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i nvol ves a nanostructure, coating surface for inproved adhesion : to
materials. Mre specifically, the invention is a .|lam nate product produced
by appl yi nfyOp142 antl ng having a roughened surface onto a s&GI{YSePR2843q
t he nethod of producing this product. Background of the Invention In t he
thin filmindustry, it is often desirable to have a thin film attached or
coated onto a thicker, subsgg ’PﬁU@;ﬁE@&hﬂ@Sﬁ erent material. To

i ncrease adhesion to the 10 the thin film
contacting the substrate nmay be roughened by etching or other processes.
These procesTae pedsentdhvenitiof hiivol veseaizhosthuchure, dating aafice forfimpraved @dhésion
the thin filmitself, unless the filmis relatively thick. |In addition,

‘the et cta materiatse dderespecifiesllyethe inention is 2 lgminate prodyctnrediced byapplyings eri al s

R e A S S
copper BRidace tenporary substrate, and then transferring the thin filmonto

~a final substrate for the production of integrated circuits, printed
circuit g entienl ect r oni ¢ appllcatlons In order to apply the
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adhere Sf_u%ﬁ] &kEF%ﬂJoﬁh@%ﬁ@éﬁ:ﬁh%ﬁﬂeﬂﬂh ToPinbRHR ddhkdoPtphe during

handl i n t efporar strat ten al um num or copper) 1s then

peel®d eibstrafe, thegurfagpsfith¢ thimfil contattirgthe subistrate mdyi be rbughened by eghig con t he
final substrate While there are prior art mft hods of forning theé thin
films oftheeniosessesy Hhese prosessss argdﬂ@cak tq epnivol and sangedycsdhg tﬂéﬁ@tk/ them

envi fonm’nhm,ge’mgttg% atq@msrtnaﬂva thiQl. RYUMBiTR! BE bfthh ggmcégwéét?ﬁvoq%a ing

of the Sub sent I nvent on over ese

di sadvaﬁt@@ﬁ&oﬁﬂént@ﬂh&ﬂ@fawx&lmgeﬁﬂsrﬂusmummeame«t,ahcyz&d\mﬂm disppsed ti on
CCVD or concentrated heat depgsition CHD to directly coat the thin film
onto thef. t@motcbrappbwgp ofithin films nvpbies proguring 4 cemeﬁ thip fibnehyfirst s firnmy
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nanostructure features that interact with the final substrate, t'her eby
pr oduci applo;asonsodgerdemm mﬂﬁmmnmwm%Snﬂlucedteébindﬂﬂb@umapﬂdet hin
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to the temporary substrate well enough to remain in place during handling. The temporary

20  substrate (often aluminum or copper) is then peeled off of the copper thin film, leaving the
thin film of copper on the final substrate. While there are prior art methods of forming these
thin films on temporary substrates, some of these methods require a vacuum environment,
which prohibits the use of some materials and makes cooling of the substrate difficult. The

R present invention overcomes these drsadvantages and others by using combustton chemu:al
h 25 vapor deposition CCVD or concentrated heat deposmon CHD to directly coat the thin film
. onto the temporary substrate. This results in a thin film that is firmly supported by a substrate
for handling purposes, yet easily peeled from this substrate for use. In addition, the product
produced osing the disclosed methods produces a roughened exposed surface having

nanostructure features that interact with the final substrate, thereby producing a stronger



U S. Patent No. 3,969,199, issued on July 13, 1976 to Berdan et al. -
di scl oses a fmethod of coating aluminumwth a stri ppabl e copper dep05| t.
Thi s net hog,d d1¥@hases pre- .5 treating the alum numcarrier 80022845

al kal i ne, aqueous, al kali metal zincate sol ution cont aini ng a mnor anount

- of water-soluble salt. The salt is selected fromiron, cobalt and nickel.

This tenporary coating is then renoved using acid. By pre-treating the

al um nuadhegidnbetveenithé this filthand the finks} permdnent substpate ané pasducH whileed to t he
al um num consi sts of a very high density of small copper nuclei. This
resul t sPravidiegp dssired iBinronHBRousl®¥erer than 2 Ibs. per inch 10 width. Wile

the pre-treay] aodigh RIS dib36bARGHAIcR 1uly £3,7856 1 BBRn BEallSlchleedty L e

pr esent | nven |on sScussi'on concer ni ng e rougneni ng of the

expos ed pfeidedf c%ﬂtlirfg%lﬁmmﬂﬂﬁv@ﬂh actfippabiacopperdepasie. Ths rﬁahaxeintvon;fes peS.
Pat ent No. 3,984,598, issued on Cctober 5, 1976 to Sarazin et al. These
| ani at eatingthe alsninunresagier m&nm@kdmuaqueom alkglimetalincate salution hat i s

d d b he sub h
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upper si pper is treated by passing a currant density and
oxi di zi pgriehin thisrhamer, ube wldleapper‘éhetropdattdzem&hnmhnm cansisteafiaeryhigh a

sil ane _bondi g ent and jis jhen bonded ass epox sin |am pate.
The 'St a9 el FOpret gl Thin rrns it Sreast &&S%é'aaﬁ s et i

bet yg H;l&l}gl ﬁgﬂﬁ&s %Pné;f[rhﬁg\g‘i'ﬂght'i&edlﬁll@s%a i B Yatéht rﬁ%ﬁ cf‘u gﬂ‘vﬂﬂ'} ﬂ"ne{pfesent.

achleve a nunmber of steps are | resulting 1n a

costly piveaas thdraisoandisadsion k:mxtermng t}teheugheamgmf theexgrisedcopperigirfaes. t he

exposed copper (or _other material) surface duri ng%t he coati n(? IF&C tion,
o)

thus reduci nylet#sslad laminatey araghqq\@eg; olddS. Patgnt Ne- L9384 s assHed &F nor e,
the | ar §8{ofsa8'Milom a3E0Thet &Pma{eb cbiAfriged o ﬂkeéﬁeoai plabt Plo 20 AfcrGRPPEr

reduces”t he overa conduc e copper, as opposed

to the gficliothatiscepesited loa apaubm aﬁameutmgmhé :hfbtstrae m:thya fetnagélsgmt aOpeir e
copper surface with snmaller features, enabling thinner filns, thereq%
reqld ri apmpls gx\@apﬁ)eqahaa gtainless stegkwith aecpewwgatmmr treating the staiplessst
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1984, aljknsity ahil bidizingthedhrfaccusingitart. Dhe éxidized Qurficens ﬁedted)mtmtsna@ks and
products are 30 disclosed. The nobst pertinent of these nethods and products

i s i1 ubondingaginhand isihen ponded the glass epoxp 1esiplegunate T isgiamiess 5el is thengos
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20 resin laminate is achieved using this method, a number of steps are involved, resulting in a

costly process. In contradistinction, the present invention roughens the exposed copper (or
other material) surface during the coating operation, thus reducing costs- as well as the effect
on the environment. Furthermore, the larger features associated with the oxidized surface of
the cqpper reduces the overall conductivity per unit weight of the copper, as opposed to the
25  product of the present invention that simply roughens a pure copper surface with smaller

features, enabling thinner films, thereby requiring less copper and thus faster etching times

InUS. Pétent No. 4,357,395, issued on November 2, 1982., U.S. Patent No.
4,383,003, issued on May 10, 1983 and U.S. Patent No. 4,431,710, issued on February 14,
1984, all to Lifshin et al., a number of transfer lamination methods and products are

30 disclosed. The most pertinent of these methods and products is illustrated in figure 6 of the



di oxi de, silicon oxide or soda-linme w ndow glass). A copper. coating is

then applied by sputtering or other coating technique resulting in a thin

film(up to 25 microns) copper layer having a relativelyp n size.
The expoW@PBUBace of the copper coating is then treat ed"rs sgmﬂisﬁé
electrolytically or by other nethods to alter the norphol ogy of the copper
surface. This increases the nechanical interlocking of the copper when
bondeggé paRROtAW Alufiiiin earrieDsieeet iSUfirst trantedowith aveieaﬁegg@méwchrvg stli¢ané opper -

Ul t 21?&,112@%@23;2;;’; sod-tms vBndewiglsts. ok senet Sreiigds Pt gREAEIPEoppor
surface are not, di scLoseWgﬁg‘ﬂﬁ %ﬁ%{ §5{,ﬁwmsqa,&@§g)eopbbﬂayfa8 pounds

per |Sﬂéﬁeréﬂge°"fﬁheé(9ﬂ? novvn met hods, the methods

di s C d {élagu E5/Snivll Rk SizeN Thie erposed lyrfateeﬁsha copperchabiag isthen treated
produ di Ti

while the f h d _
c gpp%leawlitmaﬁy ot u;ggmeramlgﬁwgds @?alielﬁ Blaeéﬂ‘g'i’ggle gﬁﬁiﬂbgﬁ%lsggg?ﬁaa%grgr Sge when
conpared to the noshgk’c °8g¥‘§r°?§{c?h°%§ﬁ %ﬂﬁmﬁé fdHotHed ¥@TAdeO®nelhi s can

r esul increpses theqgechagisa an ot er areas, as well as areas

W th Vaﬁﬁ%ﬁ)f ﬁ%l@@é ?Xhé‘ébpia@r ﬁﬁlﬁ@@id 4 batksof ;Bygmsswelyj mgkta’ surface with-

nanosi¥® eatures, The present inventign rovtj ﬂ u@g g m adheS| on
acr 0Sgichfratiohé dEcoppef sutfate, SThegletailsi(graim on reiefsings) o1 &fo FIFECOBPCT ot her
coating material, U S _Patent 57 Grel5. 1991 to
| nf el shrface ate. not ﬂ@c’@F%bP‘é’S"?"opegPStmﬂaﬁ] ggé?rdfﬂs?f@gn‘gml n%t *r?ltgtﬁgrlf or use in
produm n ri.nte Fapﬂﬂ he'tRethbds di duas&rmﬂ&-sé phmnmonmm a :
plrQ)te 'cg‘rsrleg1 ee0 raggﬁse%a ?orl ;Ech as cop An, aiﬂaeswe Iayer
i's ygle fs @b rbdllfbe&htr fireal praafuct. He addﬁmnewh%m@étﬁ“a*ﬂ’f'@ 'é‘&ﬁ’é’g? PeYsPer i s

heate or softened to cre ea W wiengper foil and

t he cmughenedsihpeqr supfpgeg fh aftﬁ@“‘?er"’ Pﬁﬁ\c& ﬁa(feaeﬁf ﬁa’?e s p alcaieéc}#l n a heated

press for f e pRRedtiswntion. This canresubtin stea®t is easily
pasgd P (8 bR fbribnitalot e

r enov EYTP e filmand foil are between 0.4 . .
DOU”dﬁéxhﬂ 5 Bledieh adtivdion thaibothér apeaspasswelhasarensi it varging Cur ey A8 een 0. 1

pounds/iI n W dth and Q.01 paunds/,j n-w dt fisgted mainly
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d nfi f addit dopper on net hod
concer ni g&ﬁ gpifop g@? %gog?aﬂﬁg thedlif @G RfacOusihf € nfigipne of additigrab met ho

used, PEIV neasily peelable or chenmically strippable
| am n?})&ﬁa&ﬁ?ﬂtmd in U S Patent No. 30 5,332,975, .issued on June 2T,

1994 t at. The laminate in | e /12433
PCT/ USO0/ 22B85Patent No. 5,057,372, issued o DetlEs 15 o3h YHHRE &3 Ss dirtclé@ 0

multi-layer film and laminate for use in producing printed circuit boards. The multl-layer.
er.. An adhesive layeris

20 film acts as a protective carrier sheet for a metal foil such as copp

provided on the surface of the carrier sheet. The adhesive layer is heated or softened to create

a releasable bond between the copper foil and the carrier sheet. After the film/foil laminate is

placed in a heated press for lamination or molding to the prepreg, the carrier sheet is easﬂy

removed. Peel test between the film and foil are between 0.4 pounds/in-width and 0.005.

in-width and preferably between 0.1 pounds/in-width and 0.01 pounds/in-width. This

25  poundsfi .
patent is directed mainly to the interface between the film and the foil, and therefore, details

d used, are not
concerning the exposed copper surface, or the copper foil production metho

disclosed. - . |
~ An easily peelable or chemically strippable laminate is described in U. S. Patent No.

30 5.332,975, issued on June 21, 1994 to Nagy et al. The laminate includes an aluminum layer

-l



W th an alum num.oxide layer. A thin |ayer of copper foil is then
el ectroplated on the alumnumoxide, and a thin |ayer of brass is

el ectropl he copper. This results in a copper depoSidmyy
exhibits aWﬁovﬁfokg‘r?"OS|ty, whi |-e the brass |ayer provides a thermas?ﬁB arrier

between the polyneric substrate and the copper foil. The al um num oxi de
| ayer acts as a 5 rel ease agent for the alum numcarrier. The peel strength
bet weernwitihan alomixem anifledayeri Authin laysrof soppsr fejbisthemelectroplated Dn th&kness of

w1 o 1S pof R B BSE Aok PR e 0BT, A B0ednd  on "
bet weer, gﬁé'r depORE WHidY Shititch Ib%d?@&l%hi]& tie Bt ads 18y préigésS therrhdl barrier

di scussi surface rougheni ng he copper surface. 10 None of the
above rbetweenrthepolymuerip avlsstint: atﬂakemnpet foik Hherajuminum oxndcmbr anas Aom, is

to d b th t ant ef S f th
o Bt TelGasF B DK AaINT PR PRt 3 N PPELBE i T e | emrmw eed ARy
duct duct
o e %&Jc?‘aﬁ%%éﬁ%géﬂ‘@%ﬁ%‘?‘ﬁﬁz r es‘%"‘%%@iﬁr "bed

above, tfRecATR] Bhd 0546 ¢int IWhild the fBask fayenisicited as mutmszg@ed striengttist r y
wherein the product is a thin filmof conductive material such as copper

that i sdegradgmn ripsen theopprrdayer ardrihspalynarissubsteate there iy invlischnsionof

alter nat Or organi ¢ substrate to which a noderate
peel abl é’ %’)ngg?%n%mtt%eﬁ%é;} g‘Fprt; a further enbodinent, the product of the

pragent i nveénedst thé aboviereférdnies did pakents, fakbﬂbhﬁerrsihg@yefinajombm&thmpfsepr eg or
20 other dielectric circuit board material, and the tenporary substrate is

r emov eckeertyl deseriikgsdhe instant ivyentionas claimehave the thin fil m conductor  on one

si de orE bcilii si des ghorl use. by circuit board or other manufacturers. In yet
a furt duct of the present invention is a |amnate
product t hatThdskssdemventor Ridireéted t8 @thimfilie dohductlivepridutd Havirg éihihicedoar d
material with ‘additional conductive material coated, by any process

i ncl udi adhesivepropertiesitas gl asr laminate praded with tl’ns tE{ncﬁinhgl'Odp%tteﬂd?eﬁ ¢l ating, or

any, _kno circ ma d can then create

conduct§frem Q{éﬁefg?ﬂ 5%38“?‘5‘2 YGcEeHSE |°ft'|§1 ﬁh?s K¥4n C%Fcuggbga%tel ow. It
shoul d lh&lstl‘?q"‘l%iielh I ﬁohectl% Eﬁﬁﬁ‘hlm Bf %Hdueﬁvé ﬁnaté?nﬁf $tich Wk Ebpyer kivdt aefirauimber
of different materi al s and applications. The exanpl es descri bed bel ow

i hvol vec}eg;oatadng(tjcaa tdmporirylsnbsufatwgmhangun;(or alternatinedy, anymalmmsgmcmbst ra]t e,
as is often u in cir oar ucti on,. howev. ese a&esnpy
Cxan! CERHESIReats o WG PSRerals PoRpie el is HIP o T4 BiHet Bt
producepg pro%u&%fqpré al%ééﬁ uRQIﬁm%% the thin film being overlain with prepreg or

20  other dielectric circuit board material, and the temporary substrate is removed. This dielectric

material can have the thin film conductor on one side or both sides for use by circuit board or
other manufacturers. In yet a further embodiment, the product of the present invention is a

laminate product that includes the thin film attached to dielectric circuit board material with
additional conductive material coated, by any process including .electroplating, on the thin

25  film. Etching, pattern plating, or any known circuit making method can then be used to create

discrete conductor lines or areas to produce a final product as described below. It should be
noted that the present invention is useful with a large number of different materials and
applications. The examples described below involve coating a thin film of copper onto a
temporary aluminum substrate, as is often used in circuit board production, however, these

30 are simply examples and are not intended to be limiting. The basic objective is to produce a



hi gh I evel of adhesion (greater than 4 |bs./in-width and preferably greater,
than 6 I bs./in-width) between the conductor and the dielectri'c insulator
(normal | y epoxy based), while producing a relatively lo gth

(l ess thW@ /12433 /i n-wi dt h) between the copper foil and t gﬁa ?Jor?nh%ﬂ
substrate. O course, the peel strength between the thin film conductor
tenporary 5 and al um num shoul d be high enough (greater than 0.05

| DS el O adiROR (fRfer iHAR 4108/18vidMhGind pReTarablycgrebten then 6 dbcfini-width) o

achie tgh[ e above objectives, the exanples of the rgﬁsjﬁgt _aneatl.on use a

Conc e Rkfwale thevontluctepasl the diclectieDpsulaton ogmally ﬁa&xygaa while,progueing a; i
filmwth very low porogity. and.snpot hvAeh thd itd}@ thé UM num

subst relativelylow pesl §Whﬁ?§é¥hq‘{?]§’s% Y@gﬁlr!’legue [%rr?‘gé ggfoéln i nherent

rougheni ng_and hi gh Lt Bf eburkd ehepdePsieshgttibdimeen the thin dilmaopgastor Thi s
roughgﬂgﬂggqraﬂ’a:e“ sﬁgét?i%he tyl|loi cal ‘surface produced in Bri ]c1)r arh met hods
sugh ,ag aRilif@hisReuldbe bighhinoggh (greatér tharsQ08 lbseinswistklapchdhabthe HYQRRr and
thinner areas of the foil with nunerous features greater than one mcron
acr os siot sepamateduringrhandlng. ndi vi dual surface feature (protrusion). In |
contradistinction, .th It aQr Mﬁéﬁﬂe fes@tashventdon lase d hi n il m of

the. 15 in ﬁb‘qvﬂ%enﬁ)?gﬁgiﬁggtﬁ‘{e?’ghgﬁia sﬁrfacebcont ai ning a somewhat

uni forcg}l%n {eli Bkt RposifioNTCHDY techiqus thatiproducss 2 coppertiin M ¥EUeYur es”
is intended to refer to surface featyres wth %ﬂﬁetersh%r '}i&?g ghts in the X
sub- m'pafoasitymanhgaootﬁheﬁecmmﬂtrthéﬂyﬂﬁgmﬁrsB%qﬁ’@ée' F PPt S e iesi on,  whi l e
reducing the anmpunt of materi t bsity 6fthé Beosethaataes obteneen t he :
f dPI dernniqys Pro FsM&?rfﬁﬁrgpg}eﬁ%dtlﬁ%lﬂ?&gncye renog\@/bed fromthe tenporary

SubSt I ghfer. tThfs Bghdhed birie id Aitmhd fyplcahastase pexdycesripgrior apmathagisspelte t hat
cl osel'y*€onforns %

o the surface of the t orary. subst r at ' it was
deposiasestidation ot etchingewhickisesuli i sybstzahally @F@ﬁﬁ %%P&P‘-‘e'r iof ﬁ%ﬁfgfr%ﬁ% ?ﬂ(@ﬂ
surface, a thjcker co r filme.i t fthe [HdNVidhal Suifadelfedtase bei ng
f or me dIBYEERMSr 3?‘P@é%%&%%‘ﬁ§n%?§§gﬁ}e ‘ﬁgvm&lt 'on,  cont i nuous base
coat | Qﬁfotﬂﬁioﬁlgi I c%ﬁﬁacii&i’r?eﬁ@ﬁ,rmé depdsitiopmethoduiatet] te producethethindiimrafdhgever al

ttac

times Yarger a ed. thereto. 25 Chem cal ,processi yield ce .
StysUCtiHEast iffvemtiby résalts easirface pentaining afomepthat %ﬁ"‘{"ﬁﬁgﬂﬁﬁ%‘ 3ﬁ '§§£etf base.
Yet the present inventign still epabl ' Shifcedestufes vithe hi gher
densi tnangstructuses. (Fhedteqm: 'Faé‘gftﬂ?c&re?)gilg“ﬁﬁﬂu{wggéa si elding a simlar surface

area in a thi JMaRieréi fange. CEESs nanastructerss pragives a pRifoe used to -
produc a?ﬁtggt#?lﬁ{éhqﬁﬁﬁsthe prese%t . inventiaon,. g]i?epe di.ng o Dedmaterials
i Nvol VgiiesiGh ewlsilebdacinhthe gmeuntofauaterial usehtoaseist ip e adhssign BEWeR Iy o

OB, f%% a?lgstlier fi’u?a? guti)srt]ra?ep % ia&c%ﬁ%ﬁfon%%veéﬂoﬁ?&ﬁ%mﬂﬁﬁry subétbate,GRd., 1S

Im has a very smooth upper surface that closely conforms to the surface of the

20  resulting thin fi .
~ temporary substrate on which it was deposited. In other methods that involve chemically

roughening the surface, a thicker copper film is needed to help minimize pinholes being

formed by over-treatment. With the present invention, continuous base coatings as thin as

10-200nm can be grown with surface structures several times larger attached thereto.

25  Chemical processing yields surface structures nearly the same or less in height then the dense

layer base. Yet the present invention still enables high adhesion due to the higher density of

features (# features per unit area) yielding a similar surface area in a thinner layer.

Many other deposition techniques may be used to produce the thin film of the present
stion chemical

invention, depending on the materials involved. One such technique is combu
' 52,021,

30 vapor deposition CCVD, as described in applicant’s own U. S. Patent Nos. 5,6

5
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51 WD 01/12433 RCT/ US00/ 22845 5, 858, 465 and 5, 863,604, all of which are
hereby incorporated by reference. Some materials (copper in particular),
however, sdifficult to deposit using CCVD, as a |ow

envi ronmen |d;mr&£3qur red. For the deposition of these materia ﬂi‘)’/ﬂ%mus
non- conbusti on energy source can be provrded These heat sources can be
hot gasses, heated tubes, radiant energ 5 m crowave and energi zed photons
(such a$ ,§58f464aad Scﬁ63|,69§ealj of whichrage herteyinceporatest byjesferencs. Jomemeterialsh| e

NS b BRI a0 RO B sbhne T BT b R Fhi
CHE'V' m&wm@@:@hffé@\#or tBO@epdRTtRAFHILEE b £ d noX-coRTLRSESIE terdine

exanpl es  provided below in the detailed descript fon section were produced
usi ng hsourgesaehe provided. memggpmmmbe hotgassasy kaatedstubes, ra;hant@nclaym ng
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SUPERCRI09/06/1976 leblifle SCARFARAFUSSAND' PROGESS FOR [CORTROLLEID A TMOSPHERE A
second tube surrounds the snmall tube and hot gasses are fed into the_ larger

t ube t o GHEMIGQAL{WAPORJIPEDOSEION e and berebymcerparatedby wsicrengse Wre@émplf@be

truncat es_.i. I f

par al | elprwli??'roat?qllms%ﬁ g{é ?atﬂ%a dE&ggﬁ?@%«;&@ﬂ “&égﬁl{oﬁgcwl ﬁ" exr ? l{ he | arge
t ubgot h%ﬁm%'l SotircaV Al prédhrsir salukibs Bositainéngdoppercie dtonfifed| 69 ghmﬂg theRtlutionand
greater) e collar routes the hot gasses _in a radial rection thereby

f or ni ng throbgh a swall ﬂcarrzqméubm aThlp) plepizationdeshnigveismosmullydepcribeddn P@I'at i on)

course. PengnB Ll 5 BEH A TRAGT Mo BlTbe R Siohliled CRENEER YAVDRYCL (&

preferr qﬁspcﬁsxrn@mmb@owﬁm FORMATION USIN®FHERMAE. SERAFWITH NEAR
wherein a small amount of oxides are forned (co per oxrde etc.) can

i ncr eas éURﬁi{@Hﬁé§MnAU& SHBBRCRHIGMMBLUID angl henebyt lneomoratddng

dep tta hed t et 0. n |t|onI enef t.0, t | er
f oadar o Sy el Rrigcond bEnropids (2 sBiR0 iR ol BB e (A nlF HRTBPESY e on
nvent Qﬁbetb réﬁae{Hee'ﬂ fréfifie@ T60the B AfonO The ldtgEuBO fuhatddhtahc ul ar
m crowave applications. g¥he resul ting snoot her surFaces produce | ess | oss.

By not rextended cudlar that borflmms toxandds éssgndiallyparablel with thel substrzﬂatrebtt caatadoedy s
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and greater). The collar routes the hot gasses in a radial direction thereby forming a barrier

20 zone that prevents contamination (such as oxidation) by blocking atmospheric gasses from
entering the deposition zone. Of course it should also be understood that in some cases
oxidation is preferred. For example, a final coating on top of the nanostructures wherein a
small amount of oxides are formed (copper oxide, etc.) can increase the adhesion between the
nanostructure coating and the coating deposited or attached thereto.

25 ~ An additional benefit to the smaller feature sizes on the surface of the nanostructure
coatings of the present invention, is for higher frequency applications in RF and in particular
microwave applications. The resulting smoother surfaces produce less loss. By not requiring
a thicker oxide layer or additional surface treatments that are not as conductive as the pure
copper, a significant effect is avoided on the induction and other losses that can be incurred in

30 the various electronic applications. These factors are more important as frequencis< oet
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20 onto the final desired part, wherein the material would not have been able to bed

with the same adhesion, or the final part could not withstand the deposition environment o |

eposited

needed to form the initial thin film coating. Again the nanostructure surface provides a high

mechanical bond and a larger area for various types of chemical bonds that might exist

between the final part and the coating material.

25 An example of these coatings might be low adhesion coatings such as diamond like

carbon for cooking surfaces where a molten material might be introduced next to a diamond-

like (DLC) coating on a substrate,
onate would be attached thereto, forming a lightweight transparent final product for

or a silica coating would be put on a surface and then

polycarb

windshields, glasses, etc. that have a highly adhesive, more scratch resistant final surface.




Is 7.1M WO 01/12433 PCT/ US00/ 22845 Accordingly, it is a first object of
the invention'to produce a thin filmhaving.a structured surface for
increased ghgislagdy to @ substrate. It is another object of tlt@r,hgdﬁgz\%ﬁson to
provide a lamnate including-a thin filmon a tenporary substrate wherein
the thin filmhas an exposed, structured surface providing greater 5
adhesion to a final substrate than the adhesion between the thin film and

t he tenpor ar hccordingty; ittiea first objectof the inweotioreto prbfeasta thin filme havingat i on to
produce a thi@ fi.lmon a su stﬁate I n arg gpen at nosphere environnent,

wi t hout StRisYredsyrfass forinergasedizdhesion (o agp étf%gspheri c gasses. It is yet a
further objegt ' ' ' LA i A e 10

t hi ckness | eisitsls %Loél?l&%b%%%ﬁfnﬁlh %egﬂ%rgfe%g%e? lHe“sﬂsaté'zlhglﬁuggodn%g’aﬁgﬂisﬂssorre
cases neaiporgty stbsstratel whereinthe thimfilin baswart ¢éxposed, struehuted sutfaceproviglingigrgater  of
adhesion_to a final substrate. It _is, still another_object of the invention
to provadhesign t%%pelrsuf’mﬂe i the pelnsRion betHesa e Gin fél@ba@f thelBRPPRIE for
pr ot ectgu%gt ggri ng handling, wherein the thin filmcan be easily
transfefred to an insul ati ng substrate for use in producing printed circuit
boards, i nt egrgétiiDandtheziobjudt bfthe ibeatireto prbéwderathincfilps onlegubstratd inian yet

anot her object of the present invention to Erovi,de a nanostructure coating
with aopdn awmpsphere enfvirgrmgat, withontdegradation piths ship dlmdyaimesphgsis gasses.

obj oot s of 1 14 BRadBndisskr ok ienioy B SRANER HTHE RpiPRERERETT 50"

f ur fdrer thi @nea\efthir 000RM, Hére preFralyléss @anBD0aMChnd A $big TaseBmhat
Description of the Drawings Figure 1 is a diagrammtic view of a top-
por t i onpreferably ldss thant200nmnthatplse exhibitsfaihigh dgeree ofadhesion to a/inalrsubstete-f ace

P bty . o _ . e L&
Cr bos- sect | oftds Sl st GRRELORE iVshlion (prPrid 8 bendd (R Y on B llnlty' °,2
i nvent i gncdppér subibtide Portﬂi‘d')t@ctzci;ipdeﬁrg?ﬂﬁﬁiiﬁ@ whrein fhehin fpbsdntRidsilyi gure 3 is

a diagrammatic view of one apparatus that can be used to produce
t he | antransferredrio dndnsulatingisybstraterfoq useingproducingprintesheirquithoapds, titegrated oss
secH Onci?cfuitg arsuit HB.'e? el%I:trgn?g Bl%ilu}:tg.i n film
It is yet another object of the present invention to provide a nanostructure coating with
a thin layer of oxide to thereby increase adhesion between nanostructure coating and the
coating attached thereto.
These and other objects of the present invention will become readily apparent upon
20 further review of the following specification and drawings.
Brief Description of the Drawings
Figure 1 is a diagrammatic view of a top.portion of a substrate having a thin film with
a nanostructured surface deposited thereon, in accordance with the present invention.
Figure 2 is a cross-sectional diagrammatic view of a laminate product of the present
25 invention including a thin film deposited on a final substrate.
Figure 3 is a diagrammatic view of one type of apparatus that can be used to produce
the laminate product of Fig 1.
Figure 4 is a photomicrograph of a cross section of a sample of copper thin film

peeled off of an aluminum substrate which it was originally deposited on, showing the

30 smooth bottom surface of the thin film.
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! e application. The thin filmpnaterial, s
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plit | 1g. _arl fgued rusbbs-sogel SpEanTARy o g heibmiels Hpalct 16PARES 2°
present invention 1s 11?u‘s?rat)éd. A temporary substrate 11 has a thin film coating 12 deposited

thereon. While the thickness of the substrate 11 can vary over a wide range depending on the
material used, to allow flexibility the thickness is usually between 12-120 microns. By
providing a flexible product, handling is considerably easier, as the product can be rolled up
20 for transport. As with the substrate, the thickness of the thin film 12 can also be produced in
a range of thicknesses, although typical values are between 10nm and one micron for the:
dense portion. As the main thrust of the present invention involves details of the exposed
surface 13 of the thin film 12, the actual materials that make up the substrate 11 and the thin

film 12, can be chosen depending on the application. The thin film material should enable

25  plating, and preferably electroplating, in which case it should be conductive. As previously

discussed, the laminate is particularly s_uited for uée in the circuit board industry, and
therefore likely materials include copper for the thin film 12, and aluminum or copper for the
substrate 11. Other materials suitable for deposition by the disclosed process include metals
such as nickel, zinc, tin, tungsten, platinum, gold, silver and alloys thereof, as well as

30 conductive oxides such as doped ZnO, ITO, LSC and BiRuO;. In such a way, a TCO could
-
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discussed, the lamnate is particularly suited for use in the circuit board
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cont i nud@attachgd taexposel girfase i 3k chhis Grdesenheddn gregtesdetailbglavhe preferred

enbodi ment )st _of, these napost r.uct ur es,20 ,have di. er qf le han
one_ 15 cf orfks P 2158 BF 5 R BRed: Shieen oIt B o Bip g0

st ruct urigviil Hhdight21 abbee theRBhSriuoub Barfade I3 dfiblefitcRA SOnRY anld Bmicohs. MHAkS base
| ayer, and preferably nore than twi ce the base thickness. The size of

t hese nagpreferredembodisnent, mest pf thesgmanostaurtures 29 haye pdiemietes ofilessthaghoned
surface on extrenely thin filns.that has t been known prijor to the

hodt | aRicaR. I sTihodRent i NERGSBhamOViNod dio iary BRITEYE PRI AIAIF BIHEL 2 | s
shoun S GRGHTRtfifdkhess 8P tt'cBhtiflous Badeyet Darid R Fabobethart fvick Hebase
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| invention. While the thickness of thin film 12 is shown schematically as similar to the

20 nanostructures 20, this is oftentimes not the case. In fact, in some cases the continuous
portion of the thin film 12 may only be 200nm thick, while the nanostructures 20 may rise
1000nm (or one micron) above the exposed surface 13 of thin film 12. Such conditions are
shown in the examples below. When the thin film 12 is to be transferred to another substrate
(such as prepreg or fiberboard in the production of circuit boards), the material of the final

25  substrate fills the spaces around the nanostructures 20. This results in a stronger bond
between the thin film 12 and the final substrate (not shown) than exists between the thin film
12 and the temporary substrate 11. The stronger bond created by the nanostructures 20 allows
the temporary substrate 11 (and any intermediate layer at the interface 14) to be peeled off of
the thin film 12, leaving an exposed smooth thin film surface firmly bonded to one side of the

30 final substrate.
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shown in the exanples below. Wen the thin film1l2 is to be transferred to

anot her substrate (such as prepreg or fiberboard in the production of
circuit boards), the material of the final 25 substrate f'h*@sa(gﬁsgsoaces
around tWOMAMI3t ructures 20. This results in a stronger bon et ween t he
thin film12 and the final substrate (not shown) than exists between the
thin film 12 and the tenporary substrate 11. The stronger bond created by
the nanostzuct yres.20..alihAnkte frbfuct 8IRpRéEntiMbaitiontthat inclodesdhathn .
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att agpedhd & drhafded bycmiridiing tiseamibstaioturggor swrtace|13, a5 PrEYieus)Y r ésin). This

i nternedi ate product could be processed in a separate facili
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por t i aA23%avé Beenaemoved usieg 4 eapid etching teshmiqps tyremovE dBRIaG g usi ng "a

rapid etching technique to renove ,unpl t i fhan bae et ching.
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erbedBier SR 2 SEHETERrR oy 4

tructures wth theinsulating |ayer 22 and t.hgﬁ renovi ng
t hat tﬂggaﬂo%ﬁuaﬁrers ket th tnshilating layer 25andghemeemavingthet postierebikg thifdimac i ng

| ayer 1's then placed over -the gggo?%f tthi S aas%gﬁtlh téﬁoﬁﬁgpl ete the
encaprrsiig the etchant; A xevons insnlating layeroh is thegplaced 0 echnol ogy. 15 Surface
26 may praovide additional. 05 REHWR 6 efeBiforli & Fabridhticitetimobogy. 22 and 25
anareaslsifﬂﬁyt%?@“gﬁ{ecthgfgégféh{ng&f_F_B]%s?g?re n_a?]ner _g;s the nanostructures on
4 n %MA& 33 ma}f}R8fide badTiionil saempinbiiwest teluulatioedayes 22 AABHOEE vi th
nanostructured surface conductor |ine circuits tﬁadﬁl izs?“ pal

el ect theg adeliy comtaet; indhe same mwanngy ap thenpnostruciures o W ILA%G 1% Re art. Figure

3 depicts one type of. appar at U - Qreld Sefadeofidiitordimeubst rat e 11
wi t h lamgnatesean ﬁtﬁﬁfﬁaﬁﬁtﬁghﬁj}gﬁgﬂlﬁ%@a@? the present invention. The

prec uéi?c%ts ?r&ldgu' Q&efé?,rgléétﬁédﬂg interconnected layers 27, as is well known in the art.
" Figure 3 depicts one type of apparatus 30 that can be used to coat a substrate 11 with

20 the thin film and nanosfru(:tufrés of the pi'esent invention. The precursor solution containing
.the constituents is fed (usinga suitable purnp as is known in the art), into a supply tube 37.
The opposite end of Supply tube 37 is attached to a small diameter tube or needle 34. Tube
34is mbuhted within a ceramic sleeve 36 that provides strength and support to the small -
diafneter tube 34. A largei' diameter tube 32 surrounds the small diameter tube 34 and the

95  ceramic sleeve 36. Hot gasses (as high as 500° C) are fed into tube 32, thereby heating the

sleeve 36, tube 34 and ihe"portion of the substrate 11 in deposition zone 33. As the precursor

soiﬁtion exits the distal end 35 of tube 34, it experiences a sudden drop in pressure and

atomizes. As previously stated, some features of this atomization process are also described

in co-pending U. S. Patent Application No. 08/691,853. The atomized precursor then

30  contacts the substrate 11 in the deposition zone 33 and forms the coating of the present
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at nosphere. gasses used I'n the foll owi ng exanples include a
m xture piclidgdrmigéme @ﬁhyd{ogemc{us;a neduging)gas)rand mitrogegerlthough btheg Bassehsch@asses

such as argon can be used depending on the materials of the substrate and thin film. Near the bottom

20  of collar 3 1, three ports 39 are provided to supply purging gases from supply line 40.
Materials that can benefit from this oxygen free, deposition environment include, but are not
limited to nitrides, carbides and borides. Other elements susceptible to oxidation include
aluminum, silicon, titanium, tin and zinc.

In addition to the deposition process and apparatus described above, other types of

25  processes and apparatus may be used depending on the optimal conditions for certain
materials. For example, while combustion chemical vapor deposition CCVD may not be
appropriate for deposition of titanium (as the flame provides an oxygen source), it may be
useful when depositing other materials such as platinum, gold and silver. Furthermore, to
avoid the presence of oxygen when necessary heat sources other than combustion can be

30 employed such as: electrical resistance heating; induction heating: microwave heating; RF
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almost two microns. Electncal resistance of the copper thin film was measured at 1.6

20 square. Conductivity as low as one MQ/square was shown to enable electroplating. but
less than 100 C¥/square is preferred.
EXAMPLE 2
Figure 4 is a microphotograph of a second sample of copper thin film deposited on a .
6" x 6” aluminum foil (1-3 mil) substrate using the apparatus of figure 3. The precursor
25  solution used contained 0.90g of Cu (2EH), dissolved in 100mL of reagent alcohol. The
solution was fed into tube 34 at a rate of 2.0 ml/min. A mixture of heated hydrogen (asa

reducing gas) and nitrogen gasses was fed into tube 32 at flow rates of 1.5 lit_e_rs/min and 94

liters/min, respectively. Additional nitrogen purging gasses were supplied to ports 39ata
flow rate of 117 liters/min. The temp_érature as measured at the end 35 of tube 34 was

30 recorded at 500° C. Cooling air was directed at the back of the substrate 11 at a rate of 25
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of the substrate (as well as the motion of the cooling air across the back of the substrate),

20  involved scanning back and forth across the X dimension of the substrate, and then offsetting
by 1/16” in the Y dimension. This was continued from the bottom of the substrate to the top,
for a single pass (two passes for each Y position). The process was repeated at twice the scan
rate as a reducing pass. The process took a total of 31 minutes with an average scan rate of
4.65"/min. on the first pass and an average scan rate of 9.29/min. on the reducing pass. In

25  figure 6 it is apparent that the resulting coating had a continuous thickness of approximately
200nm and included nanostructures not exceeding a height of about one micron. In figure 5 it
can be seen that the copper thin film closely mimicked the surface of the aluminum foil.

The above examples are indicative that thin films having nanostructures less than one
micron in height can be produced using the methods disclosed herein. In combination with

30 the detailed description, the examples are intended to enable those skilled in the art to make
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repeated at twice the scan rate as a reducing pass. The process took a
total 4§ aitlosedlierein. The Gb/entiomis ot t he first
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fi gur puddid td be limited by the dbave deseripien fothen thap e setfgrth axthe fele¥iguous

thi ckness of approximately 200nm and incl.uded nanostructures not exceeding
a hei gaimsf about one micron. In figure 5 it can be seen that the copper
thin filmclosely mmcked the surface of the alumnumfoil. The above
exanpl es are indicative that thin filnms having nanostructures |ess than one
m cron in height can be produced using the nethods disclosed herein. In
conbination with 30 the detail ed description, the exanples are intended to
enabl e those skilled in the art to make 14 WO 01/12433 PCT/ US00/ 22845 is

t he nanostructure coatings and use the nmethods di scl osed herein. The
invention is not intended to be limted by the above description, other
than as set forth in the following clainms. 15 WO 01/12433 11111111 111111
VILE VILL T 111 PCTIUSO0/ 22845 ¢ L Ns- Wiat is Cainmed is: 1. A product
including a thin filmof a first material on a carrier substrate of a
second material, said thin filmhaving a nostly nanostructured exposed
surface for inproved interaction with adjacent materials. 5 2. The product
of Claiml wherein said thin filmis releasable fromsaid carrier
substrate. 3. The product of Claim2 further conprising a |layer of a third
material, said third naterial assisting in releasing said thin filmfrom
said carrier substrate. 4. The product of claim3 wherein said third
material is alum numoxide. 10 5. The product of Claim1l1 wherein said thin
filmhas a thickness between 200nm and several m crons.
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6. The product of. Caim5 wherein said thin filmhas a dense base thickness
of 20 to 400nm 7. The product of claim1 wherein said first material is

t he sane ag _sai econd 15 mat ey uct of clai My
o d fir st MEROHR (s a d ffereﬂlﬂllullﬂtllllﬂﬂlﬂum Chi 0 secolSTuMREE"
The product of claim | wherein satd %ir'st "matferifal is conductive. 10. The
product of claiml wherein said first material is copper. 20 11. The
product of chahdtiScriaedisn said first material is a transparent conductive
oxi de. 12. The product of claim7 wherein said second material is njickel.
13. The prodict ofA piodnehincludiag ajthindmpfairstmatesiabon ararrisr sybstratsoha 14,

The product of claim erein. saik Lal .l o . The
product of Claim fe?mat’%ﬁ’ajaﬁab‘f @?‘Eﬁfgﬁg‘f?@gg g?ﬁhtgsglggag%s??g@&g#ﬁg gigdgs'%ﬁ’fﬁ
filmhas a struct lféﬁ,ﬁﬂﬂ,fé@qmcﬁﬁnmdgmrﬁaeﬁmpr on. 16. The product of
Claim1 wherein said structured exposed surface of said thin filmhas

featfire di amdt er s T product 9f Claima 1twhereiniseidithinrfdm is 1gleasable fror geidicagierd ai m
| wherein said thi %fi | mhas a resistance of |less than one 30 hundred ohm
per square. 16 ThiSUos#%t Has Been Replaced 11111111 111111 1111111 I11! WD
01/12433 1 | bl 11 | rplelghddkct bt Eblm 2 thither domipisingRGyr A9 RS aucriat, higs 16. A

met hod of coafing a strate wth a thin'film said nmethod conpri sing:

f eedi ng a sol uti orthiedniaterial asyisting &t relaasing saidfthinHfdmt from said carridrisebstrate. i nt o
a first end of a_small diapeter_tuybe; feedi.ng hot, gasses into.a | arge

di aneter tubd- sur ribgmaedust o a‘%i"#‘%ﬁ‘%??é&g}"dg@a ﬂé?é%nmwgf&ses
thepgby heatisng t ig SMBhict Gf Gilkh 9 wihetbf saRadhin MY thRnesdibettbdinDoBnmmel |

di aneter tubé&’ an
and several microns.

6. The product of Claim 5 wherein said thin film has a dense base thickness of 20
to 400nm.
7. The product of claim 1 wherein said first material is the same as said second
15 : material.
8. The product of claim 1 wherein said first material is a different material than

said second material.
9. The product of claim 1 wherein said first material is conductive.
10.  The product of claim 1 wherein said first material is copper.
20 11.  The product of claim 8 wherein said first material is a transparent conductive
oxide.
12.  The product of claim 7 wherein said second material is nickel.
13.  The product of claim 8 wherein said second material is aluminum.
14.  The product of claim 8 wherein said second material is organic.
25 15.  The product of Claim | wherein said structured exposed surface of said thin
film has a structure thickness of less than one micron.
16.  The product of Claim 1 wherein said structured exposed surface of said thin
film has feature diameters of mostly less than one micron. -
17.  The product of Claim 1 wherein said thin film has a resistance of less than one
30 hundred ohm per square. -
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rel easing the solution froma second end of the small dianeter tube, the
solution atomzing as it is released and the second end of the tube being

5 et o AN o o e =,

col lar SWMBSVEBI al |y conform

thereby forning a deposition Zoné ahd bander zone such. that the hot
gasses heat the substrate in the deposition zone and provide the barrier
zone about,d he ﬂ‘?ﬂ&ﬁ&%&%aﬁﬁ@%u@ﬁtetm haiin ifitm, saidmethodhiobiprisingt nospher i ¢
gases fromeéntering the deposition zone. 15 19. A on(li_‘uctive thin film
material, said feedidgatsolutionmontaining mﬁﬁ&@ﬁ%‘ﬁﬁﬁﬂﬁtb@r\fglﬁ“ GEEAR IR L a

t hi ckness of | ess than Eh%%nm and.a surface with a nostly nanostructured
surface norphol%ﬂﬁ/‘?f%‘.‘a amgter P°h) of claim 19 wherein the structured
surface is at lf’e@ﬁi&n thmggsésﬁmdﬁE%gedﬁarh&erdbasmdmﬂmg'thesmhﬂldiameﬁl. The.
material of clalm 1§ rein the conductive naterial F&E’S a tachﬁg. to a
cayrier with t hmibejthebougassessherebcheating shersmath digmetenfube apd hesolER 1t er i al
of claim 19 wherein an inﬁgkat?d ngt.er'al has the structured side of the
conducti ve nat ewithin thaswgl HameteTiuae: 8¢t ace. 23. T he naterial of claim 22
wherein the strugtur LAes S frifS eosHiuGidiofthe shialldibmeied kutiesthent egr at ed on
two surfaces of re???émggls‘%%(g@é@fr{%@?ri al . 24.de | am nat ed product .containing
at | east one i ngslafeK Aoatzinpasit isdeldasedond thesegond prdofibe bedeingiBr  havi ng a
surface with a nostly nanostructured surface norphology. 25. The | am nated
product of cl ai mmpmgnﬂmm§§?bf"?ﬁcﬁﬂﬁrﬁf‘ht ed material layer is 30

conductive. 17 .This She ( dridlpardilel tdthel | 11LLIT 111
1B wo 01/ 12, 3@qqaﬁ$|%f%§£ai?ﬁ9ﬁpft§? %lWﬁfoﬁnmﬁ 'l pSrCT/eusocy 22. 845 S 26.
The | ani nated pggiiate, fe collar thereby frmireg adeposition congiand 3 DETIRBLALISUFD | ayer

that the hot gasses heat the substrate in the deposition zone and provide the

barrier zone about the deposition zone; and
the barrier zone prohibits atmospheric gases from entering the deposition zone.
15 19. A conductive thin film material, said conductive material comprising a dense
base having a thickness of less than 500nm and a surface with a mostly
nanostructured surface morphology.
20.  The material of claim 19 wherein the structured surface is at least twice as
high as the dense base is thick.
20 21.  The material of claim 19 wherein the conductive material is attached to a
carrier with the structured surface away from the carrier. _
22, The material of claim 19 wherein an insulated material has the structured side
of the conductive material integrated on a surface.
.23. T he material of claim 22 wherein the structured side of the conductive
25 material is integrated on two surfaces of the insulated material.

24 A laminated product containing at least one incorporated material layer. said

incorporated layer having a surface with a mostly nanostructured surface

morphology. | |
25 The laminated product of claim 24 wherein, said incorporated material layer 1s
30 conductive.
' 17
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conpri.ses distinct conductive traces. 27. The | am nated product of claim 24
wherein the th| ckness of a base of the incorporated Iayer Is | ess

t han 500nn, 0y ?gso any ad ﬂ iﬁﬁ "m]ll bei ng 5 added. %

| am nat ed proc}uc of clai tructured surface 1s hig er

than the thickness of the dense base pr| or to any-addi ti onal material being
added. 29. The | am nated product of claim27 wherein the structured surface
i s higher 106, t hThe Mmiinated produei efcldiie2s Wherking ssid ebnductivel emeridbtayer pri or
to any additional material being added. 30. The |am nated product of claim
24 wherein the di &ofPEsesdistingican H‘E’E‘tertEﬁSF%res is |ess than one nicron. 31.

15 on 5. TAE | ot et Bheof MR whELARE HIBIRR, o A Bhogor e 2 0

material is plat eﬁxcoqmraté’cﬁlaya’he 1¢s8 thancs00emprivd g6 tnpidditiciaim2erighbeiagn t he
additional materi aI is plated on. 20 34. The | am nated product of claim?24

wher%in the incorpddedted | ayer is scratch resistant. 35. The |am nated

The | am nat cdpr oatt sl Bk SRARCH M Bren R rkded Yiuthee Shidhr O

transparent condugiah\Re Midkd8ss of the déie b@sap?f&e&arwmmdnapfnarérm Hé:ﬁ§ wher ei n
additional material is added on to the conductive |ayer, the additional

mat eri al being traddedarent. 38. The | ami nated product of cl ai m 37 wherein

7 T iR AR i i i
111%111111111111&%#&%%&86@&&@6#@9%%@% dpr?o‘itoIh?aacﬂﬂ%mt ed

product of claim 36 erel'n additional material is a
material being added.

30. The laminated product of claim 24 wherein the diameter of the nanostructures
is less than one micron. |
31.  The laminated product of claim 27 wherein the additional material is plated
15 ~ on.
32.  The laminated product of claim 28 wherein the additional material is plated
on.
33. | The laminated product of claim 29 wherein the additional material is plated
on.
20 34, . The laminated product of claim 24 wherein the incorporated layer is scratch
resistant.
35.  The laminated product of claim 34 wherein the incorporated layer is low- |
friction.
36.  The laminated product of claim 25 wherein the conductive layer is a
25 transparent conductive oxide.
37.  The laminated product of claim 36 wherein additional material is added on to
the conductive layer, the additional material being transparent.
38.  The laminated product of claim 37 wherein additional material is added on to

the conductive layer, the additional material being glass.
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t he conductive |ayer, the additional. material being organic. 40. The_

| am nat ed product of claim?24 wherein a thin |ayer of oxide i$ added to

sai d nanostructured surface. 5 41. A final product, said pipaRsoRs ct
conpri siW§ /1243 nat ed product having at : |east one incorporated materi al
| ayer, said incorporated |layer having a surface wth a nostly
nanostructured surface norphol ogy. 42. The final product of claim4l
wher ei n saig fi gk |RhRERATproductsf dhiar36 oheeinadditigal materia] isddegon e fi nal
product of "¢l ai m41 wherein said final produ(i JS a touch screen. 44. The
~final product othedomiduetive layes, the additipnal matefta %F’B&l?ﬁa'\‘%. a flat panel |
display. 45. The final, produc | ; 1221 t skidé Radded @duct i s
scratch redPsta _e]arw@_ateﬁ}péoé"qc&gf)&%ﬁ)%%é%ﬁ\% é‘?lmagﬁﬁﬂm(/ﬁ‘erei n said final
product is an elggtiapitfuckited®biface47. The final product of claim 41 wherein

said final product 1s a surface nodified 15 product. 1111113111: 111111
11311111114114 Pofinal$eductsaid b aradup %wslf{)glq liamlfl'ﬂ‘?‘?ll’m%’“ ]‘lj'\aﬂj“#ﬂa} 11~

's 190s Jeast one incorporated material layer, said incorporated layer having a surface

with a mostly nanostructured surface morphology.

42.  The final product of claim 41 wherein said final product is an electronic wiring
board. _ _

10 43.  The final product of claim 41 wherein said final product is a touch screen.

44.  The final product of claim 41 wherein said final product is a flat panel display.

45. -The final product of claim 41 wherein said final product is scratch resistant.

46.  The final product of claim 41 wherein said final product is an electronic shield.

47. The final product of claim 41 wherein said final product is a surface modified

15 product.
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