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METHODS OF PRODUCTI ON THEREOF Field of The Invention The field of the

i nvent i onwipS)2@kA8s roni ¢ conponents. Background of The | nvegth @y F@et ronic
conponents are used in ever increasing nunbers of consuner and 10
commercial electronic products. Exanples of sone of these consuner and
commerci al products,ar ey S . te , pagers, a

pal mtype organi zerywﬁbéiﬁgﬁ%ggb&) e ¥ %P%gﬁg‘tse controls. As
the demand for these consumerPBRY ditRk tronics increases, there
is also_a demand for those sane products to becone snal|

por t abl Hieldef The Inveadigher s and businesses. As a result mmmmmﬂmmmmbecrease
. n these products, the conponents that conprise the 15 prod*ldgo , hust al so
becorre smal | dke fiEldafihemvettiongpreleponip eaBrensiffonent s that need to be
reduced in size or scaled down are printed circuit or wring boards,

.resissto Sk '0 hH%ﬂ‘ﬁ%XB%ﬁﬂﬁr touch pads, and chip packagi ng. Conventi onal
nateriabs—lr%—a—re—bﬁ—ng—md in printed wiring boards, such as netals, 20
metal alloysy,conmposite materials,.and polyners. can produce undesirable

offects, i noPlERABCApRAREeERarLR eapored pg aumPets B P f component

because s R eiroBid Produclt, HXaAH1E FTBOHP I thasecHBemened dogre@tiay
el ectrons. As the conponents are designed and built smaller, inpedance and

heat canrqduely arestielpaisians] esnputers,ieell pbomasnipasers, Thakn-typherganizer,poriehlei nui ng
need to desi gn and produce | ayere terjals that nmeet 25 customer
Cpeci 1 RGOS P eOGHIoM G e BRI DAY conireh pid sreOmporLL e

optigal COoMRARERtRaldahelei@NSIh HeRBR! B2 ShdRB ‘éalﬁ_%ro%h@t% b6 BRDmeSHEMNeASnd |
wave-gui des, into and onto those |ayered materials while working wthin

cust omremoreportabderfontlse comswsgeend besandssass, and c) i ncorporate | ayered
materials that conprise optical wave-guide |layers into electronic

conmponents and finis rogucts. . Summary.of the Invention Printe i ri
boar do nay bASERLEARE Hat Seige o Prio i L corbonays A shbBse e hol | ovy
mrror Bic_ﬂ%t@l%ls?@lko BEsR i ARy Eﬂr_x’éﬁ%ﬂl_&se& s%H{erfttllit?se%HHx%Bﬁéﬁtﬁthh?ﬁ{c%ﬂ-to phe
printedwiring -1 WO (12/ US~122 PCT/11S(11/-10U88 board further conprises

a cover retatet naizecwspdledideven tiegprivtadesiguit de widmgbeerdd, egsstoreeiring,
15 keyboards, touch pads, and chip packaging.

Conventional materials that are being used in printed wiring boards, such as metals,
metal alloys, composite materials and polymers, can produce undesirable effects, including
impedance and/or heat in the circuit board or component, because components made with
those compounds are designed to carry electrons. As the components are desigined and built

20  smaller, impedance and heat can play larger roles in the component.

Thus, there is a continuing need to a) design and produce layered materials that meet
customer specifications while minimizing impedance and heat, and b) incorporate optical
components that transmit photons and not electrons, such as wave-guides, into and onto those
layered materials while working within customer requirements and specifications, and c)

25  incorporate layered materials that comprise optical wave-guide layers into electronic
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Printed wiring boards may be produced that comprise a) a substrate layer, and b) a

components and finished products.
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Summary of the Invention

hollow, mirror clad optical wave-guide laminated onto the substrate layer. The printed wiring



addi tional layer coupled to the cover material. Various objects, features,
aspects and advantages of the present invention wll becone nore apparent
fromthe wolde@wiing detail ed description of preferred enbogichanos4svkst he 5
invention, along wth the acconpanying drawi ngs in which |ike nunerals
represent |ike conponents. Brief Descript ion of The Drawings Fig. 1 is a
schemat i i [Tm% t I | met hods
of prodSg?@oiﬁagfamg?{e%r%ﬁ)gégégn%gﬁrﬁent lléai[g tqpa@“gs %‘ﬁfié%g&%to%g%@g% on of sone
pr ef er r edditanarlaydr sogplead tanih cophysiterall. char acteri stics. Detail ed
Description Electronic conponents, as contenpl ated herein, are generally

t hought to c ri se, an ayered conponpent that can be utilized in an

el ect roni c- b%’d’“bf’h’&&%r %ea : t‘éﬁﬂﬁ‘ftgg%‘ﬂa‘g’laﬁ@g?scﬂﬁt ¢ PISPRYG HEsRUO Withpgcome
circuit i Walo R . i L] nponent s
o i o B o b B el ot f TP
vboar 8s, isventiomslampaith therecompayiigairswingnth whish $ile hamefle@proadit ¢ikbased
products can be "finished" in the sense that they are ready to be used in
i ndust r YOBPORISt her consumers. Exanpl es of finished consuner products are
a television, a conputer, a cell phone, a pager, a pal mtype organizer, a

port abl @3 DRerifticRbf TheHrawinfRd @ 20 renote control. Al so contenpl ated
are "i nrﬁm‘emﬁ‘rgt—‘pmgmu"@% as circuit boards, chip packagi ng, and
keyboards t hagg .qriga@%e?ﬂatdcadié%a&fto!f%' lze%‘écpelﬂtluorgi Ql?tq products. H eptronl ¢
products may afso conprise a proto Fpe conponent, at any stage of

devel opnent from conceptual nodel to final scal e-up nock-up. A prototype
may or nmay ndlig. Coshbeis sewadrd] mdthédsef pedduationc offrofenal smbolanged in a fini shed
product, and a prototype may have 25 some conponents that are constructed
out .of conposi material_ in order to negate their initial effects aon other
co n’&@ nent s V\;ﬁaﬁ’g I8 iaermrHﬁ]iafl?th{ %Pn”teé%r‘ﬁ%ﬁ?g muterialgryng Shesy physigabolarmstsristign g

hi Figure 1, a printed wiring board 5 conprises a) a substrate |ayer 10,
and b) PeeflddaeschipiibR! - ¢! ad optical wave-guide 20 having a top side 22 and
a bottomsi ated onto the substrate layer 10. The printed wiring

board furthe i ver i coupl e th ve- qui de 20.
The cover ma!tE é%?gp CS‘%ﬁ?pso ? Iﬁ?’t?ﬁg?l coﬁaéezf f\‘/ﬁ?% 1 ae{ggel}%aflglpth%gﬁg\r(@%qmﬁ FSPY ¢ ype
of conpiryertdaonipogernalidticain bé hlizeddn dh ERCHrdnic-basd eI ChHBekpRts de

electronic components comprise circuit boards, chip packaging, separator sheets, dielectric

15 components of circuit boards, printed-wiring boards, and other components of circuit boards,

such as capacitors, inductors, and resistors.

Electronic-based products can be "finished" in the sense that they are ready to be used
in industry or by other consumers. Examples of finished consumer products are a television,
a computer, a cell phone, a pager, a palm-type organizer, a portable radio, a car stereo, and a
20 remote control. Also contemplated are "intermediate” products such as circuit boards, chip

packaging, and keyboards that are potentially utilized in finished products.

Electronic products may also comprise a prototype component, at any stage of
development from conceptual model to final scale-up mock-up. A prototype may or may not
contain all of the actual components intended in a finished product, and a prototype may have

25  some components that are constructed out of composite material in order to negate their

initial effects on other components while being initially tested.



22 of the optical wave-guide 20. Substrates and substrate |ayers 10, used
herei n i nterchangeably, contenplated herein may conprise any desirable
subst ant i @l as0s9lbd material . Particul arly desirabl e substg@tgsohaymgs 10
~-woul d conprise films, glass, ceramc, plastic, netal or coated netal, or
‘conposite 10 material. hi preferred enbodi nents, the substrate 10 conprises
a silicon or d (U] s =t I I r i surface
such as found[El iq{llﬁg&clép Zlﬁl%sq?lﬁ@%?bﬁrqlcsc 0e rf;sfzs @3{ %‘ggﬁ? gaggfie:d;%ﬁirlg a’ a
copper dwilbecmisoctladispticaliwedvé-guide €0 having abomside 22 apmbs kagemiside@dconnect
trace, a via-wall or stiffener interface ("copper"” includes considerations
of bar e |apptad onfrithesubstipls lapent0. Iheprpipd wisag gﬁaféacélﬁ%&jicﬁglpﬂﬁe%%ﬂvéf
Jdnterfa / [ - i.de- d.fil e or ot her
ot al anrgt a0 Rub YR e e baickRol MRt ARG 1 RRR RS PRleGes BT

and BR4.métal srticer phigbetypRdf esipelindedi the pbhinshd ¢ diddctly LOusied Ry the esp slde
«material_conmon in_ the packa&i ng and circuit board industries such as

si | i con,22cdppeonticgl wave-2wAY2@not her pol yner. Substrate | ayers 10
contenpl ated herein may al so conprise at |east two |ayers of 20 materials.

One | ayer of L [+ S1.08. 1 i 1t he
substrate matarreybPndBBRESl0Gs 10R U ARG PN, B licd et

conpr i simgy éoheprizeay deditbleayibstarkBillyRylid tataide Pavarslplespabl¥ebdatdTONoONer'S,
organi ¢ _conpounds, 1 norgani c conpounds, organonetallic conpounds,

cont i nucaxery By wesldnehprian Hos, @lass.| cayaseis, plagtic meid] pregoated metak ot eqmpositenoner

refers to .an hem.cal, C ound that .is capable .25 of..form ng a.coval ent

bond Cui ¢ ReERe iy PRSTE HORRANARS Y opeferf E0 SRR a ice Fegefiffe mmnner
The r ep@iidel HEoPRRPr SRFAFBLA SHLDEHNREhcHBRMNRITSultBN d @fer Qildr) dil@Rbr

branched, super-branched, or three-dinmensional product. Furthernore,

nononer ssoldplated depsidiamesa eenmst suréace ewdt dstfoumd ipia dixghit Gomidaipsckagad when

pol yreri.zed the palyners fornmed..fromsuch nonongrs.are then terme

Bl tckpdrisiapie e TUE v el ol Bifionh %0 SRRBRE ervuleS s Pifer kg B berg

mol ecul %E acalnu@ﬂ’yaxieés?,adwp&gm@mme&ﬁm@gihg%r Bbartl HAEGAY suchBS RAHE §Sa The -3

WO ()2/0yl22 PCT/U SO 1 /-19088 nol ecul ar "wei ght of nononers nmay vary

gr edf| y nodyimedsrbasbd fiex nackpge, tlend cothep 0600 albay salder balth\sexfece, ghspaci al | y when

nonomers _conprise repetitjv ui 1.qi bl ocks, .nmononers,. may have even hi gher
ol ecul ST HIG 2B RotleS. Bty R0 TR it S e, POIdion g oo s S HER 10s
groups Uafhrksey a £hRsial tdehbgin tj{ﬁ@ Ipb.'ék% i3Sh8 cleuit B&ard SIdMstrieh 98 s,

refers to a process In which at leas wo nol ecul es, or two portions of a

| ong noloeppdreglass; end aiatlest pobyetrher by a chemical interaction. Such
interactions may occur in many different ways including formation of a
coval ent bond, formation of hydrogen bonds, hydrophobic, hydrophilic, ionic

or el ectrost &ybgritBIBLACIY QRtenfplitbBERR Ray AR SGHRG at a8l @RLhRAs BRY 2l so
be characteri zledlby %ﬁ at Ieaegtlﬂterrpor arya}I/ O physi ga{al connectji%?)sh bet ween a

nmol @6ul enandals.t Ot layer ofretteedrcotnpoising thosubsmatk dyat £ magomtledethaswtrpel yer s

may al so conprise, a w de range of functjonal or structural noietie

"R ol TG sl e e A SR R B SBBRESINE A4 PR Bver T0

appropri : Mo TILgF=\ ! ; i pol ymer,

appr o he@%ﬁg@% TR oFPYIyARYS rBHOMeRO Bl oA RlrdpRfds, deEdhil Bt fbuBgP
organometallic compounds, continuous layers and nanoporous layers.

As used herein, the term “monomer” refers to any chemical compound that is capable
25  of forming a covalent bond with itself or a chemically different compound in a repetitive
manner. The repetitive bond formation between monomers may lead to a linear, branched,

‘ super-branched, or three-dimensional product. Furthermore, monomers may themselves
comprise repetitive building blocks, and when polymerized the polymers formed from such
monomers are then termed “blockpolymers”. Monomers may belong to various chemical

30 clésses of molecules including organic, organometallic or inorganic molecules. The
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Mor eover, alternative polynmer s may have various fornms, such as |inear,
branched, super 15 branched, or three-di nensional. The nol ecul ar wei ght of
cont enpl alRphpRhEEr s spans a wi de range, typically betweaeyidMalsgon and
400000 Dalton or nore. Exanples of contenplated inorganic conpounds are
silicates, aluminates and conpounds containing transition netals. Exanples
of or gankGleAFPRL Hfoﬂ rﬂﬁﬁdiﬁ’&s Hﬂké@gyy%téﬁﬁr &k abBRi A0 BhlGSaRihoBe DARSA ST S-
Exanpl es of conte ated organofretdalTic 20 conpounds i ncl ude

pol y( di nBowsnes, dspocaaly) wheniyhanery kembuseamepgtitbreduilding blocks, monomers may

poly(trifluoropr.opyl sil oxane). The substrate |ayer .| Jmay al so conprise a
T | 4B EVIDR BB RO eIV igramp o ags afdifaa S RRm RN Blic

‘i nst ead stqug i -Mal.ds are typically spherical, but nay alternatively
or addi té}gua 3%& Edg&gésglrllg/daggi tabl e shape, including tubular, I[amellar,

di scoidal, or 25 other shapes. It is also contenplated that voids may have
sany appropriate dianmeter, It is further contenplated, that at |east sone of

the voi ds nay>EBiffdEreity theteg srosshnking dstergo armragess i Whichet 15P% WPt h a
signifi . e I ' bly
e L RBkoRFB Bk bofRARSEL gdiqiaels RRGOT by S NEMBLISEIAEEL Y
mean di agehenteradtions\ihPaédobirlRanyPditletdnd day <l MO imf folmationt dfarcoltient bond,

nanoneters, and still nore preferably have a nmean di aneter of |ess than 10

nanomet elogmatiqn ¢idiyiipgen bpnds Ry aphabie dydiephilic jenigdr ¢leckastabe i@ adtonm v or

random yg. di e Nk . ] I r di nment,
the voi sl%lélr%glﬁé%i ](\;‘8 r rcr‘El {%1 gf%%@%@éﬁ%ﬁﬁ]?#ﬁ%&%nﬁgtb ?a gﬁeg‘!i/tetfaga%.g%hus, it
i's ciont esivkhEdnhédiontieeyenishelatide bay Belfldl baByeenaWplor a®rantildigles. | ayer of

conventional substrate material. It is alternatively contenplated that the
substrate | ayer 10 may conprise several |ayers, along with the conventional

substrate matgri.al t . f I Q i r Lrcui t
board 5. Sui t%@mﬂ%iegﬁ?"é)(@&g h@%&%ﬂcoﬁﬁarﬂ&gggﬁ 11621%8. t(”j?{ il"ué?tg?rla%ﬁgstﬁg&%@ | ayers
10 conprsrtiad) nchlin@h@iratic sydtéhs, Rhe BelopétedaRPiPFindli@mbed, appidptiste ed
circuit board or other electronic conponent, 1ncluding pure nmetals, alloys,
met al / mepddymens mprydiave mangrsoafigusetionsi nclidimgadiomapolyresraandpphsierepolymanosi t es,
cl addi n teria]{5 Itam'n tes, conductive ﬁol mer §, 2 d moponer s, as well as
ot her  maMisTeodghplseme e PoRumes g ey el rih Atdins BRAIEHES s

el engnt sprhhdied adrahileB-dimenslotl OtleGnaiBéhlsr wéigitl P ekntehpldi®] fRaymedispardshart of

the Elements, along with those elenents that have netal -1ike properties,
such as wideireuge, tpalie bavecnAD0 Raltow eatl HKI08D Raltoner piorase "d- bl ocl ¢" neans
those el enents that have electrons filling the 3d, 4d, 5d, and 6d orbitals

surroundi ng the nucl eus of the elenent. As used herein, the phrase "f

bl ock” means g e@éﬁr?afgxl@p1§t6@1noﬁa$a4§chﬁin%duh@@§refs§1ichie@,g41ﬁfﬁﬁla€efs agfd Sf

orbitals surrounding the nucleus o e elenent, including the | anthani des

20 and td¢renpenincadaninrihesition thepals. dxampies|of drganictcompeundssintiuden, cobal t

copper, ni.cke zinc, vanadi u | um nu chrom u l.at L nu o] silver,
CUnGst erPOAP b Ehan PO BP HaR EepR MR- r S CHOTIETR D PP BF el

met algs | QphpiRhRdd ink R POTy(Sitd i Rillox RO ARy (vity&KBkanephad i num gol d, silver
and tungsten. Most preferred netals include titanium silicon, copper and
ni ckel . MgttiBuoropnopylailoxaakko i ncl udes al | oys, netal /metal conposites,
nmetal ceramc 25 conposites, netal polyner conposites, as well as other
nmetal conposites. A hollow, mrror-clad optical wave-guide 20 can then be

| am nat ed ont pnd §iBs@a Myt @ nlaguRo cbpridd'8 pRPAItE 8F votaY Fritididdeirabfe fos il M | ar
in optical theory to a fiber optic cable or wire, in that they are both

used to tmewrshiotbelnagdporowy ingthat ofeontingousp peidschre typicatly ephdérisahbutctahy e t hat
’ Lgﬁczm ;[ Fpgl:laggzgfyoo?%ddi-&ggaﬁys ﬁ"'cw%fan}%1 Qui?d%ﬁei S %{ae,‘i‘ﬁ:‘f&digg .{u%%la%,ola}nsellgrf Sifsggicriaeifjorover
25  other shapes. Itis also contemplated that voids may have any appropriate diameter. It is
further contemplated that at least some of the voids may connect with adjacent voids to create
a structure with a significant amount of connected or “open” porosity. The voids preferably

have a mean diameter of less than 1 micrometer, and more preferably have a mean diameter



WO 02/ 05-4122 PCT/US111/~91188 el ectrical cable because of the mnimzation
or elimnation altogether of inpedance, at |east with respect to that

parti cul ayyr@mRenent and surroundi ng conponents in a circudPd/Gisg. The
opti cal wave-guide 20 can be produced from several different classes of
conpounds and materials. The wave-gui des 20 nmay conprise pol yners,

nononer s [ ' j- ' : . '

sui t bl SRR OTRIRAES aud AR SRR SRR AR mB W LLPBI BISRATN0 g
t hat thenaapieead Ink\erthericdatniplatedtipt ths @ofde mysyesinifaahi draandondpdispersed

i norgani c, conpounds and resins. Optical wave-guides 20 contenpl ated herein
may al soVibHn disalstiate Fayst nar prafeaed ambodiggah thesvqidrera wuHpBER¥ GUPAGRE. | n
preferregd Hﬂ%g%ﬂﬁp wave- gui des 20 conpri se pol ycarbonat e,
polystysgﬁg, Sl |c5&§F3%231PNNA, 10 cycl ool efi ncopol yners, ultra fine flat
glass or BT (triazine/bismlemde) resin, as shown in Table 1. As nentioned
earlier, hollow optical wave-gqui des can be produced by several different

met hdds, i nclth¥snigisoonigmpipied i the sybsteteiayerd Oapay enmprjses segiolayetofon of

t he prevjous .1 hods. . Th . hods .are descriptively sho i n.Figure
217 YYD ABREE st AL P ol B R bt B bR aOopt | ca
nat er i almAPbnhgsrisoeadersl 1@y, AlddeSyiditithe ¥BhbnBdral ssbsh@teafitteti Al that RRCHRE focal
material 204 to formthe wave-guide 20. Any suitable materials nmay be used
to for mhukld updiart of 1 lagered ghepitlboardid. mat eri al s used do not interfere with
the chemcal integrity of the wave-guide material 204. For exanple, if the
nmold 212 is made froma conposite material that may fracture or break apart
at certai n 2(5i@IRehAENAIS that bAIFb/@RE Y adBorAPEubABE 14Rrd FPcdrrise iRy d
material for some optical wave-guide 20 applications for fear that the
congd@si treatamaleyithapropértichapproprint fr arpmintdsiaikekit bbardionother klscwanie compoieent,
material, 204, or put erficjal coating on the final wave-gui de materi al
204t hatnptneprsiirief B8 el el SthooHes bt crismic coBPTERIIR. Bt ohi ng
220 the Mﬁh&fﬂolﬂfﬁyﬁe‘sg&h&tﬁn%%a'te?iaﬁ 1RMRGRI WoRdRIRE pBhyHiES sV RYndRES! dsl S
from 2S a ™ bl ock™ of optical wave-guide material s 204 until a desired

opti cal wellas gghérdret@Ccanspogitexluced. The et chi ng process 220 can be

chem cal ly based, nmechanically based, or a conbination of both dependi ng on
the needs’of AlecysiEhe AAH hREMRERI i Loy It
desi rabl e, howevgr, t hat ?%e etcﬁa}lng%gll#sogéééés dit egﬁaer gﬁgur al\églpt aft‘ is -6
WO (152/ Ukt tREH¢rddid Chard OB the &l empmita lengfoith thoee ¢l emipmte ¢lndt Sias@etal-likat i ons
- such as either(ﬁFinq,roughened or snoot hed dependj ng on_ the

speci f i CAPPBHES, SYoh g5 S11icqp ARG B RL A UbhereiRdhe PRIFFH o -Blask erises hoss not
chemi cal LN | ; | gal 284l A6 | - t hat
it or  or et ! BLE clichBnt NRigBhd 58 sag S By il Sl Emg e HAGES | o
t he opt ithatlemawe-Adunsdd h2frin, shephirase filad™ mdahs thoseielembhte thia hbwcdleatmns

mat eri al __and/ or according to the needéﬂgf t he custoner and conponent.

The ref @@flgv@@gg%gh@wa@é&rrean BB niFleRs afifoe Rlemenh dnaleding Bherpuhsmdssn
or def tﬁatn_ﬁlﬁ?é a&iﬁﬁie§.p§§ég%1ré@ﬁllet9ﬁ%?ﬁgdé b Eﬁiﬁ&ﬁ, c%f)alrt,tl%}ng%f,séigl%r%iﬁé, btehe

compone n some e ment's, en e “wave-'gu
et ched atanadidfn, slngligura chroihings pdatihmmpighbld, di0vek hempsted, to4fbEenwh tderianiyi rrori ng
material or reflective material. In other enbodinents, the hollow optical

wave- guidempiiwg,pnddhoriyanMaye pisderiedanetals dnclpderitanipey piliseR reppeit ek  or
mrror i o I £ CRkl t ve- aui 0_i.n_or to
i ect MIARRATES, BurRSha bfkole? o R roRa R R Rty ol B S0l

hol | ow ciidingekel. VBtwetefit B fal 28156 GRttiephitdys dmbRl/Riefal 3EmpexitRs,i@alacetidhit ow
material that is relatively and substantially planar. As used herein, the
t er Bo" pl @RMOsitopeBgtal polymer Bempesites,gained ag othes metad compesites. be spatial ly
‘'within a plane - or what m ght be considered an "x-y" coordinate system

Qoviously, th i € i W 0.0 r v

component i n 8ol Rl UEs lcEwalk-Wite 20BENAERE Dudflkh ppB inSpliase

*subst antlagdrlly. Thaoptical et guitey204k sisnile ilﬁ%ﬁidapﬂh%t(yfto b fberepmi-@ableds WAk, t hat
e

are bunpy 20 or rough - but again, it is sirabl e that the'wave-?ui de 20
be substiBikat hayargpbethased weiansmiidighs or photonsmas epgosed Fecanivariinniabeablathet

hysi cal, ' f i cal - qui,des. i1l be d ined b h
Cutt onor S PRE ElekRoo e B AP Sftcal AT BB P rletehd pRG PR RRHE, * T

material 30 that is preferably transparent or translucent is coupled to the
optical wave-guide 20. The cover materigl 30 are preferably the sane
materials from25 which the hollow optical wave-guide 20 is nade. It is
cont enpl at ed, however, that the cover material 30 is different in chem cal
conposition to the holl ow optical wave-guide 20. The | ayer of cover

material 30 call be any appropriate thickness, depending on the needs of

e o o "




WO 02/11S~I 22 PCT/USO01/:19088 The | ayer of cover material 30 is also
contenpl ated to be coated with a suitable reflective material or mrror on
the side tud2osiizk directly couple with the top side 22 ofpdhgs@nbissal
wave-gui de 20. This reflective material on the cover material |ayer
optically "closes in" the hollow wave-guide, and thus allow ng photons to
exi t t hré)ediicad a8 bedab61tkna Rfinipni PAtRAGS BREHRR 'aﬁ§ge%1‘§ef'o?i:§{3é‘daﬁ ,laf lflst .
wave-gui de. The cover material 30 can be conpletely coated"wth reflective
mat er i al Wityrespentio Gt particulef ¢oseponest awd serowidinggontyenetts red cawdybaurd 5.

ot hefwi se renoved for the specifications and requirements of the conmponent.
Addi tional |ayers of material may be coupled to the cover material 30 in

order {0 contTiishRul wilieOghide JPUET IRGATRARSH scteraPHEEH ohbiE 1wt board 5.
It is contenplated that the 10 additional |ayers w conprise materials

si mi | ar qompohodsward matadyls d&be mabeduides 20 may bompristi p‘cgyma's,ghenqm@-ts,adrgaﬁé oys,
co site materials, polyners, nonopers, organi ¢c conpounds, inorganic
CombAundPM PR SESRG FATRRRIE FRAS TRy 45T SRR s oRIoua dhas 6w eetion as
wave- gui alg. 1l b ff 1 rhedi.oent : ' .
T R e R Ll S
wav e- guiniesnieay,endreanic dompbwsisdnd kdsiish @pltidalbeavapnades 20, contengNeed hérgint hose

skilled in the art that ny nor.e nodi fications besi des those already
descri bdB®%R P ]b%g%eﬂlv@ﬂwqgﬁ%‘ﬂﬁteﬁ%lﬁaﬁuﬁlﬂ AYPhenaRhfeReqyiRnen tin peefemek e pt s

her ei n. [ ' J]sTRr=Tel 8 - e Gt ed
xcopt iR e P BB AT B i b RRBLARE ol oRélle, MReT BT AN, “bo 1
t he 18peaiytlookfincepotymiert hetra fiae fiat gladslor BI (Bazéhdbikbalkmidd) resiRragkisivi i t he 20
br oadest_possi bl e manner consistent with the context. In particular, the

terns "6Bﬂﬂ?ises" and "conprising" should be interpreted as referring to

el ements, conponents, or steps in a non-exclusive manner, indicating that
the referenced el enments, conmponents, or steps may be present, or utilized,
or comnbi ned vidinemidiet esfliRBBISW opEOFI W BIgHided CarbbEPDdhdtatbyaePeriDt :

expressly referenced, 25
P cl){fferent methods, includingg a) molding 210, b) etching 220 or ¢) a combination of the

previous two methods. These methods are descriptively shown in Figure 2.

15 Molding 210 the optical wave-guide 20 is a process where the optical material 204 is
heated and a pre-cut mold 212 is forced into the optical material 204 to form the wave-guide
20. Any suitable materials may be used to form the mold 212, as long as the materials used
do not interfere with the chemical integrity of the wave-guide material 204. For example, if
the mold 212 is made from a composite material that may fracture or break apart at certain

20  temperatures, the vendor may not want to use this mold material for some optical wave-guide
20 applications for fear that the composite material of the mold 212 may break off into the
wave-guide material 204 or put a superficial coating on the final wave-guide material 204 that

will impair its performance in the electronic application.

Etching 220 the optical wave-guide 20 is a procedure that etches away materials from
25  a“block” of optical wave-guide materials 204 until a desired optical wave-guide 20 is
produced. The etching process 220 can be chemically based, mechanically based, or a
combination of both depending on the needs of the customer and the machinery available for

the vendor. It is desirable, however, that the etching process 220 leave a surface that is
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WO 02/ 0S-4122 PCTIUS(11/~91188 CLAIMS What is clained is: 1. A printed

circuit board, conprising: 5 a substrate layer; and a hollow, mrror-clad
optical wanpmai@e | am nated onto the substrate |ayer, whei@isoiN6osgpt i cal
wave- gui de has a top side and a bottomside. 2. The printed circuit board
of claim1, further conprising a cover material coupled to the top side of

’

the wave; guiig. erQhécor;e(étﬁleﬂfsi s?fzcgﬂ%ﬁfoﬁggisﬁ%kpﬁaeﬁtﬂﬁe]i%?dgglhﬁr}eggﬂg&%meﬁhe

cover material conpris a reflective coatl ng. circurt board
of cl ai ndependihgorile spbeificgidnecttiiy Airthendésirgblditlia clid stclting ptaessseh22@ ngt si de of
the optical wave-gujde.. 5. The printed circuit board of claim 2, further
conpri si %ﬁ%ﬁv%&e@ﬁ@ﬂa@a opfie Aavegyide maerigueunless thHdneHeenchist eri al .
6. The Qﬁ{eglﬂ&fjarf&c{e(éﬂé board of claim 2, wherein the cover materi al

conpri ses e sane nmaterial as the optical wave-guide. 7. The printed
circuit board of claim®6, wherein the at | east one additional |ayer
conprises at |least one of a netal, a netal alloy, a conposite material, a

pol yRer, a 20nmgdibioryas mentiongd parkiel: hepmtisel, wans-guids Yhisimeireseisdorigh and an

Cne- supstaie bR plial B! SR T et BE R Yy SRLMd L “aherern

t he subsdongioReMOMkeirsfstiat cbBpsient ¥ah Beadopes woth amBiRY tiddnsicaldombdund e
printed circuit board of claim9, wherein the at |east two materials

conpr i sewdeitpineest hefspeaificationp exreapizemente el the sustermpees the compenang| B somesi ns,

tals, netal all it i.al 0 ) j S Cahi t
boar d_or Bt Uk endt ORGSR 7B bEiShecand e P B BB Ml o1
30 12 ARceb&edatdWih & FPORRE natRAPbi 2HIB&ivichBatBridIN e Bther &abbdimRAR! Ghe Of
claim11l. 13. An el ectronic conponent conprising the printed circuit board

of cl ai nhddlowlepticAhweveegtidond cachmalyantageavshyponted mgtht dwsflpetivetragiedalrasui t

board of claim 3. . W, 12/ 0S-4122 PCT/ U . SO1./9f.188 15. £ t hod of
o oduici TR AT BavETR PSR LPEI TS AP RE TR EB5 0 i Pgenioatiiat afas &
produci NG @ir\RldcQ¥n. M rror-clad optical wave-guide having a top side and a
bottom side; 5 providing a cover material that is mrror-clad on one side;
coupling the bottom side of the wave-guide to the substrate; and coupling

th i -clad_.side. of th terial .to the. id t .
wave gui de. suBHERd s el A T Etp Siovfes) ek BhideR 20 FeSEBR e Ere ¢ ne
wave-sgul &?npri%@ a hbNBwTRAB4 Rt ié:}e?dtﬁhlé/‘rhnd%@é’taﬁhfﬁll?bla‘n@@%s Qil_b‘ﬁ HefeiRRhe

addi ti.onal lTayer is coupled to the 10 cover material. e net’hod of
cl ai m 15ermfiplaparti npranyihei thg wave-guptei akb desagmeddobdepatattp mithis a planhi-rog or
mol di ng ap optjcal material .to,produce the waye-guide 1 S.  The nethqd of
i m 350 DR 5 SRS g S8 ORI BB DOk e Poiat Barsy ERGE obi of 5.
15 19. T ; ) @ 84 : a1 L elh e GHIPr | Ses
silica V\g?%@%@gﬁtgﬁé&?#ﬁ@mt g}ﬁigg S, ggh@?lm\%%ee 4r%/glf;(i'er’ibg s?mraaegiglﬁ?,e r?g\?%a S,

met al al dtiddyise, substanttdlypdsiat.e Thare erayadlm. be sections of the wave-guide 20 that are bumpy

20  orrough — but again, it is desirable that the wave-guide 20 be substantially planar.

Nevertheless, ultimately, the dimensions and physical properties of the optical wave-guides

20 will be determined by the customer, the electronic component and the product.

A layer of cover material 30 that is preferably transparent or translucent is coupled to
the optical wave-guide 20. The cover material 30 are preferably the same materials from
25  which the hollow optical wave-guide 20 is made. It is contemplated, however, that the cover
material 30 is different in chemical composition to the hollow optical wave-guide 20. The
layer of cover material 30 can be any appropriate thickness, depending on the needs of the

customer or the component.



20. The nethod of claim 15, wherein the wave-guide is a silicon-based
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106 ;;(é Oz(f)zo%t fx){eﬁ%}%{ % féy%& g%{)? %%% 19 §‘d Chowle 6HE S )s con?e%lpq‘atga that the

10 additional layers will comprise materials similar to those already described herein, including

metals, metal alloys, composite materials, polymers, monomers, organic compounds,
inorganic compounds, organometallic compounds, resins, adhesives and optical wave-guide

materials.

Thus, specific embodiments and applications of electronic components comprising

15 hollow, mirror-clad optical wave-guides have been disclosed. It should be apparent, however,
to those skilled in the art that many more modiﬁcfations besides those already described are
possible without departing from the inventive concepts herein. The inventive subject matter,
therefore, is not to be restricted except in the spirit of the appended claims. Moreover, in
interpreting both the specification and the claims, all terms should be interpreted in the

20  broadest possible manner consistent with the context. In particular, the terms “comprises”
and “comprising” should be interpreted as referring to elements, components, or steps in a
non-exclusive manner, indicating that the referenced elements, components, or steps may be
present, or utilized, or combined with other elements, components, or steps that are not

expressly referenced.

25
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op sid € wave-guide.
10 3. The printed circuit board of claim 2, wherein the cover material comprises a reflective
coating.
4, The printed circuit board of claim 3, wherein the reflective coating directly couples

the tbp side of the optical wave-guide.

5. The printed circuit board of claim 2, further comprising at least one additional layer
15 coupled to the cover material.
6. The printed circuit board of claim 2, wherein the cover material comprises the same

material as the optical wave-guide.
7. The printed circuit board of claim 6, wherein the at least one additional layer

comprises at least one of a metal, a metal alloy, a composite material, a polymer, a

20 monomer, an organic compound, an inorganic compound and an organometallic
compound.
8. The printed circuit board of claim 1, wherein the substrate is a wafer.
9. The 151'inted circuit board of claim 1, wherein the substrate comprises at least two

layers of materials. _
25 10.  The printed circuit board of claim 9, wherein the at least two materials comprises
silica wafers, dielectric materials, adhesive materials, resins, metals, metal alloys, and
composite materials. i
11. The printed circuit board of claim 1, wherein the wave-guide comprises a silicon-
based material.
30 12.  Anelectronic component comprising the printed circuit board of claim 1.

13.  Anelectronic component comprising the printed circuit board of claim 2.

14, An electronic component comprising the printed circuit board of claim 3.
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- 20. The method of claim 15, wherein the wave-guide is a silicon-based material.

20
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