10

15

20

25

WD 2005/ 031418 PCT/ US2004/ 030575 CONNECTI NG A

COVPONENT W TH AN EMBEDDED OPTI CAL FI BER BACKGROUND
woe@ba3ais t he | nvention 5 [0001] This inventi oPCT/@BBD€6830575

to printed circuit boards, and nore particularly to

use of optical fibers in printed circuit boards for

GINREEFRYG AcoMBLARTSeEl S iR oPCHy o

el ectronic devices are attached. The PCB has one or
nore structural |ayers as well as patterned
conductors. The to stBHEKGRY ers support the

Fielc?&fecﬁéflpvn. oflevi ces while the conductors provide power
To the el ectronic devices and allom1deV|ces to

[OOOHO gur 1§1antv nttélol%g%gag tgggpﬁgﬁg{}:ﬁgg%ﬁ%laha, § 83%18}‘{"‘93%3 Lse of
PCB 10 T
opticEbiihunt Bidied PRRH G B eT SOBFRUERIMAI core 102, Thi s

structural core 102 provides a rigid support to which
Baclkground of4he 1vgntighe PCB 100 may bp, applied or 15
el ectroni c devices may be attached. The structura
[0002br e A pginfed ciranis bozd € MR )finastrecune to sthickcelestednid dgyéges are
104, 106, 108, 110. These core structural |ayers 104,
attaché®, THOBCB kO oa¢ er mescsiruatufdl Deyret @sséll espattecmdpoadiators. The
material. The core structural |ayers 104, 106, 108,

struch#8l laPét¥ SupRRNLP EREE 6 c HOEEEsNEHileE cohdREbrE Brovadd Pdwie to the
structural core 102. [0004] Above the top core

elect%tﬁéJ gL HER] aniaYiB cﬂegﬂ:eé ® &nﬁhﬁlﬁéa‘cé ﬁﬁml(l]%b/ﬁe Rfelectronic 31fnals.

conductive traces ese conductive traces

o]0 I SOOI A S BB
Pl S e GO R oB °““2g@f;cqagza%ms -

el ectronic signals conducted by the traces 112
corefl 02 providgperrigifl seppediietwhieh etheicragts pf shg RCB 4R sy hfyapahed or
structural layer 114, This structural |layer 114 is
electappé dexdcesrmaybe afachee Thersuctuzalepref0228 this wagediasfeur core
traces 112 and cured. This process allows the
strucsiraliayers 404, Hget 08 1401t @héselcbrd sirucgapdayees WE i 06hHS, 110 are
traces 112 and adhere to the top |layer 104 of the core

eachBOZbensla¥ilekin@SnipOside 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

gaps between the traces 112 and adhere to the top layer 104 of the core 102 as well as to
1
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WD 2005/ 031418 PCT/ US2004/ 030575 the traces 112

thensel ves. On top of the structural layer 114 is a
waewsosi4iop | ayer of conductive traces 116. TPEBES2004/030575

traces 116 may al so provi de power or ground, or may

allow electronic devices to comuni cate. The

the tfatcééjfffjﬁlgﬁs&? fon-tp, TR tﬁfcﬁﬁaltlgfeﬁfl il&% a 9&:983 ?d'bolgger of

ayers o condu tlve races

ulates ra 1 fr om £
Cond[“e UePAER 1 P arho R Blediyomdy St PO EIRYLbr lrpitoqr may atlow
110 is a first ttom | ayer o conduct

clecirorie deviasedo camsriHsr Lie SRyEr 167 | kS TR euh Sirst and second
bottom | ayer of conductive traces 122. Ljke the

top lpysre pEcaduetvedtirces ¥ 2.1l cangl insppates the tragesel I3 i@ﬁfpm "éach other.
| ayers of conductive traces 118, 120 may provi de

[0005bwe rSioiilagy phebaly ther bateyn aire eﬁmcélhreblaycml 10 idefirstdwttomdayer of
conmuni cate. The structural |ayer 120 separates the

conducti®d traged 1$8coNicheiltiayer12¢,aind ackcdildl matodtaleve dohdutive
118, 120, and insulates the traces 118, 120 from each

tracégtmr Lil0806dp ASers 0 86 MiusliRCEdces £2,09¥] &@%ott&%ﬂ@y’%ﬁ@of n
conpl exi ty, speed and capabllltles their

concfu%ﬂ\% ﬁ&%ﬁ@ 8, 1f2gf %p}gﬂg\'x/)l e e HRELE SBRAE ok }ﬁlaﬁoﬁlgwr@}&tromc devices

I sen S may rGQU|re
o <SRHERH-50) ae;?!ef*’ s R G la pdElvers of
12, 116, 8, 120 h h 15
concéﬁamféa%slé B0 120 ﬁgbﬁ Rices¢ 06???]

gure 1 is a cross- sectl onal si de VI ew of a port
[0006} a Ayppdan elestipsisidenivat CRFnNS@MPIPEL; Epesdaand capabilities,
(" PCB" ). 20 [0008] Figure 2 is a cross-sectional side
theinreguirapfients ®y sommuaetonltapgeitialombas mseno dugke ntodefn defvéces may
present invention. [0009] Figures 3a through 3i
requirk g cahmuaichiion tapaoivp thanemsd boprovalyd dytaveaPCBsdO0 svith
are enbedded in a PCB. [0010] Figures 4a through 4d
multiplé YSbisfR oA e Rdc@nodi ment 8, aR0haioh ap ticcREB flob §h&wn in
are 25 enbedded in a PCB. 2 W) 2005/ 031418
]ﬁgﬁgI/USZOO4/030575

l'_

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.
[0010] Figures 4a through 4d illustrate a second embodiment of how optical fibers are

embedded in a PCB.
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[00111 Figure 5 is a cross-sectional side view show ng
various ways that optical fibers may be integrated in
w@ 2008831490121 Fi gures 6a through 6i are croSSPCT/US2004/030575
sectional side views that illustrate how an optica

fiber enbedded in a PCBis coupled to an optica

1001 B3P & T B T oA ey sfipnyBdatiairaYs A optical fbers

gescrl t| on of enbodi nents of the invention,
may %f%t?% edm aPBe to the acconpanyi ng drawi ngs in

ch like references indicate simlar elenments. The

[0012] | uﬁlmﬁ@s Geetheqrgbdii senressteeiionabeide Hiswesithat afustrate how an

di sclosed in sufficient detail |o to enable those
opticgkfibdrethbieddednia adfEB icqupledtto e optiel sigualrsoime.or Thstination.

follow ng detailed description is therefore not to be
[001Bpken in a limting sense, and the scope of the

invention is defined only by the appended cl ai s.

System Overvi ew [ O3B ICEB W CRIPEOX Cr 0Ss-secti onal
side view of a portion of a system according to one

[om%g 66 rﬂgggé fgﬁl%q%f dettégﬁd@'eg&ﬁf%{l gggﬁgsalﬁﬁnm?ﬁﬁe ﬁﬁ%gﬂtﬁﬁs

or ot evi ces "at
conmu

referfposa BdofE i ek ki PRV PR WEEh b b Bljeng smiter
ctemgRpo e HHE Th Gierd kS dess b aiosn ot Fyrfcient deai

prior systenms. The term "optical communication” in
to en@hlueéh%é skided in the agiste prastiea theyinyetienc dhp fallowing fetaded
of optical signals, including 20 transmtting,
descdptnah inghereforaiotito gq: talen gma liyniting sspsd, end theisgopd of the mvention
pur poses including voice conmunication, data

is definahsidle by tleosbpehdet clpinisposes. [ 00161 The PCB 200 may
have a structural core 202. This structural core 202

Svstdth Oeflgsya rigid support to which other parts of the
PCB 200 may be applied or electronic devices may be

[001 t ath@Qe 21he cﬁ)ts§-l§§<ftf6%gll sll&éos/[l@w %@g E',Oﬂlzoglrﬁl%f% nggl,%ﬁlzz%g,érding to one

our core structur ayers

emb%dé e%t (8%1 %tng %Vfﬁgglg%g%%glﬁgé %%%2%%?8{11%1” il @NFhShed 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.

[0016]  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
devices may be attached. The structural core 202 in this case has four core structural
layers 204, 206, 208, 210, although in other embodiments other numbers of layers may

3
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make up the structural core 202, or the PCB 200 may
| ack a separate structural core 202. 1In an
wenwsaset, the core structural |ayers 204, 2P6r/U84/030575
210 are each a conposite material that includes
fiberglass and a resin, although other materials may
d ' I f
a3 B35 o 2RO B S B R O core 202
ass/resin_ st t.ur al r : e core is
In albvnbﬁ?fg ot eGPl Rt 208 2P BB 2} i hEf acmPoS
ric, | ated with resin) together, The stac i
mate&af@@t ipplud %ﬂer&a%%@@oﬁ B 2l EAGRER DU Baicsials TwRy glé E? gped in
| ayers 204 206, 208, 210 are pressed together and
additiert ted ot i placsrafitheBbesglesrcandrmasine bt an gobodimeniof such a
enbodi nent. [0017] Above the top core structural |ayer
fibergds/remin dhectrdlicost 2020 thel cayeis neddedbyrsthekingprepreg fibemmtass plies
212. These conductive traces 212 may provide
(fibegdlestitint enpeegnectwiontesin) t@leitt.r The Stacldd\pliee sreahtmpiesgd and
to the PCB 200. The conductive traces 212 may provide

cure@OTBE cQE strA&tatN cé,ye@,rzoaayoaa bb@vm a@&ﬁfe%ﬂ%gﬁﬂér%ﬁa chRd to
comruni cat e throug use Of el ectronlc S|gna

ﬁwnﬁﬂ@gH&ﬁ&glQﬁebbfnié?%ﬁﬁﬁﬂ&%n The first layer of

conducti ve traces e covered by a structural

001Ep d?b‘%"ﬁéh?T p3pf et EMETaG 293&%"6‘3 pEehRfove

é Thi s rocess allom1t truct ur al é r 14 .
tracets Fheﬁeﬁong I’P‘Weprf’?’ @ Cﬂélc&ﬁan%lﬁ %Ctmmc
etoplayer o the core 202 as well as to the

dequsaété@heéig th@t?e% 800 e$he cypdugipveoracen 13 may Preide PewEger
214 may be a second top layer of conductive traces
grouid,cor mMiyedlow ¢ledtomi@dsiceayo edrsmupicateitbiouglowes oftalectronic signals
ground, or may allow electronic devices to

conduoirdbyiteatreces The The finst luyat of conductRb4rasepiames be bevered by a
first and second 20 top | ayers of conductive traces

tructdrdl lagdr® 14antid disehad 98ydr N84 Wag R Ipplled o2t IritTiReRer of
Sruot hera [0018]1 Siml ariﬁ}g/, bel c??\/ t hegbotct)ot}%@core 1 E}er

condﬁEﬂﬁé:ttré:Uegbli M@Eurgc% Ogﬁ'i@ﬁr&@ssamg}b 5gcfw Lk %%qgferr 3?5 to fill in

conducti ve traces structur yer

gapsfnﬁgwx? il 6&? LA er s ll% %S@ %?ﬁh&re o&\ﬁg H b, llaveer Z'i) g‘t?hse gZQ%a&well as to
the t%f%%g,? th Yes glbcgn g&?t | ve%%ﬁ%eel? ai& yéeéﬂcstep%qq top layer of

devi ces to communi cate. The structural |ayer 220
condyelivs aces 21 heTlhese SHacesrd 6480aEP Broyde powsT 0BgWYRd, or may allow

PCT/ US2004/ 030575
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.
[0018] 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
layers of conductive traces 218, 220 may provide power or ground, or may allow
electronic devices to communicate. The structural layer 220 separates the first and second
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bottom | ayers of conductive traces 218, 220, and
i nsul ates the traces 218, 220 from each other. [0019]
wab@sPB1200 may al so have one or nore opti cal PET/D82084/030575
224 enbedded within the PCB 200. In the illustrated
enbodi nent, an optical fiber 224 is enbedded in the
P et. { I
bottdgg e of EOpEHYF iecs 275 720, B RGeS g okt 2hs, 208 cach
enbedded between core structural |ayers 204, 206, 208,
otheh10 within a single core structural |ayer 204, 206,
208, 210, between other | ayers such as. between a |ayer._.
0018} " ciechi PYGmeY alsediave oneergmere SpHGA TR 4af§}%1?ed§’i‘¥?“‘fhm
or wthin other layers, such as within structural,
the RCR/800.2lnathe ilhishiated pmbediment, aneptieal fiber 33t iseambeddggoinghe PCB
224 are enbedded within 1o the PCB 200 in a
200 heteded traofthe cpatstrectnraMaykrs@9dnR06 pans erysotsaiphicelfihene224
optical fibers. [0020] In the illustrated enbodi nent,
may de felribs i delidsteeenddte dnRhaalderand04e0scz082280,arithin a single core
attached to the PCB 200. These devices 226, 228 may be

structRABGE L4t S0 008 UaDI NQwhEREBEr 1agdrd suchldy Bebyd¥nQViagler of
power “and ground conhections, for exanple. The

| . . . '
conb L K 1L E 5Py TR PR R SRA0SRLEE
5 oVi onme C ni_ cat i,en. ' s

sruchg o35 BR G e VL AR 23 R i
an enbodi nent, the devices. 226, 228 .ma .

the 13113300 Bt Bt rmBiged BACTR AP GROBBeP TN i Brache gRfigal bers.
converters for sending and receiving optical .

[0020hf orlivdhe Blystated emhedimeniag first degice @36 apdy a §pcondl dgwice 228 are
conmponents. In another enbodi nent, the devices 226,

attacP2® tanthy PGB POQ. fHres¢ gevatas 2602 &cmapbé cemecisd abbenduftive traces
optical 20 communi cation through interna

212,6991666 psvide foved phd grlund ookirectiont farakamplee I Thetelavtronic devices
converters. In other enbodi nents, the devices 226, 228

226,188 B8 AN cInMBaSd & cotBNdtRRIraeks 2 LY IPOBE tHab theltRRd212, 216
In an’enbodi ment the first device 226 may be connected

provtirr@%yﬁgfe]i Jodim@RtAioa! RovRveL R delitRs bb6 D23y Keddapibid o230

ow transm'ssion of light to or fromthe first

confR S Rag RAGTS, oD RE R 253 AR o
optiéza? gl?cll/gr3 %}i&gl-ﬁ)%écgﬁ)%?cogc{ngg grz ?or 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.

[0021] In an embodiment the first device 226 may be connected to a first optical via
230. The first optical via 230 may allow transmission of light to or from the first device

226 to a first optical redirector 234. The first optical via 230 may be a tube that directs
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light to or fromthe first optical redirector 234, may
be a well defined by sidewalls of the Ilayers 214, 204
wo boosogtaishi ch it passes, or may be anot her stPODUS2084/030575
that allows light to travel between the surface of
the PCB 200 to the optical redirector 234. The first

lightocﬁto.k ?1%& L {:ﬁ\%cﬁ%é@a% rﬁ%& ? ltl.he ldef' ﬁ«?&/ g}és@gw&i%\m‘the
et z@ﬁfi&% B RObE8p i i AR SR

ight travels up.th irst optical via 230, The f] X
tran'é BFiveegn ¢ laeewrfaé%9%f§1 3@5[3 #hytorlee opficH padiecion234 The bisf optical
anot her device that is capable of redirecting light,

redirgpler B redivots ek ravliag gown Muedroconsaehagi3p o tiaf Giichis
travel through the PCB 200. A second opti cal

direatetintetie @pti2d Gibee2i4, end sdijeghighbeetivedifrbmahe vptgcal fiber 224
optical fiber 224 so that the light travels up to a

so thaethe lighopivelahp the dirst dPticd]l vie2B (. ECHesSfidst @tical rediredtbn2B4 may be
down the second optical via 232 so that the light is

a miftbf, %qirﬁfh bPhbthdiRlePiRb tiatls Jabaqe oBPAlirebtirgelighie Thé bpfical fiber

opti cal redlrector 230, the second optical redirector

e RSy B a0, AL GR
redlrgat%él(‘)gg {eggﬁcgtﬁjlggt rtsgent/e?le fi‘r ﬁl?n(i)ptl%gt fi ‘?C g%}itsR éziil?:e light tr%vels up

|ce i .he flrst 0 c Vi a
: ase@a eﬁacaﬁaﬁ%éor\rrﬂ r%zh%wab% C%Bﬂet%? fegon Opféatlyla 23250

to or fromthe second optical redirector 236

that Wﬁalgﬂ‘}élséhmé#eﬂ nétéfﬂner@awblyﬁlzqr@%a Liks the firsh epiiea} sedirepton 230, the
204 through which it passes, or may be anot her

secosd ppidtali reslitebtat 236 meybe hingihtor,tagprisna we kndtbendericetthas is capable of
surface of the PCB 200 to the optical redirector 236.

redirp &R} gbhs Aagecendadygvice 208 ridyebesyominested to the bécond optieal via 232,
first device 226 conmuni cates 20 optically with the

whiche¢iehd tﬁﬁMhi%@ioﬁ 381ighkhe of Froftthe8doRe dévibe IEREr RS ARt optical
optical signal, in the formof light, and outputs

via 2t3b' fhe sécg)zlhmkﬂcil% éjzr by B4 'ttﬁ)%lthé’t'd?regg nghfr ﬂ?:eoh lﬂc?ﬁ'{he second

ravel the tirst” optical via

optlc%g’%?d‘f Jf ?% rn?a%/tl%r ‘%gl?g%f;rr{%% bsrhsm?eltwa?lﬁ of fh%l 1%}6 ?ff ) rthlrough

|rec

Whlcbdt i, Friay by ghat é“%@g@e iAo thir%"lé"? Bitwss ﬁle surface
he second optical redirector 236 25 redirects the

ofthpfgiﬁm%f@éh%wlqa}%r?%@r%%ﬁ ical fiber 224 so that it
travels up the second 6 WD 2005/ 031418
[002PICT/ UsRoDeKa0BdsTthe 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
redirects the light so the light is coupled into the optical fiber 224. The light travels along
the optical fiber to the second optical redirector 236. The second optical redirector 236

redirects the light received from the optical fiber 224 so that it travels up the second
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optical via 232. The light that travels up the second

optical via 232 is received by the second device 228.
wabeos/oal4iows the first and second devi ces 226, PRRBS1004/030575

communi cate optically, which allows for transfer of

data at nuch higher rates than el ectronic

optlc‘épmbc Al g‘%ht that AR p tht sécg)ng l%?‘g&eh ¥z E2s &a:%*veﬁ I%? the

sLemhlllu rated 1n Frgure gs conmuni cati on

t .

a e R e T I
d 28

opticafIFhBR GRS AT pa doal g Igherelos ARBARGHOR ¢ he

PCB 200 may be used in many ways for conmunications.
compypicai§tanpl e, a first device 226 attached to the PCB
200 may conmmunicate with a separate to device (not
[0028howry istrhadilyi ®em ttat HietsysthmdllusiratddeinPiBirg @Gullowvy cenmtunication
case the first device 226 nay be connected to an
in bapdireaionki foem tR2Arsadedtsd@6 tb thdsegunddeicd28 (akdescribed above)
separate device wth which the first device 226

as w0 mehﬁtﬁb 8ScorBYietige 278 ioCBb Kiyst oo 22&dARY, B@pHed] fiber 224
schene. The light fromthe first device 226 may travel

or ﬁg&%g @&mﬁ&‘lﬁdqwiﬂeclﬁéB bob ﬁ{agg)%/{lg&f’mqnmgpw i Yc&’ﬁmhﬁﬁatp (9% For

ere anot her opti evi ce ces, such

exan?ﬂpl%\,ﬁavﬁﬁggéxqge aifa BI?I?J @ﬁ\QiOGt%% é/? %%hﬁﬁf&t@ %n!h dags{/%%)arate

e separate evi c n ano examnpl e

devig o BB G S AR tﬂﬁ}e?él‘ﬁiﬁo BB e iR device 226
component 0024] As a_sinplified_sumary, the PCB 200
may&ayowcm.[aa@pa]aaltf@eh%%hewarm Figuee 20%)( t thejepprafseteyice
224 enbedded in a matrix material. In the enbodi nent
withiwhicls theafirstdavicerd2geommupdrages mdyebenentically pernseted by another
i ncl udes several |ayers 204, 206, 208, 210, 212, 214,
scheiik6, Th2 1ipht &30, the Aizst davide 22temaptriaeellaldrigtbe sp@@d fiberc224 to a
enbedded between two different |ayers. The optica

bourfdaPeéSthe PEBEQ0, alhsfe Detirrbpitdiedevitd bi devives, sugh &s 4 ayies guide
I n "anot her enmbodi ment, the PCB 200 may i ncl ude nore

or algfthér%é@fcel éﬁﬁsfe% tﬁehl?éht it kO %aﬁ*a@é 8&vigs Thheoiket é)&a’fnple a device

material,” or have one honpbgeneous piece of matrix
Lid
R T T
uctures s part of the matrix 7 WO 2005/031418
one 9'5;‘?’? 30575

[0024] 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
200 may include more or fewer layers that are considered as the matrix material, or may
have one homogeneous piece of matrix material in which the optical fibers 224 are

embedded. The PCB 200 may also include additional structures as part of the matrix
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mat eri al. Having optical fibers 224 within matrix
material may allow optical communication through the
weaBsa8318 Enbeddi ng Optical Fibers in a PrintebPlCTZUSO030575
Board [0025] Figures 3a through 3i illustrate a first
enbodi nent of how optical fibers may be 5 enbedded in
200.

a_P In I.S,5j st . enbodi . '

mateflph,dFaytlk aptsth S 42* BAMHEIER A ER e R
0026] Fjgure 3a_j top view of an enbodi nent of an

Cmm%WﬁW ‘1¢¢%ﬂ§ﬁﬂﬁg?¢éﬁﬁ0302 that may be enbedded in the

PCB 200 between | ayers. The optical fiber pattern 302
Embedding Optical didbg 3 Brigleg Incpib Bopither s 304. As

illustrated, the optical fibers 304 make up a pattern
[00230 3Figurbsda thsoughdt iildystralietanfinserabodimentafhioa opfisakilbrgsmay be

306, 308 and vertical spacings 310, 312 between
embajded trad PEBIR0S 1804is fiitiethbpditieat, iise G ahfiyers bscenhizpdded

di ffering horizontal spacings, such as if spacing 306
betwd&i Ryélisfof 8pers 260.0m spaci ng 308, and/or differing

vertical spacings, such as if spacing 310 were

i 1 ar £ i i£.f et '
[oozgjc he%@d}é g% %“go}tf\gedv 9 arpdrabodYRiaMt St dnf SFie ML fi15P &ieHE 302 that

rns 302 may be used, including

ey BP0 3BTRS RIS iy 1
et BE P9 s o B P SO PRAER) o

enbodi nent, the gptical fibers ar osi tioned j
302 thapigeresida witheqpal hosizanta! speeiRgs %‘2)63: %@fs and EETEIP@aﬁpacmgS 310,312
conmuni cation network for a particul ar_arrangenment of .
betweemppiinehfibers G 0he Geidupattens 862 tivy apoiayediffeaingihiogizonialwpacings,
as a Gerber file may be generated, which may provide
suchtal éf spatiag 306 mane diffeess foyn spacid 308 randdr dyfferingceertidad spacings,
optical fibers 304 to all ow conponents coupled to the
suchRGE PRAGing G 10Skre HifRrénd flofadpatingens. Mdyfdiffereptspacihg schemes
communi cation. [0027] In sone enbodi nents, the

and %&%fze 'S rg‘%zbe hdeal flﬂgiuﬁglg%ﬁ—%ﬂ%itt@ﬂﬁ 3896n oeBemBd@ments. For

et we optical fibers 4, may be presel ected and
. . . . £ .
0203 bl e AL 0 SRl LS 304 402
t.he spaci 3Q6,..308,.. 310, . 312 bet . ical .
every R e & EROCEN BauBRegn ) ROUTSRERuREh GEhprical fbers
8 WD 2005/031418 PCT{tLgSOOOM 030575

304 are positioned in a pattern 30 rm a point fo point optical communication

P

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.

[0027] In some embodiments, the patterns 302, including any spacings 306, 308, 310,
312 between optical fibers 304, may be preselected and known so that the locations of
optical fibers 304 in relation to each other are known. In an embodiment, the spacings
306, 308, 310, 312 between optical fibers 304 are chosen based on the spacings of devices
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that wll be attached to the PCB 200. For exanple, the
spaci ngs may be chosen to be 0.75 nim | mm or 1.27

wo pios/os1sone enbodi nents. [00281 Figure 3b i SPET/UREE030575
sectional side view of the pattern 302 of Figure 3a.
In the enbodinent illustrated in Figure 3b,

hor | zont al [ ' s 304 are woven to alternat
that W b€ BPicBea G e SR AR R cvan L B Wi afe b b B pe 0.75
ind vertical optical f%&ers 304 al ternate passing
mm, g f3te Ohhd / HEN GHSHBT PRBATEINSpt i cal fibers 304. In
ot her_enbodi nents, the optical fibers 304 may be
[0028] acdtgeedbds eardsy sechionalisisiei ‘@%ﬁpﬁthemaﬁ@mé@ozfv Rigyre Ba. In the
above all vertical fibers 304 rather than woven, or a
embbdimentibiusiratéd elfigBRAB byrhyrizzass optien) Eibexnd04\aee wioger to alternate
fibers 304 then bel ow one vertical fiber 304, or other
passfiigabevemnid st Fegicaboptizel fiheds B&Ednd odizAlopticgiufiless 304
and 3d illustrate the optical fiber pattern 302 in
alterh®b %ﬁésﬂ‘fgf dtRve hhd 6életHorizb@yedpticallfbers 6. Pl Ahertetnboldtnents,
optical Tiber pattern 302 being enbedded in the PCB
| CHal
the ‘@P t}ﬂéks%ﬂﬁem%‘;lé%gl(e}g?&&%?e\ﬂﬁg. All%fzoﬂﬂa?ﬁb%r@??% may be above

al:IIS rates a_ _mant re the optica
ol e et o Bl Btan e MR Ao s oo
vertgal ftbesy o ot e Verveab e a0 b Piich e e B ray be

structural layers 204, and 206 illustrated in Figure

usedp  or may be other |ayers. The optical fiber pattern
302 may be positioned between the two |ayers 314,

[0029].6, Kigumes 3¢ end Beilluatrateshe3dptical3lir ipeitery 303 upraedation to structural
toget her. "Coupl ed together” neans the |ayers 314,

laye3133 4230b jprive t0 phid @ical fitke psttd402beingteaticdded inghe PCB 200.
pressed together and 20 cured in one enbodi mrent where

Figutd18c 1sa%L6s sbOfdndfiiety theitidsfes AR @niRintent @ Be 3@tita fibers
atop viewthat illustrates the optical fiber pattern

304 ﬁ]otée thtgéaltl ?@%ﬁ%@?ﬁy @23%% ?%Qgéﬁlﬂéﬁdeé?ﬁ?gle% 2% lr99 'bfi?}lg glaced

ei ng coupl ed toget ne

betw%lg{l/ ?\%(2 S%%Jgﬁ%gl%’g%‘é it3 Eg,rg I'6 toﬂleer gaglfe%sc allheflit}pe% ? PpkL g rnglgﬁ:}%%wo

surtace a prepreg Tlayér,
s e e A I AL G B8 2 o
may If)ie %ltJI{e? la?;/%fs. QTh\éQp%igac.)lsfllb%:;f Il)gt%e?‘n _E:(g {ng?%g %4(1)/81%%1965(17 l?etween 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
prior to the two layers 314, 316 being coupled together. In one alternative embodiment,
the optical fiber pattern 302 may be formed on the surface of a prepreg layer, such as layer

316, rather than the more discrete optical fiber pattern 302 layer shown in the stack of

Figure 3c.
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[0030] Figure 3e is a side cross sectional viewthat
illustrates the optical fibers 304 in the optical

wo piwso3pat t ern 302 between the two | ayers 314, PGL/6S2004/030575
after the layers 314, 316 have been coupl ed toget her.
For clarity, in Figure 3e the cross section is taken

o that o ' fi.bers. 30 th I .

003G ¢ {pg g AR orEh st Fied BartRdBes, e bl B0 04 n
| ayers 314 3 are core struct I r uch

the opfiAE Besigiteni Al Biigest e v et S 1 G e B 3316
made of materjals including fiberglass and resin, th?1

havebggmpaupleddogethes. Fey clagity, i BiggesPe tgla §195& pechion 1t (akeryso that only
with the optical fiber pattern 302 between them This

opticabfjbers 2@dmarniahta the papeiof e ragbereshgwn. & an hmbegimentwhere the
fiber pattern 302 being | ocated between, or

layer’ Sandlicahecire bructtfabldyess, suales fay8k2043481 206G dlustrdted tnidigure
| ayers 314, 316 are coupled to together. The | ayers

2, and hfb madSofareiiale Mcidin bérbRsOpid resih, the Defess 304 316 nidpde
curing process to nmake contact and adhere with each

NBblre@$ithBe BPidal AberJalemS (3 twéedh tBBm. Thi
pressgﬁb@(g%e{t%%é%t ,& 1re‘z%lloca% iegt%s? ofertﬂt?e optical fibers BOZS ey

th
sl N8 A P o, o
o5 R0 0 SR STl Ll

be 15 accessed dri|ling or other thods. . In an,
toBelBto RIS 3 [ BB CH PROeH Sespacriaipeshi g4 in i inegprooess
slightly as the layers 314, 316 are coupl ed together,
to madeetcontet and adhpiegvish eashinsher agteH ¢4 thesepticabiibers 58% B an
hole to access the fibers 304 creates holes | arge
embatimagh theHatativheof thpoptied] fibetse04 vdthvn theyopsicall fibesgattern 302
accessed using know edge of their position prior to

may bekn@wvn et eliditkinssstdef t(RERy2R( 143 Vemay bb&ndwn, doayigirtse
314, 316. 20 [0031] Figure 3f is a side cross

locatilor GRAdpichieMbe 904 Ad ilustEHAL BFiENS 38 aRg RGN dndahay be
Ocafi ber pa%lter ns 302 vvilth opti calgl%i@bers 304 errbeddedy

1 i §0&may shift
e YRGSl 108y 0o, O e Py
304 .enhedded . bet Layers 1 ang .
tocalfgy SRS 75 B R 1 o 1505 e Spffbn b B BE 6B
between | ayers 316 and_318. eddi n he optica
meth O YSRCIO SR TD B PlEdR SPRTLIE T TR SR AL IBECS80 et the
siml arlgzi to enbeddi ng optical fibers 304 between .
optiqah{ibers 384 may stll He @ccessedising kngudedes ofitherrpsittapriog to being
PCT/ US2004/ 030575
embedded in the PCB 200 between the two layers 314, 316.
[0031]  Figure 3fis 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
may be a first optical fiber pattern 302 with optical fibers 304 embedded between layers
314 and 316, and a second optical fiber pattern 302 with optical fibers embedded between
layers 316 and 318. Embedding the optical fibers 304 between layers 316 and 318 may be

done similarly to embedding optical fibers 304 between layers 314 and 316, as described
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above. Figure 3f shows that nore than one optica

fiber pattern 302 may be enbedded in the PCB 200, at
woriosiopl4es di fferent | evels. [0032] Figures 3g memuStno4/030575

are side cross sectional views that illustrate how

optical fi bers 304 nay be enbedded between a Iayer

abov% f*‘ Ii]]o% al? ?no% C'é%éta%al B¢ aﬁeﬁp%na% b&%}ﬁ%gdded in

duc |ve races yer
ure il str e t he Iayer of conductive
ﬁw]%?%gé aéﬁﬁﬁ&% ﬂ%@ optical fibers 304 in a
ggttern 302 p03|t|oned above t he conductjve trace
[0032bo, Higwrew3s aiydeth Fesidegross seqtiopabecys S l}lélﬁtyatmhorvva%ré&cal

above the optical fibers 304 prior to coupling the
fibers B may 30 4mibnddddaiptw eenan layer$ie, wBizd nayges heructursl lgyereand 2

3h illustrates the optical fibers 304 and | ayers 314,
laye3dfcondffivatiness I20esuchas éaylee2i indFigae. d“dgmm@gtiﬁestratdsrthe
the illustrated enbodi nent, |ayer 314 flows around the

layelCE@HEhdtie trabésB20%on38 rC?blIBI gﬂicbhﬁfoe@y?aﬂmﬁl PpRRESS02 positioned
neet and adhere with layer 316 as well as the traces

bov%%l@e coﬂag ctAR A8l 350 Bed 8 1%@93?@%01{ Re \655 @%?rﬁctﬁ?a@ 1dyRr, above

Figure 3g remain above t traces 320 after th

the Olpltlgﬁr ei?’s%.flﬁﬂg)r lt(f‘%oqu%ng :hf’e fi $ 3%4331191 lg%cj's mﬁpiblgg%%o together.

fica ers
Figu s ag” %‘?ﬁa i bery s iyl y B 21 328 ULk Rve been
couplegiiaBEneTain dir fBHEI HEPITETs HAFF BohGrvooHEbieRoBaLive

304, [0033] Figure 3i is a side cross sectional view
traces 330 dpting thercariag pepcsssi tgmeeey and adhiernwish layendkaies well as the
pattern of optical fibers 302 between two |ayers. In
traceRi3g0r #h8bptidcahBbepBDé abovefthb trses304 iaFmuatheraathin ebaveghe
top of a layer 314. The layer 314 with the adhered

trace@BR0 @ftbr RO fibbRB03 a2 fyery3 1de3 13, 3eB aft cvupled angdtiner Thus, the
| ayer above and pressed together to result in the

optldapfibé@b 04 k93 nBabMkr Q@&s‘fﬁ@iﬁll& Y&aﬂeé)ﬁ@ﬁ %lang%ﬁtd'e%ﬂ%o $efbrs,
may al so be an external |ayer of the PCB 200

suchS 8? g%: % M‘o?ﬁc{‘ﬁg&g%gcﬁ;lb% 1IHF '8@%(%? @5@36@ af S‘#rgg& ﬁ@emay be
toca il AL btent fglis e Pt .65324 87504 éﬁbgﬁéid"?ﬁ o
[003§bt0r5|/}")631%g%§1rsl aasllde cI:rlgsst st?agtloe ntljgldelw that 111{1é’clralflesst'a.r slig gvélrzllatl\glr? 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
the PCB 200 to result in the optical fibers remaining exposed on the surface of the PCB
200.

[0034] As a simplified summary, the PCB 200 may be considered to have one or more

integrated optical fibers 304 embedded in a matrix material. In the embodiment illustrated

11



10

15

20

25

PCT/ US2004/ 030575 in Figures 3a through 3h, the matrix

material includes two or nore |ayers, such as |ayers
w@1eb5/03m6s 318, 320, and the optical fibers 30BCHIS2004/030575

enbedded between two different layers. 1In such an

enbodi nent, the two or nore Iayers may be consi dered

o i B TR B L, 4058 b

addi ti onal ructur sas art of .t trix material,.
314, A1, Sb Ao orop et oSt Flﬁbefﬂ%fiﬁwmtw Efiesdplpyers.
makes up the PCB 200 rmy aI | ow optical comuni cation
In sugh po gghodiment, tegweow marg Ipiesumay Be consifereshioj heghe malEy s
304 are adhered to matrix material. In such cases,
matetilieinodticlc the dptitel fiteBB0dmye bmbedsiedi Toe 8EB 2 emaneled include
with the matrix material in the PCB 200, since the
additegal slctiredgy garBiAhamatrix @patetialo fHAVIe SiERaPfibert 604uiithim

conmponents will to then be coupled. [0035] Figures 4a
matrfxf}ﬁ%ﬂsn tﬂ&k thallel %f) ruﬁ-,t IGCB 266 a1 WsticARvimBinibakn through the
optical fibers be enbedded in a PCB 200. In this

PCB%@OWF%EE@@ ffne;rb t1c 1%&@04%& ﬁ(ﬁﬂe‘?&f % R4tfx neifieddedsuch

ayers such as wthin | ayer 204,

cases, ghé oRic Wl%eﬁ gﬁ& 81 e,Rus %3 gged?n a&%otﬁglna@&ﬂfa?erﬁf‘glsthe

exp ow a | ayer, Ssuc

204, 206, 208, , a P ' made Wt h .
PCBZJ0; sse e perce SRpsabaars arsi o ﬂgt‘B’ﬁ 224 %@’e‘iﬂ.‘%ﬁﬁh pgygponents will

descri bed enbodi nent, the PCB 200 is nmade out of
thenprisevpidss fibers, one or nore optical fibers, and

resin, although in other enbodi nents, other nmaterials
[0035hd ritguresida toalgh Asellusiréca serond kmbodieneRtsf lpp optivd fibers

fiberglass fibers may be structural fibers that add
may bt letibglided id@ RCB 20& RGBis26nd]edilddimdtititbe opticed fibsrsrasgy

be formed 402 out of the fiberglass fibers and one or

embé’ﬁlfe@ withih bEPbr thbRQhers, Bedteds Witlein Meyer L04,P0gL268, 4D210,10€ a PCB
bundl'ing of fibers according to one embodi nent i s

9 shown. There is a fiberglass fiber supply 410 and an
‘opti cal fiber supply 412. A bundler 414 may receive

[003§ﬂ op 1g§r% g"’l‘ii b ?@& 48 ?téa? E}Eﬂﬁlgﬁkg hﬁﬁ%ﬁﬁ%y&f% B84, 206, 208,
or ZH)]:I 0% a %C% idOblg rmsadle r\}&lt% optlgarllof’{%rs embecfgilé{i] %Ult%in th E‘l%yer In %he
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.

[0037] Fiber bundles may be formed 402 out of the fiberglass fibers and one or more
optical fibers. Referring now to Figure 4b, the bundling of fibers according to one
embodiment is shown. There is a fiberglass fiber supply 410 and an optical fiber supply
412. A bundler 414 may receive the fiberglass fibers and optical fibers from the supplies

410, 412. This bundler 414 may combine multiple fibers into a group, or “bundle,” 416 of
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WO 2005/ 031418 PCT/ US2004/ 030575 fibers. In an

enbodi nent, the fibers within the bundle 416 may be
w@eowsnal4iy oriented substantially parallel w peT/UR®04/030575

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

optical fibers anong the fiberglass fibers, such as

fber? o PGS @%Eﬁb@? 78 o o R E R e
subsigRga pRaH 1 3 zﬁ'@ftﬁé e 81 2P uAP KAy Inchadgighe of more

enbodi nent, the bundl e 416 may have a substantially
optica} fileqss among tedibsealassvers mhaas otigatdibsrs U8 anddab- @n 5
i nches. [0038] Returning to Figure 4a, the bundl es nay
embadimentptheviosation oG aptical Gbers #aByr429. witlite ftles pundde flwmaybe
Figure 4c, a top view of a fabric 422 woven fromthe
presdiesoet sl Iélbﬁvni, and the sizklofi gertaindtd. 4 16ris prescledtbdistd kteeh. In an
enbodi nent, each bundle 416 in a first (horizontal or

embodmbAC ﬁie)bu'n&lem% eyt ve hisgbdiaitRll %ir@@laﬁ&@‘dﬁs eafign Hethow
a bundl e 416 in a second (the ot of vertical and

diamg WFQJHu@b)oog'lﬁ&ﬂéé' on, although i n ot her enbodi nents

erent weavl ng nethods may be used. For exanpl e,
00348, 53Rl WEaFe 4 Tne NG bR ES MARER 5 ik 25T
RefefE Hap f%%%nfe%?ét@?vﬁwmﬁﬁ%‘a i hfgw’e?lefﬁﬁ e figaiRgy
usiged %r%ﬂ‘lﬁaiu‘iix%t'eééhbﬁ“”e‘i’%‘f@ﬁ%{‘@ﬁwi@fu@%ac Fhorioa’r ©

optical fibers 432 and 434, starts _above horizontal
vertigalhig[veovg#R 8o akternste being abovqngimeéome bundle 446V n serond 4ihR other
the horizontal bundle in the mddle of Figure 4c, then
of vetrtgdal aind hdwzdned hdirectibm)\edthbingh nartherenthediternsididfeatnt weeving
bottom of Figure 4c. As shown in Figure 4c, in sone 20

meth8dPREY Menked. KdrexppleCidridohRebendié 408, rwhibleinkalies opticaPfibers
substantially retain their relative position within a

424 %ﬂgﬁi@ stakt Qﬂ)&eu%ﬁlcfaﬁ&'iﬂd%s‘b%%he te si@X M Bre, @Pk'v@@‘]en beneath

424 substantially retains its poSition wt
Vert19alf %ﬂb&le‘%g nﬂﬂe rhﬂﬁ%pvtg*l%f %%ttﬁ%sfe?&nrhss t;ﬁrrlge‘?n OBIQ ?rléen\t/egtlcal

oth he t he, bundl.es 428 30.,W i the
PandlG b g SR o ey At e AT Ve icn! BRI 450 Pt Buoises
432, 434 within 25 the bupdl e
opticnbabars 442 80 b sipie Pbae Horiganial bndle et thQip of Bisure 4c, s
thin the 13
wovgll benlezr:th thee 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
position within a bundle within the fabric 422. For example, optical fiber 424
substantially retains its position within bundle 428 all the way from the left side to the
right side of the fabric 422. As in some embodiments, both the size of the bundles 428,
430 within the fabric 422 and the location of the optical fibers 424, 426, 432, 434 within

the bundles are known, the location of the optical fibers 424, 426, 432, 434 within the

13
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WD 2005/ 031418 PCT/ US2004/ 030575 fabric 422 is also
substantially known, so that the optical fibers 424,

wd 28503828 434 nmay be accessed after bei ng enmperidszoi/oB0575
a PCB 200. In other enbodi ments, not every bundle 416
that is woven 404 into a fabric 422 may include an

o § B g T PO 8
LSS S iy )

| ayers. I n an enbodi nent, this may be g e by curing
416 thﬁes WeEEM404 meq @ fabrie 22 anayi igelpde %optgza ?g%rs secti onal
side viewis shown that illustrates two coupl ed
[0032]ogeReamningye Figudd4s, the3Bbris 4272 mahdd d@gre«gmtp@ alithfregia fasform a
440 that may be part of a PCB 200. The two | ayers
compbdfe mARBialRy allgydrwote@CB $00.UThePEB 20ayeaysth20 s f@08d ¢p3
the PCB 200, for to exanple, or they nay be different
with bﬁ‘é’ §1r B oftth&e P5Br2 09 aflenibdbimet, thisdhdyf 6y @diie by curing the resin.
mbodi ment of a PCB 200. As shown in Fi gure 4d, the

el S A Ao oy S e

e R g A gt 5

fromfor 02 bundl es th o al
PRREGR A b HOBPE W iy a&?féégioﬁt%o"gél%%%?]i‘azﬁg for
cured to form 15 408 a PCB 20 i nclu
exanpi oF SR b SHrRal lalym@@@ﬂé&l’e%‘% 3R e it 81 Bithifh parbodiment
each layer 436, 438 includes enbedded optical fi ber6s
of 2 B@B 200ndys showe inFigare 4bithy enfisakiibess 44peghingagh kayer 436, 438
i ncl ude such enbedded optical fibers, which may all ow

are Waven Riithin thedeytr dpé;j 438litseli &foa clnoitytig ﬁbﬂrgbﬁs ﬁlP@S)ﬂl@]HOAShOWﬂ)
a sinplified sutmmary, the PCB 200 may be considered to

Tn arl ' @MEO BRENIOFwdBle€es od@abirli420rmadyete wpidrcél4 frothdometidd2 bundles
enbedded in a matrix material. In the enbodi nent

with!o rrgtlb’a?lttfb@f ﬂn]‘) gnd%écg%@\%ltﬁ fost) H%ﬁ@ﬂ?eﬁgd tdgBhelBAd dufed to form

erial fnc es one or noré |ayers, such as |ayers

408 %ﬁ_&gg%fyatﬁ tlﬁﬁlgdesatﬂ? t&&@aygfg&lﬁﬁlrﬁﬁlhgﬁﬁéd‘%ng%ke% Whhere each

n suc enbodi nent

e 5 TN T i PO s
200 ;[13,8 mcludeaslu?:}? e}n%gcll %eop?lga Ie?s?ev ic tnrqg}g: gﬁjo e%orehlglpspeed optlcal
data communication.

[0040] 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 iltustrated
in Figures 4a through 4d, the matrix material includes one or more layers, such as layers
436 and/or 438, and the optical fibers 440 are embedded within a layer. In such an

embodiment, the one or more layers may be to be the matrix material in which the optical

fibers 440 are embedded. The PCB 200 may also include additional structures as part of
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Havi ng optical fibers 440 within matrix material may
wa@bkdosmsapt i cal commruni cati on through the PCB PODUS2004/030575

[00411 Figure 5 is a side cross sectional viewthat

illustrates the PCB 200 of Figure 2 wth sone

the n%a%)éaﬁg fal. V\ﬁ% IP% %103? ngrﬁ K p%wgﬁ)%ma g%l.g%e}fiﬁffgla% ]allow optical
enbeddln ove. In the illustrated
Cmn@ﬂﬂ%§FW€ Oug :@igzasbers 304 are enbedded bet ween
| ayers |nthe structural core 202, ere are ogical,
[0041] heFiguze ] is aidaerass sentionaliviqye that Hlusrra%ﬂ@ BX¢P3, 200 af Bigre 2
and between core structural |ayers 206 and 208,
with gbm diffgneritrways lptica fibersi 30449, maxpbe embedded erosomiug ierhe two
be enbedded between different |ayers. The | ocations
embafimtite obpmbedling ddserisedBdbbvenin the ilbushrated rembaidingeritnaptical fibers
in to some enbodi nents. In one enbodi nent, the optica

304 drk bibsd b etiPdent8y R frothe Seudtivabe@t 202. wn&ﬁe efdloptizabfib@y304
their use for optical conmmunications by many different

betw@éﬂ’ @fg‘g Wﬁtﬁl f% ersXPTRANOHS SnPBEtlvB& t?(fi:@s@@cgural Ty @1@%@ &hd

I ment, optical fibers 304 may be arrange in
208, %ltf?(ﬁ{g‘il% Bth%pgmgg%h&é a}?lﬁ%nébé}s 564 g%%b%nﬁ)eﬁﬁ’édﬁelt%g n

cittefrf PP b 454 HBE BOB o fort be 395 may?bgngstgt?%l&lﬁPg& in

may. have one or nore optical s 304 edded
some,FipbgdERe; P Ripkodimpy eﬁag}caﬁ erb3&465%>f frrgnged i grid
304 integrated in the PCB 200 by being adhered to the
patterrofy adlomf theis ubafasoptigal communécalbars omany Hidkeert pgengensos of
may be in a pattern 302 to create a specific point to
compmmients onehe\BEB,208. dn anbthatenerodimant, the optieal fibpatX0dmmy be
They may be desi gned and pl aced on the | ayer 214

arrargediid @pitieri 002 tHat hepedfic fcte20 aPoat @0Psint OpticaBt@hmunications
traces 216. Finally, there are optical fibers 440

netwBfoRgd %Qrti%fa? hRafeensn8f QnhVBHts 64 tholf’CB @0 P@Bs o2 @fferent
Any or "all of these methods of enbedding or

PCBA Qb@g’{tﬁtdll ertl Qﬁr%fru%%e?n%?rt Q/’ané gxbng (ﬁﬁé{cgl é:) 9?04?00

use

o RSP e e B R B Mg
200 s uﬁégg‘@&q%tgdgS%pbs%rfgéeelaa;eer%14 0? tﬁ/g%glgggé.o%ﬁéslesﬁbers 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
one or more optical fibers with a PCB 200 may be used to allow for high speed optical
data communication. Other combinations of methods of integrating optical fibers beyond

that illustrated in Figure 5 may also be created.
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Coupling Optical Signals To and From Enbedded Optica

Fi ber [0042] Figures 6a through 6i are cross sectional
wGak@s/0vi4esvs that illustrate one enbodi nent of POIDWSZEN4/030575

optical fiber enbedded in a PCB 200 is coupled to an

optical signal source or destination, to allow use of

the 1i thin th f.or 5 optical
Co““h m}ﬁ. u];?lgncml%oiauwgu%@%m&‘;i%S may be done

ki ng optical via to,al]a to reach t he
[0046%t | Eigurey %etﬁrcmgbm BRerasr iR Ld: HeY dpiraienga)
gure 6a is cross sectional side vi ew of a
emb@mpmtuorf ihew 4oy qnms;@lrfarteir gmbedded ipeRCBM iniconplad temberitral
optical fiber 504. For clarity, the sinplified
signal kburs¢ oraddstmatmh, towloROBe B apticyl Shewsthimtite REB 200 for
optical fiber 504 is enbedded within matrix materi al
opticaDéonhudibtions. RCRnEdEmbatitletoaisindy ishdonetyamaldng awsptical
structures and |l ayers that may make up the PCB 502 in

via tof SldwR UshtafRah TRNGSticallHiBer@Rinh ARl suffafest thOPCH 200, n the
PCB 502 may be used by a device attached to the

0S5 358Dk 6 R 0 B OB AT o T
L

there are I scret ections of

502 Gy PHBTE e P LRk BarR RS SAreoeiied VBT RS BRI gPS of the
such as | ayers 204 206, 208, 210, 212, 214, ect. of

PCB 508 and des agtishowdBe varqussiruetyres aad {aversdhatinay molks up the)PCB
be considered the matrix material 505. [0044] Figure

502 iglyatigusershasiémente.c The aplicas filer Sodevititin ghe FCB Y62 mayds ushéby a
PCB 502 after a first well 506 is formed through the

devigeadttathedrtatler suafacd 065the PCR 862 vhidcab ppinaahichiiiey. B®dnatrix
Side 20 walls 508 of the matrix material 505 that

matefi¥t FIGIHROPTB 502 Skl Re @orQafxaﬁnbE G ePoraRerem@ers 864 fib&glass/resin
sides of the first well 506. 0045] In sone

e B2 TR R R g O
sectlgl%ro%lmug 1}%1{3 g‘iflf'er%ﬂem%tﬁflglg ‘fleat ? ttﬂ@g Og%ch%q%%e@?e %04, 206,

exact nce of e op enea

f the
208, M5 AT ol B i H@éyss@%lafso%wawde@ 3oty be
]‘rom arallel wt h the 16 WO 2005/ 031418
considered tepmatrixoneistial 50

[0044] 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.

[0045]  In some embodiments of PCBs 502 with embedded optical fibers 504, the
angle of the optical fiber 504 may not be parallel with the surface of the PCB 502, and the
exact distance of the optical fiber 504 beneath the surface of the PCB 502 may not be

known. In an embodiment, the angle may be up to 15 degrees away from parallel with the
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surface of the PCB 502, with the precise angle not

bei ng known. In an enbodi nent, the distance of the
wopisoal41$ i ber 504 beneath the surface of the RCBUSDA4/030575

may be known to a margin of error of plus or mnus

0. 003 inches. In an enbodi nent, the distance of the

e IR thﬁgﬁegc%%gbg%g&os Tl (T o
0. 00
P AR T e B e

502 may be known, to varylng other rees

margip e€ pEIgH Plusygrapinus RA03 gches. dapnem @%@n@gt the djstamcp of the
504 within the plane of the PCB 502 nay not be

optiqat Sbérs¥ybekentinthe surfagmoftivd BEBNEIZ mashes knavwietospmargin of error of
fibers 504 are part of a pattern 302, the PCB 502 may

plus bentimsteeD It iaclidsndn other epbodialents) the diskiue of theroptibal fiber 504
known spaci ngs 306, 1o 308, 310, 312 between optica

benchitXBE SurBid4 olfthe HEB BOL thalyDedk@bRhHNd Reryidpeoth@CRigt«RB 0Oprecision.
the other optical fibers 504. In an enbodi nent where

Alsdl B 18&&105@1‘) tht Qgﬁéal %@érs@'og v@ﬁﬁﬁ tHf lﬁle dﬁﬁé PCB S%Q%naﬁ ﬁkﬁ be

focations opti cal ers known w't
presGe I, ffﬁ R —— LA i 0
o 5 St s i el Do 00,

m nus 003 inches_in an enbodi nent, wth spacin
308 @épv@&qbeé\mqwﬂcﬂ fihersSthmay Be Besdde éeievn{nﬁéﬁ%l%gu% ot the
the bundl es 416. [0046] Thus, in sone enbodi nents
othenpsice! fibrss 884t b, an escbadiventavkerathgloptios fibees Htare arrt of a
fi ber 504 are not exactly known, the first well 506
pattenm $ 02 Xhelodatitmsrnf the op&iaatﬁbdnsaSQ@mapbe knewn fraihen mbrgihef error of
optical fiber 504, may extend partially through the

plus BB bdinus (RT3 iBbliesN SimI1e&E hif RO ophieal GiptisGaY afd Oabedled within a
may extend into the optical fiber 504 so that the

layelb @Eet IGBQtR)fns bbaef o?ﬁéél DR 304305 bSkRRPWith BendrB o?%*ﬂo@%ﬁplus
he optical fiber 504 (ill'ustrated in Figure 6b).
or m&&g@%ﬁp&ﬁé %%%%%deﬁmgﬂé vxg@‘ché)?pa%f ﬂ)?tﬂvegﬂ op}féa{l 'fﬁ%letg 504
f by. hi . L I b
provi GRS Y othe BRNSiEs el s 508 of the first well -
0025 Bubspreratiainuoe s S binseel e off o

first well 506 may be 17 WD 2005/ 031418
fiberstt auspoiezactBoBRVN, 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).

[0047] The first well 506 may be created by multiple different methods. In an
embodiment, the well may be formed by high power lasers. Lower power laser may be
used to smooth the sidewalls 508 of the first well 506. Other methods, such as chemical

etching, may also be used. In an embodiment, the diameter of the first well 506 may be
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significantly larger than the dianmeter of the optica
fiber 504 so that the well 506 is nore likely to

wo e@slo3t4lne optical fiber 504 even if the preciBET/US2004/030575
| ocation of the optical fiber 504 is not known. For
exanpl e, the first mell 506 may have a circul ar cross

. ctio S ter t e.as
signBeaHLY BrE R Ee CpEIeEPT e -aaipe rﬁ% &a%b@a w@m% ippore
anot her enbodiment, the first well may have

hkelg ipEeh theaqntigaldihe SDheven g reesiss leeatl% ch AnoRficalibes 504 is
of approximately 0.010 inches. In another enbodi nent,

not knleavnf iFog examaple, é@ 6irst iwell I0gwpeychavebsttsnler atosy sastios thea has a
cross section with a dianmeter greater than the margin

dianefer teiceas lofe dhediemeten of teaiptioal fifer SO inopt ¢rlad difnietse rin
In other enbodinents, the first well 506 nmay be ot her

anotBérZ@sboditeiame figdt hedl, 5060AzyChdve Al sabstaki e Tircdr bAP¢ &ction
Figure 6¢c is a cross sectional side view that

withl |d1h&§5t%@5?§p tHE8mBER 020 flchey. 18 ahb@Bt emBddRmkhiD Ew' A¥ekell 506

has been deposited on the surfaces of the first

mayé%s«l: ?%tanklgleﬁ?lrcﬁmqgés%{} \%J@l’f IdL?Q{t %Qaﬁng thh h%Xﬁa[rgln of

sone or a

errowf‘gﬁ%%&@qu”ffaﬁﬁa TSP S P e

matrix pater| 505 of the CB 502. In anot her
may DRI FiRE an lp?émoiﬂgqﬁstnoer%w A ghapss| ayer 510 may add
structural reinforcement to the matrix material 505 .
[0048hat Kigtuerfess & keoss pasionalgidesvisn thap fllushates theftCRuEN? after a light
506. The light blocking |ayer 510 maybe deposited
blockingdaygh 540 had tatei migpasitedren dd suzfatésof thefitsowell 06 ahmamer
met hod. The [ight blocking |layer 510 may reflect sone

embédin®nt, theigti®dckingdhyer 500 npiygxrerent ssaneorodll aff lighit maiel e
light from passing through. 20 [0049] Figure 6d is a

betwfééﬁ’%& Sehtd onak P@Bdﬁnvdn@%é bitcal hibéttonat e diffRidRER refcting
after a second well 512 is fornmed through the optica

into Fﬂqu{ltr&%aterﬂi 805 5f %%C? ;@) 2 t%h nSh%r %B&ﬁ%en{ R 1 #IQ I%?]ockmg

sm ssive sur aces € Cross sectron o
er.5 that |.ight
v 9 6Bt PGtk M LGP Bl i
|na his sec

wall, 35 Bl syt RigiehbpiosEng oxep | Gy he e it Bpugh o

to 25 allow light to travel fromthe PCB 502 surface
plating of metaliratien methader mwiher mpthad. chsdighiblockingdaygns10 may

2005/ 031418 PCT/ US2004/ 030575
reflect some or all incident light, or prevent some or all incident light from passing
through.
[0049] 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
the light transmissive surfaces 514 on the cross section of the optical fiber 504 so that light
may be coupled into the optical fiber 504 from a source or coupled from the optical fiber
504 to a destination. This second well 512 may be thought of as a tube or an optical via to

allow light to travel from the PCB 502 surface to the optical fiber 504. In an embodiment,
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the second well 512 may be created by nultiple

different nethods. In an enbodinent, the well 512 may
wheoososaesl by hi gh power |asers. Lower power |BSHUSI08%030575

be used to smoboth sidewalls of the second well 512.

O her nethods, such as chem cal etching, may al so be

useq t e Sec had us

e S5 S0 LB REDY i el ‘5n el ﬁ?*%f?“em the

nsm.ssjve surf.aces 514 of t|c fibe
well 15 magiberderyeEhieh Pewer lagst, pfr?‘ﬁif R a%maﬁ eflﬁe&rﬁo smooth
~_the optical fiber. However, in sone enbodi nen

sidewallstafdhe sespadwrll 442 Othssrediadscsuctras §hq¥ﬁy‘alks‘éc% &applsp be
pol i shing slurry, such as alumna or dianond

used po Firghiha gedandiwellgt1 2t Aihowathat teed toretehisdbe s§c00é @@11|5d2 may
anot her enbodi nent, only one well that extends from

leavd the light fraxgenisivet dnef2B65 1 diod ti0cbiical fither 50% poleidnliy shnogtht for
transm ssive surfaces 514 of the optical fiber 504 may

coupﬁﬁg h%ﬁf 1oREd ot e DptieTIREL. ME6Ever finSeRReaiRd dirkéfs lther
formed extending at least partially fromthe

smooscH % ? r?(grrrﬁehe;[ﬁ %&&et gea hfh |shfrbb‘§ﬁcl5é%4alﬁrﬁlna or

usi n re ractlng into the

dlamlrorﬁ pol[gﬁ %%&I orstg?dugﬁ‘l #If‘e? %‘i@ . oa mask may cover the

sm §Si ve aces f the optical fiber

ot h t bl n
l005§f§po f ehei e Spbiahe v o el i exRady AERYpE Surkite of e PCB
racting into the matrix _material_ 505,
502 uoéhv PRPSE %@ lighi Héﬂﬁné1§§1%51’§@FFSa%]é’s°fj§EﬁOﬁfcamberoﬁﬁ“i %{ be
fiber 504 free fromthe |ight blocking |ayer510. In
formpét Innsvshlearbodivint, esenaratp @qt@ép@r b rmad extending ghleast partially
bl ocki ng | ayer 510 maybe wused; sufficient |ight
fromrteasiréscetofichedTB SA2 td thb (eptiﬁﬂcﬁbﬁt S Ovototprevenh lightrfomt difésing or
[ 00511 Figure 6e is a cross sectional side viewthat
refratlihg!itd tHe@BattiR endReRl 502 Aftt@bted, hingddk may doaet the ¢ight
516 is inserted into the second well 512. In an

trans%{m%jé fRfkes Sl44F tﬁé@ptf@yﬁl'%i‘l 504 sb eat bi1At blo8kihE %}‘g@ 510 may be

In place. The gl'ue 518 may not be cured yet

depo%ﬂécfto&ﬁé%%% !c’l tﬁgor?l g{fﬂﬁﬂfgﬁ?%fﬁ%&ﬁg éﬁ%Xh ﬁla{r V\@E%ﬁﬁl 508, while
e SR T Bt B e B
layen 370 g D GHS STRUHSE, TOrBBE ST bﬁ»ale:@.gi afs Moy ve
may hol d the Ilght redirector 516 in place as 19 WO
used2edB¢iogtlight reachesube optigad §beg75%)4 without such structures.

[0051] 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
embodiment, and may be reworked so that the position of the light redirector 516 (also
known as an “optical redirector”’) may be altered. In other embodiments, different
attachment materials 518 may be used to hold the light redirector 516 in place. In some

embodiments, these attachment materials 518 may hold the light redirector 516 in place as
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desired, but may be reworkable or alterable through

the application or force or other neans so that the
w@omsosams of the [ight redirector 516 nay be aPCEHUSIN4/030575

The light redirector 516 may be a mirror, a prism or

anot her device that redirects light. [0052] Figure 6f

.15 .a cross sectional sid jew t hat il.lustrates h
desing Pl T e aRu OB oBbrge i teh forplicitRl s By
be positioned to correctly coyple light to d from..
mearg hRISET BAIAN Ghe B eqpoka 1B stk hei ot rector
a light source 522 directs |light toward the [|ight
516 maylbe e enipior, B IS iee apqthgitdeyisaithas edirects lght-edi rect s t he
light into the optical fiber 504, which outputs the
[0052] ghtFigwre# s girosoretbatabsids 2iew Hetillusteates hawntherrmgie agidtdepth
detector 524 may be used to determ ne whet her enough
of thé Gigh@uRdredtb0ft6 may bepoxiticrediis eatadyfcoopietlizat to ayldtfrdho the
source 522 into the optical fiber 504 by the |ight
optidaEHbErStu0 N HebillubtfatetPdmissadmenky, & lightsoufce $28idM@cts light toward the
redirected into the optical fiber 504, the position

1ight$E§§e?cﬂg'ysq 69&1&2@1& teBctbeflie B Qs the HEh T BYo ﬁlg o?h@zﬂ%@r 504,

nmoni toring the Iight recelved by t I ght

.detecto 2 nd.. LUSt | the 4] [ :act

whic R BRAT T Bttt GhiObL o cEFesbh Eborh 58 2K oot 394 may
posi ti oned. I n sone enhodi ts,.the gl ue 518 nmay, not

be ufidn hGEm s PR oY ey Gt ipbemetro s radng fene
correctly positioned, so that the light redirector's .

sourep] §2. 2yt %flie@ﬁtlﬁad;ﬁbs@ 04t (e dight 1egliregtor HiO. | I gatenough light is
redirector 516 is correctly positioned, the glue 518

being reditehted intatthaoptivehfiberdOds thapogtien prd sngleaf e light redgector
keep the light redirector 516 in the correct position

516 imay &b chapedi Maos, by@didtoring theddght fereived diytthohgitgletdetor 524 and
light redirector 516 may al so be used. For exanple,

adju&t_h%hthé ﬁght 12818561091 62 Gord 13D ehePlasit ke diretbr 30 acee coltectly
l'ight 20 source 522 at the top of the second well 512.

positldied! TH8bmd ?ﬁgﬁ&iﬂ{gngég’xew £ St PN G816 hot dur@betbitahe light

as been re ct et t coupl'ed into the optica

ST e R
alergo et TR TSN poavay RGeS Bt 848 BF olbsy
atachiien et LS s PRl S ke LENERDBSBa QoI Siset

is filled with an optically neutral material 526. This
positignt incal ¢nybatimentalOther mgthods(fer positiarangtie/lighp vuireggositomay
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
into the optical fiber 504 means less reflected light. The light redirector 516 would be
adjusted until a satisfactorily small amount of light is detected by the light detector 524.

[0053] Figure 6g is a cross sectional side view that illustrates the PCB 502 after the

second well 512 is filled with an optically neutral material 526. This optically neutral
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material 526 may allow nost or all of the light to
pass through. The material 526 may al so prevent the
wo e@h3nesli rector 516 from bei ng danaged or PCT/US2004/030575
repositioned, and may add structural support to the
PCB 502. In enbodinents where the attachnent materi aI

518 ] set in pla reven t radjut
matea@?ékéma Showerosspr Hhat ﬁ%fe@mh? gty et 976 material 3 ey
optically neutral material 526 nmay be used to hold the
also IPFQj’ﬁtlt th@ilgh@@dmct@l%lﬁ fromp beine damepshigr repefitiencghandsmay add
cross sectional side view that illustrates the PCB 502
strucifitabsupgoftitg Hte P52 Br@nirakmeme wharkdtbd attaihendnt glaterial 518 is
gui de 528 may hel p direct |ight between the |ight
not geeth plaat torpr&ibant fmthet hfusmehtafehopositive ¢FERe BFRL redinector 516, the
enbodi nent, a hole nmay be forned in the optically

opnmytn@adralrrﬁ&t&ﬁa@zé%@ behived kd B tigli @R r&BR RS 16 heplabe
inserted into the to hole. Optionally, the side walls

[005‘3? the.hal 631e gg%rcgg s eh?lcg O il Rl Eﬂa%'s tﬁeochﬁ rsgg bR6r a light

ht” “gui 8 ra ave a light gui

guldF %ﬁggése 9668 tdgﬁcg h?hehl?%hg gglldrﬁl r%%% illfag h%?{ggxg%c??%tsbetwggh the light
redidPg 55 30 B0 P, AL SR E%‘éw {a fotned

the optical fiber, 504 or qgptical redirector, 516. The

in the Qpag%llmﬂutr@l maigEyl 30npihg light guide P28 may dhenzhe ltlﬁf‘éted into the
second well 512, or it be filled with an

holeo Siitioatlly; theeside whllsrof the nhaly e mEpehe enateld wish & gwteriah torfogmriee light
6g, or it may include a |light guide 528, such as seen

guide 328 rgherghfinhavera ligy gtk 828 inserted mtertheviioldn Intotlear embodiments,
structures. [0056] Figure 6i is a cross sectional side

the 1heBuidB 308 imdyUsetonahiedt he PCB 502 with an attached
optical conponent 530. The optical conponent 530 may

[00§3f anlékﬁﬂt é&@ﬁtléﬁ?%a%s b@éi‘l foARe! B SRALLyid %‘y%@low Tidht & travel

hat perfornms el ectronic-to-optical and

fron} tﬁ% s&f?éce tr?é f@fs 0B 14§ th%%&\é\@/él%b%?ﬁ% 8 (gﬁ{r%f{éﬁ[}% acxﬁgl 6. The

COU to'a
. e 0 r. anot her type of onent Thu
optigs) glacra%%}w@?x g%% Bolsegyoh &8 Termbongy s E Sl 2 o Bapoelratiig] Vi an
aEt i cal communi cations. Wen_t he corrponent 530
optigally mewiralanaferial 590 ugh ag pesHdn F1guse 0% Qg Alanayiislude s\ light guide
fromthe conponent 530 to the light redirector 516 25
528,(spelsad dsen imFignee @y or haytikgrtheydbaes Witls other stopasures.
enbodi nents). The light redirector 516 21 WO
[0058D 05/ Kigdr 18 iPdrokiSR00ddaD 31dB ¥rew 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
to the PCB 502, or another type of component 530. Thus the component 530 may use the
optical fiber 504 for optical communications. When the component 530 transmits an

optical signal, the signal may travel from the component 530 to the light redirector 516

(possibly aided by the light guide 528 in some embodiments). The light redirector 516

21



10

15

may couple the light into the optical fiber 504, along
which the light may travel to a destination.

w®revsloanshy, when t he conponent 530 recei ves anPOpUBSa4/030575
data signal, the signal may travel along the optica
fiber 504 to the light redirector 516. The [|ight

e GRS B AP T AT P g1e1
' 52
desteBos oS ilat, wh«%@eégh@gmné 39 R ot %tgca:lrg@aé}a)ﬂalﬁw signal

conponents 530 to optically transfer data at hig
maydyseelpdong the opticallftbsb dthtotthe lightweditactn 516. das él@hb@dlrector 516
herein with reference to specific enbodi nents, nany
mayrrediidet thatsigmabsonit kdavele apliteyopticaluria taothe lkompodnt 630 (poasiply
skill in the art. Further, the foregoing description
aide@ by eliddloght Faite$28fin bdiae embediinents). alle POB 502 avittsertbedded optical
followi ng include ternms, such as left, right, over,

fiberdrs0e &naytumw corhysOMRhts SB0 iSbptica R ﬂﬁﬁ‘sfeledaﬁa at HifRbpeRAe
used for descriptive purposes only and are not to be

gpr KShat! P AR L R e o
f
embg@g%ﬁ ; W&P élﬁj n‘glu rsnv%{}g‘rgzﬁi y; %c%@% toatggs gt (ﬁ?ltn?é't s(f(nl‘? in the art.

re_incl uded W t hin t ended e t
Furthery 5 PIGRO1RE dgearinkien OEW#wismfa s éﬁred%vwoa B e clgig
2005/ 031418 PCT/ US2004/ 030575 CLAIMS | claim 1. A
follqveing gwludedensrs, sudhgs left.righhiongr 4RI pERREEI Loy PR first, gpcond, ete.
printed circuit board to access an optical fiber
that erebiseidiént descriptive pripeseschondy ardare npblerhy; copbtausidrag liamiting. The
optical redirector within the optical via; and
embadimeatsiof@g dehize@phitivdd desedbaddetrain chobe rdhufacturdd, ghd, or shipped
directed into the optical via so that the light is

in a GOMBéES pobitiond NRI ARdntARdhs.f AB&Irdingly, M eudreddadord ard ai m
1, wherein form ng an optical via conprises formng a
modifications are included within the intended scope of the invention as defined by the

following claims.
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lo well in matrix material of the printed circuit
board. 3. The nethod of claim2, wherein formng an
wo@piosoal418i a further conprises formng a |i ghPCT/US2004/030575
bl ocki ng | ayer on at |east part of side walls of the
well to prevent at |least sone light fromentering the
matrix material of the printed circuit board as the
light travels along the 6p8I%I via. 15 4. The nethod
of claim1, further conprising depositing optically
Lclaisytral material within the optical via and around
the optical redirector. 5. The nethod of claim 4,
further conprising formng a light guide to direct
[ight t t tigcally neutral material along the
optgf cal a{/?lggﬁg’ éh?'nhlgi%:i‘rr'iagtc'hod of claim1, wherein formng
an optical via conprises: 20 forming a first well in
naforing a1 aptical visrin prsingd gitcel beard o pecepbar eptical fiber
deposi ting light blocking.materigl on side walls of
the first "ngi’qdfig‘éﬁht P@Flﬁir'eﬁg’lrﬁmé YA wel | in matrix
mat eri al of t.t hle rint ed. Ci rﬁ:ui t. b]:)ar_d, dt he second
we PrECHAANRVS? SE‘E?F“&%'&‘PB & 9P HE #% st wel | and
ex LJs i . 1.$S]. .V .t he opt.i gal
71 B APl B B o A BG FEBL A BBV so har
nmet hod of i1 L, ' ptical redirector
is placed t‘ﬁ\%\ﬁﬁtgﬁﬂl 1% cg%l@%%{t?%h‘ﬁb%%%ﬁﬁeﬂi s attached to

the printed circuit board with an adjustable . _
at 2achndiie meghask ofzalaingl, witeecindarhse ot optical maTontpeises forming a

' | J [ redi.rectar conprises: 5
Weugﬁlfﬁé%ﬁ)l& ﬁ%te%]?gﬂfﬁ% P grﬁr{:eg Cgrg{ﬁlﬁ g(garl&m o the optical viato
the light redirector; redirecting, by the optical

redirector, the.lj fro he .source: tect.i with .
28 ohe e of Pl 2 ARSIAE KRG R o R i dhmct cbfbprises
fornting¥ ¢lghtblationg ldske onepldasiapart ofhdde atleol Heiwgl to prevent at least
irected by the optical .redirector:;

red y .. measuring. the
someg §8_ B epiegRe heamatrixanaterid of HrH@edpegqueﬁatmrcbees th dight travels
alon8Ritd &Ricar |4l rector.

4. The method of claim 1, further comprising depositing optically neutral

material within the optical via and around the optical redirector.

5. The method of claim 4, further comprising forming a light guide to direct
light through the optically neutral material along the optical via.

6. The method of claim 1, wherein forming an optical via comprises:

forming a first well in matrix material of the printed circuit board;

depositing a light blocking material on side walls of the first well; and

forming a second well in matrix material of the printed circuit board, the second
well having a depth greater than the first well and exposing light

transmissive surfaces of the optical fiber.
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9. A device, conprising: a surface; a matrix material;
an enbedded optical fiber; 15 an optical via for
w@bkdosmsrags | i ght to travel through the matrix neCEUSZNN4/030575

between the surface and the enbedded optical fiber;

and an optical redirector for redirecting Iight

received fromthe optical fiber along the optical via

toward the surface of the device and for redirecting

:c i %ht The ehatheld fof gzﬂaihhe, aetetidl whenathendticah eedifictorals placed

i ber. 20 10. The device of claim9, whereint .

withglplthec gpt%qpil av?% dﬁg? jaigghed; H)et%pﬁgte@hc&fcultdggoqraewgﬁ an adjustable
attacRRIdROAL¥iRet ween the matrix material and the optical

via. 11. The device of claim 10, further conprising a

| ayer of |ight blocking material covering at |east

pagt of thh ﬁleﬁio‘aeohf\e@iﬂn% %Her@ﬁlea\d]ﬁ.{%g{@&el cﬁﬁ%&ll @giﬁfcté)ﬂ Qfprises:

fromentering the matrix nateri as the |i
travel s al ong the optical via, 25 12. The deyvice of
R

cl diregting lrelht frpmra souwesrin the ogt@qagg}arﬁg the Eedizector

S OB B BY Beergtths b sirtriers 16 gt SomDESOEE of ol aim
ot drorinty ik TR B B8 RlohE Rutnd S g TRl Bled along the
e RS S S

‘Ig?ﬂe%ﬁjgi%tﬂg%tw?d[g?ﬁt%@' along the optical via. 5

evice o0 arm9, further conprising: a |ayer
of chdrgite 1Rk ?shﬁ&gom%bﬁ@dl rédelokng at |east part of
si de vval% s that define 'a boundary between the matrix
material and the optical via to prevent at |east sone
li ght f AcHAVEss: edMPIdSREie matrix material as the |ight
travels along the optical via;

a surface;

a matrix material;

an embedded optical fiber;

an optical via for allowing light to travel through the matrix material between the

surface and the embedded optical fiber; and

an optical redirector for redirecting light received from the optical fiber along the

optical via toward the surface of the device and for redirecting light
received from the optical via into the optical fiber.

10.  The device of claim 9, wherein the optical via comprises side walls that
define a boundary between the matrix material and the optical via.

11.  The device of claim 10, further comprising a layer of light blocking
material covering at least part of the side walls to prevent at least some light from entering
the matrix material as the light travels along the optical via.

12.  The device of claim 9, further comprising attachment material for attaching

the optical redirector to the device.
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10 attachnment material for attaching the optica
redirector to the device; optically neutral materi al

wo bas/osubbst antially fills otherwi se enpty spacBCTMIBI0041030575
the optical via and around the optical redirector;
and a light guide to direct I'ight through the

5 Bl BT B B S
the o @Jgpwasa] %tﬁé’ ﬁgt " dﬁ Bt rix material; an enbedded
g I cal et {) Optical via for aIIovvlngllght

totravel throughthe rratrlx material between the '
suk4. acelkendevtite o€ whendE fophércedmprisheg p light exnddedto direct light

i cal ht .to vel through the
thmuggt[ egpt]r?ﬁ %P?@Ta?nﬁgqr\ﬁl%ﬁngﬂ]éﬂ%’ﬁa%% and the enbedded
optl cal fiber; a first optical redirector to redirect
ejv m t tical .f.iber along the first
calﬁﬁ%f&vﬁf i?g%ﬁ@fg%rg’%?n%he devi ce and to
red| rect light received fromthe first optical via
i ret layértud light bloaking fnalbertal cavreding at \AEst 205/ GRIEALA]s that define a
PCT/ US2004/ 030575 a second optical redirector to
redirect bpyitary beweerethetmasrix nateria aind thie opiibdrvia tl pavent at
the second optical via toward the surface of the

devi ce aﬂﬁatSft medight &om qnteying the swirpematorishes the lishiiegls -

opti cal he optical fiber; and 5 a first
opti cal ﬁ’ﬁ%ﬁl&ﬂ’m 8hHacted to the circuit board and

t%ac mel¥c aterial %or egtacl%ng the optical redirector to the device;

optically neutral material that substantially fills otherwise empty space within the
optical via and around the optical redirector; and
a light guide to direct light through the optically neutral material along the optical

via.
16. A device, comprising:

a circuit board comprising:

a surface;

a maftrix material,

an embedded optical fiber;

a first optical via for allowing light to travel through the matrix material
between the surface and the embedded optical fiber;

a second optical via to allow light to travel through the matrix material
between the surface and the embedded optical fiber;

a first optical redirector to redirect light received from the optical fiber
along the first optical via toward the surface of the device and to
redirect light received from the first optical via into the optical

fiber; and
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the first optical via to transmt optical signals
along the first optical via to the first optica

wo e@soeator and to receive optical signals thaPCT/Is20e4/030575
up the first optical via fromthe first optica
redirector; a second optical conponent connected to

Second operel el PRal G R test BRUER <ot 2 it e
the second opt %11%3% e S%C(Snod (; Q]%als‘ﬁg g&garg Qﬁel SCU?#?&? of ‘?hg \ylgyice

redi rector and ecelve optica i gnal’s

9 £ 2 S B A 4O PO s v

optical signal stfefopfigsliftdedinfir om the first optica
conmponent along the first optical via to the first

opta fixed optieel dopgiopentdolnéel 1oaké eitculSbdafd tnd HiRicaITP esERGted to
optical fiber to the second optical redirector, which

redirects thedirsyupticall via & gashst appichlstgrmécaon thetiirstadptical via
via to be received by the second optical conponent.

18. The detoitbe figst opticdl medi®@ctonked & nectie opticat sighalb daat travel up
conprises a plurality of Ilayers and the enbedded

optical fitedirstopeslndefronm the fisst optiepl sediveond of t he
plurality of layers. 20 19. The device of cl|aim 16,

wh érS8Fond; gpdicel; gompone sonaectshin the gEcui boarhard enfisally connected

| ayer . 20, e SN eBuGH v 8 et oRfie sl kst Fecend
St uct ur al ORIHETE 18 s eCondrbicalaod oo Pece BiiRpg signals
woven Wit hgbhe, &g by Gite¥eBbnd 6ﬂ?x%ﬁlsvi£ BrobPHT'sE R oﬁggl're&)iﬁector.

17.  The device of claim 16, wherein optical signals transmitted from the first
optical component along the first optical via to the first optical redirector are redirected
into the embedded optical fiber to the second optical redirector, which redirects the optical

signals up the second optical via to be received by the second optical component.

18.  The device of claim 16, wherein the circuit board comprises a plurality of
layers and the embedded optical fiber is between a first and a second of the plurality of

layers.

19.  The device of claim 16, wherein the circuit board comprises at least one

layer and the embedded optical fiber is within a first layer.

20. The device of claim 16, wherein:

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

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