthack dlubidr sir@dturka Y Beseldohum® Glucdies are detrimental
organic light-emtting di ode (OLED) structures,

ST et BT e O D fer IOy P R Elcring Joss and
ot B oY ey 66 fruchlie By optyiag A ¥ U ol 181elfit

0 B S AR B DG 50
fr ogblg:{ﬂ%llsﬁ_g&twgcgg 'oggxtbgt@tgaﬁy%ﬁ%%ieﬁ. deposition

paraneters desi gna

[052]  In the production of some embodiments 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 6'3’5.70I 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 t.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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7KW 200W 200KHz/ 6QAr / 9002/ 950s (7 KW of pul sed-dc
ower, 200 Wof substrate bias power, 200 KHz

W‘?g'f"?/ﬁ;é”%m sing frequency of the pul sed-dc tarﬁ%'fmsm“‘m“ss:“

power, 60 sccm Ar gas flow, 90 sccm 02 gas flow, 950s

total deposition tine). Another exanple |ower index

of- refraction barrier |ayer can be forned from a

targef aﬂp@ﬂ{usi 19 at A8 Iﬁl toaaﬂgut%(gg gci:cgéw;vhi?é 1:h<£a9 %fegsu?er in%%a/ c%amber of

| ayers) 'in a process ‘desi gnat

¢ ar gt LB RO s bR BP0 e B ey Moot 2Regovides o
g conipbe SRk ﬁ%\%ﬁ%ﬁf@@? %%%%%Eé@;’%% ai;e%%dinthe

i 1] ' . JAS | 16 WD 2004/ 07751
o Bl draneRlsn Rip Tt a6t bl 202 b atlersdhueatont 20-30
proc

Py oSl 08 R et A KO HODO oot Sumgaee 20 an b o

Barrier | rs _according to the present invention can

be { BFHEKHERd ’%ﬁ@%&'ﬁb@mﬁﬁv@r&}b&u@mm bps8hpice, MyO
Ta20p, Ti8éﬂ Ti 407, A1203, Si 2, Silicon- rich Si02,

and Y203.108d; o Eigemifoshaes agticloginic Batierdayer AHdeppbsitedon a
also be utilized to formbarrier |layers according to

t he %‘S 20; srpardinedn themreseptdnvention. r Substréta Y20 endaanpaubstrate,
doped with rare-earth ions to produce optically active

| ay efPsexampleqiestiorglassr HWallers or hibeonaterfidr Suemasi 120 amydfrther
particular |layers (e.g., the TiQ2 layers and the 92-8

| ay dpeudeflesisessersttuctbiey Gt canderaentddiyybativroy@n U 02 kih as
not intended to be limting. Further, individua

pr ocwsmiqlightmpitingdiade(CGlHD) G mEs, @GicoRIustor Ar¥¥nEes, or other
range of individual paraneters (e.g., power |evels,

f r ecuetee layer, styeinres] Busier Byet 140 RaSHd 4 BBtallicBREk wHeR4AImetal can
those stated can be used to formbarrier |ayers

accardilyty, TiI, B op6leanstailip¥2ss, fittidel AfilesDhedihG Wldidrics. For
barrier |layer 110 can be characterized as a highly
densgample High Mied6f 88 4ct i | | Gsiti ;
o B B b SR G gy o,
Suc ol 4 #@ni DAS [0 - .substrate
e e OB & e bR ol b &

bi ased PVD procCess froma

gas 700 0bRI/HANSS O S5 lﬁf{%\gop p%lls%&/-’dc target power, 200 W of

substrate bias power, 200 KHz is the pulsing frequency of the pulsed-dc target power,

60 sccm Ar gas flow, 90 sccm O, gas flow, 950s total deposition time). Another

example lower index of refraction barrier layer can be formed from a target that is
“9.2% Aland 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 1625 sec of deposition time). As is further

16 .



some enbodi ments of dielectric barrier layer 110 have
w8t surface roughness characteristics %’i%ﬁl ‘#1

Typically, as is discussed further bel ow and 0531

exanpl es and data provi ded, water vapor transm ssion

rates for dielectric filnms according to enbodinents

of the present invention are tested in a MOCON test

M i ciaeitfed Selt s ot Rl anclcn b3 it st barie
and ar ften less than 5 X .10'3 gm nR/day. 17 WO
500486553 BT dps 10 R PR PN [056] Dielectric

barrier s gﬁ;s an kfe forrreg. b epositing further i
barri er I@y s %%?f BEFAC g e present jpygntionepiape formed from
stacked barrier layers can_be utilized in order that

t he PRLHqEPRIeAls (Ror GXamnle, Mach Tp2Ps Bz ThOad b8k sdlicon-

| ayer,, t have . ot her purposes in the resulting

devi T %zéﬁ&zomupﬁlﬁ% pompeusdt af Nke Bay $1 enddifcanlso be utilized to
treafnent yay be applied prior to deposition of a

“bar r o8 bpiseayers aeroging o ths presenigayentinn.sFuther, barrior leg@ntan be
invention, A soft-netallic breath treatnment refers to

ex podoRed wih rarpreandyions fopredupeopticallst active laybrsi Barampiors pravsded
is further explained below [057] Figure 2A shows an

enb difreie fr depositioniof patieuldrdaystsde.g., RO btyers and the 92-8 layers
utilized as a barrier structure as well as providing

f ur tdiesnsse ebave) ark exanmpilay snly Bhé hre ibt ineendat oGk lik2hg. Further,
includes nmultiple barrier. layers 101, 102, 103, 104,

and 1disidad povatssygranetereab aphiromnitofonln A RARSAYe of individual
invention. Each of barrier layers 101, 102, 103, 104,

and pafifetaa(e. Dgotepesili, Edqutintics, Db Sows RAS HéjoSHotBhEY dfund
as described with nore detail in U S Application

Ser ithdse bated o B8dsed €3fornl BRrBERASE hdcBRiiNgSto ¥R TELRE vention.
generally above wth respect to apparatus 10. In

general , [@ESF:l eDldlécricHapfok 1%?% 12&9? Pg&@%&&kﬁ%ﬁ%ﬂaﬁﬁ dense,

of layers. In particular,

| NCly@8mD Aot aﬁ%ﬁoﬁ@&&l‘e%% iag%%\gl\%t l?ayhislo%% Li%ﬁ\lol%cal

exanpl e of a barrier stac gur €

S SIS o BT oup o M i
S on LRIl AP 0L B A2 a2 et et

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, Wéter vapor iransnﬁssion lrates 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 10 gm/m¥day.
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such as titania (Ti02). Layers 102 and 104 can be
@#f a lowindex material such as siligg
hét)ovssst
nggsmfy doped with alum na (e.qg., 92%S|I|caa )
alumna 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 dﬂo@a I gﬂél@cmgﬁ}m&%fcs J&%eif&ﬂdlbgﬁgé)%ftggglgper barrier

protecte frontatnDsp roc contam nants

8[9 Qddr %Z&é%ﬁ?!g) ﬁﬁ&’ Ré{‘lgg‘ %? géckeg %Wlagé}? ﬁiﬁﬁ)\é utilized in

|nc e an optica trical VICG or

'1837/6{3)1}@ 1 el e%:lt%%ﬁ%n%s actll%%f%gﬂg or ma aﬁne‘r‘ ga gt BT tay have
R R N N S b
szm%«@im?f ey te%cc%%ngm

i 1lustrates de sitio ararre r for .sone exanp

i o SRR G GteR loEEL A S0 AT EERe vofers o
present inv As de cr ed above, ch of sta ks

D P PPEET Yt fyomiptd g 167 TGS TP retis Soier SRl

4300 PVD temusing . a Biased Pul sed DC Reactive

Scanni ng (R ne 1 Avehopp gr swbodjment pf a islectyiesgack 29y that can be
in U S Patent .Application Serial No. 10/101, 863,

whi' cRibigek éwlgagt yell aseyiding fusthepgptical fapdioae . Dislectric
Further, appar at us 10 as descri bed above with respect

to Sltﬁcbll% teludessmultinls bawignlapers 401402188, 104, anddl OArOrording to
4300 PVD systemwi th a | oadl ock chanber, an

out crarbwilimgentsrd fpapresenirinvention. b@cbqﬂbqatjedam H1plees @3, 104, and
shields and a shield heater. As shown in Figure 2A,

di ell®6tcan be ddpasited 1HBzihgdepbhit aemethatgdsaisscribad with emrddetail in

| ayers -- 3 alternating layers of TiOQ2 and 2 | ayers of

92- 8J.Si Applith @88 eriaBRGS 18240 bR 6 3. altiedt p6SIIIEIR HEsdtibel Penerally above
[059] Dielectric stack 120 for each of the stacks -

showit 1@spEatab Gpparst@s1 0. dg pafekdl Alelsiti e §hdky1 20 Rass 1#BEHE AbySrumber
100. Substrate 100 for each of the stacks formed was

fir i 1dyeRd efipdridu®art d8edgRethACIo0Qbn BRRAE 8hIy3 skidle bhRfer tayer.

| oadl ock of apparatus 10 was
The particular example of a barrier stack 120 shown in Figure 2A includes five layers,

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 (Ti0,). Layers 102 and 104 can be formed of a low index material
such as silica (Si05), 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 Iayer to be protected from atmospheric contaminants or physical
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punped to a base pressure of |ess than about 10-5 Ton.

wo iRsarspt s of substrate 100, which may be of ,@%ﬁ
pl astilﬁg was then transferred to a heat charerele:'[l 0 0éffossst
apparatus 10 and held at a tenperature of about 300 C
for about 20 rains in order to outgas any noisture
al ready accunul ated by substrate 100. For pol yner
bas edapatashd #lad nclfdelan b D e
peyy Cpshd s oo e%nﬁ‘i‘éeQ?% & é’gle-eﬁie'?gt"r anogher layer. | Substrate
el i myppt e duiraiRn Ak t, WEL - LAt Uk e

APk sCums oh Py 107 ot Bt SRS et m come

depending on the p rate u

(1:85 igﬁb%dgﬁgﬁﬁg ggl?sgrg{eq.ﬁlﬁ ggls %gﬁsﬁlﬁ\g e, Q@%%‘%#ﬁ a%if;osg]ge%l% g:glat%inaﬁon

sho Lty on of hstrate 100 ytilized in .,
he. SR 107 RS el e AR Ea B denoslhSVpt Bhurerlayer
t hr oggﬂfuge iio’ ustrated in Table 1, the conposition of
the diel'ectrrc barrier layers in dielectric stack 120

is TiO2/92:8/ Ti 2-8/T{ 2, i.ndicating that |ayers . .
101, 103 g[éﬁ 1 5%{33 191’?&%}?95?@#&“3’& paramoters for spmg pximple diclectric
and | rs 102 and 104 as shown in Figure 2A_ are

S Cor R e SAEP UG AP Moot B A A Sl orloph aboyecaach of
| ayers. ar $e$osited wi th the paraneters shown in the )
Ti O2Stagse Eai‘% Ipstesfpdpp dabls d apesformed uttinig gp KIS GV system using
are given in the format: target power/bias

powe? Bigsrddiulgd DCRenstivs Soapning Magustron PV Brepess s fugther described
time, Target power refers to the power supplied to

t ar getU-3-Lagpnt Applisptien SerinbNo Hi0AY 1 $6vewhichpliag beert pretitusly

power supplied by bias generator 18 to el ectrode 17 on

whi clicaspasated by wefaegei Surtis, apparatus b0 ad des@ibed abaviestithabspect to
16 as shown in Figure | A and capacitively coupled to .

el ecligweel A 7nd IR eabe cnste6@ if thoWKIT368 PYTY 9stem with a loadlock
substrate 100 are then described in wunits of standard
cubi chamba annetigasding chapbes ahd mby Bedduipped Rath §RBOS slibldRand a
time is given. For exanple, the TiQ2 |ayers for stack

nuntdfeldlheatet. UsE it ih Bightd £ deldWBISHARN G Fr Ytbse Whahipld
target RF power of about 7 kW with about 200 W of

bi asindlei 5 laye-S @ alidrh g e RTTIGPAME 1274 dfda.8 §0,A0,0,

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

90 SeBARY: BN chiion HGREfR) t1me of about 950s. The
"nmeasured thickness of a

[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 6f 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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typical TiQ2 | ayer deposited according to the process
woRssseRd in the Ti 02 Deposition Process col '

shown ?% t he measured thickness Ti 02 col um of a%ﬁ(gloossn

1. 20 WD 2004/077519 PCT/ US2004/ 005531 [061]

Simlarly, the deposition paraneters for deposition of

silicalalumna layers for each dielectric stack 120

showgyioihiel ! pfe- ﬂea%t@%ah%lﬁtrfnatt&eorisxlférﬁ%d ﬂg@ gﬁrature

(92/ 8 e605|t|on CEeSs Co

Y U2 Bl “i@%ﬁe

a un}g& T rr%f apﬁ%&ﬁl? PO a?ﬂnce s&{ﬁ% %%ﬁug%%teec)ﬁ? Wh & TabTe 1 shows the
zltlalcca/al mn Ib o 0 &i sited.with the power to

tar ge‘fmpff%ﬁ@ ﬁsdl g%‘%ﬁf O\Q’“%VIW mtqﬁee GBPSAE"%&@FS t o

e pover 198pp5 28 Sk dpenatb e A de 1 g pposiion

rate s.about. 85 sccm .t rate about
sccn?fv*ﬁmal?%c bepeSkiTR ‘{}%ﬁﬁﬂ%ﬂ??‘é%m“@@%@@@em 710,

[ 062 E in t disclosure a dielectric

bar r a‘?f%}@@? Persd 0l etd taad 4 Q> asphpwn Kigpre 2Asage TiQadaygrs and
barrjer |ayer formed from continuous deposition of a

di el yars 1¢2 and 4 P4 pshopayje Figuredd) 218 SiQad @i (02 %43% diy cation
Alum na target. A dielectric barrier layer referred

to aengentrptian)| FheFiQdaverssre depasitedrvrithdhe pesgrasters shovatinithe TiO,
steps fromthe 92% Silical/ 8% Al umna target. A 92-8

| ay elPepositionBropess neldmnf dhe proaess detpiloare giversinithe format: target
substrates whereas 92/8 | ayers can be forned on

Si - wafrer/bizppowgirpebingfsgtemy s flolvdD, fiovedepositios time. Target power
sensitive to heat. [063] In each of the stacks

i |1 usfersaib ditt power supbhedltp tirhet 10 ¥ eppaeatisi 10E Bigdpower refers to the
pul sed- DC power supply 14 was fixed at about 2.3

m crmsee fipghed bhitdassachivg 18 kedlwhode 1 B6:00hicH dutafste 100 is
substrate 100 was '-60nm_ and the spaci ng between

Magngbumddd in patk $fRuBRlatel % MaBowd mTigiR 1A BRd &@mﬁ&a dhled to
of substrzftlg 100 was about 2%0 C 611%{15& t he shi el y ®

heatddonole PP PRE ArUad &) 18aSTaRSherds sARR tﬂe Iggge%en-ﬁ%?cnbed in
home offset of magnet 20 was set to about

and Jnﬁ@oﬁ%ﬁaﬂd%ﬁﬁt; Iaeﬁ‘lﬁﬁet&nﬂiﬂt(scgﬁs). ﬂ{ﬁlly-,rﬁl@ dta}%sﬁ:kou time is given.

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 KMz, 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; Deposiiion

Process column is shown in the measured thickness TiQ, column of Table 1.
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pressure inside the chanber of apparatus 10, in plasma
i,Nng deposition of the 21 WO 2004/077
wesm sl g, CoRes ' S | ayers was about 5- & PGruszuns0ossst
total pressure inside the chanber, in-plasm 53,

during deposition of the silical/alumna |ayers was
about 8-9 ni. [064] In sone barrier stacks according

to th t d: ' ier o .
deposi t o by! o EAEH, U Uor QR b B sfion a osptumina
o el edote wRiOBRARo P TPl S slayndh B olfcratuming
ey ial No. 10/101, 863 The pul sed. biased
cepobPT S8PmEh pReow iy 53 otk e oichaBimin aves o

fil ' i quel v, hal.ogj.as f f the |
col RSk b R ARS € oo a5 enaibut svbalminn by
thin fil i th part 111 i formt d
cont P BYRCPhAta: ForkamplacR sapkmurree Ageid i Taple | the

high..resolutjon ellipsonetry also denonstrates that a

wi desTHCHRIRIBS 1oy ere Srppotied v iBdbe phoyse & et 14 hejng about 3 kWY,

ext itg\cgj on coefficients which are zero across the

vi si P Bespeyver e elrgirgde d v wap pbqup 200V, thafkeanamcy of prlisd D@ ipower
~order of parts per mllion providing substantially

per f WEPLY{If 3438 plgud A0Q kHzdheaAT Rayy rate wis abhet 85isgim,| the/} flow rate

densification and the | ow defect concentration, it is

deno¥izsabaytdQ seqratand Hisslepasition timeawasphowrii006iskers al so

provide superior diffusion barrier protection for

moi st ur e [P4%r ebegensrahimthis dstldsyrestdiddeviriqimrmiadseoroferred to as

Lastly, the sanme filns denonstrate nuch hi gher

di el%¢8 kyar réfemddal bawier lays dornted Glomvobiin@as 8égoeision oba Sielectric
~a result of the low |levels of defects. [065] Figure 8

shoigrrier fayeqiren dfet92% SikipaI8W/ Audnthadarfdt0A-disledtdt batried1h@h

tenperature environnent for an extended period of

ti meefelred fohe aSargIber SéTOWRo & Barrifil 1996k PorBred BB RROME Y4

of Ti 2 was deposited on a reactive alum num | ayer

t hatgihaky, hagmnsapRei A 8d. ' befotn) \éﬁnv%{ i

sanpl e was kept in a %ﬁg%&@;@%ﬁ%ﬁé&gg}r C 1?’ﬁ£g’?asnc

rel gibg¥@teb Wit dhd %lﬁgl%yé@ 4 e BI04 o si HABL 015&%5 RErStes that are

As can -be seen in
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 Figure 8, no defects

I.si.ble on the wafer indicating a high |evel of
Wogziogyﬂéfgﬁ%n of the underlying reactive alum I?WS&%F’.OSSH

[066] Figure 9 shows a sanple with a silical/alum na
| ayer according to the present invention after
exposure to a high-humdity, high-tenperature

e Ol 0 R i a5,
e T L

SO ok ol L 2 e
L By R S e e

underlying reactive alum num|ayer. |n another

ex arfPeess S TEetinlY deserbed pLimpuley, Batsd dgpasiionasesess, U.S.
tested under the sanme conditions wthout a barrier

| ay ehpPrlisationeResiaNe. 18H8H&6% nFhe mised iased deposiiomproedsecombines
testing. [067] Selected nmetal oxide filns deposited

wi t PPEpRl quelity verpemyiilas beviegeniquely damesmorphelogies frersofdhie ‘
nanoneters to nore than 15 mcrons, are not only

i mpeeipngs defects el ave pisalafdoe-hasedaicuyne thet fibus with pests per
film but can also provide protection to an
undenillioongiforwitr andcontenl iof the bpideal index afdf thefringtngaVenrhigh

noi sture ingress while serving as an optical,

el eatsohdiah eHipsometrytalsollemonstat thaay efidedtingd@fi il index can be
renderi ng substantial manufacturing and environnent al

mar depasited with extiredpe edeffittentsayIgEls are Rero@eN0b18S visiblthnd in the near
subj ect process has been denonstrated on wi de area

SubgRréies a8 ukifidonaortdEHoR barSper WEllibn B vIdRW substantially
tenperature material such as plastics. [068] Table 4

S hoyerfift &4 Bdparelisy, MAESRs iVt AN 1468 oF H&lﬁmggop d the low defect

testing an "Al1203 barrier |ayer and an Er-dope

al U%ﬁ@hﬁéﬁdﬁ?ﬁ‘isedeﬁn% Aafl ﬂ'féfseﬁ%’{y fibhdh téﬂnlts Tho pRVicR

Si -Wafer. The A1203 barrier.l'ayer” was” deposi

23 %e%gp Hefdin %%gg%t%g%v lgglétﬁi")’e]ingress as measured by steam

permeation. Lastly, the same films demonstrate much higher dielectric breakdown
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 depolsited 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 witha relaﬁve humidity of about 100% for about 500 hours. As can be seen in
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3kW 100W 200KHz/ 30Ar/ 4402/t process wth a 2.2 ps

ime. The Er, Yb doped A1203 was de '
deﬁ'pﬁ’ﬁ?'ﬁlegt process 6kW 100W 120KHz/ 60Ar / 2802/ t p‘p‘%ﬂ/‘g%g%“é""sm

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 um j | Ol..Returning.tao Eigure 2A_ a .

i o £ & et Bl 08 Bl O ndit N B @i ofpsppocion of
Each ,of rier lLayers.101, 102, 103, 104, and 105 can

be ogPﬁ@g%thvgwgwgem?ngnFggérs that are optically
useful). trate 100 maybe any, gl ass, _plastic, .

ot al 1] o, BT < dRie R alierior sCubat ice Bl Eminni Rt escrdisg o the
| ayers 1 1,3%92, 103, 104, an 105 . of dielectric

st acRTeH MYEHHPSTELIRpatyr 9 rtigthumgity hightemperature environment
anti-reflectjve go tgng or a reflective coating.

Fi guitE 53 EXEHISHEeHOL A 4 IF SieamBls dhiovs HoFistmy babeigg 0 om of
~deposited over dielectric stack 120. Transparent
cond#ERIRE! isdorasitaden 24 rsilinen wedir. Akewii08 nueof silic/duina is
tin-oxide layer. Figure 2Cillustrates a substrate 100

wi t hdepogifedomes the alnpgmm. 1Ehg sardple s thed pligedsiptalpressitro pooker at
surface and a bottom surface of substrate 100. The

par t#tout 230 “Caxifirabiont S hatwnofi satuiagsteanior atmat Laddmumn Again, no
enbodi ment of dielectric stack 120 with |layers 101,

102, def@%s, ard 9isibleamdhd @8ferimdivsiintgechiginleseltod prosastibmofth®finderlying
substrate 100 and another enbodi ment of dielectric

st acleactiz® alusdioum layerv iin gndtisy exLnplé) $he thdSeacti®®d Al drld §i wafer was
and 112 in Figure 2C, deposited on the bottom surface

of siedtet wrdeethd Ofine Agditions Wil & barki@Blayet hild betafle Irmspht

be high index |ayers according to the present

i NV ewitiiif MifiReshf the i, | ayers) and layers 109 and 111
may be | ower index |layers such as silical/alum na

| . | i- % 1 . N
161, TP Sl SORESIA s g1k il s
S0 SO e 4Ll e B0 B PP
t LSS Lerishics 4 f our: t 24
o TR OREATH R S50, Bl IR P
ln rany %ﬁ%}%ﬁé Iagng"o? hé]vqéesﬁosfn t].h% 'eﬁgct r(])rtrhasso? 'n‘?o?sttlflrfa ri]ligre]é:%' gr g 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 demonsfrated 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 ob-tained by testing an
~ Al O; barrier layer and an Er-doped alumina/silicate (40% alumina/60% silica) films

on a Si-Wafer. The Al,O, barrier layer was deposited in a
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90.87 ran, respectively, deposited on glass provides a
sparency in the wavel ength range of t

W&%Og%?n%%d 650 nm [070] In Figure 2D diel ect#&?ﬁ%’%‘%%sssl

120 is shown protecting a |l ayer 107. Layer 107 is any

| ayer of material that should be protected by a

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

be a as al um nu cal ci um_ or

bar | a#ﬁ?fwﬁwﬁ%ﬁwﬁ%@za Pf%*g.m@ rga%?regﬁre%ﬁlag The Ex, Yb

condycti_v, ranspar oxi de, or

o) HoRed il ot SBss e il g prospas S L WA QU B S0 m28021

di scussed above the individual layers of dielectric

st acRrOFSss Wil Lo} s iereseimae. ebd ¢anrbelsedntin Tablend) the bardiesmas

of atnospheric contam nants and protection agai nst

phy s indigiated genegpdlydly theaYiskers 0Tmber s laspe mamparbdidi corvingionally

the | ayer thickness of dielectric |ayers (e.g., |ayers

101, degpogifed bbBnina fillss, and 105 shown in Figure 2D) of

dielectric stack 120 are arranged to formeither a

t r anspar €l#i69]or Reafrbing td Kigut 2AMm: diclepwic tsiaclil 207is deposited on

wavel engths. One skilled in the art can determ ne the

t hi csubstsate 000. iBaclh of ehnddr 14yiets 9 1] 10201103, €04, Bd 105t Ak ke dpikkal layers
to forma reflective or anti-reflective film of

di el @el, Liyers fiatads opBilly uBeER.NSulRERS 100WRAY Bo aﬂfyfg%s@ pl%E
107 is a nmetal such as alum num barium or calcium

t he slemilicforsbRidBnduBior kbt 2Fhe thidkids 81 ﬂy&bim $6280% 104, and
mrror. Flgure 2E shows a dielectric statck

pr ot RBtdrakictric sBYR 120 b viRaE& tlo?%ﬁ{ 31'&:817 arl Y- @ﬁ@crﬁvef- coating or a

deposited on substrate 100. Fur a transparen

condiflidg c&aﬁﬁg r F%g% ZkBisﬁoévy b Erg%%a ﬁt%n&ﬁ:&g?i SJ,C t 88\(/igp051ted

dielectric sta gure oWws a s

?Eir%o? (BRAAEHAPEL O ln%fa% Zﬂ%c*i?%ayirﬁ%de ol Eegtple o

ar o1 B p Sl %@?@ﬁﬁ%ﬂ& Fpa %ﬂ?fg@ﬁﬁ?qﬁmﬁﬁ ok 120
200 AT 6 Betk A YA bP ST e F P 4h ol patiula
o Bl S e 2 e St et o win

dielectric mrror stack such
layers 101, 102, 103, 104, and 105 deposﬂed on a top surface of substrate 100 and

another embodiment of dieleciric stack 120, shown having layers 108, 109, 110, 111,
and 112 in Figure 2C, deposited on the bottom surface of substrate 100. Again, layers
108, 11G, and 112 may be high index layeré 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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that used to forma mcrocavity LED. [072] Although
' 2A t hrough 2F show vari ous confi gurat]
wdj J08H6 810 1{;31’73323@4%05531

ations of a barrier stack 120 having fi
| ayers, in general, a barrier stack 120 according to
the present invention may be formed of any nunber of
barrier layers. Further, the exanples of barrier

| 46 s . . 4 d i
F gur 62 5872 hough - f (3PS 2 S i g P, s
| . e i ' wh th
o AR bt L BBt S
bar r{'&r%eleln%ﬁﬁ‘é ol it abdui @50 Inﬁf?ﬁ{d ggoo]%rgct thensel ves as

ace o

wel | as the pafticular sur ‘devi ce on or bel ow

which th re S| .. Addi ti.onal.ly, one or_nore of
barrier ﬁgz/ rs IT?E , el%gf%elfég? sta Q}% lﬁ%wtﬁwgahﬁr 107.

i ncl 1cally active ant _ions such. as

rar et-!%glf 1|E g‘??’slayﬂ Dg P&éf‘aﬂgﬁ SB‘?‘B‘{‘/&HEOWW@ by p tpnspptent barrder
acti%i f#qgtionfl%}g. gurt er, in accordance with the
present © P RCaEPtoRYer dA4 T8y bR ractive meRlsnch asplumingp, caleium or
103,,.104,, an 05 y be _layers other than barrier

| ay e"r%“%t’é%?‘gﬁ)% a4 be piweils lags skch a5 candustive impsperert oxide, or
barr,i er éﬁ%ers described wth respect to Figures 2A

t hr Jt5h 1SHmen ficlyde arnprdiap optiral erdectricaldeniopuns discushedbabere, the
depqsij.tion _process as has béen described in U S.

AppHReEinal fayers of dielexsic stok 1201ca8@Bovide prétoctivndoth fidth jncursion of
densified |ayer of material -with very |ow defect
con@Emsphriconstamiran land prgtectorBagestshysicad damngesslaset WOE In
321 utilizing dielectric stacks of barrier layers

acc 6pm¢ prgbedimenis thy lepe tiicknessarf ieteotricAsyese\y) ldyersFiogUI0R, 103,
3, structure 321 includes a dielectric stack 315

depd84.taed 1Ghstawaib Bign D) DT GicleGutiostabiol 20 24 Grea¥i¥d REform either a
formed, for exanple, of glass or plastic naterials. A

t r afrempeentoraeffedtin fileatipayicilar Wavilenstis OASIAIRG iﬁﬁ%@ﬂ &n

indiumtin oxide, is deposited on dielectric stac

315 dettrmifs the Hickibis 2P QM EAED AR R HlcidorRA4LP Q@@fbg)fronﬁ 4 3eflective

can be an el ectrol um nescence | ayer such as,

eX aopdnti-reBedBRO SRR Of digleRAS sta@Xi g€ Il%on{ne! égfxﬂ{ohﬂﬁen%?%%éﬂe%y’er 107

rare earth doped silicon rich oxide em

o S e B Wi inThfio 20
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:beeﬁ .r.ilepo'éited 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,

(0711  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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stack A netal layer 312, which may be al um num and nay
wWth calciumor barium is deposited on the
W(gfnggﬁﬁg r layer 313. A second dielectric stackCHYF2004495531
be forned on the bottom of substrate 316. [074]
Structure 321 illustrated in Figure 3 is an exanpl e of
a mcrocavity enhanced LED, protected fromwater and

| ' j f h bstrate 316
RS R e R e e U e S
312" St g TpF HEERIC ks Piginl s feegiaonmotssk such as

can -C e light em d from el ectrol um nescence
|ayer%‘l%‘%ﬁ%%ﬂ“§‘i‘§°a it®-| i ght when it is

el ectric bi ased as. a result of a voltage applied

bet ween ﬁbk nsﬁgﬁﬁﬂﬂs@SWHﬂ%@ﬂﬁ@%¢é¥@$ﬂﬁﬁﬂﬁ@wﬂmaﬁmmgkmsmm
an anqde_.and _conducting | ayer 312 operating as a

cat hoyEatepsofp ?@P&St@#gfép bpeng fvedayers dkg@wslarturrier stack 120
dielectric stack 317 may be arranged to contain the

| i grRccidngte thepyesenpjrventiarmigehafouncd ofizey nBhBerartarrier layers.
metallic | ayer 312, form ng an etal on arrangenent to

gui d&rihery fie'exprmplgs ef smiar Jayers 306,102,408 1040 mad 105, illustrated in
dielectric | ayer 317 may be arranged to transmt |ight

pr odliges By thrensh2F iBusdratetchanplby offopticdl lyers adBRihE o the present
arrangement with light being emtted substantially

nor rayention whirs thaae eptRabaydrOaliy fufrétibu a8 selpiokdctisgd bafi&Jayers in
the transm ssion data collected from exanpl es of

di- elthe thely profta diemseloeisellgs tHe phitRuBF A3RBE of VRS gh Bfbelow
The netrol ogy equi pnent utilized in taking the data

r eswitichigey are Beygisitad. WadiRmaity, BeS & ﬁbr@bﬁﬁérﬁaqg?egﬁgﬁ 5102, 103,

Spect rophot omet er. Four sanpl es were measure

ver €08, and 65 may afkide 0t -earth ions i
PCTT1 TeDana) oL ke g %203? 300 200t DAL il oo SBEoam iy order

o ) T i) YRR, A g
di f £ {ransm ssion

A S, I I o
epasik: d_exanpl e ifferent

bl gﬁrﬁefs fsayeargéégﬁglgx% 9 gﬁgarés?ﬁtr lg%elnﬁ?nn%ach of gle%amer Iayers escribed

S 10 S

with respect to Figures 2A through 2F 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 bn 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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the transm ssion spectrumtowards the blue. The fourth
was generated after the third exanpl
waBHIPSI 03 under . 85/ 85 (85 C 85 % huri dity) gy io0a0sss1
conditions for 120 hours. It can be observed that the
hum dity and heat did not have a significant inpact
on the transm ssion characteristics of the mrror

st ach13 a@dien SRABARRIRIAS P such40GH SARbl ¥Rl Hoed

N
di el ectric stacks as protection [ayers”as

ol m Pare PRl il e S Bt a1 g opips devios o
vt - Sy P R b, OLED OB TaH FilkGe cotor rgptymer
St ks 2B M 2 AT R A s g e ittt o
Pl gui it Yepfic G Mo B Pt R sopmnd Geoighags 117 o b
a2t G Sl BB i ol ectric stacks 618

and 620 si t,ed .on site sigdes of a substrate

619 can ggﬂﬁor Eﬁ”ﬂ“@%ﬁgfﬂ Srajed ipyFigquee 3 fs an exemplr of Smw@rocavity
and 619 %%E ﬁorned ggﬁ described with dielectric

st acREPSHLEP: oeied fomavaionapd gracire saswhishmayaliffes trouph
then . be epoxi ed over structure 321 in order to seal

and SPhsbete L6 by dislectiicstagks13 1 SEad RY7. | Wien lay@B312 if mmetal layer, a
exanpl e, can be an EVA epoxy.. [.077] Figure 7 shows
ano@HeRcayty e forped abgeonilasior 212 andalighéctricdtack 315. Dielectric stack
m crocavity enhanced LED structure 321 as descri bed

wi t RIEPaumé-couplolight eitted dronpriatohinttesbynca lagbr 3161 Wager 313
623 such as those shown in Figures 2A through 2F.

Cov emitp fehtaehend) ip SaiGiTy biaSe S B/ eluMF4/vORGR 3pplied between
~structure 623 includes substrate 619, with dielectric

st atknspa@nicepdsiting thyears 14 wpahtigl £ an@héde HASARBLdayer 312
device 321. [078] Figure 4 illustrates another exanple

of bparatingras b aythode. a6 MySisd8 dieRokid@tack s ES SR ikl @117
that also function as electrical layers (i.e., layers

Wi t hagbesdririgedto cohtatCthe Bt SHGRdIS lWePgiﬂjﬂ)e{E\g?ern%ﬁ? sAng8

or function as the dielectric in”a capaci
metallic Jayer 312, forming an etalon arrangement to guide light along substrate 316.

Additionally, dielectﬂc layer 317 may be arranged to transmit light produced by layer
313, thereby forming a monitor arrangement with light being emitted substantiaily
normal to substrate 316. -

[075] Figure 11 illustrates the transmission data collected Eom examples of
dielectric stacks according to the present invention. The metrolo gy 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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structure). The structure shown in Figure 4

i)l tes an exanple of a bottomgate transistor
WdS%“ID%,@{% e 422 according to the present i nventhdiUS2004/003531
Transistor structure 422 is fornmed on a substrate
416, which maybe a plastic or glass material. In the
enbodi ment illustrated in Figure 4, a dielectric stack

15 O B0 ok S5 2 5

di el rj ac 17 cordi hg.to e, present

i nventt zoarrfﬁilé‘5 8%’:?&35 1 8§ %ﬁﬁgge‘i)’&g%‘%‘ﬁ? igﬁi‘ea’é"@ different runs have
substr at 116.. Dielectric, stacks 417 and 415 each can

" ncl SRS Gy B GRSTisgn pegim donaing hempeaaiisef fiec

mat eri al S 38 di s%ﬁ%?leg above., The high index and | ow _
i ndeSCPORET BIOPSSS: Bl pxamaple hagia Qifferep) thickyegparganged so as to shift
siligalalunina | ayers as descri bed above, each have

| ow (G HREFESHIDAPeREim o wardg thediies (it dewrthcrapaplesvag gonerated after
therefore are suitable for use as thin film

t r an@if ek examplgotas maintainedunderctSRPUSS 6185 Y% pemidkigBtestsonditions.
deposited on barrier stack 415 and patterned.

Senmi 5 kel sy T eapdre ohseaveddhat the Tamidityl and hiatclidmot havectsignificant
as silicon, germanium or may be of zinc oxide or a

pol yimpecteattes fransmissigy ehagactetBdcsaiidhedRirot stnek, aguins denaisating the
drain layers in contact with sem conductor |ayer 423.

Lay efindfipaligpnf fieh flistentid stikkseaspadtertion layeistal wall Bk gftical layers

di el ectric constant, such as any of the dielectric

| ay di.s., hoomeasnpblivedt-ahifi).i & shiibe kaul #as eisindilofier 5OU hours of test
exanpl e the high- dielectric strength Ti02 materi al

deposi td 8585 thlitione &R 20 ndanstlé Wekhiter €. Layer 427

is an inter layer and layer 428 is the gate netal. 29

VD 2004/ 007319 TREH/A 45RO 44 BARRRr b suil B3OS

an exanple of a top gate transistor device

Tr angicfkMitydalinesd PES strfothr8BIES Riorfbed Wil iHi ALE3 5&‘%{%@

that is protected from atnospheric contamhation

R s A R L S E Y

of " cursp2fa S A6 TR LI BB ol GrenBifiriee. A
St it 2 TR el U el gl B oS i s o

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

described with dielectric stacks 120 of Figures 2A throngh 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 siructure 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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as alum num or chronme. Agate oxide layer 531 is
.ted over |ayer 530. A sem conductor | r
Woﬁzﬁeﬁ@ﬁ%@i ted on gate oxide |layer 531 over |a%&ﬂ§g§ﬁ/005531
Sem conducting |ayer 532 can be simlar to | ayer 423
of Figure 4. Layers 533 and: 534 are source and drain
| ayers, respectively, and are simlar to |ayers 424

and 428 of ...device 422 of Figyre 4 and pay he forped

T onfHe: (RICHIHGS RS oLt Brimgostiataso dpogiad i substate
conducting. pol yner, for exanmple. [080] Dielectric

st acéﬁgﬁ\ﬁ‘)%f?ﬁg%g‘?"i“@rﬂllayers according to the present

i nventi o& §ﬁn gave tomcally snooth filmsurfaces, _

i ndependdRtélor Fignee 4 ilupratesanbtharaxampladf barrigiiayersaccording to the
dielectric stacks with barrier |ayers according to the

pr esggent inyrpdar fhatalsafimeliopeas eleptical dayets(he-clargre with plgetrical
are unneasurably different fromzero. These

di el Bastionsudyasprayidiegresisiante o fimsiion egthbiliclectyic fipa capacitor

bi ased barrier filmdefect levels and barrier

pr ot sewinee). TiReshrupiursckbows i Biguierd itiustaites e exaniple dfarbotiem gate
protection fromwater and oxygen, such as COLED

di s plamgistor staasturend 2ranterdimg dethe present enventiu dransistor structure 422 is
centineter. Sonme enbodi ments of barrier layers as 2.5
nanafveheiron asobstae 416) which sad e Hiptakiin e gldasunatekigle n the
deposited that exhibit an average surface roughness of

abowmbddiznentiltusiratddifl Fipakd )@ delsbaibdaki4l £ ecddf SO Ihe present
Such layers exhibit an optical quality surface for all

fi | mbdtiokRASSRBTGPOBD sBlace 0@ AIBSAE | B dndQ seéonki¥feldbiit stack
anor phous filmuniformty 30 WO 2004/ 077519

PCT/ 413 2004 D8aR3dresedt indbiitdR liCdapbdifdd bh & $61tdh & E28 6Bsubstrate
t hat produce enbodi nents of the barrier |ayer

accoygi @ﬁbléc%iééﬂﬁk@ﬁ?ﬁaﬁﬁ%lk%x&h%h Blmak %?éﬂs oPg%%ffée& lfid low

barrier layers according to the prese I nv I on have

_beeq,f;dea?a@emﬂ;c%&aﬂlg B« d.ﬁln{sﬁee& doBld e g@h}m&xr@g ZAW %Jidl?gg

of alum num ftrom st eat oxl datl rom

C A ALESSMHERL bor bramILAL PR RNEAN 0L ALALELALS sbove,

f ours™'w N0~ VvI's | " con
v S SOTSERRES bbbl 3,5 5 s B bl Wi

descy i bed rein, c . . .
GOt ude 25 this m transi%{c])r structures. A semiconductor layer 423 is deposited on -

barrier stack 415 and patterned. Semiconductor layer 423 can be a semiconductor
such as silicon, germanium, or may be ;)f zi.nc oxide or a polymer material. Layers

" 424 and 425 form source éﬁd dram la'yéll:s 1n éontact with semiconductor layer 423.
Layer 426 can be formed of a materiat 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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provide long termprotection of reactive filns which
wWos2084/9751%hol e free up to the area of one or PEUTUS2004/005531

wafers. One pin hole in the protective dielectric

barrier on a 100 mm wafer, with an area of

approximately 75 'square centineters, wuld transl ate

into a pin hole density of about 0.0133 per square

cent i met di079]As Figvowh shawskingaumple 8f aitog glte trahdistodewies 629.

two wafers, one with alum nosilicate and one with

ti t aliaasifter davise 529 &l femadion a sobsiaterfid$ that Bafroté@EdEfrom atmospheric

‘failure free. The total area between the two wafers

was ddafansinationéfor eemipilerwhier G gabsks)tah@ pRyswal Weak afE ARSI o0y
these two wafers the defect density would be 0.00666

per digleeirie slekstSil freid517. HHWEMEE stadkis 3¢ $ add 151 7d BEBed®6:R one or
free of defects, the actual defect density could not

be npagUirRes dfoptital hRterieSdsldissusdéd Maky withBiclatR stack %0, Gate
i ndi cated, then, the actual defect density was |ess

th anla%er@?@% RPsitedIRHR1e6E0 ki NES B, Iiagégczk]ﬂ) ke IbY rartien?e?aﬁlic layer such

than 0. 007 per square centineter. I'n"so

emb Ogli (it Of cHEGmb. "X el Rile 1feS H1lis Hﬁk@ﬁed PRy @S30. A
indium or indiumtin, breath treatnment can be

¢ N ¢ . .
per f Qr il aRed ‘i’s[ﬁhfjﬁ%’ géﬂdsﬁ’éa AN d;afaégbg;\llde%.rla){é? glﬁSO\%%?La&{arssr?JO.

Iayers such as "t hose di'scusse

o rSopondfde TP 2 B R GILTE s R 4. Lyl ana
d A4/.077519 PCT/.US2004/ 00. 1

. Ebsi@%feeﬁ%&%%%%?‘? ‘%Sﬁés?gewfﬁﬂfféﬁg A S f?? i s 428 of

£ r oo 1 QieiP nd By behore sodlaebihofne BBl ondieting

substrate. Oglg%ipl:i ures _ 12A arld 12B show a single
bar rfE® R FEH gRLIEr 6% MR'eh  deposited on a
subst ratf 1£01 with and without a soft-netal breath

-t r eat ment980hc cBielfcRly stagks with prrEednrers arpeding s thepresent
Figure 12A, a barrier layer 1203 such as is described
aboviveptonyap daye aemigaibewrqoh Sim sufseesy independept of the film
Substrate 1201 can be any sduitable substrate
nat dhifkgess. jAdditioaply diglestis staskewith barrienlasgics asgérding to fhgrpresent
exanple. Substrate 1201 can, for exanple, include an
OL EBnveniiancian havedilmoransparengies that 4rg vamedsumblysiifferesturom zero.
whi ch requires high optical throughput or an
el edbeseczdlectia sarkurepresér b nawgapability 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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utilize the barrier layers as electrical |ayers.
WOB&MG78319] ayer 1203 can be any one or nore b&CTIUS2004/005531

| ayers as is described above. As illustrated in Figure

12A, barrier layer 1203 can devel op stress-rel ated

surface roughness during deposition and use. [084]

Fi gugt%m% B illustrates the results of depositing

barrier VEr H4656 Brocesses thafipmesiuge eliddimenitad s thy Btidt layer

treaf msgt ac ordié}%.to sone enbodi nents of the present

i nvelifTOme thle pesai giysntion. Fi gure 12B, the stress is

apparentlié}ﬁel ieved resulting in a barrier layer with

much bet (&1 suPeigctichrrisriayessiccd@8Blo te S@bdnt ®bftlon have been

breath treatnent according to sone enbodi nents of the

pr eSEAY™ [oRFeRE bR thingrastive matal BROFURSiRin §HS steam heat

substrate for a short tinme to a soft netal vapor

f ol 198ifetrnsomm 1 %etet250 P6 at pressiites 493 5 ACIMIBE fuird stDirf ﬁcferl?mndreds of

treatnment, for exanple, involves exposure of t

sub$Pyaethng visitds defedt bn 100mimsiHRon HekMCl) ef.jn a
pul sed- do process and a subsequent ehggh%ﬂgﬁ%ﬁf%cqearmﬂ

Di r beth titsapursoride el alunlin/SHit A bANLS er of
yield the particul ar benefici al reiylj3 % %O%F%%?%g{é can

bel pwvidelangdertn getettipn JFes408ydWIng ta.{‘ecﬂih ﬁ(r)lﬁt e%))lrg o the area of

that nmay be presented in this disclosur’e, "a

br earteror baR W2 AR/ YRS By tﬁgfomgﬁ%%?g%]m treat rent

can relieve stress in the deposite frRpe 100 mm

| pwafii, nifh bl bed 6 Lappdilnbi W VT : .
per f or mance. [086]Pln ap rti%g%?%?en | Pg’oglﬁtranslatemtoapm
f oriwed desityadf Bt 0igB 53 baNGH: cture, 1200, . an

enbodi nent” of a soft-hetsg{iargé‘%lﬁfnﬁpw{‘r T%’f?{é’ﬁ'tmﬁ&“esgaﬂd%

erth&re Fegd ' rate 1201. A breath
|tO r eat nent tg? Wlaﬁeg%’ Sﬁ% %,ﬁﬁ?(@é{’sg&?gﬁﬁ? onevgth fania brrier dislgotric

f r QEuRiRs, thad ek Bl 90% 1099 Tayget. The process for
perfotrﬁl[rgiS ng tq)ﬁe |I‘g?l?%?'tﬁetﬁéi§9§£e peadheaver wafars wae 150 square

deskanad 0 KHz/ 20Ar/ 002/ 10sec. In ot her
wor ds, %ﬁ éﬂ%ﬁrﬁ S‘%\ég gég,fg‘%ioﬁ > T virders theglsfochiamsity woald de

i's with a 90% ] ndium 10% Tin target, an Ar
fl 8&62@%‘8 9‘%‘?‘&%‘“?‘8%- WaYeresines thetwaters povefieendt défbdts, the

W .PVD system 10 (Figure 1A) (Pul sing
Fr g%tgael ﬁ%ga%ﬁltkwulﬁ Rt e measwedfon the egdic of boly 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 embodimenis of fhe 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. Itis likely that the soft metal breath

treatment can be utilized to release stress between the dielectric barrier layer and the
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10 secs in the AKT 1600 PVD system using the Pinnacle
WORa80PE8 power supply. Then, the breath tre®0mars2004/005531

conti nued and substrate 1201 was transferred into a

| oad | ock of an AKT 4300 Tool and the Tool was punped

to a base pressure of |less than about 1X10-5 Torr.

The substrate was then transferred to a Heat Chanber

at 18{sigatat Furthéf, Ghessofiametalibesath trdatrheht tdreiciml duyledtt @R tiather

at 130 C for about 25 mn. [087] Substrate 1201 (with

t he podituel gin-hole frrabhddfscteabaticdesds filheeh thabegite Was

then noved to a second chanber where barrier |ayer

1203 is dep¥jsi Wighres 1BAldidqRBISBARE sihgle DakiRP 126 sbREiRA200 with
as indicated above, froma 92-8 Alum no-Silicate (92%

Si / 886pbhiledlonradabstvtel 1201 @ﬁhqﬁmﬁmﬂt@@oﬂaﬁ{e&a@ﬁm n%&tn{eﬁpm

tenperature. [088] The process paraneters for t e

depOgdobidgiy t0 tholpGeMTRRALSE Th
by 6 oS RINARAE Th Fikure Rrf  WARIE 1er 128 Bloh ass

t he &Hs&%ﬁ%bm}esis El%@gthet}#t%uﬁs@ﬁ dIZ%abo Lf@% g?(‘ﬂec!an be any

about 200 KHz Pu

5558 g R e P, B e
A e M

this ul.ar enbodi nent . .t he. deposi t rocess

powe PB gt% chIFayizes bjgh opficdl @%‘fgé‘p’dﬁg t‘iﬁ‘?“@@’ﬁ“‘%‘& A% may

| on nd t he of bout 600 secs_long for

oo 8 il B el RESH B Ryniabt F%rbwaaay epeor

1203 was t hen about 1600 In a articular test,

pr 0 TRYE e ?17 885 5OEFEbSHALOYR: 45 Pasiratedin Higyes i, B?melf layer
3& ucture 1200 with substrate 1201 bei ng

thr 0{5 F%?s‘iqv op fizes-Lelyed wiriee roughness dyying depasition amsisent

Teijin PEN f| I ms 200 pmthick, referred to as a PEN

subst r at 4§84 nFWZBl illustratey th apsulte pf depgsting barter layen 203

92-8 or Ti02 |layers di scussed above) can be deposited

f ol Ifoliwing a sefpmetalbreath tisatmentinceording tesnme isbodinsentasfdlb present

before, exanples of processes for enbodinents of

bar rlm@ntlﬂnayté& s shevoomdiigwge 12B, tliesstipssais epyiarently estievairesulting in a

presented here but w de ranges of process paraneters

can baesulayern witlhmnch tied sayfecessnothaedi ng to

[085] A sofi-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 treatmient.” An indium-tin breath treatment, for example,
mvolves exposure of the substrate to indium-tin from an indium-tin target in a pulsed-
dc process and a subsequent heaé 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 pfesented in this disclosure, an In/Sn breath ' ‘;
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the present invention. [089] Barrier |ayer structure
walofomsmesubst rate 1201 can then be tested USHQTAISR004/005531

vari ety of techni ques, sonme of which are described

bel ow. In particular, the stress in |layer 1203 can be

measured using a Fl exus Stress Measurenent technique.

Sur face roughness can be neasured utilizing an atomc

f or ctreatment@st miievy sifebd in fleridposited Bacristel Ry, inpRsvaiE saFicen

rates (WTR) can be neasured in a high pressure, high

hum shéofhipseafIVOCODDRBITRORYiofifancE.090] Figure 13

illustrates a Fl exus Scanni ng Assenbly 1300 that can

be utilifoee] t anb@aiticklal dxh@ple o FRMmatdd dfUakHed 1adeCBucthR 1200,
Pl exus Scanni ng Assenbly 1300, a |ight beam for |aser

1310ari énisbidiRér: 0fla SIT-Mekl WedlPREAmMEM R $EFHinel dh b ipBktic substrate
| ayer 1203 by a mrror 1312. The reflected |ight beam

f romdpar i Bicath B4BMedZndiin/A6L &ty %ﬁ%ﬁg&ﬁ{r@ﬁéﬁaﬁm

Det ect or 1314 neasures the deflection o

For | BRI 0RA0% Tt TR fot pbinling Bl dn b
whi Ctﬂ:aﬁﬂéh{ gﬁlﬁﬂ)é&%gﬁhﬁgf s 750 w/28h Mzolﬁéoﬁzé @g&l Jnqther words,

det ect or scanned acCross s

and e flecti 0, which is.relat . o
Che ORBRAL b, B3 sEEEPYD Arocellis@PotsBy S Al 10%
rel af.i on 1318 091],.The thin filmstress in reier

030 Sedheb s A S 200roed e 4 doge gt 7 W  pulsed
sub te deformati on neasured by Fl exus apparatus

500 sy LB TR (s Hocaetey oo e, Rpbesedimag psee) for
in relationship 1318, the angle of the reflected beam
can 19éeqFdRitiecr B 1600 FYH system usiegithe Rinnaele Pluy PEIGRowst supply.
the radius of curvature R of substrate 1201 can be

cal dienttheibrathireatmentiontined padesubsiratt 20 nsdransfersed into a load
function of position in the scan. [092] In sone

- cas deck oflanakeT 4H19-Foet sl theD®! waspurhpdd iz @ basegduessure of less than
wavel ength technology to increase the range of film

t ypebouti X10t Hert Gk sulsiratapabihen tinsfeemd i i Hgat 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 deposit_i_onl' .performed at room temperature.

[088]  The process parameters for the deposition of the embodiment of 92-8 ,
bartier layer 1203 can be 3‘KW/200W/200KHz/8 5Ar/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 260 W. A Gas
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Each Fl exus apparatus 1300, then, can have nore than
woedN sy 1310 avail abl e for scanni ng t he wat@ER0OgmSs31

different filmtypes will reflect different

wavel engths of light. Further, the reflected | aser

intensity provides a good indication of the quality of

the nmeasurenent. In general, lowlight intensity at

det ediporof 43114 85 st af As amd fhoor 90 scaasof @neaiutitioat)ith desition of

[093] In Flexus apparatus 1300, stress can be

det ehis pezticults iembodinenic the Sepddition pidesss Was ppaéd dyelél here the on
stress in layer 1203 can be determ ned by neasurenents

of  tiute wakbost 180 sedsronil and Erciff QLR WHRRBGIH 600 Becd fonk F4E cycles.
1203 and the radius of curvature after deposition of

| ay eThd @hbknesk Bf 18 idsiRMb BhrricPBFR 1 I Fad iﬁeﬁ%ﬁﬁ‘y{ﬁo% A ma
equation, the stress can be given by 35 WD

2 004 Q’Ec?lﬁérgeseqé Iggé’eggdésg%ﬁ%ﬂovc v@‘:astutlﬁﬂed]férr &ek %ﬁo@&i}i& Haerier

Rf \ JJ where 1-vs) is the biaxial no us o

su b SkthRhfe f-ﬁﬁlmﬂ?sub&ra&ehﬁog %Eiﬁ? ﬂllrésg }%l%ﬂp ?ﬁ e%to?ﬁm& ﬁ Qtn bS(% inch

is the substrate thicknes ness:

;ﬁz@g@tﬁ@em. B 80l APy e
e R R RN e

m ni gi.ze, syst error in the_mneas radi us.

addi ¥° 8\’{111%8@85'&?@ %f%l teegtmrat. o& @S%ﬁ’feéﬂoe oe, a%anep!@ qupcesses
becays ess |ﬁ¥g§% ul ated based on the change in

def (#) erapeordipg torfhepressat Dention aprresented

basel i ne radl us neasurement. A positive radius

i ndi kst B widsapges of progess PHARSHATs sar syl bagdr layers according fo

i ndi cates conpressive stress. Wafer bow can be

cal cthe afeesdt nyentiohown in Fi gure 14, by measuring the

maxi mum poi nt of deflection fromthe chord connecti ng
t he end- 1039t s Befrienlayerstrogfire 120Qsm aybptzatai 2 b8 SN be tested

using a variety of techniques, some of which are described below. In particular, the
stress in layer 1203 ca'n be measured usfng a'I"'Iexus Stress Measurement technique.
Surface roughness can be measured utilizing an atomic force microscope (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 measuzes the de_fl,ectioﬁ of the light beam from the beam
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[094] Measurenents of stress perfornmed on several
wEthedhggant s of barrier filnms 1203 where barry ]

1203 is a 92-8 filmas discussed above with al!;](glrlUéiﬂhm()SSSl

wi thout a nucleation [ayer 1202 fornmed by a

soft-nmetal breath treatnment is tabulated in Table 2.

As shown in Table 2, sanple 1 was a 1.5 KA 92-8 film

of agifieated bPGHHASE2, 1Tﬁé%pﬁca1@€&ﬁ§'1§f% viichawiic b Ber 1310,

substrate. The resulting stress at about room

t eMPeLAbLIR2, A ActeAd61334NRA be %%ﬁ&?os ; sﬁ’aat%ﬂﬁ)l}gﬁd the angle of

92-8 filmof actual thickness ove

Al - bg, . Ln-a stress of ab .
o0 T oot OpanlL: ARG Bl B ArBisbE P iy Pt as shown
thic 0 A was deposited subsequent to a
In-b?ég%foﬁlégsgositi on and resulted in a stress of

-330.2 MP, earl yv..100 MPa | ower than either of the.
other t 9@2 pg@?ﬁ?”& %E“ LSe B}O@G‘f‘e@@o—a{ e cpicyaied utilizing the
sho t he .conpi |l eq data for several deposition of .
sanpPEnes n gupsite deformahion measyred by Blexus japnotatig! 398 ps eptical
over _a_.tepperature cycle. The tenperature cycle
| ncl PRTEOR FilSis Sgmeflo S FHRTE dislatianairol 316, tabangle afe eflected
and _ cooling back to roomtenperature. In a Si-Wfer
subspgagy G be menitered duyingrthe 3gan epe the inverse aftberadilis obeurvaure R of
change with tenperature. Stress data in each case was
t akeftibgitaty P01 cenbrstcatataddidon the clatieive Afthe anglbas siaction of
fromFigure 15, 92-8 filns deposited over an

| n- HrosHon in the sgament exhi bited nmuch | ess-stress than
did either a 92-8 .fil mdeposited over an Al-breath
treat nent(0¥] alidRn® chses Hleo apparatts 1900 icai iEliz6 dldaslvaivelength
wi thout a soft- nmetal breath treatnment. [096]
At ortedmblogy o invrease Seampe (AR typanithbetheitdol iszashbledf measuring.
neasure surface roughness of a film In. AFM a

M niEech Flexpy apperaius 100y thefi Aah YiawGAGS Ahn QY6 [asérNB810 available for
surface ofa filmsuch that the probe is. in contact,

and staininp\ike her Sabelidf@ent Flm tRs | i1l Pflect Hi¥Perbt Q&{%@el&%ﬁasaof

small tip and therefore is capable of accurately

NONif{ght. | Mgthéd) @e $eflcbRE Biser” ﬂ@%g?fén&eg Irz:iig{gnﬁ(?‘fél c%%mgtﬁ‘ g&mé;c_ﬁlality of

order of a few nanoneters.

t he mhEAGRmeAY HPERS, 1 1i8nt Hibhaiy AP k& 16V BN tes 2 poor

measurement condition.

[093] In Flexus apparatus 1300, stress can be determined using 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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Teijin PEN filnms 200 pmthickness), before deposition
wodoofotasderi er | ayer according to the present per/us2004/005531
invention. As is shown in Figure 16A, a PEN substrate
typically has a surface roughness of average 2.2 nm
root - mean-square average RVS of 3.6 nm and atypical

maxi mum r oughness of about 41.0 nm As. shown in

Fi gure- 16E, deposition . of g 1.5 97 after an

indiumtin breath-treatmez#e?—a— —su?strate

resultsin.an average sur L) Poudhnels of 1.O nmwth
RVS roughness of 1.7 nm and maxi num roughness of 23.6

nm Waert B/0RQYB tho bidiig] iiclul® Of subBirdt® (RO NGd e Siids6I6f substrate
(1 TO breath treatnment was perfornmed before the 1.5 K

A 92 I i ot TN i
e o e e
2. 1 16fks B SltvaalYS 43_51@ Rgﬁ'?ﬁé&ggéeggsiﬂoﬂﬁhﬁﬁgf cu'i@a)fdrg}”'g% ?betain the

roughness of 55.4 nm The position shown I n

et Ll s
o P B AOL R B U Bl T TR bl b

depagj ti,an, of g barrier | f 1. di | :
155 e o 8l Rt e s B el el o s in

ougimetin s PR R e SR s petiog i rpaspppment

Ther ef or.e | t hough the 1 TO breath treatnment, was .
bet t Poil%‘}a?ﬁa‘ﬁ'és @%F%‘?srfﬁ’ﬁ%lfi sfrgsg Q‘Pq?r%’n‘ﬁga‘éi'e Taflips fdicptes compressive
respect tv? syrface ro%glﬂness, an indiumtin breath

t r edEREN Y A0 2R bp FrleHaed s shovay jp Freues Vo by msasising the

yi el ding an average surface roughness of about 1.0 nm

[ 0o Spaxiiy paing of 46%%’@9@%@6 ahqxgmnevmsdhe endpeints ofd san of
(WVIR) testin apparatus 1700 that can be utilized

to ﬁl‘ﬂ?%ﬁ@ﬁ'ﬁégo%arri er layer filns according to

enbodi nents of the present invention. A sanple 1701

can be mMl edMersursnmpisaf atress performed pm sevaherabadimerthaf barrier
the surface of substrate 1201 (Figure 12) is isol ated

f r orfilink &203swheielpariaffilind203 tsra 92a8 Bl ds2B@udskd gbove with)and Avithout
noisture-free gas is input to port 1702, contacts one

sur faamelegifondayep1 202 ¥@fded byradiofiSnddil beiteebatrfer Bsttlatdd/ @ Iable
where the water

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 wasa 1.5 KA 92-8 film of actual thickness 1670 & 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 deposttions depicted.
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vapor com ng fromsanple 1701 is nonitored. A humd
gas is directed to the opposite side of sanple 1701
t hrough port 1705. An RH probe 1704 can be utilized
to nonitor the water content of the gas input to port
1705. Sensor 1703, then, nonitors the water vapor
that is transmtted through sanple 1701. [099] Such
tests are performed by Mocon Testing Service, 7500
BoorE$ %tr]ue North, M nneapolis, M 55428. In
add ?5(3 igue N/ sbaws & ¢ompilesi dqb:efoefseveiﬂ:ﬂdpﬂsmon of sample
accordance W th ASTM F1249 standards. Typically,

L sapple dnant emple3 WOSRAGH DT ) 6T 4 HBLROAAOSREL The
utilized for V MR testing by Mbocon can detect

tenipesatere cysledncluded li&ti!h FEn Yola MNOO 1WA 5
4gm | OO n2/ day. The con %@Qr n@t r ume%t 9?&0 Cand

R TS, 355 el o

ass{l{ﬂ%rggt tglc%lg? %ﬁlFbreat i, t?ésgggttadﬂ caclpgrse wasitaken at the
sulted in a I\/bcon test WVTR of 0.0631

'- sub ra
_21’66 Fttg?f’a%? Acaube sasn from Figute 6,592-8 ditms teposittdwivieh an
an In-breath treatnment followed by a 1.5 K A 92-8 on

byeseh reetprERt exhibited mueh fass whréssifar did reﬁh%%%&hh?di@&ﬁed

in the Mcon 3/31 instrunment (| e., the ‘transms
overait Al-beath eestmetest 2900 n0ddpd
was further discussed above Fi gures %?Subﬁ&%tgé%w&gsuta”ﬁ'
breath

: memlﬂrm%gﬁfmtt he role that -a soft-netal
treat ment (in particular an indiumbreath treatnment)

ay de erm ni.ng the rface roughness of a
Eo%]t edA tg’mrl (EPC PHGROPCORY, c(ﬁ?ﬁcuh{)tﬁan beutiliped S axasure siurface
ventr o e surface, roughness of a barrier |ayer
B g e i 8 minja{R pevbe ia physicallyi sannéd Gver the

. barrier Iayer Snoot her barrier layer result in better
sucfage of R filar fuch feat ies posbe iuinfvonfricy ung [l SORE AV e Gim.
200 m PEN substrate with -no barrier. Figure 16B shows

The proB6 hasta Binbl] SipRsiifBéeoN: t&%ﬁé%?%&&%@@gﬁ&? 9% ﬁt? ﬁmﬁ,

barrier |ayer deposited aft

" ronglie® fel f@&ureg onftfic BideF Sﬂt few nanometers..

[0973 . . Frgure 16A shov_vs: the surface roughness.of a PEN substzate-(Dapont

. Teijin PEN films 200 pm thickness), before depcsiﬁdn ofa barrier layer according to
the present mventtom Asis shown in Figure 16A, a PEN substrate typlcally has a -

»‘surface roughness of average 2.2 nm, root-mean-square average RMS of 3 6 nm, and
atypical maxrmum roughness of about 41.0 nm. As shown in Figure -16B deposmon

ofal5SKA 92-8 aﬁer an mdmm—tm breath treatment ¢ on a PEN substrafe results-in.an
average surface roughness of 1.0 nm with RMS roughness of 1.7 nm and maximum
"roughnes_s ot‘ 23.6 nm." As is shown in Figure 16C, an indium-'t_in-oxide (ITO) breath

- treatment was performed before the 1.5 X A 92-8 barrier layer film depasition
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invention. Figure 16C illustrates a 200 i PEN

woubhmtorzie with a 1500 A 92-8 barrier |ayer deppsih@doossst
after treatnment with I TO breath. Figure 16D is a 200 m
PEN substrate with a 1500 A 92-8 barrier |ayer
directly deposited on the substrate. As can be seen,
the structure of Figure 16B shows the best surface
snootrhisledin anhaerags Inglatisad 2.138n Wih ROBHALHRAE 3.4 nm and
PCT/ US2004/ 005531 [0102] Table 3 illustrates several

exanphexdnah rhphndsenf $5 aks Tholdposiso SRGA 1§ FRAKESS
characteristics and MOCON W VTR testing reggglg{'s I nperfomm1 '

Tabl evitha 125qim BBNRLRG@esbrithach 700 G e192: -
| ayers (as descri bed above)r of thi é%gié%g]sg 8?{3- T% 1c, a direct

depoITO @eatBRnMRs Kbt pBFbdh A .Pm 1 hi ck .
pol ycar bonatg (LSEXA produce g{/ea%lgﬁg\%&faﬁn ’&‘P}"?Ibi?reaﬂl. As

cor T:hew . ' e _doubl e- si coat ed

o 1 Pl FolS UM RE o bR IRNE 5T SUC R dbpetiina 125 pm
an o Ltude .better in.. MOCON WTR test than
does i)t e u@%@@%@ %I&J?tartf%?eﬁ ?aé@rl Vi gicrage gpdacg youghness gf about 5.2

Rows Ar 8.illustrate various deposition on a

PEN g%t%lplrlgﬂg’ Ig‘"{%“‘?sﬁ ° %v(\é’ms“é IR ERYT Fughnese i Q sman Therefore,
a 20 m,.PEN strate and rows 7 and 8 describing

dep o%‘?"t%}l%%tge Sﬁd E@%WWW& thareno softmetplirdamesat it all with
treat nent rameters refer to In/Sn breath treatnents

as diPEREGHe éﬁl%’ﬁﬁa nnepp,can Arckipp-din brqatheireatment eesaltadvin thierbest
Figures 16B thr quh. 16D as described earlier. As

di scUSeTOpEIsIsgciding an premage sunfica cargbness bfabess].and. t he
best WVTIR characteristics are shown in row 6, with

In breat K098 eafier 1 FiBrstaise d water damo dutsnmissionl (W BR)- t8sting

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

t r eAPREAWS LT/ thet)cambe wiilizedyivathagactesize lamvic? 14yl iR acéokdiBg to
pm) PEN substrate. Presumably, the thermal stress
behembedinsntsaf tRpresenn imfhtic U6 aRile 1708 calBs ERuABRMto apparatus
that for a 200 pm PEN substrate. Further indication o

t hi 51788 fnssoth & way tHabide sirfick bEsuiatde 2301 39) LhSoa
33 along with Figures 19A and 19B. Th(gpl atea )%Sn r ows om the

30 amdiacd bf bardibileiger 220 Gighed 12)N -
750/ on a 200 S’?ﬁ’pgﬁ"@‘ 489 12) N ABRGIRLR- oSk Ifbut (Aport 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 gasis 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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substrate foll owed by about 1.5 kA 92-8 |ayer
wole@eattsion, which yields a very snooth surf agerd;€084/005531

about 1.1 nni average) as shown in Figure 19A and an
undet ect abl e MOCON W VTR characteristic on the MOCON

3/ 31 test equipnment. The data inn rows 32 and 33, wth
In/Sn breath treatnent followed by 1.5 kA 92-8 | ayer
depostilizedfor WV TWQeA3@4y Aobad Sarl: ﬁée%&%ﬂﬁés&gﬁégﬁ:gan A

abo

125 pm PEN substrate, shows worse snoot hness

2.0 DEVEOGREATDmIRY Wfﬁeiﬁfﬁiyﬁgﬂ%ﬁ@gﬁ il gxggu&l%ﬁ Jor example,

MOCON appar at us of about 1.7 .
92- 8hskoNgwht deitfion iilnﬂ%%ﬁ%@ﬁ' ob@gﬁﬁmﬁ?ﬁeﬂyhr ough 33

were concurrently performed in~a singl e’ operation.

0104] Th W f, Tabl e .3 indj

an- - br et 1o s S or pcBitin bRl B nel b

i DUPRRLRDR LA B EomiR et ot ian 08 B0l Rpmapotae
T € iRt pre el o YT el 0 X Bariaylave drsiton

nore, than, an gder of magnitude better than the WVIR
char %ep P n-bypathy fregtment fallayed bgaph. £ Kok 028ion@00 yum PEN
snmoot hness for rows 12 and 13 are presented in Figure
22A Bhtate spiagnmemepsushio Wiieisthé Mocowd 1 iBtraneht Lik., the
are presented in Figure 22B. As is_shown in Table 3,

t he EApEpissien sHo vahieessBan G009 ZnBl 00/ &iag). | S

approximately an order of nmagnitude better than the

aver age $08{ hAeses fotheldifRssefl GidR] Figes d6A throuphTPWestrates
14 and 15 of Table 3 illustrate an In/Sn breath

t r edtheneist thara softhA&alimeaiEichh it 5 padicalaf £l in@RObrbih Reatment)
92-8 | ayer deposition. The data in rows 14 and 15 can
be aanphay égdsttrtining theGaifte kdhghs oBLdased darmbhi i
In/Sn breath treatnent on a Jgf25 pm PE%Bsubstrat g?&a@é&dmg
f ol Itowedrdd¥ntanvenfio AT %uBade 2 hmesd S Bl

snoot hness i s conparabl e bgtvveenethe L@kﬂg%eﬁgggﬁ\?aﬁmme
SUbSKVER@haradtb iRy BF Bfri& Sl LS OD.R

Fi gures 21Afaand 218, the %ﬁgﬁsﬁogy rib%ﬁaﬁgéﬁgéu#ﬁge&r
op VIR P AL Bs ARH L To4 s BTG im PN with

no barrier. Figure 16B shows a 200 um PEN substrate with a 1500 A thickness 92-8

barrier layer deposited after a In/Sn bréath tre;atment according to the present
invention. Figure 16C illustrates a 200 pm PEN substrate with a 1500 A 92-8 barrier
layer deposited after treatment with YTO breath. Figure 16D is a 200 pm 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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LEXAN substrate show nore granularity than barrier

WO 2p6PE5teposi ted on the PEN substrate. 41 WPCT/US2004/005531

2004/ 077519 PCT/ US2004/ 005531 [0106] The data in rows
16 through 18 of Table 3 illustrate different process
paraneters for an In/Sn breath treatnment foll owed by

1.5 KA 92-8 deposition on a 200 m PEN substrate. The
data in ri9Wh2le Tabledilnsttates sevesd txanmgeswiibaeiet bigers, withesntface
is set rather than power. The data in row 16 is taken
Wi t hsroathneseheragterighics Bnd MOCON WV R testing reindts. [aYsble 3, the
illustrated in row 17, the In/Sn breath treatnent is

per f eampdeh dascribeinkws ¥4 2pRa-aldyag (@alssdribed Bbdvieof thickness about
barrier layer illustrated in-row 18, the In/Sn breath

t r ea2008mi depwsipedrdnamsesibah sideb @/ 700 pﬁpmfcﬁbb@aa@&w LEKAN
each case, the MOCON W VTR characteristic of the

I es Uprofitgd B Gehdrtl Tl b t I
VO O DRl T1Rue, °*"?87%%@§‘:?§‘?42“#%4%“981&%8&@

of  Telied et sttudtilrd BbRs ij'aﬁé f) o o Eﬁ rﬂé}tcﬁ* ma turc]:‘[e better in

treatnments and therr effect sur ace s

of RS W TR GsPiRA ¢ & tﬂg%ﬁg Lided Qﬂlgtu%% éltogt% 3a nd ). I

VTR characteristics. ata 1 n rows

el aced h “29&’53%%?% e A PR P st
char ATt PRk ?51#5%@%&53%39 “%Em%etratwaws 7and &

sho an. average roughness of about 1.1 nm However,

t he WPB’&QG qng of & 195 ymARN wbstaaie); 5118 Fhwaath #emngmr e

18A, with presumably a lot of porosity, resulting in
efes & Infin brpath beatwentoés digugner] piuveaThe AFM parameters

data shown in row 23 of Table 3 illustrates the case

wherage shown axl Bigutss 68 bhroughd6Pes tlescsibed darlidrz Ad distugbsddnBefore, the

200 m PEN substrate i s preheated-before deposition of

a 1.bGstistrfB2 sBioottiege and the best WWTI clkfiacsdtidiies dré\sHom@Uh fow 6, with
18C has a surface roughness of about 5.2 nm average

and InbivRE@Nate T BlIowedbPdiposttich ¢FH 9724 Biget, TRE dhilth AT

as is shown with the indiumevaporation vapor data

S hovHtidafes bR WobrbSth 2@ atmEREHOE D With 1iBer DAFE: on a thinner (125 pm) PEN
substrate. Presumably, the thermal stress behavior on a 125 um PEN substrate is
worse than that for a 200 yum PEN substrate. Further indication of this effect is
shown in the data of rowsr30 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
subsirate followed by about 1.5 kA 92-8 layer deposition, which yields a very smootil
surface (e.g., about 1.1nm average) as ghb'Wn in Figure 19A and an undetectable

MOCON WVTR characteristic on the MOCON 3/31 fest 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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characteristics result whether an indium evaporation

WO200407761%at ment i s applied or not. 42 WO 20x19052044005531

PCT/ US2004/ 005531 [0108] Rows 24-29 of Table 3

illustrate data where an In/Sn breath treatnent was
performed at 280 C rather than at room tenperature.
The surface roughness, as is illustrated in Figure

18B, oma25 pindEN subdrabysleovasrvage: snidumes (abduf 20 MaGbaY¥
VTR data was about 3 X 10-2 gm nR/day. This value iIs

muc hzduighies) ahla WV TR test BRRYMIOTON BFbaSindb dfdhout 1.7 X 10 2

depositions of rows 30 and 31, which were below 5

X
10- 3gmand/du! day 9218@%{;&1%* ifu¥irdtddh kSwio %%ﬁ%me%g’énnenﬂy

i nstrument. [0109] data in rows 34 a

illu rf@h@@i;ﬂ@@ﬁ%?&e%og_f a 1.5 kA 35-65 |layer (i.e.,
a deg%siti on wt aﬂtarget having 35% Si and 65 % Al)

fol I owi ngo20d]N/198 datd $PRVst1 3R t&)ﬂ gﬁ%ﬁ%@%&u gnr-‘téreit.h ireatment

substrate. AsS is illustrated,

X 10 . ' t ssi. bl.e necessi

of ap%? g’se ﬁ?)%}:ieepso\é\@f” ‘?;?ﬁtr‘;?%@f&cﬁ‘b&g’%'ﬁ‘? e[?at‘? wgwprgllé ¥nd 11
accordi ng t he present jnventiaqn. 11Q]. Figure 20

T el o Byl Sepip Lo b s Crpariion ot BerEBN

as a _thin filmgate oxide deposited on a substrate

200 15Ubsirals | 45 GambEsepn il Tehle dtho BOSTR: almrasterisiing (96 82-8 dayerssis more
a barrier | ayer according to the present invention. .

Suc Hhegn gn8rder of sagnitnde beties han tesf WYTR dhetaciatjstivs pETi: dayers.

and oxygen sensitive transistor |ayer conpounds of

ger ntapresaptativersmogthdess forirows bk amdel3 ave prosented GeRiguref28A and

“exanple, while functioning as the thin oxide

el ecepiegsalativegeoathiSesilet romtsd 0200 11 ez prdsatedid Figupy22B, As is
el ectrical device that can be forned on, for exanple,

a sishowoin Table3, thervampe anadilaets foghB8 Sayptsad SpraXimabeh order
material. Barrier |layer 2002 can be a thin |ayer, for
examfineghinaiebatertim IR avlragt Shddihnett formioym oxi de is

wel | known as the preferred material for biological

i pl ant afo@s3] dURe 448 hh6ws M ¥ndof5 drmabe alingheR lan THSRBRG:
to titaniumoxide. In addition, it is preferred that

a 1 Richimicnt S0 Qizﬂﬁ.ﬁﬁﬁ(ﬁ%ﬁﬂsﬂr&e ?dﬁotv@?ﬂfﬂg boyg ilzf}g{ %élbg?igg?. The

i ndi f1_‘er ent barrier r, can sinmul taneous
a dul.GR ro%bvlﬁ'l & 18 célnol;et & %aroefi 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 21A 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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of where the [n/Sn breath treatment is replaced with a evaporated In layer followed by

'-r'

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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N RWas p&dfdambl 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 ingtrument,

[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 heyjing 35% Siand 65 % Al) following a In/Sn
deposition on a 200 um PEN substrate. As is illustrated, the MOCON WVTR 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
germanivm, tin oxide, zinc oxide, or pentacene, for example, while functioning as the
thin oxide electrical leyer. Substrate 200i ca-n 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 fo the lack of immunological 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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charge sensor or an optical device such as a waveguide while performing the role of
coupling the device capacitively or opﬁcgﬂy 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 canl be used to monitor the eiectricél
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 elecirically 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-fmcads/|.|.m2 s made
uniquely feasible by such a cgpacitive batrier film without immunological reaction.
[0113] Other'embodim;:n!ts o‘f the' iﬁvention 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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WHAT IS CLAIMED [S:

I. A barrier structure, comprising:
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, and
wherein a water vapor transmission rate through the barrier layer is less
than about 1 x 10” gm/m?/day when the barrier layer has a thickness of about 1.5
KA.
2. The structure of claim 1, wherein the deposition is performed with a wide area
target
3. The structure of claim 1, wherein the barrier layer is also an optical layer.
4. The structure of claim], wherein the barrier layer includes a TiO, layer.
5. The structure of claim1, wherein the barrier layer includes an
- Alumina/Silica layer.
6. The structure of claim 3, further including a soft-metal breath treatment
7. The structure of claim 6, wherein the soft-metal breath treatment is an indium-tin
vapor treatment.

8. The structure of claim 1, wherein the barrier layer is also an electrical layer.
9. The structure of claim 8, wherein the barrier layer includes a capacitive layer.

10. The structure of claim 9, wherein the capacitive layer is a TiO; layer.
11. The structure of claim 9, wherein the capacitive layer is an Alumina/silica
layer.

12. The structure of claim 8, wherein the barrier layer includes a resistive layer.



Ocli CIOWN 53 54 WHAT IS CLAIMED IS: 1. A barrier
structure, conprising: a densified anorphous

di el ectric | ayer deposited on a substrate by pul sed-

DC, substrate biased physical vapor deposition,

wherein the densified anorphous dielectric layer is a
barrier layer, and wherein a water vapor transm ssion
rate through the barrier layer is less than about 1 x
10' 2 gm nR/ day when the barrier54aayer has a thickness
of about 1.5 KA. 2. The structure of claim1l, wherein
t he deposill.iBwe sirsctipe pf daime @, wiherdin the whistévedayewis inklangit metal
3. The structure of claim1, wherein the barrier |ayer
is algoxdn optical layer. 4. The structure of claim,
wherein the barrier layer includes a TiO2 |ayer. 5.
The st r uctdurlge gfuctiraefiplaim §ifartesr incliding b avft-inetal breafletreatment.
i ncludes an Alumna/silica |ayer. 6. The structure of
claim3, rﬂﬁéwqhﬁépmﬂlm&ml@mﬂm@ﬁam@mmmmm isan
treatnment 7. The structure of claim®6, wherein the

sof t MfBimlin BIRAIRAMERAt nent is an indiumtin vapor
treatnent, 8, The structure of claiml, wherein the
barrier | é@/eﬁhﬁmﬁq“’é’d’ sl [, edheremcthg bapriey layer indfudesgy
struct, cIa|m8 wherein the barrier |ayer

i ncl Jf %lo%c citive layer. 10. The structure of
claim9, WheFkdsyuethes of dlpie |6 Whereinghedribalegical nyeds 4 Fige Fayer.
11. The structure of claim9, wherein the capacitive

| ayer is an Alumna/silica |ayer.



12. The structure of claim8, wherein the barrier

| ayer includes a resistive layer. 54a 13. The
structure of claim 12, wherein the resistive layer is
indiumtin netal or oxide. 14. The structure of claim
8, further including a soft-nmetal breath treatnent.

15. The structure of claim 14, wherein the soft-netal
breath treatnment is an indsgmtin vapor treatnent 16.
The structure of claim 1, wherein the barrier |ayer
includes a tribological layer. 17. The structure of
claim 16, wherein the tribological layer is a TiQ2

| ayer. 5518.18he Tvstugstaf gleimulte whdrein theitnholo@icalinperiei n t he
tribological layer is Alumna/silica. 19. The

st r uchlymimagflicg| ai m 16, further including a soft-netal
breath treatment. 20. The structure of claim19,

wher ei n t B Sl stptaresf clpipelg: firther igludiag e sqfismely] breath treatment.
indiumtin vapor treatnent. 21. The structure of claim
1, wherein the barrier layer is a biologically immune
conpati ble |l ayer. 22. The rycture of clajm .
\maeint%eﬁ%ﬁ%W%ﬁ %@ﬁ%ﬁ%@%@éﬁ@@%mm
Ti OZ.. %3. The structure of claim?21, further including
a sof PUHBUAVRY &SPt eat nent. 24, The structure of

| ai 23, in th f.t- [ t.h t t t.
an i urdit s e b o o B g ke e P e
Clai@nﬁmmﬁ&%ﬁ%# C%P _barrier layer is TiQ. 26. The

ure of “clal ,

struc wherein a target utilized to

form the barrygrl aNehralas, fhgR GE Bl iR inun 2 Alible

and 8% Si
layer is TiO,.

23. The structure of claim 21, further including a soft-metal breath treatment.

24. The structure of claim 23, wherein the soft-metal breath treatment is an
indium-tin vapor treatment.

25. The structure of claim 1, wherein the barrier layer is TiO;.

26. The structure of claim I, wherein a target utilized to form the barrier layer

has a concentration of 92% Al and 8% Si.

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

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

29. The structure of claim 28, wherein the target material includes a

concentration of rare earth metal.



27. The structure of claim1l, wherein the target
utilized to formthe barrier layer is formed from
netallic nagnesium 28. The structure of claim1l,
wherein a target material utilized to formthe barrier

| ayer conprises materials chosen froma group
consisting of My, Ta, Ti, A, Y, Zr, Si, H, Ba, Sr,

Nb, and conbi nations thereof. 29. The structure of
claim 28, wherein the target material includes a
concentration of rare earth metal. 55a 30. The
structure of claiml1l, wherein a target materia

utilized to formthe barrier |ayer conprises a

sub- oxi de 38f The syfuoiurs of dlaiei & whergingf tangef, matexial MtilizedAp forivi the barrier
Zr, Si, Hf, Ba, Sr, _No, and conbinations thereof. 31.
The slhyacpmpsent subtoxidgota g eoneisting 9EMgdTadi. AL Y, Zr, Si, HE, Ba, Sr,
soft-netal breath treatnent. 56 32. The structure of

cl ai nNgpnd gerehiratipnsithegeofof t - net al breath treatment is

an indiumtin vapor treatnment. 33. The structure of
clai m 1, el SOt ofifbch fHiiEr iridinsmetangd bretemen
defect - concentration of |ess than about 1 per square
centinmeter. 34. The structure of claim1l, wherein the
wat er vapor transm ssion rate through the barrier

| ayer is less than about |x10'2 gnf n2/day. 35. The
structure of claiml1l, wherein the optical attenuation
through the barrier layer is |less than about 0.1
dB/cmin a continuous film 36. The structure of claim
1, wherein the barrier layer has a thickness | ess than
about 500 um 37. The structure of claim 36, wherein
the water vapor transmission rate is |less than about
1x10-2 gm nR/day. 38. The structure of claim1,

wherein a thickness of the barrier layer is |ess than



about 1 mcron and a water vapor transm ssion rate
through the barrier layer is |l ess than about 1x10.2
gm n2/day. 39. The structure of claiml1l, wherein the
barrier |layer operates as a gate oxide for a thin
filmtransistor. 40. A nmethod of formng a barrier

| ayer, conprising: providing a substrate; providing

pul sed DC power to a target through a band rejection
filter that rejects a frequencyp providing RF bias at
the frequency to the substrate; and depositing a

hi ghly densified, anorphous, dielectric material over
the substrate 56 wherein a water vapor transm ssion
rate throdgh Thherigtredfelainh 31, evherem thesd-thdtal hreathdrgatment is an
1x10-2 gm n2/ day when the barrier |ayer has a

t hi ckindgm-tofvapsgatments KA.  41. The nethod of claim

40, further including performng a soft-netal breath

t r eat nent 3dnThererugig of elaimel, whoremthedigleatirdfiimdfas ¢ peminpable defect
40, wherein the dielectric material is formed froma
tar ge?onﬁf‘é‘%‘f‘qnﬁ]ﬁ’ﬁs@%bﬂabwt AEsaywp gtinster. 43 The net hod
of claim gg wher ei n ghe dielectric material is formed

froma e %?ﬂbﬁe ek ¢laig ]of""h‘ffe’t“é}i*ﬁ VT vaDer TapELSTop Fig through

of «cl material is formed

[ t he r
fromtg B?’E“&?rd@’f:r %tg‘?‘“aqb Y:tg?fﬁﬁ& ng terials chosen
froma r consi sti of i., A, Y, Zr, Si, .
, Ba, gsgg pﬂﬁ “B?FEFWE%%‘%%%SW@%W‘&%P““&@”“?ﬁ%“ghﬁ‘e barrier
ei.n t sof nmet al breath

h
trrf tea?ld AR IFS§ ab"“h%lmﬁ#ﬂ’ﬂaﬁ? 1ll'néat ment .

36. The structure of claim 1, wherein the barrier layer has a thickness less than
about 500 nm.

37. The structure of claim 36, wherein the water vapor transmission rate is less
than about 1x10” gm/m®/day.

38. The structure of claim 1, wherein a thickness of the barrier layer is less than
about 1 micron and a water vapor transmission rate through the barrier layer is less than
about 1x10 * gm/m?/day.

39. The structure 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;

providing pulsed DC power to a target through a band rejection filter that
" rejects a frequency;

providing RF bias at the frequency to the substrate; and

depositing a highly densified, amorphous, dielectric material over the

substrate
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wherein a water vapor transmission rate through the barrier layer is less
than about 1x107 gm/m?/day when the barrier layer has a thickness of about 1.5 KA.
41. The method of claim 40, further 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 diclectric 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, Sr, Nb, and combinations thereof.

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

indium/tin breath treatment.



