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OPTI CAL FI BERS EMBEDDED I N A PRI NTED Cl RCU T BOARD
BACKGROUND Fi el d of the Invention [0001] This

WO pwsosidon relates to printed circuit boards, BOTURIINE030992
particularly to use of optical fibers in printed
circuit boards for conmmunication. Background of the
I n ' [ r - §
st TETIPALIHRES VBPLADED (X Ao PR AR CUF HoARo?
The PCB has one or nore structural layers as well as
patterned conductors. The structural |ayers support
the el ectronic devices while the conductors provide
power to the el ectroni BAGKGROINIaND al | ow devi ces to
communi cat e through use of electronic signals. [0003]

Fieldrofighe fnveniien a cr oss-sectional side view of a portion
of a typical conventional PCB 100. The illustrated

[000TPNV eTHid DRetidiGBlalddGo prsted cituitibdards2 bnd goge fieuldily o use of
structural core 102 provides a rigid support to which

optical f18drs BApriste@Eirdiebd3ER AP MYniBRiAPP! | ed or
el ectronic devices nmay be attached. The structural

BackePhfid e ehd vtftich case has four core structural layers
104, 106, 108, 110. These core structural Iayers 104

000302, A5 Rt P IALBPLY BRSO s
attacéeq? ﬂqﬁ%}? %g (gréggrg[s%m%ﬁ 4 8@2‘(39‘?? rq%%ﬁ%t%g{%@ E:gr}({uctors The

structural layer 104 is a first top |ayer of
strucRisaXars SEPOFbe eleaimnicriRaites s e sapduptpecavile power to e
provi de el ectroni c connections to el ectronic devices
electrany depii¢es ahé alew deviees to somhwinkRaR thamgh Tieotdectumit¢ signals.
traces 112 may provide power or ground, or may all ow
[0003] ectRigume ¢ idleviosesectiona gidewidve af £ poiiioawdh tyjsieal @bnventional
el ectronic signals conducted by the traces 12. The

PCBf100s The aygiraetl copvttehdl PEB T0UCRS adtrustufed é6iee 20V structural
structural layer 114. This structural layer 4 is

core @@beo%ﬂie@ﬁ rfg@cﬂ) SLE#E),ORQ@ whichSthdr %?{1% Oplfhﬁga@;!? it Ilﬂytf b% bRIfed or

12" and cured I'S process all ows t ctu
1 1 2
IR N R

struclt:ural layers 104, 106, 108, 110. These core structural layers 104, 106, 108, 110 are

each a fiberglass/resin composite material. The core structural layers 104, 106, 108, 110
have been pressed together and cured to form the structural core 102.

[0004] Above the top core structural layer 104 is a first top layer of conductive traces
112. These conductive traces 112 provide electronic connections to electronic devices that
will be attached to the PCB 100. The conductive traces 112 may provide power or
ground, or may allow electronic devices to communicate through use of electronic signals
conducted by the traces 112. The first layer of conductive traces 112 is covered by a
structural layer 114. This structural layer 114 is applied on top of the first layer of
conductive traces 112 and cured. This process allows the structural layer 114 to fill in
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the traces 112 thenselves. On top of the structura

layer 4 is a second top layer of conductive traces
wa1@s5/03hese traces 116 may al so provi de power BCT/US2004/030992

ground, or may allow el ectronic devices to

conmuni cate. The structural |ayer 114 separates the

gaps% trWQEten ?(Edtr?f‘c%? Q?Ej ah dﬂe?eyt%rtﬁe R)%Zlﬁ?ééqu LEMR CBF]eaRﬁsas]vgell as to

l NSuU traces ron1eac ot her
beI the otton1 str
the “{agvolﬁlldﬁ?fgsem S R a0 88 Eh B b B gt
a str | ayer nd a second bottom /| aye
condggtve it [ T o8 Satee A Ty PRUCE g Fagre: of fay allow

conductive traces 12, 16, the bottom | ayers o

electropimidamicos do eormmaicatpg The z@"qu;al by 1 Heseparatss ﬂaﬁ‘r first and second
ground, or may allow el ectronic devices to

top laysnneficodedive Trisest 124 d i G raall ihsujates the 0aersga? at lésfrarn gach other.
first and second bottom | ayers of. conductive traces

[0005]8, Bailadnbelows tHedioetomtdoee trimtes] 1hd, 110290a firsdbott@n bayer of
ot her. [0006] As nodern el ectronic devices increase in

condGER! teckd Y18, 2Re@6tura M ef ap@ bt atse@shd doRemayer of conductive
reqU|renents for conmmini cati on capacity al so has

tracek 188 nLﬂé‘{ﬁ@toﬁqgﬁrQOP&\ﬁﬁﬁﬁﬁle'@é% eRLI 6, tﬂpﬁ@ctom layers of

conmmuni cat i capaclity than can be prOVI ded by even

condﬁ%@ﬁe t%a%g ‘f\ﬂlézQZ ér’ L\%d% ﬁé{v@é}ség g%a@r?cf‘ ggﬁv\%ﬂ' }ﬁﬁm& efae%{'argm% Aevices

BRI EF | PTI a

to cogppiiealicfPoia 9??@55/%15%881?%%%'“@@?#}%@%ﬁe%%?yartelgl 1y of
conventi onal r| nt ed rcuit board 08]

condppiigrigaces { £3,4 @r%’éjsm@iﬁﬁ @ﬁ aaces s i?%ﬁ%@feagh gtgé’iem
accordi ng to one enbodi nent of the present invention,

[00060009Ys Eddain ekecBenic Wevioestingiease inwompleriy s£5pped; gnd capabilities,
enbodi ment of how optical fibers are enbedded in a

their RECRife6Rh 6] foFc@umesicdtiont dapecighaldahasirisest Bathemadsre dovides may
enbodi nent of how optical fibers are enbedded in a

requiford @Qdhlmichissl @pheitySthan carossproeidel onalersPCBs YOEWith
showi ng vari ous ways that optical fibers

multiple layers of conductive traces 112, 116, 118, 120, such as the PCB 100 shown in

Figure 1.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] Figure 1 is a cross-sectional side view of a portion of a typical conventional
printed circuit board (“PCB”).
[0008] Figure 2 is a cross-sectional side view of a system according to one
embodiment of the present invention.
[0009] Figures 3a through 3i illustrate a first embodiment of how optical fibers are

embedded in a PCB.
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may be integrated in a PCB. [0012] Figures 6a through

6i are cross sectional side views that illustrate how
w@eoospsiseal fi ber enbedded in a PCB is coupl edP€DUS2004/030992

opti cal signal source or destination. DETAILED

DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [0013] In the

U o 1 ed S . _
001D 08 UELPLIBUATRGEADS LDy Ly SORRTEAG Bt ocr are
d i. N in which |ike references indicate simlar
mnb%%%ﬁ%%?égt#he il lustrative embodi nents descri bed
herein are disclosed in sufficient, detail to enable,
(0018 F o5 1P 5 188 ST PHRIHRL IOV IBY 269VE8 VEHEUS WoLHfpgpptical fibers
The followﬁng)detailed description is therefore not to
may pe integretediinad’dB.imi ti ng sense, and the scope of the
invention is defined only by the appended cl ai ns.
[001%) st ditgdesba theondhOf bad crbssgpacteon] side miews dles 1 destiateotmat an
side view of a portion of a system according to one
opticalrtibeh sitidded int hBCBrieswipledito ve bpiicah sighgrseurbe\r destindf6n.
228 or other devices attached to a printed circuit
board ("PCB") 200 conmuni cate via optical fibers 224
integrated with the PCB 200. By allow ng optica
comuryy £aLj @ DERSGIPYRNGR Yk @R‘Eﬁﬁkﬁﬁﬁ]ﬂ%@éb_ BIVENFs much

hi gher data communi cation rates than prior systens.
i v ontical cation® in.thi >
00130 B9 S5P SBTRLHRb O robBul s FRELFR i
et B o e R SRS A i

voi ce_conmuni cation, data transfer, and. other, . )
elemgpisp dbe dllustratyssmiprimprts dosspibahlergimase disglopeskin puffiicient detail
core 202. This structural core 202 provides a rigid
to ensbispbese skiledhn tie ast toeraqsine the invention. Posiclovinayetaded
appl i ed or el ectronicdevices nay be attached. The
descaiptiercisuhatfoconet 1@ B2 tdken titha Emitisesehses afidthe scopeeof the invention
structural |ayers 204, 206, 208, 210, although in
is de®hB@bnl§HYQHE dedélhigds. nunbers of layers may make up
the structural core 202, or the PCB 200 may | ack a
SystoRRBfeRi€wst ructural core 202. In an enbodi nent, the
core structural |ayers 204, 206, 208, 210 are each a

[OOIQPW%E'&IQ 2 is a cross-sectional side view of a portion of a system according to one

embodiment of the present invention where devices 226, 228 or other devices attached to a
printed circuit board (“PCB”) 200 communicate via optical fibers 224 integrated with the
PCB 200. By allowing optical communication, the system with the PCB 200 allows much
higher data communication rates than prior systems. The term “optical communication”
in this document is used broadly to encompass many uses of optical signals, including
transmitting, sending, receiving, or carrying optical signals for purposes including voice
communication, data transfer, and other purposes.

[0015] The PCB 200 may have a structural core 202. This structural core 202
provides a rigid support to which other parts of the PCB 200 may be applied or electronic
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mat eri al that includes fiberglass and a resin,
al t hough other materials nay al so be used in addition

WO 2005081410 pl ace of the fiberglass and resin. PET/ER2004/030992
enbodi ment of such a fiberglass/resin structural core
202, the core is made by stacki ng prepreg fiberglass

devideh inesS e eﬂl A9 s&ﬁ cbﬁ@'@?%%?%S\Q‘hﬁ@ﬁﬁ?é&@étmcmral

tog her . e st ac |es|are en presse
T.
L A A e T
202 016
mak St theSiTAgny E@r&?@o ' BEPCB A e R Epardls aicyrePite 202,

conductive traces 212. These conductlve traces 212 may
In angrahadifeent) be cortEicREHAdErs Y 200 298210 BA cechgeeaTaRasie
attached to the PCB 200. The conductive traces 212 may
matepinlothitdaclpdesliibenglagy andradesing alimayglapthonwmetesials manyi adso be used in
devi ces to communi cate through use of electronic
additsangoadisin piavd wf thedfitieyglhdseant] resie sIn2diPemiddementrof sudheay er
of conductive traces 212 nay be covered by a

ﬁbergl‘{aédﬁl%bmrsﬁhcﬂu@hl @bre22, thEbie 1§h{a'd€'b9fs&|ck11ng§)@é’ preplAbdtBlsdslies
applied on top of the first | ayer of conductive traces

(ﬁbe?g]rgss i CHR na’f@ﬂ'vﬁﬂﬁ%@ﬁ?&%eﬁ@ﬁ’ Bhd @HeKehpliss 4 @ﬁéﬁrp’i‘éssed and

[fayer 214 to I n gaps between the traces 212 and
04,0F
oref R e e b 00y i i o

form By Sl TN AL GRS tl%anS‘yZ{SSf p‘ESC.dSEt pover or
1001l i ol resEgrad e PG iy D Twshp lyeeofappdustive

first and second top | ayers of conductive traces 212,
tracep 262. Bheseicardiicaive Fagds 12 mepyagovide eleptrenie eomnegtiens to electronic
other. [0017] Simlarly, below the bottomcore
devies ntiathed & thedi(ad 200, 0TIagondactaveftiacss 2 bbinty prdvidegrove or
conductive traces 218, a structural l|ayer 220, and a
grousd @0 fchy dbivasledt@wniy devices anebmphiivieatt tlaoegh @R f eldckeenit BRnals
top | ayers of conductive traces 212, 216, the

condBgibd Bykiavedces of 2. CoRdifgGt | 1ay@f ST REGFCtIAS Fracek2 2TRY Y Qvefdd by a

power or ground, or may allow el ectronic devices to
-63h e
st e T T By 8 e Eop SR frever of

condg%tﬁveer _acgs 2?21813 c%%'cl s pltolggss %’Caeﬁsov;&l%’stragtgrafl [a%} fﬂﬁ% fill in

gaps between the traces 212 and adhere to the top layer 204 of the core 202 as well as to
the traces 212 themselves. On top of the structural layer 214 may be a second top layer of
conductive traces 216. These traces 216 may also provide power or ground, or may allow
electronic devices to communicate. The structural layer 214 separates the first and second
top layers of conductive traces 212, 216, and insulates the traces 212, 216 from each other.
[0017] Similarly, below the bottom core structural layer 210 may be a first bottom
layer of conductive traces 218, a structural layer 220, and a second bottom layer of

conductive traces 222. Like the top layers of conductive traces 212, 216, the bottom
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[0018] The PCB 200 may al so have one or nore optica
fibers 224 enbedded within the PCB 200. In the

WO kooassrad ed enbodi ment, an optical fiber 224 P&T/US2004/030992
enbedded in the PCB 200 between two of the core
structural layers 204, 206. One or nore optical fibers

layer§ %ﬁ c&gc}bﬁé;g@e £908 %? g %%ﬁ?ﬁf&@vﬁ@ LBwet &g%%ﬂﬁdi lor by eiew

208, gIe re structural

electBo & Ele\%g)eét %ngmu% c%te ﬁ%l | vew Fagepﬁﬂg%glaﬁ%grtﬁe filt lQnd"‘?econd

ween a a er o ces

o b 0 0 G LRy 5

mul tiple optical fibers 224 are enbedded vvlthl n the
othetocB 200 in a predeterm ned pattern with known spaci ngs
between the optical fibers. [0019] In the illustrated
[0018)rbodihediéiB 260 friay sisodeve eee aagoramitioal Sbetsrid4ceviedde@wghin
are attached to the PCB 200. These devices 226, 228
the P@B/20%k Inche dhtstatetl embodichent, iav @pticad Cibsr 224is ebéddedl in the PCB
provi de power and ground connections, for exanple. The
200 dtRetd B0 6f tevbreetuldRtal 12928 208y26H. SOnder raomRvpEitaditets 224
conductive traces 212, 216 so that the traces 212, 216

may Bé @Mﬂb@&‘deﬂ%ﬁvé‘e‘ﬁ%@étﬁﬁwrﬁ’ﬂayéfpm 006, A0Re2 AL \WifRS a 31%%16 core
may be capabl e of communicati'ng optically. In an

s GFIEH B B ous M s ler !
t di
condfigiVertracss 212 dadd %1?? & NEGRE B 1oGRs, pycty e vichin
er errb di_.ment

SWCQEQEPIO”G@@@ '?ﬁ% poimenE A GHIE epfa@#lgs@%%bgﬂ?r@ é%ed within

ti ca_l comuni cati on through internal
the Pg Be204 i predeferspined pattesn with ?m@wn sRagingsbetyesatthopptical fibers.
converters. In other enbodi nents, the devices 226, 228
[001%ay e thet iestratghenbadimdety b fies device MMS®D{1@GQ\O'§06 228 are
an enbodi ment the first device 226 may be connected to

attacBed iorthé PQBt 200al Thebad Ad€ks 26,2 20Bim St beoguininedtbd 10 @ndadéliveryaces
all ow transm ssion of light to or fromthe first

212, dey tEprogrle ﬁo%eﬁalfld% n@Bérnedtions Sk eRahsIE. 284 eleﬂi‘@mc dev1ces
first optlcal via 230 may be a tube that directs l'ight

226, QQ? Fi{a F édtécﬁo 1',1&1% ttraﬁ% 195 1Y s thE‘%oJ&ez 12,216

we |ned S|dema ayers 214,

r p r tr t

prov{d% aS?ngl Pows Iag?gl{l. ?%%V%%r, 81 d%%e?fl@ﬁ% 91%51 bR cafi':ﬁalé'BF
communicating optically. In an embodiment, the devices 226, 228 may be electronic-to-
optical and/or optical-to-electronic converters for sending and receiving optical
information and converting it for use by electronic components. In another embodiment,
the devices 226, 228 may be primarily electronic devices capable of optical
communication through internal electronic-to-optical and/or optical-to-electronic

converters. In other embodiments, the devices 226, 228 may be other types of devices or

components.
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travel between the surface of the PCB 200 to the

optical redirector 234. The first optical redirector
wQ33snediy ects |ight traveling down the first PEI/USZN4/030992

via 230 so that the light is directed into the optica

fiber 224, and redirects light received fromthe

[002?%Ot | GRlan ehﬁ)% 111%%1%%11%3'8&?@(/10%?96 ag'rbte otoﬁﬁﬁ)!c%cﬁtglépﬁ&{](garﬁcal via

rst optlca Vi a Irst-optica I rec

230, 7T B cfir:ﬁ%w%ca it pahfky Pyl ﬁ&'rflf an%ﬁiltgﬁﬁﬁohoe Jong ﬁ*sé?ﬁtffczéice
226 BogitshoRisabia BT K ThScHPaptor et ey Pened tﬁéwﬁrects

received fromthe optical fiber 224 so that the Ii
lightte gr/&pa! the figst opdesh épd@rs@ﬁoe ab4.vmay tapwell deldradrtyctidews ﬁf the
traveling down the second optical via 232 so that the
layers 24t 2Q4sthrtiugh othach it passes, hemap bk eadthén derwcti@@that dlidve light to
first optical redirector 230, the second optica
travel beliween tlar suzface ofttiie BEBa20GIto gy optRajpredBento234armictfest optical
device that is capable of redirecting light. A second
rediré@¥t T2} RAtedR)ighras Onieddvaiht Qirﬁt'b%uéﬁﬁﬁi’zﬁ% ®§ theethe VbR is
232, which allows transm ssion of light to or fromthe

direcRRCRARFNE® }6{1&1@ ﬁ%%8224|-hllﬁﬁre‘dﬁ§ct£ i ﬁttrege?\trémm\ﬂ'l e&fégl filh 824

second optical via 232 that dir

so thgf tﬂ@ glgﬁptrﬁre f\fpgtﬂ% E‘ 85%'%? (}g %lﬁr (gahlcg GL& Fec%o%%’liﬁ may be

y sl emal S
04 t hr ou

h asse r
o i § g S F‘%ﬁ%ﬁ@f Birebas 9@5@?0%51&'1@5 nlhggptical fiber
surface of the PCB 200 to _ the optical redirector 236.
224 proyisies a pathyigy é&r&%r fo %&Véf H%O%B%RCWOQC tA 8zpond gatical
first device 226 comunicates optically with the
redireaordt wavpaelignascerive fram te apsotldiber 264 yethat thedightinavels up
optical signal, in the formof Iight, and outputs this
a secbnghptitad viaHR8 2fdr redireostlighttraweliag d80n tﬂ'mmcbh@ bipticat ea@B2 so
down the first optical via 230 to the first optica

that the tigheis tdirected thto THeapticslSibee P24. Chike figsiirse6ptial redirector 230, the
230redirects the light so the light is coupled into

secoﬂd"@)tﬁﬂl tedabctbt P39 maPBe a Aiof, b Pt Bﬁéﬁﬁitﬁerﬂb@iﬂg tﬁahfé, capable of

optical fiber to the second optical redirector

redird¥ %,(ﬁ@ n%s@@&dd%’wc@ 68k %bl‘éb erﬁéﬁ%&{fﬂg'tﬁ@%ﬁn& Bﬁuéal Glb32,

rec omthe opt [ ca ravel s

Whlcﬁ %11%@ tréﬁ%lgln%og g 11%12 to 9/11 amggl%e ?ego eﬁ(\:/ee%éég3,1¥%§1a\fﬁst optical
via 23@&?@ g%c%gé ég ?@% ¥1a23 hl S %g/s at (ei1r£cl:t£ tghtatro] %r eco’cﬂe second
optical redirector 236, may be a well defined by sidewalls of the layers 214, 204 through
which it passes, or may be another structure that allows light to travel between the surface
of the PCB 200 to the optical redirector 236.

[0021] As an example of the system in action, the first device 226 communicates
optically with the second device 228. The first device 226 generates an optical signal, in
the form of light, and outputs this light to the first optical via 230. The light travels down

the first optical via 230 to the first optical redirector 230. The first optical redirector 230
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optically, which allows for transfer of data at nuch
hi gher rates than el ectroni c communication. [0022] It
WO 200503319y seen that the systemillustrated i PCRUSM0€030992
2 allows comunication in both directions: fromthe
first device 226 to the second device 228 (as

redir?&§§'{1 5 1@9 s@ﬁl@ ht i@%oggllgh 1%? tﬂer 1chitfhep 864 n’ﬂlgc?ﬁ%t}t‘%%g%@ @long

rst VI ce e Optl cal

the o%écal ﬁf%%f & tﬁé’?e gﬁ@ gpn&l tr&ﬁliggtr%?%% OHF%CQ@ 6159[9:?1 ! QirB0Y236

or conmu I ons

att ched t the PCB 0 cat
redlrg%ﬁ&eah Ef‘éFGHVE fipfpihe Qnswﬂ%b?ﬁ%%‘* abal tf%\‘{efsalapn%la sgopnd
such a case the flrs{ device 226 may
optlcalewé éﬁ%e Eb@ aghtdh%tﬁracysk&@éhe pgcpad opieal wia 234 apwecpiyed by the
Figure 2, but the separate device with which the first
secontbdévies 228 Bimatlmviscihe Sigstang s¢rond gevieas| 229, THhivavnuaiigate
anot her schene. The light fromthe first device 226
opticatly, witialv ellowd fon ¢rahdfer efpdatcaimichisghe? Pred tham clectuordar y
of the PCB 200, where another optical device or
comE@yic&es sSuch as a wave gui de or anot her devi ce,
couples the light with the separate device. In another

[0028 2N R reR1iNRUELBLEE s?@é‘mk?ﬁus%l{@d%ﬁ FRfrd 9 aﬂ&ﬁﬁcérﬁﬁﬁmca’uon
one optical "fiber 224 0 communicate With nore than

in bO?IE&II‘ E%ﬁ%&g rfgrgtt COﬂSI er 8@?&1: OC g\rﬁeék]%)ng%gr@sum%d above)

|bers 24 e d.in.a rial.

os wilbts G FOREC AV cRrReioane R i 2oy R aRE el iber 224
materjal_ inclu veral | ayers 204, 2 6 208, .210

or fibprpembicied 33 it o300 51 be 5900 AR i ot A TiGHTRBS. For
224 are enbedded bet ween tmo different |ayers._ The

examiit, iacdiist daviser 226 2ftachedyjo thesRC1h 80@ ik deraEuRi Gk Viith a separate
single layer. In another enbodi nent, the PCB200 may

deviten(obushowm theit Grnoft eteahet] &y thed GBh200. dneuclomsisddhefirshdevice 226
the matrix material, or may have one honbgeneous piece

may bé comiecied torah opticl fiber 234 asishdwe iwPigied, blit the sspazd daviee
enbedded. The PCB 200 may al so i nclude additi onal

with SHULhE RS WB6ichans cohmfulRaftd nfaly beHptiedliyadonné#tyd P@another
optical fibers 224 within matrix material my allow

schefB! Thlight SAATMYIGREIE 37Y ARPRaY 8l0RETefical fiber 224 to a

boundary of the PCB 200, where another optical device or devices, such as a wave guide
or another device, couples the light with the separate device. In another example, a device
226 may be connected to more than one optical fiber 224 to communicate with more than
one other component.

[0023] As a simplified summary, the PCB 200 may be considered to have one or more
optical fibers 224 embedded in ‘a matrix material. In the embodiment illustrated in Figure
2, the matrix material includes several layers 204, 206, 208, 210, 212, 214, 216, 218, 220,
222, and the optical fibers 224 are embedded between two different layers. The optical

fibers 224 may also be embedded within a single layer, In another embodiment, the PCB
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Enbeddi ng Optical Fibers in a Printed Circuit Board

[ 0024] Figures 3a through3i illustrate a first
weredsasent of how optical fibers may be enbedePeriuswo£030992

PCB 200. In this first enbodi nent, the optical fibers

are enbedded between | ayers of a PCB 200. o [0025]

1o Ay 40N 0o
T i i .
haveitt ek el Biod BEwR fiftrdlliR SRk BhReal BetBA4 are

t he .opti [ bers 304 ke a.pattern 302 that is.a
embesii e BRRimenps T rodBafRuctStss 59w oy mait
vertical spacings 310, 312 between qgptical fibers 304.
mategia). Hapepg epiieal ﬁgzrs RS Waqhgbmﬁt&%nﬁmlé%ﬁ%l% PPEGhL al
spacings, s such as if spacing 306 were different from
commpaichten BodighdhelPEB 2801 f eri ng vertical spacings, such
as if spacing 310 were different from spacing 312.
Embbéding Diptitalrkibérs spabringd SiteitrBoaaind patterns 302 nay be
used, including non-grid patterns 302 in other

[0028DOdHigwaBE Sa tHreght3t AiBkigie 23St dabRlipit cfalow okl B8s may be
may be the entire pattern 302, or the pattern 302 may

emb&MRA P8 PO 2R Infrhib &k S enBbdinRAl Ql;l‘@ aptﬁzbﬁgségg gﬁeeé?nbehaed

anot her enbodi nent, the optical fibers are

betw@&?ia&&ﬁ%?ﬂﬂdh gppattern 302 to forma point to point
optica

comuni cati on network for a particul ar

rangenent .of conmponents to.be c l ed t.0.the PCB

100280, FAEHR Rl i€ eV 4t G ppbpeirep Coh AR PPt el Pafieh 202 that
whi ch y provide the informati necessary to

may bg .em@e@%l igithcBCPray gswe%ﬂam% opgigaliiipes ppidsgn 302 may

~_conponents coupled to the PCB 200 to use the optica

include parEpls @pticd Mibspst 308 alAsd Brstiatide Beiapticgldo®e] 3¢ mslsmp a pattern
enbodi ments, the patterns 302, including any spacings

302 8@6is a3fRl, wWithequal Hveizomelspepingc 36, B0H end v@0idal spagingse3 10, 312
presel ected and known so that the | ocations of optica

betwkebepticaBOBers 304 e Gaidipatierhe 3 6aalay atsb divadifekingWorizémalapacings,
enbodi ment, the spacings 306, 308, 310, 312 between

hQRYf $atinki306 kerd §dfetne e RCHEEINL 368 Gndfdr UifkeriRafk @b stings,
e devi%gsm'hat mfll be attached ?o the PCB 200." For paking

such%ﬁ%%%a?ggg@ Wi Girfif ﬁg%b%g?lﬁgg t?f;..nl\/faﬁy RS Qedpihg dchemes

mmin sone

and patterns 302 may be used, including non-grid patterns 302 in other embodiments. For
example, a single optical fiber 304 may be the entire pattern 302, or the pattern 302 may
even be optical fibers 304 randomly distributed. In another embodiment, the optical fibers
304 are positioned in a pattern 302 to form a point to point optical communication
network for a particular arrangement of components to be coupled to the PCB 200. A file
such as a Gerber file may be generated, which may provide the information necessary to
correctly place the optical fibers 304 to allow components coupled to the PCB 200 to use

the optical fibers 304 for optical communication.
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[0027] Figure 3b is a cross sectional side view of the
pattern 302 of Figure 3a. In the enbodi nent

WO kdoassrad ed in Figure 3b, horizontal optical PCDESH04/030992
304 are woven to alternate passing above and bel ow
vertical optical fibers 304, and vertical optica

[002‘51%?.93% 304Tmf%?br§$ttsf‘ih§ BRaAga62) nﬁu(?ﬁ% ff&%ﬁs 306,308, 310,
312 ey e PARIER FHasarl 3y eap e C 00 Py so e @’&13%“8’&% of

304 rat her than woven, or a horizantal f| ber 304 may

opticplfikers i@ relabon k& ¢ach ather prsdngwao 4n ep embpdmSHE &Fespacmgs
vertical fiber 304, or other placenment schenes may be

306, 3@%3.10] Iﬂ@Z@]tWF@nant@sl fiherad i Bd choden dasedion theepagingh ehievices
fiber pattern 302 in relation to structural |ayers

that W3illde BBth6healrtodhe POBt206. Bpt éxzalplé,ithespapmps sy b8 0Roderitmbe 0.75
enbedded in the PCB 200. Figure 3c is a cross

mm, $@6h] @ad7 Mineil dofRtenidditaédtat es an enbodi ment where
the optical fibers 304 in the optical fiber pattern

[0027?102 i Aird 9 RE, Goheddgschal Bdb k}ﬁe“PSiBthggaté%{ 3@23bmg9%e%e Un the

tween two structural layers 314 16 or other

embcid%gﬂtsﬁlus-{ E%il 07 1fte §l} Ahon?r uc{'@% c?f“jf ibep0364 ég%d%ﬁ‘k %lbeénate

Su ayers S ayers

passwﬁsvtg{a%h%% A i LSO b

alte e ts\él\ggltagaer%@rbe’l v@él O t ggql:{@?ér%rﬁéa 4o Ségrpgg;lé nts,
6 and the optical f| bers 304 are stacked then

the Opf#@é éib@lrsﬂ?é anayee plered diffaenthn HH hodrassalifiberst30dtaaebe shove

| ayers include fiberglass and resin. Figure 3d is a
all verogal Vibeny 30K anthet thers wosts o1 & herippttalddier B0bmay passtabove two
302 positioned above the bottom | ayer 316prior to the
vertidaMiibkig 304 shehlsklovd bfic baticd fibet P04 dr bihgeplaegmentt Sclahess may be
alternative enbodi nent, the optical fiber pattern 302
usedmay be formed on the surface of a prepreg |ayer, such
as | ayer 316, rather than the nore discrete optical

[00259 be{l’b%lg‘%s]t =& Fe[hds_%Qizlll Q}’a?é the %gﬁ’ghé'ﬂg)re% Eégteﬂ qug abil bﬂw Sructural

ure se Is a sectlona Vi e

layer% E g& 3 1%'&)?%%6 Eoﬁtthg égﬁgﬁ tf%&teéf&%hj g(ﬂ)ﬁé} %‘glgé%ddgq&hﬁjﬁ %?B S@d
Flgur%f3tce1£ atclhoess lsgc¥10n§1 VIEW tha%)’illl%strates an embodiment where the optical fibers
304 in the optical fiber pattern 302 are to be embedded in the PCB 200 by being placed
between two structural layers 314, 316 or other layers. The layers 314, 316 may be two
structural layers, such as layers structural layers 204, and 206 illustrated in Figure 2, or
may be other layers. The optical fiber pattern 302 may be positioned between the two
layers 314, 316, prior to the layers 314, 316 being coupled together. “Coupled together”
means the layers 314, 316 and the optical fibers 304 are stacked then pressed together and
cured in one embodiment where the layers include fiberglass and resin. Figure 3d is a top

view that illustrates the optical fiber pattern 302 positioned above the bottom layer 316
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have been coupled together. For clarity, in Figure 3e

the cross section is taken so that only optical fibers
wQ@oebsmaunel to the plane of the page are shownPCT/HSZN4/030992

enbodi mrent where the |ayers 314, 316 are core

structural layers, such as |ayers 204, and 206

ol LSS RS R T B,

b ressed. to her .a cured, with the optical fibe

the Oﬁf%?@etfb r%t?%g%g@ﬁ bFﬁ‘g e%ﬂﬁﬁq%e sugtrop 3L ppfenrse iaP{Sf’ Sich as layer
optical fibers 304 of the_optical fiber pattern 302

3 16:5%51?@%% é&r@ere@é%cseé%ﬂpﬂcafﬁb@mw&%gw%ﬁﬁow i fhggtack of

. layers 314, 316 after the two | ayers 314, 316 are

Figugeodpl ed t oget her. The layers 14, 6 may flow around the
optical fibers 304 in the curing process s to nake

[0028bnt digurerde indkide erasé sdetiend viey thet illustrated theaptitdidibers 304 in
optical fibers 304. In an enbodi nent, the | ocations of

the dpkiealdfier patkerhi BOR betwded theitivbilayeid®140p16 afadr the bgers 314, 316
pattern 302 nmay be known, and the thicknesses of the

havd ¥R cSuplddHiogdthBr. By BRIt NN mgu@% theatosk Rectl ARG tdken So tMat only
the optical fibers 304 as illustrated in Figure 3e may

optic%?e ?E&@‘@’m ABHnATRY t&?l%@%%@éréjﬂowni '1? afl renf%%@%ﬁenﬁgv}l;ere the

ods. I n an enbaodi nent, e optical fibers
ifit [ ' y h r e
tayeS it 3 4258l BNl Skipl sl s M el KR 2ni 06 Biulified in Figure
sed tqQ create a.hole ta access the fibers 304 at e
2, anigouee SEERal i fint FpASRES Eadiafin B dhriole. dag Mol be
still be accessed using. kn edge of their position
presssd;tegethes apd iCHﬁdéwﬁe@a 8ntiqah %yﬁfé’ HBPehwesHEiORm: Hals Hey
|l ayers 314, 316. [0030] Figure 3f is a side cross
resul grthie optiral iibers 304 the dntisalr fzhes pattenp 392 peingtlecasyst between, or
fiber 5 patterns 302 with optical fibers 304 enbedded
“sanfhetohedhby, lihewvd layas 814 B46 agdtthe 348 layEtsey1d, 3 Ddrane doeplad

first optical fiber pattern 302 with optical fibers

togethed Eladete d 1316ty fl@y afotind it @tidalIiers 30Winaths egdiptbrocess
optical fiber pattern 302 with optical fibers enbedded

to mbIed SReRt hy Sdtreddfh endh Jodld e Gis o fiRhl §8drs BOPEnSan
304 between | ayers 316 and 318 may be done simlarly

e P L e T
maytbg %ov?zﬂ,ean%pcflfi: ﬁl?clkngésgse br & Eaty%rrsn} li,og 1 éTr%Xy Bg Iq%%g,ds%etﬂatitﬂe
1c;cati0ns of the optical fibers 304 as illustrated in Figure 3e may be known and may be
accessed by drilling or other methods. In an embodiment, the optical fibers 304 may shift
location slightly as the layers 314, 316 are coupled together, but the drilling or other
method used to create a hole to access the fibers 304 creates holes large enough that the
optical fibers 304 may still be accessed using knowledge of their position prior to being
embedded in the PCB 200 between the two layers 314, 316.

[0030] Figure 3f is a side cross sectional view that illustrates two separate optical fiber

patterns 302 with optical fibers 304 embedded between three layers 314, 316, 318. There
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the PCB 200, at nmultiple different levels. [0031]
Figures 3g and 3h are side cross sectional views that
WO kdoamsras e how optical fibers 304 may be enbebldBUS2004/030992
between a |l ayer 314, which may be a structural |ayer,
and a | ayer of conductive traces 320, such as |ayer

e X
i il Etié?l RN e tS’i‘ﬁéﬁ%c}ef} pgpeen
iayorp FLE pibFS Soheiial Tayaiicet shats 207 dentesn Tt ot 31 ¥nay be

Figure 3h illustrates the optical fibers 304 and )

done| Sgyléarkv t91embedding optical 5?0@@3@@9%/@@&\1@%%%% FiGeds described
together. In the illustrated enbodi nent, | ayer 314

above| bigureaditalmows thed nwoe thao tone epticah Eiber BRGMAR )2 mgy bhembedded in
curing process to neet and adhere with [ayer 6 as well

the P&B 20(e at matiipbe diPBrenTleeclopti cal fi bers 304 above the
traces 320 in Figure 3g remain above the traces 320

[0038f t elFigifres §4 AT Th 04ideReosk B¥Rbial3Advs Babillusiédle BH® optical
coupl ed together. Thus, the optical fibers 304 may be

ﬁberg‘ 804 RRGBE eﬁ%@&dearﬂeh@éem 15}9&@ é@dwhlﬁh thal g'b%%esu%%um%ye& WRid a

[ ayers, such as ayer 31 1ayer 3 rat her

2
layerdftohfilonh e Bt 2 R B elpa%%ffe Zarigltt apulspgas
cro onal e
layellq%caafhcatvg s 32 Rl SvsE P G RURA GBS g TP dpisioned
of optical fibers 302 between two |ayers. In Figure
abovs the %éu%bielt%fis F20arda yar 214 Whithanaybe %Swrﬁgbm aove
| ayer 314. The |l ayer 314 with the adhered optica
the omlcwé fi5ers 394 paipr trecoppling tg fitiers3 Mrad hsrerd Jlfe B 1653040 gailer.
pressed together to result in the optical fibers being
FiguteshvwHestratesché ayteras fibdik 8 04 ape taya&t4 1 g3l 6aB2®afe they have been
external layer of 11the PCB 200 to result in the
coupledtibgatherf iIbtedlNistimeddronith daxasiagerd 4 triveyssisdnacBe 6dndubtve
PCB 200. [0033] As a sinplified summary, the PCB 200

trace§8Y( 8&: 'cﬁﬁﬁ%%rotc&s he%RePNR Ahe@BYifh lapéretbalk %ll as the
opti cal bers enbedded in a matrix material. In

tracel @%.W&Btﬁ%ﬁﬁbé& BB LSRR, traces 320 in Figure 3g remain above the

traces 320 after the fibers 304 and layers 314, 316, 320 are coupled together. Thus, the

optical fibers 304 may be no longer substantially located in a plane between two layers,
such as layer 314 and layer 316; rather, the optical fibers 304 above the traces 320 may be
located at different heights than other optical fibers 304.

[0032]  Figure 3i is a side cross sectional view that illustrates a slight variation of
embedding a pattern of optical fibers 302 between two layers. In Figure 3i, the optical
fibers 304 are adhered to the top of a layer 314. The layer 314 with the adhered optical
fibers 304 may be stacked with another layer above and pressed together to result in the

optical fibers being between two layers. The layer 314 may also be an external layer of

11
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in Figures 3a through 3h, the matrix material includes

two or nore |ayers, such as |layers 314, 316, 318, 320,
wae@sob1opti cal fibers 304 are enbedded bet weROT/US2H04/030992

different layers. In such an enbodi nent, the two or

nore | ayers may be considered to be the matrix

ol i

e PR S ekt bl B 8B Gy e on

20Opart of the matrix material. Having optical flbers 304
within o matrix material that nmakes up the PCB 200 may

10038 s i el S e SO0 R BORRERHE e o or more

matrix material. In such cases, the optical fiber 304
integfrigd paticabiiagrs dpemberided ime ewin whterink ndhe pbediment illpstrated
in the PCB 200, since the optical fibers 304 are a
in Figanes 3ofhrough FACHB e 200riK maldriad ncbulep twe nt Biovd layers tsach belayers
coupled. s [0034] Figures 4a through 4d illustrate a

314, 36,318, Fthadd e npticd] fibew J0dtare ahbédded bstwiey twe different layers.
enbedded in a PCB 200. In this second enbodi nent, the

In subPbh eRbodiRef, theaf® o HRRE dSArsvhiNbdcRIRIRId tHBE €hd BNEIKS |
such as within | ayer 204, 206, 208, or 210, of a PCB

h
mateéglgin avl{dﬁgigt%% Wgh&‘l' gsgé@ogﬁéferﬁﬂ)éﬁﬁgg "F%% lééﬁgzé)g)qﬁ%/ also mclude

addlt?dcntaﬁl tﬁ.ﬁtﬁﬁg%)% ﬂg)rc;te em\ﬁtrﬁcqn%géé:l? ?—Lav?{ggﬁ%d%glef@e?? ?(?Zﬁ\{lthm
matma(ﬁpziltg]a% tfiaaﬁ g@gs u%ﬂag I&gl%%)](? ?@ﬂ%ﬁéﬁl’uftz) c&rw@?l?ca 10n rt'igough the

%rrbodl nent s t her gPerl al s and net hods coul d be used

PCB 280 ik Eigpreediphg open! frbeis 307 e ayihsred to iz nigfgyiah oln such
structural fibers that add strength to the PCB 200.

cases] fifeoupsic}! fibieh 804 way ik sensideyedintdenztad withale watrixohateha in the
fi berglass fibers and one or nore optical fibers.

PCB R simderihe optwal Gbdes 304 eredipartt dfehdBEBI200do efhidh dearmpenents will
according to one enbodi nent is shown. There is a

then bé berpgddass fi ber supply 410 and an optical fiber
supply 412. A bundler 414 may receive the fiberglass

[0034]1 bemrsgaadaRidugRUd ilReag f Jeofd BEb&HRBA! @how optical fibers
may be embedded in a PCB 200. In this second embodiment, the optical fibers are
embedded within one or more layers, such as within layer 204, 206, 208, or 210, of a PCB
200.

[0035] Figure 4a is a flow chart 400 that explains how a layer, such as 204, 206, 208,
or 210, of a PCB 200 is made with optical fibers embedded within that layer. In the
described embodiment, the PCB 200 is made out of fiberglass fibers, one or more optical
fibers, and resin, although in other embodiments, other materials and methods could be
used to make the PCB 200. The fiberglass fibers may be structural fibers that add strength

to the PCB 200.
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410, 412. This bundler 414 may conbine nultiple fibers

into a group, or "bundle," 416 of fibers. In an
weewshsent, the fibers within the bundl e 416 PE/URE®04/030992

generally oriented substantially parallel with the

bundl e 416. The bundl e 416 may include one or nore

[00363pt | fftler ?ﬁlﬁﬁé‘é % @ﬁ)ﬂfﬁl@(ﬁé@i QI?KL& glﬁesfg ri%lglaf rr@?]etr§ ofi%sor more
°P“°%ﬂ%@°§rﬁa§‘9%° 1&%@%’&0@'&%"&9 ’athi%ﬁ E%mg Oégfb%ﬂea@%%’f?@“ﬁ? B>

16 |
o SR L T B0 R D, SRR

section with a diameter of about 0.005 |nches [ 0037]
412. pebundierg4menyricegiv e theiberghess bibpigiaad optigal dibers fhm s mpplies

404 into a fabric. Referring nowto Figure 4c, a top
410, 412\T'to$ bendlettlidonapominremuktiptadibire inte agrap, m‘éoundle ” 416 of
illustrated. In the illustrated enbodi ment, each
fiberd) undihentbbdiment,xhé fibsts withdn ihz bohdle 406 megrtel gBabI)ally ®riented
woven to alternate being above and bel ow a bundl e 416
substhﬁha@lyﬁﬁﬁﬂl&ﬂwﬁtﬁ"ﬂl@e Bides 4166 THebuhélal4 18 mehyaciud®Bhedr more
direction, although in other enbodi ments different

oS RS, o0 s TR st ork

cmibelifh g Ao BF E\)l%‘c?c%Lﬁ RUOH £920 YiteliPle ShhaRIR By be

eat rtica

prese%&% N ST T MR

ml arl ertical bundl e 43Q, which incl udes tical

embog gy pudlnd 16 30y heves pOsRBBY HERIY GRESSCHINANE: 828
at the top of Figure 4c, is woven beneath the

diamefer pLabertld).0Buinghes.i n the middle of Figure 4c, then
returns to being above the horizontal bundle at the

[003 ot t Betuwifingitgbigarea, thxbusilewmaly thdsi puwevehct04i intosofabric.
enbodi nents, the optical fibers within the fabric 422

Refeﬁsm@slbmlfagdry 4e &4 wipvidwhef 4 fabdt 422 wevdBfosi the dindied 41 6is
a bundle wthin the fabric 422. For exanple, optical

111ustf'a'té?ﬁ rIn4%1ll%§t?§t&&@ﬁ1b@c‘hh%ntr il Hﬂl%dletﬁ 6 8 iffrtQRoNY Ikl Br
l'e 428 all the way fromthe left side to the right

Vertlcﬁpqg woled tbealieﬁxpiti)ﬁelgg gbo@%g& Be RAELGHIROH B RcotPite other

size of t

of vertical and horizontal) direction, although in other embodiments different weaving
methods may be used. For example, horizontal bundle 428, which includes optical fibers
424 and 426, starts above vertical bundles on the left side of Figure 4c, is woven beneath
vertical bundle 430 in the middle of Figure 4c, then returns to being above the vertical
bundle on the right side of Figure 4c. Similarly, vertical bundle 430, which includes
optical fibers 432 and 434, starts above horizontal bundle 428 at the top of Figure 4c, is
woven beneath the‘ horizontal bundle in the middle of Figure 4c, then returns to being
above the horizontal bundle at the bottom of Figure 4c. As shown in Figure 4c, in some

embodiments, the optical fibers within the fabric 422 substantially retain their relative
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430 within the fabric 422 and the |ocation of the

optical fibers 424, 426, 432, 434 within the bundl es
wae@sksawn, the |ocation of the optical fibersP@dRES2004/030992

426, 432, 434 within the fabric 422 is also

substantially known, so that the optical fibers 424,

S el
subst%rgf}ﬂlﬁlé/g?taqu Bté Ipom?%%/%{m f%’#gal]ftgxe 'syaaLﬂ;Oén ﬁnael‘l dfff Is@e to the
right @%@%qé‘%% ge 1%%%@%3&9% 'p%g% 36%‘3%% e

may then be formed 408
430 WIﬁy@ ﬂ@ fapric 42 endibellagatien Oﬁthf: 9%@}/ ﬁbéde‘@ﬁe%y‘% Aﬁﬁ gvn‘-hln
the resin. Referring to Figure 4d, a cross sectional
the beidlies are &mows, thtlpeationhefithé opticst fibere 42442663 % Ha4 within the
toget her layers 436, 438 with enbedded optical fibers
fabric4R ishdkdo sobgtathallp &ndwofsoahdt @ik afiftal fibers UM 426y4325 43Bmay be
438 may be two core structural |ayers 204, 206 of the

accesE&ePa R Beinfe@mHRYANTh . PCE 2001€t dtBt ddgbodirhérs, 0t e\}e@/&hﬁile
of the PCB 200 or part of a different enbodl ment of a

416tﬁ’é%‘$%3«99en4’§4 RPYRbHR 457 BHA g?nc‘iﬁ’de +fRE fi fibers 440

I'n eac ayer 436, 438 are woven wt nthelayer

[003@?2’ né‘éﬁﬁgﬁg% g’ {guﬁ(efﬁg’%l%le rg%br%e ﬁ‘%‘; b% mo[?ljégxlla%gﬁswft#l pg%{%to forma
compggits Bateripl ks oy e BEI A" Hhe kil 200 By e 5 e pfned 408

pressed to ether and cured to form 408 a PCB 200 .t hat
with ?l%f‘cwrda@@ afflzese ayersayiean empediment this maytbedoagby puiine e sesin.
4d, where each | ayer 436, 438 includes enbedded
Refersipgite Kigui¢ hdmsrass gectionel, sidroviewds skawn @it illagteates twe cqupled
PCB 200 may i nclude such enbedded optical fibers,
togethdrilayerséi3o, 4B 8 enithfearbetidsglhopsipaleiibepd 4 thiat ahay he part of a PCB 200.
comuni cation. [0039] As a sinplified sunmary, the PCB

The t#00ay8y 456; 468 AglydetRd cbrR shavRrd e ees 209266 bithe PCB 20D, for
optical fibers 440 enbedded in a matrix material. In

examiafée oY %Mtdﬁfé&ﬁﬁ&i@é @fjthé $OB T0008H 28t cﬂ”% &1@&1@1&1‘&'&1%@1ment

he matrix " material i'ncludes one or nore |ayers, such

of a B by, eAg aﬁcg&wﬁltqﬂéﬂg 4838 o &LII trf]i%glhsgﬂbgﬁlﬁ{m Eééﬂqﬁfer ﬂﬁ@, 438

ar e enbe 1aye

are woven within the layer 436, 438 itself (for clarity, the fiberglass fibers are not shown).
In an embodiment, two pieces of fabric 422 may be woven 404 from formed 402 bundles
with optical fibers, impregnated 406 with resin, then pressed together and cured to form
408 a PCB 200 that includes the two-layer structure illustrated in Figure 4d, where each
layer 436, 438 includes embedded optical fibers 440. One, some or all of layers in a PCB
200 may include such embedded optical fibers, which may allow for high speed optical
data communication.

[0039] As a simplified summary, the PCB 200 may be considered to have one or more

integrated optical fibers 440 embedded in a matrix material. In the embodiment illustrated
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enbodi nent, the one or nore layers nmay be to be the

matrix material in which the optical fibers 440 are
weedpsasiade The PCB 200 may al so i ncl ude addi t i PEEIUS2004/030992

structures as part of the matrix material. Having

optical fibers 440 within matrix material may all ow

in FigRfet 92 hrGRIAAH)! 'tl&ﬁﬁét?& AR 1 e oﬁ’@& 1%993 la%é}Q,ASQl]:h as layers

Igure 5 1S a side cross sectional view't

436 J%M( e@gﬁé edsthet: E‘u a?? geﬁgqlﬂlﬁ%reer %&@eggeﬁ%&'& 139%9 In such an
emb%(ﬁ%@% fie praas %hgéﬁgre%% © (orpo RE i JGiF 3¢l dfy which the optical

dinent, optical fibers 304 are_e edded bet ween
ﬁberﬁ éfy% piS anbefi - skheyeeTs P8P meyragsodnauderaiditiong} grushirpeag part of
fibers 304 between core structural |ayers 204 and 206
the ragidx bateniabnHevng optial fibersA#40 veiihin mapixemaiarialxogy allow optical
al t hough in other enbodi nents, optical fibers 304 may
cominenieatiecitieohgh etaREB 200f f er ent | ayers. The | ocati ons of
the optical fibers 304 may be substantially known in
[0046p e Fegre diis Bilds crdsh sevtiengrhed ke flustritbethe AR 200 of Figure 2
fibers 304 may be arranged in a grid pattern to allow

with s issiSntQls Bt BooR IBIUUCERAY B BERNSoSlalls 8 two

arrangenent s “of " conponents on the PCB 2 I n andt her

emb&mﬁggt'ts Sth gaw%@%%hﬁ@d aﬁo'v@eftrc’t ?Qlﬁlsg@@é Qﬁqbﬁﬁfn?erﬁ? %%tlbc'“ fibers

a pa I'S speC|f|c 0 crea

304 B2l R %rsre%ﬁﬁ%%iré @@%ureﬁéo“r‘ééféz 2Bt gt ks 304

di fferent P rent | ayer structure
betWﬁ%wrs AEUCyrah gy ers 38%“ e 06 PR st mtrial (o A 2hd
heir | ayers. There may al so be optical fibers 304

208 |alth@@hatl ather pmpedimens, sﬂtt@abf}bmﬁwgmaﬂ he eededdsdibgveesp

surface | ayer 214 of the PCB 200. These fibers 304 may
diffetyat layers. Jéat daatioB0d tho optiebtibera 38pary be sulptantiplly dmown in

poi nt network, a grid pattern, or another pattern.
someléayodimyntbe e gitedimead, {hkeaptichl dibeds 304 ntayee atthged in a grid

simlarly to the design and placenment of netal traces

patte2d & allown@dbir Yise fof @pgca b@n@ﬂﬁﬁdﬁﬁbnsfﬁghﬁér%r diferennhesitiements of
within a single layer 210 of the 00. Any or all

comnehid %ﬁ@hcn?@ﬁ 2@5. ¢ a ﬁ%%ﬂln%nt o 8@&%1 Fb&s .335@ Hﬁy%

more optical fibers wt be used

arran%Jeﬁ WY ﬁﬁenbh@fthﬁpﬁ %860985 'tocc?reate a point to point optical communications

network for a particular arrangement of components on the PCB 200. Also, different
PCBs 200 with different layer structures may have one or more optical fibers 304
embedded within their layers. There may also be optical fibers 304 integrated in the PCB
200 by being adhered to the top surface layer 214 of the PCB 200. These fibers 304 may
be in a pattern 302 to create a specific point to point network, a grid pattern, or another
pattern. They may be designed and placed on the layer 214 similarly to the design and
placement of metal traces 216. Finally, there are optical fibers 440 embedded within a

single layer 210 of the PCB 200. Any or all of these methods of embedding or integrating
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data communi cation. O her conbinations of nethods of

integrating optical fibers beyond that illustrated in
wWo-2@ana145 may al so be created. Coupling Opti caPCBUSINEAY/EB30992

To and From Enbedded Optical Fiber [0041] Figures 6a

t hrough 6i are cross sectional side views that

r SRS SR PR S B 0l e
cata SRR o pRRC e i pErlet S Xt Rk s boyond

odi_nment s hi s y be done by maki ng an
that‘hﬂftfaégrr‘\eﬁngrteé IBFY@WF‘?@FI?‘: ‘0 reach the optical fiber
fromthe surface of the PCB 5_00 [0042] Figure 6a is a

—t

CouplingOpticalSipnalaTogand Frem Hypbgdded Qptigal Fibegd | | ustrati on

of a PCB 502 with an enbedded optical fiber 504. For
[004L]l ar Figures Geethsiugpl6i hieadoss s¢ativnaleideovicws thah dlipEBesn

only shows that an optical fiber 504 is enbedded
embotfifnbitrof i ivr anxopiigtlefibeaembObledfin & BEBPIID iS@2uplad tb aoesical

not show the various structures and | ayers that nay

signalBéEcaIdr dREnRCER, ROAldwhusd F HHRLsHtie b RES the THEB 200 for
optical fiber 504 within the PCB 502 may be used by a

optlcgﬁé’dnﬁﬁulﬁéét%g edh {dnd HepRihbRs fhRimdyhe d¥B iR an optical

optical communications. The matrix material 505 of the
I of a
via 1 ap géass Fefind AcarANE fom ﬁ@%‘sﬁﬂ O ORI, Do 2

Tt
[004 ect? 8 B b i PG 2P AR EPRARG AR
502 ik pmbeiieti K FndSe et berisoiSed et e B

| ayers may be considered the matrix material 50

502 c[r@mls]wsnhmneommh ftben 584 bembedded wihin matgs mqt@rwltSQapf the
illustrates the PCB 502 after a first well 506 is

PCB1502 yeaxd doks netghotvithe maiaus xtruetres pad 1a565 tha negomsless wihibe PCB
optical fiber 504. Side walls 508 of the matrix

502 inBiadbhLdmiddiBmegt ThX betivdl fibarhot Retisn tHeaREB 602 hivg te@sed by a
502 may define sides of the first well 506. 16[0044]

dev1derhtt2§&3% Stg gﬁéofirieiﬁél bethe PCRORD 18P8ptial PorRa8REE6hsO Pithe Gidtrix

material 505 of the PCB 502 may be, for example, one or more layers of a fiberglass/resin
composite, although other materials may also be used. If there are layers or discrete
sections of multiple different materials that form the PCB 502, such as layers 204, 206,
208,210, 212, 214, ect. of Figure 2, all these materials, sections and layers may be
considered the matrix material 505.

[0043] Figure 6b is a cross sectional side view that illustrates the PCB 502 after a first
well 506 is formed through the matrix material 505 to access the optical fiber 504. Side
walls 508 of the matrix material 505 that extend from the surface of the PCB 502 may

define sides of the first well 506.
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angle of the optical fiber 504 may not be parall el
with the surface of the PCB 502, and the exact

walr@sasae of the optical fiber 504 beneath thePGIURZO0€030992
of the PCB 502 may not be known. In an enbodi nent, the
angle may be up to degrees away fromparallel with the

[0048" f 3¢ Eorﬂé ethb&difEhs %?IE’CBWSQ)Q v&ihﬁdgﬁﬁﬁéé S%t&'agh%ri@ ﬁ?f’ the

bei ng known. In an enbodi nent, I stance o

angle?rééftth% gﬁtﬂ(gai Bgér %Q%n%gﬁb% L Ba{aﬂgl sith ftl%?s%rt?iée &htﬁe BEE 5§)Q;Zand the
0003 i nohes. . Lnan eabodi ment - the di stanse of the
exac{jfipbag ol it cab BB A BERFLT e stithcred 54 PEH S0Besshs be

may be known to a margin of error of plus or mnu .
knovg. gp pniepoRdEnent fhe,piedy mMayBe P iR he deSreerAvtAYSFR palipl with the
the optical fiber 504 beneath the surface of the PCB
surfag@ of tha P CbeS Wnvilh thopigaisy prgle sphesinglleepvare dn@h embodiment, the
preci sion. Also, the locations of the optical fibers
distab@lofithe bptival fiker pl0d benaath thesuPRR GORe RER 508 tmdyde known to a
preci sely known. |In an enbodi nent where the optical
margiii &fdror 90 lusloe nfidist0.003 iackiat e bh edBadinicht tH(Bsthid Jfalye
be tested to find one optical fiber 504, then the

opticlépﬁ’ly@ﬁ‘ 589 B dAESth3 Qa3 theH OB 582 2R MBBAIn W h neRkin of error of
fibers 504 nmay be used to determ né the |ocation of

plus %ﬂl@in% 0901 ARHeS 3n th ee'ir?ooﬁ%entéﬂh?@igﬁmoﬁ tﬁ@&%‘rgzﬁfhﬁ?eﬁ e‘504

optical fibers 504 are part o pattern
{] ical, fibers. 504 . known . t h.
benel R PR3 Bt b PEAPRE R od LKL 1t ME R 2 (SR b phdclbion
Simlarly, if the optic fibers 504 a edded
Also o tachtionogyhe oticabRbes S04 ibeRe plrde Sh e Lt P amynot be
504 may be known with a margin of error of plus_ or
precipgly fgown.oligen erebpsiment vehere s otisa dibersyOdrire prst efmpatisys302,
bet ween optical fibers 504 provided by the size of the
the Phntfl2gnaylistested e 8id Tmuepticahfilsarh®4 etirbo therkanws. spanings 306,
the depth, location and angle of the optical fiber 504
308, at @ 32 betsvean bpircat fibens,504 henyfbherstd weddternfife thaYoakibeofithe
down to reach the topnost surface of the optical fiber

otherafpfical Tiyrses04e 1 ap @fbbainleyit WheRUBOoptial fIBdrs 504 BRPaRWS a
not reach the optical fiber 504, or may extend into

patteﬁv\gﬁZ‘,)gfgiGIS@altioﬁé l@ﬁﬁe %ﬁfe}ca? BbER 55?)4512&3/ AR With 4 Hﬁfél? iBE&rror of

I's belowt top surfa of the optica er

plus gprﬁm(;k b!0'6§ S{ALE dSiirrﬁlaﬁklgilf'ﬂ?e (ﬁmcal fibers 504 are embedded within a

layer, the locations of the optical fibers 504 may be known with a margin of error of plus
or minus 0.003 inches in an embodiment, with the spacings between optical fibers 504
provided by the size of the bundles 416.

[0045] Thus, in some embodiments where the depth, location and angle of the optical
fiber 504 are not exactly known, the first well 506 may extend down to reach the topmost
surface of the optical fiber 504, may extend partially through the matrix 505 but not reach
the optical fiber 504, or may extend into the optical fiber 504 so that the bottom of the first

well 506 is below the top surface of the optical fiber 504 (illustrated in Figure 6b).
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17[0046] The first well 506 may be created by nultiple
different nethods. In an enbodi nent, the well nay be

wo ooososii4lby hi gh power | asers. Lower power | asePCTrH$200€030992
used to snooth the sidewalls 508 of the first well
506. O her nethods, such as chem cal etching, may al so

[0048F, F@%éﬁrgtwﬂé@%b?‘?@%ﬁ? P%j?%ﬂalgg?h “lz‘;%ﬁ ol 1heh,
emo et 809 dun b REngRb ot i HEves el s o
used%gt%%gtﬁ |{_-}|6q? sﬁ@g&aﬁ% otf ﬂg ﬁp 1},\%%1?5\%% 8 / %gﬁg@?dﬁawgh as chemical

circular cross section that has a di angter. twi ce as
etchipgymyey also be usednat ap ewbodiment pho diameter plethe St well 3o may be
enbodi nent. I n another enbodi nent, the first well 506
signifiegntlydexgenthen st dimmptet bfthe opioeal fibercyldsss thatdhe wall BO6 fis more
di aneter of approximtely 0.010 inches. In another
likely tdredéimin toptit i €ibkt 5&1 ewerlif the PfecivaYodadue ofithe optical fiber 504 is
substantially circular cross section with a dianeter
not kabwal Eor &aiplé, e fRE dell 506 nRFhave otirtller deoRWacliGCibi 108 a
of the optical fiber. In other enbodinments, the first

diam@fek bwieP s 1‘5?%’ e 2% (ﬁ&l‘ﬁ@trer §f tﬁ@ %p%@ fiB&v$49h RRembodiment. In

non-ci rcul shapes Fi gure 6¢C IS a cross

anottgé? %%ﬂbﬁp%ﬁlﬁ Itﬂee ﬁ}/slt %l%@@%fgll{%gé 5 %%s?a%t L OSI ({%@ f&gssasﬁét%n

ng layeér een

. surfa f the 50 od| the
with fdineeign oscRpirg s olfEnchsy i enplh aBRE ARt T Vel S06
ight traveling between the surface of the PCB 502 and
may Lﬁ\é’* HPOS @ailaﬂy 1z GHOSF eshoR P A 1agelsF greater thapthgymargin of
into the matrix material 505 of the PCB 502. In
error ghenlenovemipertioneniithe entisal filgt Iibptbengmbpdimgats, the birsraxell 506
add structural reinforcenment to the matrix materi al
may b0 bthehsizesdailiags othks neh-decwlat $hep&08 of the first well
506. The light blocking |ayer 510 may be deposited

[0047]hr oWgdura 6 ksed ¢rogs et siklé vieat thanllogtdiadhe DPCBS02 dfRF a light
net hod. The |ight bl ocking |ayer 510 nmay refl ect sone

blocl@ﬁg deler 5 TchaA3@Rkn béiiRited G thREMERE 0B AT wall 506. i ent
from passing through. [0048] Figure 6d is a
embcgut‘ﬁglﬁ‘t, gn%‘lfg'hPﬂl%kklﬁg el 5 R b Blevbhi Uit RbADr 1A £HR1iRY2
between the surface of the PCB 502 and the optical fiber 504 from diffusing or refracting
into the matrix material 505 of the PCB 502. In another embodiment, the light blocking
layer 510 may add structural reinforcement to the matrix material 505 that defines the side
walls 508 of the first well 506. The light blocking layer 510 may be deposited through a
plating or metallization method, or another method. The light blocking layer 510 may
reflect some or all incident light, or prevent some or all incident light from passing
through.
[0048] Figure 6d is a cross sectional side view that illustrates the PCB 502 after a

second well 512 is formed through the optical fiber 504. The second well 512 may expose
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second well 2 is fornmed through the optical fiber 504.
The second well 512 may expose 18the |i ght

WO e@sssi4$si ve surfaces 514 on the cross secti oPCDUS1004030992
optical fiber 504 so that |ight may be coupled into
the optical fiber 504 froma source or coupled from

the 1{%@&9&%&1@6 dubB&Ss Sglg‘bﬁttﬂe gses“‘&:h@@%f 8 optitil %bé].em% that light

12 may be thought as a e or an optical via

may ﬁog 88{1061?&61;(} &Ptogﬁgal %ﬁy ?(#4nffré1ﬁ@e L_EFCS 1?1?@(% ﬁgﬁq];tgg & htéc%l fiber
b

so4 15 PR hrecoreeiha Y mabe iyt b aypigRg Rl via t

atlof fiGiaiopeSgions fie 150t St wers e opée%ﬁib%ﬁgé% Zr‘aipsa‘?l Setmen

as chem cal etching, may al so be used to formthe
the sgeandrvelldl2 menl cregied hmrwét@plg difterens negthedse In e exbedimgnt, the

well 512 may | eave the light transm ssive surfaces 514
well 612 tiag begbineeal byfligplepose&dasud. f Lavamower faseaniy boused to smooth
coupling light to and fromthe optical fiber. However,

sidewallsssiie eobathveiefl s Othet hrethodspatihbnchendcqetchig) By also be
This may be done by a polishing slurry, such as

used @b B e Q6codd /A2, ahB edatifdl R8d tPEkate Bie dRERUREI 91 NBEY
nmet hods. [0049] In another enbodi nent, only one well

leavd @l ﬁf‘frﬁﬁ%?ssfxfe%ﬂ?ﬁ&@ s3UGE ARG pRkalftRer ?5%&!%9@1{:5@% ER6oth for

expose t I ght transm ssive surfaces

coupgﬁg ihggl!lrtlg taég) ?lrogxg’tgz OEE% al ??81]; %{'&E%\%r elll;]l é egat%n? élp%ﬂﬁér
. PCB 502 .
smodffpe i pertmed"Sbia 3 T GBOERY edRbinEF At g o

refracting into the matrix material 505. Alternately,
diamgneepspolishing depl.<rr thuouglh pthet methedsni ssive surfaces 514
of the optical fiber 504 so that a |ight bl ocking
[0049]ay e An Bu@herepmbiodinsnsouily ene well phrae extandd frgrh thef sunface of the PCB
diffusing or refracting into the matrix material 505,
502 tetthd exposathiedight thanshrisneniusfhcase 4w filecqgicdl fifer 5hé may be
optical fiber 504 free fromthe |ight blocking | ayer

form8&d.OIn dubh ¥@bodifiRhiles sepaBsitube Rlay %@oﬁﬁ&?éﬂérﬁhﬁgm%a@f partlally
l'i ght bl ocking Iayer 510 may be used; sufficient |ight

from{tﬁ@ﬁgﬁx%e bihe PRIE S tofthOEhticaPAvad 402y ﬁ;rév'éﬁhl t B ﬂgftﬁﬁng or

Figure 6e I's a cross sectiona |ewt

refraét&ﬂg‘ﬁﬁ{or @k Gt R LHR 132 ﬂtér&[tel‘}, il h&?ﬁ may cover the light

transmissive surfaces 514 of the optical fiber 504 so that a light blocking layer 510 may be
deposited to prevent light from diffusing or refracting into the matrix material 505, while
leaving the transmissive surfaces 514 of the optical fiber 504 free from the light blocking
layer 510. In yet another embodiment, no separate tube or light blocking layer 510 may be
used; sufficient light reaches the optical fiber 504 without such structures.

[0050] Figure 6e¢ is a cross sectional side view that illustrates the PCB 502 after a light
redirector 516 is inserted into the second well 512. In an embodiment, glue 518 may hold

the light redirector 516 in place. The glue 518 may not be cured yet at this point in an
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redirector 516 is inserted into the second well| 512.
I n an enbodi nent, glue 518 may hold the |ight
w0 e@sneator in place. The glue 518 may not be PCTr/E8200€030992
at this point in an 19enbodi mrent, and nmay be reworked
so that the position of the light redirector 516 (also

embdfd}f’?l\éﬁt 884 Aly bORIW&GREd EEHaf @6 HBSitidn HPYe B htaﬂeﬁﬁ'&ﬁgr 5 1'6‘%1150
ot her "enbodi ments, different attachnent rrat erials

knoms ﬁe:‘rgﬁgﬁ récﬁﬁg&lrd)h&%g lgé}é rﬁcgtﬁe?%[n%%df n'f%?gfereﬂt

rrent mat er | a

e | irec ce .as s r.ed
a‘ftaCEﬁg? Aergls T8 pied S5 03%&8 PR Phatt Fﬂl%ceatlﬁl Sime
force or other neans so that_ the Siti
embq)c[n@ﬁ@ts,r gheratiashypeng I]@at?an}S HES mpy gqalgahepo c? Eﬂqfor 516 in place as
redirector 516 be a mrror, a prism_or another
desirgg\hug élavwgtre%rérabé@r slterabletthropgiote pppliegtion osforpe orother
cross sectional side viewthat illustrates how the
mearsrsg| that sincipabaphofahe tiglet redigdetor 5éinray deailtefetlc Timelightredirector
positioned to correctly couple light to and fromthe
516 mpy be almifroarprBid or hvthdralevick Utk redirects dighodi ment, a
light source 522 directs light toward the |ight

[0051di Fe&irebf RErossN@ctidiantids eliv tB&itihstRIR HoReHhe %ﬁ%l% ah8@epth
[Tght Tnto the optical fiber 504, which outputs the

of thk hgﬁ'ttrect.h?edgoxj 418 Hhay ﬁ&sﬁtgf ned ffcorfetfi nf \/\%L % Lhe ﬁlo.gﬁt'%

ect or may “be to deter enou

optlcgipﬁb&%b g@tﬂlu Pe% od? é t mSE rect t toward the
rce 52 @he op Ica ri[’iabe$ % ﬁ (ig }%
ight e EE o ?ﬁ? Bgfetﬁs 10%-6(? ?359‘?%@&Q@%hg‘htﬂﬂt@qﬁ%gmqabﬁber 504,

nd angl e of the g redirector 516 may be ¢
whic wu@utsaye Hehf to @rl}él?@ ¢tRIor p4fhtFepdhask from 85@ ltglhédcrtfsw $54 may
detector 524 and adjusting the light redirector 516
be usgd todedemehg whether enayigh (ewatiy) Bghtas being radargctod fioor the dighy
positioned. In sonme enbodi nents, the glue 518 may not
sourdesh22 imtotthe optéad] fibérarOd Hyhthe li'glgheditwdir 15¢61 Of ndd though light is
correctly positioned, so that the light redirector’

beinddirp@sd trit® thermyichleitek 564,886 paitid@ranihaglel @hiie light redirector
redirector is correctly p03|t|oned the glue or other

516 ﬁ&;li %&mg&d MRS b%ino'ﬁi‘tgrlh%th‘é WoRCreBlivaEhy IHe HERERetb6r 524 and

l'i'ght irector 516 in the correct position in an
adj us‘rﬁgg ?I?éelc i3 eqél%f&?rgglggé&%’iﬁ glfy?{he ﬁ’i%ﬁf deliPEHHNGs 1t6llﬁa}L Begwrrectly

positioned. In some embodiments, the glue 518 may not have not cured before the light
redirector 516 is correctly positioned, so that the light redirector’s 516 position may be
altered. After the light redirector 516 is correctly positioned, the glue 518 or other
attachment material 518 is cured or set to keep the light redirector 516 in the correct
position in an embodiment. Other methods for positioning the light redirector 516 may
also be used. For example, the light detector 524 may be positioned adjacent the light
source 522 at the top of the second well 512. The light detector 524 would then detect

light that has been reflected and not coupled into the optical fiber 504. More light coupled
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al so be used. For example, the light detector 524 may

be positioned adjacent the |ight source 522 at the top
wobooslogl4second wel |l 512. The |ight detector 52ECTMOS1004/030992

then detect |ight that has been reflected and not

coupled into the optical fiber 504. Mre |ight coupled

into @Q'oﬁh@altﬂlﬁr 804 hieans 1bdskeflecaii a‘Tﬁe hlgﬁtsreﬁi@édt&‘:ﬂ%dzvould be
The light redirector be adj usted

adjuéééeq {éllcl:t%lga Efaé{ggﬁ{ %# zﬁfndog{ﬁgbf hglﬂg%@émfi%%h%?&r_héhﬁ Fieécec or 524.
ot AR s
B LB PSR e B TR,

pass through. The material 526 may al so prevent the

matemb% 1Y aﬁ@mﬂst or1d] afiihmiigiite ga%éh@ggm Ehe material 526 may
repositioned, and may add structural support to the

also peremGbe light reditestiindd f fronvbeng darhezedtar acivsiionedeng magladd
518 is not set in place to prevent further adjustnent

structifralt dugpEo $6 theMCR502. He elnbgimeneivhere iy atatbmehteaterial 518 is
optically neutral material 526 may be used to hold the

not skt i@fllade@d ipfe@hOfirthddjudtnidnd 0 € the[JRIBh offiiglight BdtlitestoR 516, the

cross sectional side viewthat illustrates the PCB 502
I t
optlcgfd%r ﬁ&utf‘al rﬂlﬁéﬁal 99.'6 ﬁﬁd I%rg gg{@tﬁl%ﬁfﬁg g%ag%glrg br #1(91?1 tplace.

[005%]?[8' g?%%g r6h§3-9 ﬁl%?éjsetcﬁgnag yld;: ey % at {lﬁ?%ﬁgsl?’t | < ;{ #(ﬁ &Mlra light
guidd S F BT ﬁ?@ § @%ﬁ%heguq&% Ay ﬁéllpdf%?@%@%wtm%ﬁ et

the ho umte wth a material to formth
redinp g1t LAATUBE 595 AF HErE b S0P- R SraSgRent ol mge formed

inserted into the hole. In other enbodinents, the
in the ppfinally @pg@algg@er@§2@eTb¢yhght@uie J280Bay then bs 1nsgﬁed into the
optical via has been fornmed. The optical via may allow
hole.| Oghonally, thespidel willsarfitheH®ls maf he eoattd whith aRGBefifXo fant the light
optical fiber 504 or optical redirector 516. The

guidop28 madtler Ve HaRy a Sighpdiddos2 Sainksdted intdUbdhéls. [hethseaabudliments,
well 512, or it may be filled with an optically

e BRI omkarpn b SAch 5 e PO 00 o
[OOSE]h Ghubh &[ﬁ’l‘éﬁ W4 R beb R i e ThHe gfnhcearl vl iy LW fight to travel
from the surface of the PCB 502 to the optical fiber 504 or optical redirector 516. The
optical via may simply be a hole, such as the second well 512, or it may be filled with an
optically neutral material 526, such as seen in Figure 6g, or it may include a light guide
528, such as seen in Figure 6h, or may take other forms with other structures.

[0055] Figure 61 is a cross sectional side view that illustrates the PCB 502 with an
attached optical component 530. The optical component 530 may be an‘optical device, an
electronic device with a module that performs electronic-to-optical and/or optical-to-

electronic conversions, a component 530 that couples light to a device that is not attached
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[0055] Figure 6i is a cross sectional side viewthat

illustrates the PCB 502 with an attached opti cal
w@orsosrm 530. The optical conmponent 530 may PET/ER2004/030992

opti cal device, an electronic device with a nodul e

that perforns el ectronic-to-optical and/or

to tHPCE 802, bP SR HPRY & ORIPYRERISB0S Thils HETRAPSINt 330l ke the

couples'light toa device that Is not attached 21to

Y R S e T
on Y ¢SSP Bt BRSO TRARSH 2P 1
R R AL S L

enbodi nents). The |ight redirector 516 nmay couple the

may|cpypie thedight e ﬂ@pmﬂégh fiter 584, dbwong, whirl thy light el tiaeel to a
light may travel to a destination. Simlarly, when the

destivaigo iEmilagg0whendbe vempenend 30 wabivekdreopsicglnduita siptwd, the signal
signal may travel along the optical fiber 504 to the

may ltiagéitalorgahe eptical fibdri04TEb ¢hd lightredidior 606, OThSght Fedirector 516
redirect the signal so it travels up the optical via

may réditdaethe QTERANRIE trHds WPHS Dphtal vad BBk Bympdient 3 ibl
ygui de SZS@n somg enbodi rre%lr?ts). The PCB 15502nwi?);(‘bosSl Y

aide@ B QAR El{ii{c/lé 688 irf doRRY eénl?c%m Ea 8#6%]? g@?@ng %&‘%]eéc?e% optical

to optica transter data at Speeas.

et gEPAR ALbP SobBARTHA 0 Lo R ot TSk Biglebii ons
005t} AFRbkThe YR bR HheeSh P e it

of. the invention and the clains foll ow ng include
emb?%m%t,sa mephmgdificaiqns wifl geadilypreve to dhese of oxginsey skill dinghe, art.
first, second, etc. that are used for descriptive
Furthegythe Seegaing gesgripticrr of enghodimense ofthin snveptioh &l the nlaimag.
The enbodi nents of a device or article described
follolenginpludaterine, swelned kit igktd oversemtler, mppahiopee,dinst) second, etc.
nunber of positions and orientations. Accordingly, all

that & akedvidr dactipiige RItpoge® dhllyi BidtarOns tabe coREhe Rl imitingl The

the intended scope of the invention as defined by the
embdd¥nkMoNg d6¥idd HBartidld Fe¥r¥Bd herein can be manufactured, used, or shipped
in a number of positions and orientations. Accordingly, all such variations and

modifications are included within the intended scope of the invention as defined by the

following claims.
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| claim 1. Acircuit board, conprising: a matrix
material; and an optical fiber integrated with the
woredgosioxi4mnt erial . 2. The circuit board of cl ai P€/US2004/030992
wherein the optical fiber integrated with the matrix
material is enbedded within the matrix material. 3.
The circuit board of claiggmgvherein the matrix
mat erial conprises: a first layer; and a second | ayer;
Iclafpd wherein the optical fiber is between the first
'ayer and the second layer. 4. The circuit board of
claim3, wherein the optical fiber is part of an
optical fiber pattern with a plurality of optical
fibers Andrauitdoapt, comprifingier pattern is between the
first layer and the second layer. 5. The circuit board

of , Gl hteraherngi N the optical fibers in the optical
fi ber pattern ’have presel ected |ocations within the

5 0Pk 6ptical FiB&Y inRBLA&T With bhe nldifx GhdiGt board of claim
5, wherein the optical fibers in the optical fiber

pattern_are. in grid pattern with presel ected .
SpAaci nggﬁ%éfrﬁ]@égo%lﬁé)f imnch | Whergig tae ppiagal Fbre infpsratgd with the

matrH interidl is ERBeGdddCiiitin PRANSHIQImALBI M 2, wherein: the
matrix material includes a layer wwth a plurality of

woven structural fibers; and the optical fiber is
woyen Wirhlcifi: Bl 6F ] 2, FWReEH 'L%Y@fr- 3.
The ci rcuigtCl {)‘garc? o? cfng% m%@%érﬁpﬁ?&%%tﬁgall ay r1se58
with a plurality of woven structural fibers is a

cofpedilaveriaider of woven fibergl ass bundl es and resin;

and
10 a second layer; and

wherein the optical fiber is between the first layer and the second layer.

4. The circuit board of claim 3, wherein the optical fiber is part of an optical
fiber pattern with a plurality of optical fibers and the optical fiber pattern is between the

first layer and the second layer.

15 5. The circuit board of claim 4, wherein the optical fibers in the optical fiber

pattern have preselected locations within the optical fiber pattern.

6. The circuit board of claim 5, wherein the optical fibers in the optical fiber
pattern are in a grid pattern with preselected spacings between the optical fibers that make

up the grid.

20 7. The circuit board of claim 2, wherein:

the matrix material includes a layer with a plurality of woven structural fibers; and

the optical fiber is woven with the structural fibers to form the layer.

8. The circuit board of claim 7, wherein:
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the optical fiber is woven into the [ayer as part of
one of the bundles. 9. The circuit board of claimS8,

wob@sesr1o a plurality of woven fiberglass bundPEBUSZO04030992

include an optical fiber within the bundle; and the
optical fibers wthin the bundles are substantially at
a_kinoMperprigsgepredlRg of @edéd QRicirhINiterd 8@ c@ir{p@éitet lapR@dfkoven
10. The circuit board of claim2, wherein the

st ruct ur al fibeaglass wodpsiasésesss aadd resin. . The circuit
board of claim, further conprising: a first optica
cottipoopsict] folem newbenh int theayents pact ofixtne roif de Hundles.ansmi t
optical signals via the optical fiber; and a second

optyi cal LV, he . optical signals
trghsnigﬁggﬂgg?Pﬁga?FégﬁggbgP%gﬁhconponent via the
optical fiber. 12. The circuit board of claim1,

f uetheplityoiproven figerglass bydlescdagh inchrdeanmptipad fibar within the
connected to the matrix material to output electronic
si gnal s; Mmdlezand i cal to opti cal converter connected
to_the trix materjal to receive electronic signals

f r i Qnﬁgglff[ﬂtreg% nglléléﬁ? {amﬁe%ﬁﬁwmlaﬁw 3 lenoppneseiacted
optical si,gnals vi.a the.optical, fiber; an optical to
eIectricaﬂg9§HWéW#E?hFﬁWﬁﬁH@Q@ﬂto the matrix nateri al
to receive the transmtted optical signals fromthe
optiDcal The bercuitnblodrd cfonlagint 2.t dersii ithalstraétgrial lydrocomprises

ﬁbm%%Fctr'caJ signals; and a second el ectroni c conponent

SPBREI®E the electrical signals fromthe optical to
el ectrical converter.

11.  The circuit board of claim 1, further comprising:

a first optical component connected to the matrix material to transmit optical
signals via the optical fiber; and
a second optical component to receive the optical signals transmitted by the first

optical component via the optical fiber.
12. The circuit board of claim 1, further comprising:

a first electronic component connected to the matrix material to output electronic
signals;

an electrical to optical converter connected to the matrix material to receive
electronic signals from the first electronic component and to transmit
optical signals via the optical fiber;

an optical to electrical converter connected to the matrix material to receive the
transmitted optical signals from the optical fiber and to convert the
optical signals to electrical signals; and

a second electronic component to receive the electrical signals from the optical to
electrical converter.
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2413. The circuit board of claim 12, wherein the
el ectrical to optical converter is a separate

waeorsosrm fromthe first el ectroni c conmponent PCLAS20041¢30992
circuit board of claim1l2, wherein the electrical to
optical converter is part of the first electronic
corrponent 15. A nethod to forma pri nt ed circuit

rising: formng a,stac udes
iRt 1 ahiond vodidoniaianin 2 e fherslfitueal S0 PDGeH Soayerter i
a separaRIpBRENGRIM IRt d&troRREofDeRAA, | ayer s; and curing
the stack to formthe printed Circuit board wher ei n

the pattern of optical fibers are between the first

and, Seel@f%d:nlcﬁirf%%d' & AR 0, WHdldin Eﬁaélé’otrléa@ to bPcalRbiRéeker is
of claim wherein the first and second |ayers are

part qfrt@pﬁlﬁgelwtmwm@ﬂeatyers 17. The nethod of claim 15,
wherein the optical fibers in the pattern of optical
fibers have preselected | ocations wthin the optical

filfer pantedrod.to f@m Theintedcinedt fardicainprising: wherei n t he
optical fibers in the pattern of optical fibers have

PrESEhE %ts?a‘ék liog ?ﬂdhﬁﬁé" a‘ﬁr#‘c hégféal ahs%c&ﬁf I&ﬁ%'rnarﬁf a ?ﬁe‘rﬁ: 8f optical

fibers. The nethod o erein

opti cal fﬁb@é%emeﬁﬂﬁfﬁgﬁénarsec&i‘dmy&g Gad fibers are in
a grid pattern with presel ected spaci ngs between the

oplutiag khef stdvkris férfaathe pakRd i clibBogd) Wherdil. thdpareiri ofloptival
forma printed circuit board, conprising: formng a
pl ural i t yfibérs hictmatwoanrtté st amdisdoond lagerstin tied @rcuit board.
conprising structural fibers and at | east one of the
pllér al iThg méthéd plelaimlfdwbereinthe fest andsgsond laygrsaate prepreg
optical fiber; weaving the plurality of fiber bundles
fiberglafs daygrsst ruct ur al fabri c; inpregnating the structural

fabric
% ﬂe met ocf otn cla1m 15 wherein the optical fibers in the pattern of optical

fibers have preselected locations within the optical fiber pattern.

18.  The method of claim 17, wherein the optical fibers in the pattern of optical

fibers have preselected locations within the pattern of optical fibers.

19.  The method of claim 18, wherein the optical fibers in the pattern of optical
fibers are in a grid pattern with preselected spacings between the optical fibers that make

up the grid.

20. A method to form a printed circuit board, comprising:

forming a plurality of fiber bundles, each fiber bundle comprising structural fibers
and at least one of the plurality of fiber bundles further comprising an
optical fiber;

weaving the plurality of fiber bundles into a structural fabric;

impregnating the structural fabric with rgsin; and

curing the impregnated structural fabric to form the printed circuit board.
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curing the inpregnated structural fabric to formthe
printed circuit board. 25. The nethod of clai m 20,

wob@sesr1 each of the plurality of woven fi berpCEES2004/030992

bundl es i ncludes an optical fiber within the bundl e;
and the optical fibers within the bundles are
substantially at a known preselected | ocation within

the circuit board. 22. The nethod of claim 20,
wher ei nkheprghod pledainhf} SFERRd structural fabric is a

first layer of the printed circuit board; and the

Prdabh 66khe pheaity o Gaken HbsrghsPbitididsiihdludds anapetsl fibér within
The nmethod of claim 22, further conprising: formng a
st ack t hatheibnalilegdesl t he first |ayer, a second | ayer,
and a pattern of optical fibers between the first and

s ehenptidahfibers withithe bundigs sdesubstamtielly ot 4 brown pesselected
printed circuit board, wherein the pattern of optical

fi bers arbchganeshintthecitquithoagthd second | ayers in the
circuit board. 26

22. The method of claim 20, wherein:

the cured impregnated structural fabric is a first layer of the printed circuit board;
and

the printed circuit board has a plurality of layers.
23.  The method of claim 22, further comprising:

forming a stack that includes the first layer, a second layer, and a pattern of optical
fibers between the first and second layers; and
curing the stack to form the printed circuit board, wherein the pattern of optical

fibers are between the first and second layers in the circuit board.
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