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« WD 2005/ 031418 PCTI US2004/ 030575 CONNECTI NG A
COVPONENT W TH AN EMBEDDED OPTI CAL FI BER BACKGROUND :
WOSPH/GE48he I nvention s [0001] This i nventi on PCATES2E/030575
~to printed circuit boards, and nore particularly to
use of optical fibers in printed circuit boards for

COONNECTINGA CRAVKURENT ;ﬁi‘ ?"ﬁ%@
printed circuit board ("P IS a structure8 ];;IBER
el ectronic devices are attached. The PCB has one or

nore structural |ayers atterned o
conductors. The to st r%&%OMrs support the
Fie eftheGnventigeVvi ces whil e the conductors provide povver

'to the electronic devices and all ow devices to

[omﬂmm Wﬁ@%eﬁpéﬁ%e%?ﬁEeﬁlﬁﬁﬁ 3891'6@ aild &le%al‘tl(%.lﬂigl%?ﬂ& use of

|gure1|sacross section eV|ewo a-“por

he ill d
o B Sk RONR R BBl 15

rBa truct core 102 provides a rigid support to which
-—éﬁ%‘f-—%%ﬁll@w : 1 PCB 100 may bg applied or is -~ .

kectronl c devices may be attached. The structural

[005 I e dpriptgdcheyit baard (T%@,B f)due sicentare tgthielt eleetroniagayiass are
104, 106, 108, 110. These core structural |ayers 104,

attapbel. ToBPCB hes aneor marsrstmcturd) dryghomsielbad patieargdasndetors. The

~ material. The core structural |ayers 104, 106, 108,

stnith@al Ihpere siygon the ekstechit dgdtdiarhiRitle eoiR@tdropioRid® ﬂo%r to the
structural core 102. [00041 Above the top core

elecifoni€ detieds ahd¥uBbw e dickStodohinhBlicatOMrd@halse OF electronic si als.
conductive traces 20 112. These conducti ve traces JE’.rn

A ST A

relggeny R Ol Bl Ty e

tronjc s al s n by the tr 112.
corg 1 FE b et Hsfd Bt POLF Ao et O5thed s Jod gy g plied or
struc raI | ayer 114. This structural l|layer 114 is
eleclinglq dayicss maypegtiaphsd. lhestrustupd porgl025n ghimensetiny four core

traces 112 and cured. This process allows the

‘strugiural daeral 04, 3061081 41Q. oTlfsise borie strugtaysd ldyetsneidn 186408, 110 are

traces 112 and adhere to the top |layer 104 of the core
cach @ Aberglassirésimeortiposite 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 fraces 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
thenmsel ves. On top of the structural layer 114 is a
Weaua@3tdd | ayer of conductive traces ‘116. TheREEUS2004/030573
traces 116 may al so provi de power or ground, or may
allow electronic devices to comuni cate. The

| mﬁ%efiwakm@;&t %&P%?%ﬂugﬁlrﬁlq%iliigs, Qgegcaﬁ%&p”ﬂyer of

ayers o1 conduc ive traces

- coliBRRERL RS, R nEACu SRR e P bicaPs or may atlow
| elelf:t?éfgégllo IS a f| rst bottoml ayair of __conductive -

 4eviq9gs to SomnpIRLRsy Jihesieiural Jyer Hseparasessihe first and second

bottom | ayer of conductive traces 122. Like the top

top layeas ef emduetineueacey b12, 1 46.amd insplatasiBe trebes HE4 § birfrom each other.

layers of conductive traces 118, 120 nmay provide

[0086]ver Similgrlp bedow tire tuttgmaddrostredhaal kpei 1d 0de v ifeebottbm layer of

. communi cate. The structural |ayer 120 separates the

cotfductte @ids $ 6T QR 0fel 2¥E 284 AfseddhdHORBHLI Mol AGRSive

118, 120, and insul ates the traces 118, 120 Trom each

conplexity,

" tra®®k N8P, Lik%%@ioﬁ;a%@gﬁ?n@h&%_r k£ LY !l?,ﬁc’g? PQ&&E?&}%& o

capabilities,

. co‘{dﬁ&wer ﬁ%ﬁg%f'sﬁggg rlﬁ?ﬁ&@\i}?\ﬁhg 8Er>r\g%n orcéglﬁﬁ, é%/ ]ﬁ%%{ %ﬁogfae%ectmnic devices -

sen. ces

o GRBEE, PRI b P Be St s LG over o
12, 116, 118, 120, .such as the PCB 100 shown in 15 -
congpgfiiedrapes BHY, R0 pmddpquistescie tpcepHi SDRA NBSap b othret-

ure 1 is a cross-sectional side view of a portion

- Fig
[0086) a tAsgneddr elentrenic dovieds ingreasetie domplesity tsppedradd capabilities,

("PCB"). 20 [0008] Figure 2 is a cross-sectional side

 theiy rewicheatssystammanicatiodi capadiiy adsechas eiztin dBwshnioddm dbeices may

~present invention. [0009] Figures 3a through 3i
requikd thete Ednemanithtidil capsgGhatbein Hé];:prbﬁ\ﬂé@ﬂj*r bfe PEBO B with

are enbedded in a PCB. [00101 Figures 4a through 4d

bl 48l &8 b cohREHANFaRE RO 17BN ' | i
mual?e gS enbedded | n & PCB, qg’ V\g’)f%@d%ﬁ%@%ﬂ%gg’bg i won in
Fi i/ US2004/ 030575

BRIEF DESCRIPTION OF THE DR_.AW]NGS
[00_,07] Figure 1 is a cross-sectional side view of a portion of a typical conventionél :
printed circuit board (“PCB”). |
[0008] Figure 2 is a cross-sectional side view of a system according to one
embodiment of the present invention.

[6009} 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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» [0011] Figure 5 is.a cross-sectional side view show ng
various ways that optical fibers may be integrated in
VHOR®EB/03[40912] Figures 6a through 6i are cross PCT/US2004/030575
sectional side views that illustrate how an optical
fiber embedded in a PCB is coupled to an opti cal

[0 gn al Fﬁ%ﬂ%&ﬁf 68%5? g?ctﬂopglt sn?e Ylp&ﬂ]%xal%éB D]IJEsl-Q'ays at optical fibers

SCI. odi nents of the invention,
maiyi’F tgg"@%gl%a%ﬁ:@nbto the acconpanyi ng drawi ngs in
ch like references indicate simlar elenents. The

, [0q1|2] us tHigures,6a e Ghers eosksseticnebside viewsthatiBustrate how an

disclosed in sufficient detail to to enable those .

 optide fiberenibedddreinarRCR ¢ pnatditc en bigcal sigealtsonrce of fdestination.

follow ng detail ed description is therefore not to be

- fo0naken in a limting sense, and the scope of the

- invention . is defined only by the appended cl ai is.

- System Over vi ew [ 00 pdy fb.8H TRseRrIPrIdNC ' 0SS- sect onal -

side view of a portion of a system according to one

10@8%?“98@%@5‘*'% GBS gL B G BRgHOS
irGuit 200
BN R e —

optic omuni cation, the systemw th the PCB 200
elc%ﬁv%mg’]lﬁﬁ@ﬁmtmengdaa@gs dessTibod kaaeinare digelesedi i satficient detail

prior systenms, The term "optical conmmunication” in

to aopble thpse ghitled ini e gtdd pactieithy invsntior oFea fdlomtingy detsids
of optical signals, including 20 transmtting,

desswptehmig theraforei noit tcgbe takerc i lymitiygapisecald the go@lesofftie invention
pur poses including voice conmunication, data

© is defindibordy by éiethppbided ciimposes. [ 0016] The PCB 200 may

have a structural core 202. This structural core 202

stlﬁgrﬁ)wvgﬁ,%‘@ rigid support to which other parts of the

may be applied or electronic devices my be

1S5 TS0 5 5 o
em'r%d‘ﬁg&%%gﬁegggstgyl %11’211 g)n%:ybﬁ%n g%ﬁ%&%rgog%gl‘egtﬁﬁrogeVlcaeg aetrtefcéhed foa

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 allowé much

higher data communication rates than prior systems. The term “optical communication™
in this document is used broadly to encompass many usles of optical signals, including
transhaittiné, sénding, receiving, or carrying optical signals for purposes including voice
communication, data transfer, and 'ofher purposes.

[6016] 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
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. make up the structural core 202, or the PCB 200 may

| ack a separate structural core 202. 1In an
WRR8H#EHB, the core structural |ayers 204, 20GCT208004/030575

210 are each a conposite material that includes
fiberglass and a resin, although other materials may

makeSH tHEstRftal dofe 2@ Fﬂe%]ﬁ 988 gﬁdaprggcrll{)e{ %%&@3%#12? al core 202_.

fiberglass and resin. [nan €

j ' ctur al re. 20 core.i s nmade
in gt SERSUERL WP Bl 2Dl macho 208, A g coscomposic

fabri.c inpr ted with resin) together. The stacked
machal g nchided Kbereloss and aperin, Qigh offkes meaeréals maylserbe used in

ayers 204, 206, 208, 210 are pressed together and . -
addifipg £p,10p in plaqaem)ﬁth@ﬁb@rg@@; andaiesino e ag @mbpdinamt of such a

enbodi ment. [0017] Above the top core structural |ayer
fibeglpswagsitbgratrilreote 209 theayoee isahadeyoiiadkingeprepR gt itREdSss plies

212. These conductive traces 212 nmay provide '
(fitmrglass fabiic impogetdd Wik rdsi) 2bR8hdrOThE stabledd NIRS

to the PCB 200. | The condugt i%ﬁtrr aceg a2.12 I?my.agér%\é)ﬁ?gégsedaud
cuR@WEhe Qbre sEhOMAM layers JTRY2@d, oW Slosel @l%g‘:}eg &ggééth&eaﬁthc%red to

comuni cat e through use” of "el ectroni

forfORE Wb &BraPYork B62 fr&%&ﬁngéd}égnt-rhe first | aye;t ?Lct ur al

conducti ve traces covered by a
be applied on

er 4. This structural |ayer 21
10013 %0 Aive 0 loB ot et 2B i e et tap e o8 camictive
r cu&is. 'il;hi s process may allow the structural |ayer 214
A 2 74 Thess COE%%WB Begise 2mpry mreside sleptronig wdnnettionstotelectronic
the top l.ayer 204 of the core 202 as well as to the
deviges @Hiached 0 thedid PYG sTherpndugtivef trache2 K may prrvadie payaror
214 may be a second top layer of conductive traces

. gropud; or Tipysdlowr denitldevivey teadaampnionts deonghde dflelectronic signals

ground, or may allow electronic devices to
condocted by clad teaced DED. STleRrstTagbr dfaaduckivé 18ERA12LARSy bd8overed by a
first and second 20 top | ayers of conductive traces
strudfiZal 12f 212N FhisREbiRte kP14 : o B0 136
ot her.}]&[ o s 3ot faye P14 86 B8 aphicd o t0p of 810 8y of

contHE S AL AR Y B o Gl o 1

conductive traces
t duct i 222. Llik
oo RO BRI e e B RS R P bl S
d [ 218, 22 :
AR e

evj ces to comuni cate. The structural |ayer 220 :

condugive dages 410e Fhesestiracendl @ mepriso ptowWis POOS/@ZteiR], 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 botiom core structural layer 210 may be a first bottom

layer of conductive traces 218, a structural layer 220, and a second bottom layer of o
conductive traces 222. Like thé top layers of conductive traces 2 12, 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

4
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, bottom Il ayers of conductive traces 218, 220, and
i nsul ates the traces 218, 220 fromeach other. [00191
WO0BSE3I4H0 may al so have one or nore optical PCDESWO4/030575
224 enbedded within the PCB 200. In the illustrated
enbodi nent, an optical fiber 224 is enbedded in the
SZ&Q; f I
o SO LA Dalodo 81230 AL AL AR 1 o o
Oﬁgqbedded bet ween core structural |ayers 204, 206, 208,
O, wthin a single core structural |ayer 204, 206,

0, en o ers such a

1003 . otirpaE ol ey 8 Bhvo Olstr OB R AT ez@%‘? within
Qr wWi.thin other ers, such as within structura

the) By 20Gobn the ﬂhJéh"afé hpmt apeptiey fbengiq @&mbﬁrlé@df@ the PCB
224 are embedded within io the PCB 200 in a

20Qpbestiste o offtie paretstmetunsd tayetsrtidin2 @ sQnegrsmixetontieal fitrees 224
optical fibers. [0020] In the illustrated enbodi nent,

mag beienteddeMicorccd 20restmictirslaayuns 204 06,2082 81 B Methin a single core
attached to the PCB 200. These devices 226, 228 may be

SNAAERYED 040208 N08I N DV i E AL &fier 187e%s s&la%stb@tw%ﬁ\éi 18¢er of
power and ground connections, for exanp e.

ok R R T T e%@%;@gm

' Vi e communic
strlgScll By L0 BT ERRTUREC t@&ﬁ%ﬁﬂi i%?rﬁéﬁis 44 within
nbodi e devices 226, 228
theﬁ‘e@??@m %PTFEGI%CIBB’E‘? %ﬂﬁe%ﬁitgi‘n%{‘ PRAIES §° ga é‘fe@&‘%ﬂl?%cal fibers.
converters _for sending and receiving optical
[00F8F or e thoHuT P Rgs Fist Fovicud2s Byl aseeond device 228 are
conmponents. In another enbodi nent, the devices 226,

attazhed toeire BEBEXIOnAhicsoydeyices R2GH28 migvhomsnedphiol @ndfictive traces
optical 20 communi cation through internal

- 212 e6te provitetpowepiidabumhcdmectivpk) foakxdmplel Thé elesirenic devices

‘converters. In other enbodi nents, the devices 226, 228

2267838 heiyQllddeie coditedab cORMIcEOS trRtes 200MPIFRN LS the BA&b212, 216
I'n an enbodi ment the first device 226 may be connected

prome%ofnbrc%hnﬁﬂidaﬁaﬁ Hb@eve%s‘@e diiBed 2763 E%S?lgltﬁ* %EIC 1¥db‘?e ¢80

maya owtransmssmn ight to or I rst

Mfél‘tég% g(ﬁjctlg agfg‘l oﬁ{m%ﬂttgg ?u G ?)hZ eﬁcﬁ)ﬁ%‘%ﬁe elegl!i]gni&tm

' optical and/or optlcal-to—electromc 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.,
[0021] In an embodiment the first device 226 may be connecied 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

5




WD 2005/ 031418 PCT/ US2004/ 030575 1light to or fromthe
first optical redirector 234, may be a well defined by

V0 densablass of the |ayers 214, 204 through whi chertis2004/030575
passes, or may be another structure that allows |ight

to travel between the surface of the PCB 200 to the

. ct . Ih irst, o redirect
g of Bon! G BBk %?“ﬁ%s 2t HOURE T hefitleputd ﬁmﬁeggﬁs ofthe
3 t hat e li is s directed into t
leyfsih 1% A0 et &%ﬁ P OF PR S ot Spustig gl aflowrdisht o
Eﬂg opt|cal fiber 224 so that the light travels up
traye] efygea 1f‘o?¢ltffaé%19f e B30 tofike epiicsl resigerionp34. The Brst optical
redirector 234 may be a mrror, a prism or another
redifevtior 834 tediredts lighipatyengfowse dierfest aptigal vigB80 sd ttet the light is
optical fiber 224 provides a pathway for light to
5 dirdated/iako theroptighl fbbe2 k@ Aldlireds HipRORGeO8Y 16/l the optical fiber 224
' ~ redi rector 236 redirects light received fromthe

so @i fhe Mehf irlRls 7o %thﬁ&alEvghgzljrdegit‘l{Se 1?:5?%? ol 4Bir éthg@zl mat_y be

second opt|cal via 232 or trave

rec?ﬂl‘gnfﬁf%{b‘aﬁe?mw@?tha}’isacaé e §Breal 3@[&1&(1&?& D bptichl fiber
:_22@%‘8&@9%5 graxl%{)rol%ﬁh%% fr?)ve?gﬁ?sg?ftgg%g%nﬁed 00 §$c§gld[o§§9a9

£ redlrectl | i ght second device 228
O fﬁ%@ﬁ%z?@ﬁﬁ%% Hghtrereiypd @%@&Wp@ﬁa {iber 294 go thapthe light gmvels up
. allows transm ssion of |light to or fromthe second
10, asegepd eptigapgia 132408 rediecksilieht traysling downghe segondopticaheia 232 so
- second optical via 232 may be a tube that directs
that thg light is directed oo tHeeopsiealditer 224t Likalthe Bt ogtitabred36tor 230, the
- may be a well defined by sidewalls of the |ayers 214,
sec@fidioptivabredirectoh2 3 mby ba atiAss, aPrisiByr AetieAdeies that is capable of
structure that allows light to travel between the

redizedtindafrht, OA sb&idRIeRicd 08 hitytH@oRidct&hb theslched B}ﬁﬁe cak 92232,

[0022] As an exanple of .thé systemin action;
oSy 8.4 AT RS20 SR e W o
s o BBy Bt Sl T o s 4 B o
vt reﬁia?ct?P iy e 521531 dothed BF s El PEhe Py 7o £ 34 through

230 redlrects the light so the light is coupled into -
whigh & ngsses.cenmay WeHofey Srgare) thajeilows light te tuvelhgtweanethe surface

} ' optical fiber to the second optical redirector 236.
of ththBCB9ridl thypupitical redieasitordd36or 236 2s redirects the
l'i ght received fromthe optical fiber 224 so that it

[0022]av elAs anexbinglesddlonsteth in action, the first device 226 communicates

20  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

25 redirects the light received from the optical fiber 224 so that it travels up the second -

6 .
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WO 2005/ 031418 PCT/ US2004/ 030575 optical via 232. The
light that travels up the second optical via 232 is

wocet sty the second device 228. This al | owectrhs2004/030575
first and second devices 226, 228 to conmuni cate

optically, which allows for transfer of data at nuch

| othngjzat % ﬁéﬂ?ﬁaa?k:rg\ge%l{ l?;ﬂih% se %%ﬁ@ﬂ' 1% %%ﬁﬁ 36(@&%@1%)( the

i's readi een € sys

! ti I- ot h ions
Se?%gﬁﬂms 235, 3R &3@%6@6 et 2ot 2B S Smuicate
crl ed abové_) as fromthe second device
OPE I3 & qhealbws or @eré ef inf@ at mnglbhlgbﬁ‘em@ﬁﬁha@aq SOy
224 or fibers enbedded in the PCB 200 may be used in

COFBRNAIGREPB. f or conmmuni cations. For exanple, a first
devi ce 226 attached to the PCB 200 may conmuni cate

{06830 h altsepadidy sechaha éhd syetefmnitivstedalin)Fipie? dlowi@ommunication

.attached to the PCB 200. In such a case the first

in BeMidgRclAf: FERMAE ﬁrs@ AEvieS B kol tRe SRoRPHERSE 254 (@@ He?e?i‘ﬂ;ed above)
as shown |n Figure 2, but the separate ‘device

" as W%ll a8 ﬁ]to sE&IndQﬁch 92@?06&& %?EP&E{/ 9t2§§ %\’) {91% ol}]::tlc?l fiber 224

tically connected by anot

or ?Q%S en%%ﬁdﬁﬁéﬁee%éﬁﬁag% o eée g ° mg?rynaﬁbceﬂ%}s For

opt,i vi.ce s a mave ui.de .15 or

oxgierblrhaeTice koot 3o A gaéi) g
devi ce. I n another exanple, a devic

devigs ot shaw)dhatds Botaiashed e ﬂz@;ﬁ% 300 f Irb%lueh zxaset fbe first device 226
communi cate with nore than one other conponent.

may he Zonnetedtosinropticlifibdr 82darshypyntin EigeGR2.200 theesgpivate device
consi dered to have one or nore optical fibers 224

- withnideidkl @ first devitet226xomatuidatds mdyrbet dpgicglishodineeed by another

illustrated in Figure 20 2, the matrix nmateri al

schefil UdRYighe femahe gkt G6Fce??6 maPfavel Qfbng2hdoptichP fibe2b4 to a
216, 218, 220, 222, and the optical fibers 224 are

boﬁiﬂﬂﬂd@ﬁﬁe PEVER) WheR: a‘i’lbfh%ﬁ& del HEN& 6 detitRs, 30¢H &az{ wave guide

fibérs 224 may also be e d wt h|na5|nge ayer .

or %ﬁ;bﬂ?éé‘%?ﬁfe,aygp 1@[@%5 Wtétﬁg%néégéré‘ Qﬁétﬂ?xeeﬁﬁ'fp?e a device

220 be BpmmeRlegtp trort R oft 53*2%?%%@%@?@1%% Wit cfe than

ent’gedded The PCB 200 nmay al so include additional
ONGPINEICEUMENCBs part of the matrix .7

[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 patt of the matrix

7
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WD 2005/ 031418 PCT/US20 O 4/03 05 75 material. Having
tical f| bers 224 within matrix material may al |l ow

%@t"?%@? H onmuni cation through the PCB 200. EnBEHESHY4/030575

Optical Fibers in a Printed Grcuit Board [0025]

Figures 3a through 3i illustrate a first. enbodi ment of

mafReal, qu;»iis?b piidal Bbérs 70y whin Pa@RReseEA hiy AIREBpRAY. | n
this first ‘enbodi nent, the optical fibers are enbedded

coﬁﬁhﬂﬁﬁ{bﬂtﬁy& géP@B%@ 200. [0026] Figure 3a is a top

view of an i ment of an optical fiber pattern 302
Br q : - . he. 00 between | ayers.

- include nultlple

' ic fiber illu rated t he opti cal ers
[002812 nﬁi@rw% 'att&%e‘rlﬁ?# s G DIt Gitical H6erS may be

equal _hori zont al 1gJam ngs 306, 308 and vertl cal
cmb@ééd iy PEBR003 n thip Srstemhodiptent dhe ontisel Sbaare embedded

patterns . 302 may al so have differing horizontal

rbetwpaclamgsofai’mﬂl?.% i f spacing 306 were different from :

spaci ng 308, and/or differing vertical spacings, such

[00a6] i f Fspaedags 316 wew of sh &hbsdimbnt ofem dppiasl fitgr 3demn 302 that

Many different .spacing schemes and patterns 3 2 may

| maPBe BEBEddel s kedbdP 200 Beﬂfebﬁj lagals!t ame %pﬁ@zﬁ flvar Pitfb‘f’ﬁ 302 may

enbodi nents. For is exanple, "a single optica

: 1nc1%19€f n{mvpel Bﬁ&ﬁ fﬁ)@fs 307, %%tﬂtl&rtr%aﬁor angﬁﬁél%g,f’ﬁﬂ‘*ﬁéﬁf% pattern
_30%@%&1? %ﬁﬁdwefﬁ%gu e ga s ﬁﬁ%%%vwgﬁép%l%m 312

opti cal n net rk fo part cul ar
bt R RisATorS PO PG RENTISS H0F Bey lsn BrBaOiE ok Bopiceatal spacings,

200. Afile such as a CGerber file ma ener at ed

- suchps Hispasine pPowerediffieeent owspeaing P05 eados drf ring vegical spacings,

correctly place the optical fibers 304 to allow
such esrfopasing 3 td wetediffeent fremRERIBDDI 2. MMasy diffdient spadingschemes
fibers 304 for optical communication. [0027] In sone
andquitionhis 362 iy Yehaepahélading nof-2rid ipadris BOQ irmstiersqaisidhgsnts. For
306, 308, 310, 312 between optical fibers 304, may be

exafipRs 8 lsBRILEhtRA ka0 Iﬁcﬁr HeltBd eidthe ph&é‘rﬁt?m NSt tBE pattern 302 may
optlcal fibers 304 in relation to each ther are

evelf %QWEHCEJI [Pig% ﬁﬁ%ﬂddﬁg‘d uﬁﬁlﬁ dsﬁﬁ 9@@1’ grﬁbﬁ:gﬁlemg% g)élcal fibers

312 between opti ers are chosen bas

l3040£6 b@sﬁué&%% %%Séttgltu ﬁﬁ\ﬂ) Stk a gomt to point optical conmmunication

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
correcily place the optical fibers 304 to allow components coupled to the PCB 200 to u.se
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 {ibers 304 are chosen based on the spacings of devices

8
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'mayplpegc@thgr gyers.g The optical

. VWO 2005/ 031418 PCT/ US2004/ 030575 that will be

attached to the PCB 200. For exanple, the spaci ngs may

e 2elidsensto be 0.75 mm 1 nm or 1.27 rnm i NPEOMB2004/630575
enbodi nments. [0028] Figure 3b is a cross sectional
side view of the pattern 302 of Figure 3a. In the

-fha?é'@? ke o BRI . By PR spiiies ™Y Brctgsmyto be 075

ove an beI ow verti cal opt| cal f| bers 304, and

| m”i’/’ IPFIth SPIBR spp gnbodinenis| t er nat e passi ng above

and bel ow hori zontal optical fibers 304. In other
(0028} o di igwreSh is nlseoss pectiontl sidebdew ofthe pattyrnb¥)2pifigate 3a. In the
differently. Al horizontal fibers 304 may be above
embbdimeet dllusdted ihBigare34 homtdnesl opticah fiverseidd 20 waven to altemnate
hori zontal fiber 304 nmay pass above two verti cal

pasingebsvaitl bdlew vesicaveng! fest 30ahnd VoetaRiMicaliibes her
pl acenent schenes may be ra used. [0029] igures 3c

altéH?éte ?stiﬂét ARVE ShEbLIBG h%Pi%bl?thl é)fhg%?[b A3LT1H 304 enfbodiments,

relationto structural ayer 6pr|or to the

the Ebeﬁ?‘{aefs’ ‘Rﬁlr g;%é 5%8%‘3‘?%?8%?{1@?ﬁgqgfiggﬁgl\,fﬁﬂé?84 I%%%be above

il l.ust odi nent wh ethe ti,cal fiber
all R (RSO eR foah ien i utor ool S0 gnayapass above two
n$ @ged in the PCB 200 by bei ng pl aced 15 between two
verdedl dibers 3 ther bslewong Ve@fel feher dPher ofhey plasemypiescheipesgay be
314, 316 may be two structural l|ayers, such -as |layers
uSedtructural | ayers 204, .and 206 illustrated in Figure
2 may be other layers. The optical fiber pattern

[002@12 nﬂ?ygttres Poaid 3 ditlestrdie thwapiicdl Hibet patterh 392 irsrebalibn to structural

316, prior to the layers 314, 316 bei ng coupl ed

 layé9 Q4,196 prioPesiile”sptib A GRIcP Bitiorn EBRSng BRbANENS (RIFGE 200.

316 and the optical fibers 304 are stacked then
Flgﬁ?lre%ﬁﬁg ckd@ §$d@ﬁﬁaﬁﬂ9w A0 ?ﬂ’lfsﬁgteé Qn SiBo SHRAKAER h fcﬁl fibers

he ayers I nclude f |berg ass and resin. Figure 3
g e L AP
bew%%letm O e T o be' BeJ5TeHE T be B8R 313 31 e o
sttt fere rsﬁsas"l”gérg Ern?q%hfa %?qgfzp@ﬁed 3P furatea Fiawe 2 o

fiber pattern 302 Iai\{er shown in the stack of 25
iber pattern 302 may be positioned between the two

layers 3 14? 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 optiéal 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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optiealfiber

WD 2005/ 031418 PCT/ US2004/ 030575 [0030] Figure 3e is

- a side cross sectional viewthat illustrates the
Wih008/83141§ bers 304 in the optical fiber patterPaT®82004/030575
between the two | ayers 314, 316 after the |layers 314,
316 have been coupled together. For clarity, in Figure

. {Oﬂﬁﬂ t ﬁlg%%éj?éls%es‘f?é (?'gsét %g{lp ?Oleagt%]a{@gstgzgté% thgg%hlgﬂg‘lvl\}?.rs 304 in

firbers nor ma ane

o SRR Gt M By bR eS8 59 B

: ihl ustra 3(% in Fi g_,ure 2, and are nmde of materials _
have | E?“tﬁﬂ“ﬁ[f fogtheyr X908 clapty, inEigHre 3a4ide crpps pectiongs tagem so that only
may be ressed together and cured with the optical .
ﬁ)%(@t@mlakmhb olane off themage arersbewmayn an esbbdinient where the
the optical fibers 304 of the optical fiber pattern ‘
laye39214 8il G grd aratteakctival lagers, suoh as Iyars@Odchad? 0dlustrdied in Figure
. two layers 314, 316 after the two layers 314, 316 are,

2, af@biRlRdlierd rhAaeib ﬁfcludﬁtgeﬁb@%mmlxésinﬁthé 14%RYs 310916 may be

-around the optical fibers 304 in the curing process

presséd fREBCLAYE Akt AN RIBRIS! Mbdr 'ﬁgﬁ%@?&%ﬂﬁtﬁﬁee@hﬁg%! HhSmay

the optical fibers 304." In an

AR A S O
“serfiyuthio %) B TR LR T ar 4 PR S BaxES A fubi6 aff equnted

Fi gur e may be known and nay be i.s accessed b )
togeifery ﬂ"ﬁﬁ gaysrs ato msy rfmsarowy e optiead dibseni04 mﬁ%e CUring process
- optical fibers 304 may shift |location slightly as the
to mﬂﬁy epfa pad aghge ayith eagh pthetias wolkehthe optical fitises 304. | Iniang

or other nethod used to create a hole to access the

embbidiesms, tBe Iooatiens efthtoptéml fikerg 80& mathihtht loaticAl fiber pattern 302

~optical fibers 304 nay still be accessed using
maykednlosaly endfhetthiekespasdfithORyds 304, 116 B8} Bokn@w)edded the
in the PCB 200 between the two | ayers 314, 316. 20

locatiBRSdf thE bPkieA fiBErs B4ais §ﬂ11§1‘ﬁ:a&ﬂ‘i’1§§igf%?é33€ 1919% lhe Xh&Wh bi@ay be
il [ 1 ber

ustrates two separate optica atterns 302
i T et S i R S R
tocegh Ly 3l 20, St oms GG oD DA B R S
e o A S g

bet ween | ayers 316 and 318 may be 25 done simlarly to -

opticalibaesi 3¢ Bpt stihbe adopesed ugog kbewlrdanof thyis pesiBon prakito being
316, as described 10 -

~ embedded in the PCB 200 between the two layers 314, 316.

[003 1] Figure 3f is a side cross sectional view that iilustrates 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

10
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----------------- WO 2005/ 031418 PCT/ US2004/ 030575
above. Figure 3f shows that nore than one optical

wohers/patisern 302 nay be enbedded in the PCB 309us04/030575
multiple different |levels. [0032] Figures 3g and 3h
are side cross sectional views that ill ustrate how

optical -_fibers. 304 be enbedded bet we .-
aboyts Figip QESI}PBV t% mHore HagcansroRpoaligher Pa'%magﬁz gy by apbedded in
of conductive traces 320, such as |layer 212 in Figure
the PCH-2Q0,at mudtinle diffromdeasels he | ayer of conductive
traces 320 on layer 316, optical fibers 304 in a
[0033] t erfigae23pond Bix amaitle absssectidial ciend tiedt iisthtedoesoptical
320, and a layer 314, which nay be a structural |ayer,

fibas 604 mdylte eopticddad bdiivbar £1a3043 10, wPichl0a b P binitGuiahRiyer, and a
fibers 304 and | ayers 314, 316, 320 together. } Figure

' 1ay3f1bf dondadthaitRsed 510, QR Sahyd b irﬁF%Qf’e Ao, lﬁué’ti.lﬁes the

320 after they have been oupl ed™t oget her.

conducti ve trac e curing cess

.lay Ionlitigve a5k %%@16 %ﬁi’cﬁf fitgord 364 &vg e%’gi?& f)&?tloned |
| ab‘%gﬁ SRS 10 b e B Sy sééEm%W Fye, above

e..3g remaji n above the traces 320 after th
ﬂwﬂp el dibgi A 04 qré%%@flgmhe Hhegs 3%@%@&%%%6 320 together.
together. Thus, the optical fibers 304 may be no
F lgu&?d:eﬂlugmg& thaopteal §ibers 388 ead layers JHadks, 5@5 wientheybave been
| ayers, 15 such as layer 314 and |ayer 316; rather,
coupled togetheralln thehifinsrabiernbainaetthmyer fhlddkvﬁ@ﬁonmythb eonductive
| ocated at different heights than other optical fibers

tracgp320 fofsBihefcutitg Prodessits nieeb iriitadheRSSitIs RSEl DItads WEIEN the

that illustrates a slight variation of enbedding a

| trac:@éiBB@r ThObptRRl fiB@t 364 ARG tBORaL8BIS RNFIR: 3 AR(atn aﬁd% the

Figure 3i, the optical fibers 304 are adhered to

tradig?tﬁjll@g %@?ﬁﬁ% S%Mfglbdr ﬂﬁa}s%\iﬁrB ; %(y\%teh:o{.\ﬁ@% f e?dThus the

rs be’’s

o B S B S e
oL R e S e e

surfage of the PCB 200. L@34] As a sinplified
locat iferepteeightnthan othes prhieal beisi3@r ed to have one or

nmore 25 integrated optical fibers 304 enbedded in a
[00F3t r i Figveie 3t is alsidelanoss Isectiombbdewehdt illistrates aatight 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

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



11 WO 2005/ 031418 PCT/ US2004/ 030575 in Figures 3a
through 3h, the matrix material includes two or nore
W@y@ﬁﬂ;ﬂ‘ﬂwCh as |layers 314, 316, 318, 320, anﬁcﬁ"ngz{m_ﬂo:;oﬁys
optical fibers 304 are enbedded between two different
Iayers In such an enbodi nent, the two or nore |ayers

red to be the rmtrlx material in which

d .
in R gFec g FERHELY 3 B S0 BB IRRS O PR LRy 20 S layer

al so include 5 additional structures as part of the

- 314816, 8nddGndthe optieal fiperpdQoap efribbdded tbuean nei different layers.

matri x material that nmakes up the PCB 200 may al |l ow
In soph ax anbodiment) itksiviocor rhéredagis triag be BERIRDE] tol tre thi gnatex
3i, the optical fibers 304 are adhered to matrix

. mia@BEkRiwhich tHe opUEH BRSO, arb BRLERIFAC ahe POFELO®RAy ARY ihdude

considered integrated with the matrix material 1n the

add}thﬁgﬁs&%8§ wﬁmﬁe RBhEC Akl h P eﬁ?vlﬁ’é)épt?d'aﬁﬁﬂelﬁ a0l vAfhin

I ch conponents Wi

 maf RIS OGRS P 8RR B0 L AR el Oﬁ“@éﬁl& throngh
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PacSitied A fernt Lt oy R R . WS

204, 206, 208, or 210, of

er such as within Iaé?e
-caS%, ﬁe@pt@@bﬁbqr 304 o3 bp crnyitivred infegrated withglie Biekii matsyial n the

that explains how a |layer, such as 204, 206, 208, or .
PCB 200, sificetheopicad Gbers 30hdee aparhobibe PER 200i toevhicleetraplotssts will
within that layer. In the described enbodi nent, the
thelPbBc@éfled.s made out of fiberglass fibers, one or nore
optical fibers, and resin, although in other

[0035yb0diFiRRESda ik ih JTHUIRIHaR) B sRBEd BRIBRESAE Ol Bitical fibers
[ ﬁ?gd to make the PCB 200. The fiberglass fi bersb%ay be

| maPbé BrbYdRl if b PRI d“aﬂa t6d ge&hﬁ%ﬂﬂa&;ﬁm&@ th@q Zﬁtﬁ‘ﬁl f’g%s are,

200. [0037] - Fi ber I'es nay ormed 40

fidae
emiigBEd ERF ald e R s W U R @74 2 408G 310, of a PCB
200accordlng to- one enbodinent is shown. There is a
flberglass flber supply 410 and an optical fiber
A bund| er 414 may receive the fiberglass -
[00$61ber g“ igHe 46&4 Haw charpdQQ that efﬁlmﬁeh%sé%feéssuésaﬁ% 206, 208,
412. This bundler 414 may conbine nmultiple fibers into

‘or 24 0geicaBCBa00 i made with optigal dtbers 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.

[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

12



12 WD 2005/ 031418 PCT/ US2004/ 030575 fibers. In an

enbodi nent, the fibers within the bundle 416 nmaybe
YOR8¥4B3I4180ri ented substantially parall el w t PCIHES2004/030575
bundl e 416. The bundl e 416 may include one or nore

optical fibers anong the fiberglass fibers, such as

A k8 ol

ot BB T Do AR BB Gl o

ment, the_bundle_416 nmay have a substantially

onfiar B Ao G BRI GGFY Suah ssimiet Bherod | SEL A0 1065
I nches. [0038] Returning to Figure 4a, the bundl es may
empprdipenk tlwdoeatmazf optiead Thefsaldi8i 420 witbinethe bumglle di6 tmy be

Figure 4c, a top view of a fabric 422 woven fromthe

prefeleadandii®wis and theisideustiebedlc 416 isheeselcbiedtand kaown. n an

- enbodi nent, each bundle 416 in a first (horizontal or

 cmb@fitrien the mANOVIBS Ay h e L UBALRIANS AuRBeNSBs sehoR g

a bundle 416 in a second (the othéer of vertical and

' -dlaﬁﬁfdrép%(ﬁjtb gdsiggies.on, al though in other enbodinents

i1

15

20

23

ferent vveaw ng methods may be used For exanpl e,

*[""3%?4' s A Bl g %ﬁ&f’éf’gﬁ%h‘* WSS

id f A 15
refsff i BN A s e sfa%,r Phowovaitiindiatymgles gt s
inGEReg, i e Fptripd embodientsarisoursts h?mh}m%fs'ﬁe%%@gét% for

optical fi bers 432 and 434, starts above hori zont al
verbigalliisavayzs te,alternae beipg ebove apdrislae 2 busdie b6 éma besoed (the other
the horizontal bundle in the mddle of Figure 4c, then

 of vestiaal asd harizvataiydireation,@ lthtegthinrdtzamhtiodhmem eiffatent heaving

bottom of Figure 4c. As shown in Figure 4c, in sone 20
methodonieBeused. tHe eRfhple MorfobRl Burdld M28) vifieh foeRideCotRAl fibers
substantially retain their relative p03|t| on within a

424%1@‘1126 %ﬁ@éﬁbv‘é%ﬁfcﬁﬁfﬂn@lé%ﬁ th& R FIA5Mt ?ureqet is %ven beneath
fiber 424 substanti all y retains its position wt
v b P e i g
h h 428 430 Wi thi . he.
bull oh 810 Fight 46 B pletie 2, iy ﬁécabﬁlerfd@”%%ﬂ istCinglyes

he bun own, the

PR 210 i tatg%tg s pogerdal 3%@(116 ob ghffigure 4o, s

within the
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
position within a bundle within the fabric 422. For example, optical fiber 424
substantially rétains 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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13 WD 2005/ 031418 PCT/ US2004/ 030575 fabric 422 is
al so substantially known, so that the optical fibers
WIR2005402818- 432, 434 may be accessed after bei npCT/US2004/030575
enbedded in a PCB 200. In other enbodi ments, not every
bundl e 416 that is woven 404 into a fabric 422 may

ude

rdg B P aR: Rl MR G e mes be
ool i L emoR oty R 00 FoPHBe R mite g e pundle

~nmore of these layers. In an enbodi ment, this may be
416dlaids wovendQdngto habrie §2A mayradleds amepticel fibgure 4d, a
cross sectional side viewis shown that illustrates:.
[003%0 cRefpinedg td Bigatdva, tHeafibris420Bmay 88 Bnpieghatedriséitidesin to form a
optical fibers 440 that may be part of a PCB 200. The

 conlpoitd MYREiS] BRE laydB8f MBTE L0 TIY BCB RO0Gka tBén beeied 408

04, 206 of the PCB 200, for to 'exanple, or they nay

_WIﬂPS?éjérfrfl&re %?%l% %‘%’aﬁrg& 9h ah 'éﬁlbggﬁleﬁp th@ Ena?ad dddtk b9 curing the re§111

ferent of a PCB shown in Figure

' Refdfhuei0RiAR 1A o diher on%ﬁgd%w lgéﬁ&ﬁft PR30 oo Boupled
oS ﬁé‘ﬁf»&abﬁe%'ab%?ﬁeé oo ol i tput s 200,

fromforned 402 bundles w th optical

 The e st 44D 8B EETe BTG recs 2o 206 S e C AR, for

cured to form 15 408 a PCB 200 that includes the .
exampls, puipey meyhecliffierent Inyers of e ®EH 200 paricoipdifigreat embodiment
each |layer 436, 438 includes enbedded optical fibers '

-of aMIB 2@ eAs slovm mrFighie 4df tHeaptical fibersat4BGREthid@achniayer 436, 438

i ncl ude such-enbedded optical fibers, which may all ow

- are Woverhwithinipe RS eofld, 438 itsélftfar clamiy)ihie Citieiglass THROXAAE ndisshown).

a sinplified sutmmary, the PCB 200 may be considered to
In aﬂ %Mﬁo@ﬂﬁ‘en@ rtw@'%ﬁé?:es éPrabRE 992 ﬁ{a?d)e%deﬁ ab4 e Foind 02 bundles

nbedded i'n matri x materi al In the enbodi nent

- wit nﬂétiﬁf ﬁ?ér rqpﬁ'%ngfea 4h& %wfhareﬁlm @919 Ereé&d tB%ﬁhg?aﬁilﬁ'cﬁred to form

€es one or nore ayers

sos TR0 e SR e AR R 1. v
i ﬁf{sﬁgaggéaa@ﬁ;eﬁa?&%@@ b TG Gl b e

200 may al so include additijional structures as, part of
200 maay include such cmbcdded optical fibers, which may allow for hlgﬁ speed optlcal

data conununication.

[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 illustrated

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

14
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WD 2005/ 031418 PCT/ US2004/ 030575 the matrix material .

Havi ng optical fibers 440 within matrix material may

WDl 2095/3pt1Bcal communi cation through the PCB 2@QT/US2004/030575
100411 Figure 5 is a side cross sectional viewthat
illustrates the PCB 200 of Figure 2 wth sone

| I . optical, fibe 3 440 may be. .
oA 3 B B B {40 M s PRl gy alow optical
enbeddj.ng . descrjb above. In the illustrated '
colélﬁ:ﬁ‘&???@‘%?h,m ttb"cgangogers 304 are enbedded between
| ayers in the structural core 202. There are opti cal
(0041 er Figes 5 ipasidesros sedional vew thatlilstyptasshoBEB200 of Flgure 2
and between core structural layers 206 and 208, .
withl solvsulgfferent woayis exptieatifibdisdodt 440 npy ibe @mbbiifel; scdddingaythe two
be enbedded between different |ayers. The |ocations

 embbditfeRtsaifeinbalidifi Bevcsiba04bovey Th thoTittas dabddimsAOWRtical fibers

. in to sonme enbodi nents. In one enbodi nent, the optical

304 hiQhhed @ E%Veéﬁela?érf. g fuf) S&ie%%P FHER dle Bﬁtg&'i h@%% 304

their use for optical communications by nmany difteren

s S

tter.n 302 that. is specific t reate a i,nt, to
208, sRRbeE 5 b eloBRimensn br s FOS LR T tsreegard bictie
Aarra %pnent ?f conponents _ on the PCB 200. Also, -
diffgrent ers Jins loseHeneishoppicad fibers 30f mayRessubstantiplly Jnewm in
may have one or nore optical fibers 304 enbedded

sorgg emmbodimbetsy In enceemsbodimentethempticdl Shersed Odpniay be arfrarged dn a grid
304 integrated in the PCB 200 by being adhered to the

pattenptosailofaibeirlusy for opfidal cbmirhmidAEBnIROmai differérit hatsgdshts of

may be in a pattern 302 to create a specific point to

coryimRitsRAtHOPEB 2800 T ndiBdriedibbdiRént 3RO bPGEal fidais! Y nay be
They may be designed and pl aced on the | ayer 214

 arrdilglll P4 btidr@ 30D ol RSheAfARF e Se Elp%ﬁﬁ@@ﬁ:% Pﬁptﬁg%mmunications

traces 216. Finally, there are optical tibers

netROREAIS gﬁvﬂcg{% @ﬁéﬂgﬁiﬁ@?#ﬁﬁ(}g@ﬂ%ﬁéﬂt@ 1;9 élg% %%ﬁ 298 Cﬁlgo(,) gifferent

Any “or "dl SR TGS,
Fh RS e I b P

0 ni.cation, Oh conbi nati ons .of et s of .
emﬁ?@é@%‘ﬁ% el &yie&?aiefhﬁreo@ﬁ% a@%i&e Qatical ﬁaf:mirﬂ%gagﬁeg@#édnitw PCB
- F

igure 5 may al so be created. 15 WO 2005/031418
aippatherdido thystop 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 fraces 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 Opti cal

Fi ber [0042] Figures 6a through 6i aré cross sectional
KO3SIBEMS that illustrate one enbodi ment of POWUER004/030575
optical fiber enbedded in a PCB 200 is coupled to an

opti cal si'gnal source or desti nat| on, to allow use of

. - may be done
t [ I ht t h th
0 1o lsv?v%tﬁ ﬁfée ﬁevv'gaefs%gi‘ona g@%@@ﬁ@@%@ﬁggtfmwme

E re 6a i s cross sectional side view-of a

emgw Ryt b | QpéealR s bk ddedries P(HH20Gistdounleddorbe difidehl
optical fiber 504. For clarity, the sinplified '

sighdl|source et destinasfont toealR@BusesifZhoodticabfibarsvithia thelPCB 2OO for

optical fiber 504 is enbedded within matrix materi al

' optE@bcofmidietions. Pm&wema@mme@e&hﬁqﬁaﬁwweng fﬁﬁl&hg W optical
in

- structures and | ayers that may nake up the

| via\QEH W EgRTD AR tlclﬁﬁb&?edlﬁﬂies HAGI 004 PUE Mg L he

PCB 502 nmay be use vice a

R e e e
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SORRER Frnctas Bl bos SO rﬁep&e?&ft&ea&% Brdifiefiongt e pcB

ers_or discrete 15 sections of

It |
502ty shows thatap opiieal TeF 504 iesmherided wishish e peserid 505 of the

such as |ayers 204, 206, 208, 210, 212, 214, ect. of
PCR5§%raad goesanat showe e yanious stahafures e lagers thatdndyaypekesumtey PCB
- be considered the matrix material 505. [0044] Figure '
5026h vigous eprbodnedc t Thmeptical Heer\fi0e withivathe HERISO2 atagbetuded by a
PCB 502 after a first -well 506 is formed through the

devicetattacheded ttieisatfade0sf the PABCHEToi HifticAPédne@linichids. T8 matrix

Side 20 walls 508 of the matri X material 505 that

matend1808 of HRMAH S5 1 %@ et R e
sides of the first a§r OSO%W%OOA%E 0§9ﬁ)rg%rsd&fd fierglass/resin

congfud g ﬂfcrfﬁ%&aﬁ s i
secdiR 0t h‘ﬁl@ﬁ“a%’h g BBl A a8 peféidr o 200,
2082400 225, Sob e Figtge & Hhgranaigrils. seobeisgriddayeam gy be
~_from par al I el wt h the 16 WD 2005/031418 :
considered xis meptyio guterl 505 |

[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

16



surface of the PCB 502, with the precise angle not
bei ng known. In an enbodi nent, the distance of the
WE2PEAB1IHE ber 504 beneath the surface of the PEBTBB2004/030575

may be known to a margin of error of plus or mnus
0.003 inches. In an enbodi nent, the distance of the.

su_lgamfi @iﬁéﬁ 862,30 ﬁrrlg:}g%&oa?ﬁ?e 1ot ib%%%qgg%?t hg Pgﬁ}bﬁa@n@t, the

_ ngvvntoa d_er_ro fus 0 f
o RO i S ncBBRBE Br ek 53 s Yo o

502 be. known to ryi.ng other degrees of )
maﬁ%l@&%?f%qf Pli%a Qgninps, é-%Pé @Eg%nlgl gy emlidigent; dg)digtanpeof the.
504 within the plane of the PCB 502 nay not be

 opfical €ibsw504 heneth thei syrfare ofitho G502 mive beknowen tps impagin of error of

fibers 504 are part of a pattern 302, the PCB 502 may .
phiser tesuedi0dlointhesd Impthepembedimehishihe difhice oliéie dptieal fiber 504
known spaci ngs 306, /0 308, 310, 312 between optical

‘beidatieis si@AbeBRYhe TR SO nifag IO th Qarylify dREAddghits nyf'preciéion._

the other optical fibers 504. In an enbodi nent where :

A3 EheOBtAtRAS of hbSpfca? 9661?, 594 RAHin g%s Lfﬁaneﬁﬁ{tﬁc? O3S m{pﬂﬁot be

10

15

25

| ocations of the optica may be known w

fibers

e B e P O T PS5 B o 02

arly,

i thi.p,a layer, the.locatjons,of _the optical fibers
the AP ol R SR ST e oBe RaicH Togk S04, ok Tt Ko sepstgs 306,

1,0us, 0..003 i nches jin an enbodi nent, with the spacings
30@&3&3@% bshveeaaptipalfibes MYmay,beysedde defprming the logatign of the

the bundl es 416. [0046] Thus, in sonme enbodi nents
othggenticat fikersl 8t Hn ansobodionerd wcheanige optital fiversdiPiacapart of a

fi ber 504 are not exactly known, the first well 506

 patteay 383 tlemicatinng of theropticil fiees S0smmmsbe ksawif with aharsheof error of

optical fiber 504, may extend partially through the
plusret minusBOW3kikcheB OBinii&akA ifAle bhcadfibés 304 hich@hibdelddd within a
may extend into the optical fiber 504 so that the

lay&0tHedr0bné 6Ethé bpiSdal fibEs!502 %6y 1% IBRWAW NS nlaPPin D efBF6F plus
—of the optical fiber 504 (illustrated in Figure 6b).

or S HTHRAL sy iR, TN RSER BB TS) g o
[ N | asers. Lower power |aser may be
prop e8] il A RiREcs A1 T 508 of "the firat woll
6. her. nmet hods, ..such gs chenj cal,K6 25 etchjng, na .
10030107, Jbdn gome @.%féd’%ﬁ{ﬁe%@s loeatian 1d 29itle giethe opticel
first well 506 may be 17 WD 2005/031418 '
fibep&9# axsap sxadiydngwn, 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).

[6047] The first well 506 may be created by multiple different methods. Tn 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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20

significantly larger than the dianeter- of the optical

fiber 504 so that the well 506 is nore likely to
weaosts/shasoptical fiber 504 even if the preci SecT/us2004/030575
| ocation of the optical fiber 504 is not known. For
exanple, the first well 506 may have a circular cross

n.t hat_ ha dianeter twce as large as a . .
SIS orgiT (e o oF HiScapiseuikor 384 e A ahaveial 506 s more

5 anot her enbodi nent, the first well 506 may have a

likslytie repshitia onyicel fihsu S ceondé thesweeiswlocation of the dpticaltiber 504 is.

of approxi mately 0.010 inches. In another enbodi ment,

not keovii. rRr ewerhiple5th6 firsrayelhi06anay hasest cirdulsdryssabétion @t has a

cross section with a diameter greater than the nmargin .

digheteraiicd asQirgt hea KRgWrerlo? ﬂﬁtdﬁ@i&apﬁb& BQ4 ‘i’fﬁ’hh Eﬁ‘ilbo&irﬁb%'i In
I n other enbodi ments, the fi rst wel nmay be ot her

anSth&CSmBHEmbaY G ?frﬁ%@ll %r}n%}}n% b&gﬁt@ wﬁi ﬁfc%la[rq',%@secnon

Figure 6¢c is a cross sectl

A SRR i g wsos

ht bl ockin

- mifigvp g hsaalcus cg?sg‘;?%ﬁ%ifwa gttt s g than B Trargin of

bet ween. t he_surface of the PCB 502 and the opti cal

- errpy pfcthe knovn Joseiion ofthe ppidead fibeiefin gther ggborlimpents, itke first well 506

matrix material 505 of the PCB 502. |n another

magrigodhareives andheavieiogler, ienemicitleg shapek.ayer 510 may. add
structural reinforcenent to the matrix nmaterial 505

[O0d8ht dEiflreaRk it heross stetionwllslde vREB ek illamrafes tisd POBIS02 after a Ilght
506. The light blocking |ayer 510 nay be deposited

bldchihgtl%?er 310 RhsPbden @e@sﬂa@bﬁt kel shadab Qb rTRS HAE welrs08Nah BRr

The Iight blocking layer 510 may reflect sone

met ho

| em%dl?de,'nt 'ﬂ'ihﬁh%g 'Biockin%rﬁ)ﬁ:r 30 E{a??gé%ggﬁgi% @r alPof 1i ‘%fagglgl{g

from SSI Ng roug ure

be%?@@eéﬂ%gezonge A S5 T
o TR AL %ﬁggﬁ%eﬁgg@e il

' olﬁg cal %ci)er 504 so that may be coupl ed int

laypiat Gpey add strucusl SOPPeeRt S B ek SRaterial 30 dhat dgines the side
the optical fiber 504 to a destination. This second

wallpfP8 efithe fisst wedl 3060 ddhdight bla@kmg {aywieS 6} may be gepasdted thraugh a
to 25 allow light to travel fromthe PCB 502 surface

plating phmetaflization nriettiody oriMdthet metvde Mhe dighthlocking 3a&0510 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
di.fferent nethods. In an enbodinent, the well 512 may _
WO2M3AEE by hi gh power |asers. Lower power | aBET/USENP4/030575
be used to snmooth sidewalls of the second well 512.
O her net hods, such as chenmical etching, may also be
f - ; oqd._used it q: .. _
the 43881 5 RR2 Bek B8 SRRl dier b FudtR” p g o Biment, he
1 SSjVve rfaces 514 of the optical fiber, 504 o
well SRR B3 barGed B bt Toavet TasBis st PPy 260 it bf i to smooth
'dthﬁ ‘o&ﬁji cal fi b?r However, in some enbodi ments
sidepially pbthe seeppdvilingl2 Other methads sudhascheycal tehong mRY also be
olishing slurry, such as alumina or . dianond, a R
usedsi9 fosm thrsepo welbs 1 2.hTheimethodsed toerhadghe $e0050ellrf 12 may
anot her enbodi nent, only one well that extends from B
leavetilee kghtfmosmiziive heffREB514 of the 2ptical tiver 604 asficidnelylsinpbth for
transm ssive surfaces 514 of the optical fiber 504 may

coupléng Hght b@ghd fréin SeCSHtRAPABE ME Y woved i1S 8086 BB®oliietsRirther -
be fornmed extending at |least partially fromthe :

smoBtHit @& HeAbrhdie THPma) Be 4Bnd Bfageﬁ%rggé salﬁﬂt'r?%ucioat% glth?ﬁina or

prevent light fromdiffusing o ctthg In e

o SBERl i MEIBR F T 0T

m Ssi ve aces f the optical fiber

4 sp that a light plogcking |l.ayer 510 e 15
1003085 oofh s pbiee R e bl g gt e Subtace of the PCB
refracting into the patrix material 505, while
502 tihigrewgoteitbe Mgl mpaiEpive suificen S4 of the opficelkiebes 50k eaay be
fiber 504 free fromthe |ight blocking |layer 510. In
formyed: I geghrrmbasliments, mesparatedubemay ht fommedesxtandingytitleast partially
bl ocki ng | ayer 510 maybe wused; sufficient |ight

from thasheface diahoPEBEAR t6 Hearptmalfiter SHé w prevedt light iohuditising or

[0051] Figure 6e is a cross sectional side viewthat

refrdcking $ito AiceMmatrinendteihl 308, aflichiatély,d MRSk maP coRFitheBRr
516 is inserted into the second well 512. In an

trangHiREYE BRiflces 91446 thd 8ptida 1B} $b4 JoBatld Bk b[(%%rgﬁg‘tg 510 may be

516 in place. The glue 518 may not be TCure
depdshied 1 et H2pEfiom SRS G era A RV 0P By Bl 365, wile
n.'optkcal.rediyector? tered. . :
teaviR0 o R R OB (e B SO RG] e teeigd FSigitdlopking
used o hqgld.the light redjrecfaor 516.in place.
tayef B0, 3 Bhoth st e, 40 Dele b ARG i aber 2 Dnay be
may_hol d the light redirector 516 in place as 19 WO
used; seftictsn gt reachpebe optigad Spsy 504 without such structures.

[0051] Figure 6eisa cross sectional side view that illustrates the PCB 502 afler 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 reworkabl e or alterable through

- the application or force or other neans so that the
%%@P’Bgﬂl%f the light redirector 516 nay be al PETAE2004/030575
The light redirector 516 may be a mrror, a prism or
anot her device that redirects light. [0052] Figure 6f
. . L o . .

desirSd, Buf 9 e SEFEAANR or hdlgnIY @%ﬁ]g e abblitHdn2 95 D other

e angl & and depth I'rector

- meff BB SRLARR BRI s B e € bhefidinector

| ight source 522 directs |ight toward the |ight
51 6%8@1’ g%ﬁ 1B O8 PTSH, g ?qoglﬁ’f %P‘él&g B@é festirestsdighbdi rect s t he
Light into the optical fiber 504, whi.ch outputs the
[00521ght Kigre 6f isgrarosgseetionel sidoviewrbetdbastkatés mw theeariglagnd depth
~ _detector 524 may be used to determ ne whether enough .
of thelighirgdiré¢ctaiftl 6irsayded pugitiveed teadreedtlf conple hight ioghid fiem the
- source 522. into the optical fiber 504 by the |ight

~opticaliiiee 04 [ibh6 illhsiratedtentboaligint] 4 Glt sbrce B Aftects light toward the

redirected into the optical fiber 504, the position

11gh%;!'éﬁn%6%|r 8186. Thé‘ﬁgﬂt'r&ﬁ%ecfol% it b e&difdcts, tﬁéﬁgﬁﬁﬁ%oﬁge ?’Pgﬁ? $tber 504,

us, by nonitoring the light received by

LG 0P S BB kb 651 b B 534y
e R A0 LA BB BBt A e

correct| os|t] gned o that the light redirector's .
soug:fé?.g 6@@@1@9@}9@ ber Sbgi)y dhelight A@@g—,}c’cqgr K46 it enough light is
_redirector 516 is correctly positioned, the glue 518
being redirprded mteythe pptipel Abendde theapossing and apglead thy lighttreditector
keep the light redirector 516. in the correct

516pway bd changed. dfhuspigocionitering Bk hight reedihetisy fherlight detector 524 and

positioning the light redirector 516 may al so be
adjustingl theAight eedivepiot 516 fotdighly, tHetight rediréuldr TMWYmBEDe correctly
posi tioned adjacent the |ight 20 source 522 at the top

positionéd) EInSReR WMndMitherd Zhe %ﬁ’ﬁ@S 18 gl ndehRRIM cdd LARIE the light |
then detect |ight that has been’reflected and not
. | N i i L ;

redif@R! a4 id %@cc&lgﬁoﬁ%ﬁﬁ?goo&ﬂapﬁk lgﬂﬁredj\fg&g % gg@é%ﬁﬁ%ﬁgh}w be

into the optic nmean ess re

s A e 0L RLRE TR UL Rrgg BB e
attalf it pFirial SUE S R it oepR Bl e SR RopeEs Boe gpiest

the 25 second well| 512 is filled with an optically ‘
Posifign i 3 ehedinent. Gther mythpds ©pppuitionipg ielighi redigtondl 6 may
2005/ 031418 PCT/ US2004/ 030575
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 360318 r ect or 516 from bei ng danaged or PCT/US2004/030575

repositioned, and may add structural support to the

PCB 502. In enbodi nents where the attachnent material -
revent fur adj ust

ety 25 R R mes? P WESF iRl Bl vt i obierial S0 may

1 % |calg% futral mat erjal 526 nay be used to hold the '

alsp PEiEnY BaiERCEEIe%ek fafromeis daopea] orvegasitionsd, agd ay add
cross sectional side viewthat illustrates the PCB 502

strygtyral suppprt g the REB §62.5hserhbordiments wéhettethe afthehrhémghnaterial 518 is
gui de 528 may help direct |ight between the |ight

notrsstiiv@adedo psd@nbfwdihehadjssinkacs thé poditorP6Bho Gight tedirdttor 5 16, the
enbodi nent, a hole naybe forned 1n the optically

optialty mahtraTabeeal 526 26y Hheel kiild g H@ati}'e’(ﬁréw LAt pPa%e

inserted into the io hole. Optionally, the side wall

[Oﬂlgiﬁ] t hq'zlg,gl ?h’@% 80% ﬁﬁ:oﬁﬂ sS4 ﬂe@ tﬁﬁ%ﬁ kesttﬁ)e I’gﬁ?é%ha%er a light

t han have a

SPGB g S “&@Té@ﬂx@@f g e i

t|c has .bee e o0 C via _may all

fedf“g‘&m %aﬁff% éPffacr‘ﬁr‘)gﬁb%O%@EgQ? E%n %P{)?%@wpte heggmay be formed
tﬁz tical fiber 504 or optical redirector 516. The '

in the OB ally peutralmaterjalsi2gy The hightguide 828 may thaudbe inserted into the
second well 512, or it may be filled wth an

holep Optiandlly, theusideawalissefshe hole 52, beswatedasitls e anatdrinl ko @umnethe light
6g, or it may include a light guide 4i 528, such as

guide 828 ratheFithpu lemvela light guidy 52 Bkseédiato fhehok. Wntdihéteh®odiments,
structures. [0056] Figure 6i is a cross sectional side

. theVight\giiB@528 tay bk baligifedne PCB 502 with an attached

optical conponent 530. The optical conponent 530 may .
[008S] an TeRL, £ALpHASW & Bas Ben folnedl gﬂbﬁ ﬂf 2% IWIikh?to travel

nmodul e t hat perforrrs el ectronic-to-optica

froﬁ%t% &ﬂ'fac% Qr ﬁleﬁi‘%% ?ﬁ% fo t‘ﬁg géﬁéasll fnﬁ%lq < Oﬁ%(?)ln 3{1?%%5;%%16 The

couples Vi ce
o, t.ne PCB 5 another nent 530.

opiefVig Wﬁ%ﬁ@%ﬂw%@ o égcoaat“rw PER e il with an

glg;ﬁcal onmuni CS‘%I ons. \Wen the conponent 530
optye §?Htf mgteriah 526, SHeh 35 syemin Fighee 68, ghitimayeipciudg adight guide

f romthe component 530 to the |ight redirector 516 25
28 peshaasispen Wi Kigere St ohway talhothgt fatms 5dth othestimetures.
enbodi nents). The light redirector 516 21
[0056]  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

to the PCB 502, or another type of component 530. Thus the component 530 may ﬁse 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 5 16

(possibly aided by the light guide 528 in some embodiments). The light redirector 516
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WD 2005/ 031418 PCT/ US2004/ 030575 may couple the |ight

into the optical fiber 504, along which the Iight may

WO awsI0314@8a destination. Simlarly, when the PCT/US2004030575
conmponent 530 receives an optical data signal, the

signal may travel along the optical fiber 504 to the

ey AP B L SuB peovticn” EersDBvp b HhieR e gty e o

to the conponent 530 (possibly a ajded by the Iight )
degiihotiph SSRPURY S he BRSSHPRG S50 rerRivepERoBuR] dtarmznal, the signal
enbedded optical fibers 504 nmay all ow conponents 530
may drayph aleng thy optical Siber Sbtoghatightirglirapedds. The0ght redirector 516
Al t hough the invention is described herein with
maygtdireehthe signabgeit trhvels up feaghitiorintis 1o tliawmgm&'rft I5gai(parsibly
wi | readily'occurtothose of ordinary skill in the .
aidad by thefligHt hetde StBe §RMEQAAbOUINRBES TIRI POB 50b with embedded optical
enbodi nents of the invention and the clains 10
fib&:R1502 Wia 1 AR | SYien
ibés A% o%o#gﬁg%{?cﬁ 1‘556) toofftitafly I?Jfér daltd &m%%l% Q%e%{eis.

under, upper, I rst,” secon etc.

O0S3FS, RLAER T R RSO BB B e s PelS o

rt.icle descri herein cap, be manufactured, used,. or
em?ﬂ‘i"lﬁiﬁa@ niagy H‘(’Hﬁd’ﬁﬁ‘éﬁ’nsd’l“ﬂﬂs%fﬁm QSN faﬁﬁowf@ﬁgla@qyoﬁkél in the art.
ccordingly, all such variations and_nodifications
Furfheg, thy fgrggeing description pkembadimeartg of thepevastion pad the claims
invention as defined by the t5 follow ng clains. 22
follgrangrmclude t¢rmispquch as kfiyeighio dyercumder,iwpper lowar fitshgeernd, etc.
optical via in a printed circuit board, the printed

thatare weed fob descriptivepirpoies @nky dndyaes notith be acidtiwedlak liynitdhg. The

woven structural fibers and an enbedded optical fiber

embedigBniviof B deviee 6% drticleWedrithll Befefn § UeQh M @uredYRE, or shipped
to access an optical fiber embedded in the printed

in R B LS ot AR gl BELECA A

o Bl o bR o

following claims.
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2. The nethod of claim1l1, wherein formng an optica
via conprises formng a well in matrix material of
the printed circuit board. 3. The nmethod of claim 2,
wherein formng an optical via further conprises
formng a light blocking | ayer on at |east part of
side walls of the well to prevent at |east sonme |ight
fromentering the matrix material of the printed
circuit board as the |ightClaimayel s al ong the opti cal
via. 4. The nethod of claim11, further conprising
depositing optically neutral material wthin the
dpit:cal via and around the optical redirector. 5. The
met hod of claim4, further conprising formng a |ight
guide to direct light through the optically neutra

Lmat efinzdithed, cmgpridves: opt i cal via. 6. The method of claim

1, erein formng.an optic via.c rmn
& BRSPSy B BRG] el boara
board; depmsiudingga fayet §hih DpREHIPDF fW&\@ﬁl séictorhl Sﬂlﬁﬂ; and an
walls of the first well; and 23 form ng a second wel |

in matrix nekeddsd ogtical Hibep monen avith the irpctpsh fiperst aform the
second  wel jyhan aﬁges@ aﬂ ©pfidhl Gh&Hnileaddan tl{te;kﬁlrftécf (?H:cu t board;
wel | and exp03|ng l1g transm ssive sur he

opt imdasing arbmttlcal?edﬁrd@@r wetltmdte opticdl miaparid,  wher ei n when

t he L 0

i DR e R TEE S eR B BRRT Btttk 108 st P so ha
an adj ust abthe llghﬁléledil[ﬁbﬂl into@é eptical fibée. The net hod of

claim?7, wherein adjusting the optical redirector
conprises: directing light froma source into the

2.opt iThelmerhal dfeldile, kihgiin foetingeatoptical visbnipeists 0Eming well

the 0 I edlrec aor, .the light fromthe source;
$@ %QﬁQQP%W? ﬁﬁ?‘&@@@ctor light fromthe

sour ce that has traveled along the optical fiber

aft bei n r the optical redifrector;
ln?’Fléh gértn et aref @Hflmggﬁ&pe%ﬁ@ fRggh gripemprises forming

a 1@1&&5 bR)blﬁﬁg Riyed 1PatQst S of R WRK P the well to prevent at least some

light from entering the matrix material of the printed circuit board as the light travels

along the optical via.

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
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9. A device, conprising: a surface; a matrix materi al
including a layer with a plurality of woven structura

fi bers; an enbedded optical fiber woven with the
structural fibers to formthe |ayer; an optical via

for allowing light to travel through the matrix

materi al between the surface and the enbedded opti cal
fiber; and an optical redirector for redirecting |ight

r ec efoyathgfa @ovidieeld i maalx bledsl & the grihtoé ciroyit bexad, thié Second
toward the su face of devi ce and f irectin )
light recel dhf\wrwtffﬁaﬁogﬁeﬁf&aﬁhﬂ\v.% fisb e a“é‘p‘f’ipé’%Pg light
fiber. 10. FhenteLRralestraicBpdcalief.ein the optical

via conprises side walls that define a boundary

between the matrix material and the optical via. 11.

7. The THeMhERo®bT Ghig mvalﬁreuﬁ Whehle opROM kédiieB@r & pPlaXe wilin the
ght bl ocki ng naterial  coveri ng at |least part of the

OEH"G’eVl%vHI“F ytacheddp dlyeprinted circaii bpardgyith an aliystablegtiachment

gﬁghgflngthe matrix material as the |light travels
along the optical via. 24 12. The device of claim9,
further conprising attachnment nmaterial for attaching

g.the Tl%ﬁhétﬁ@d ff &Qh’f £ HRleid 9 e SRV, (5p9ﬁf1]] r%&irec?cj}%oﬁlﬁﬁée%e

of claim9, er conprl I ng opt| ca

mat ehreatmg/\hlglh ifient dhepurephioabd optical wath te dnghtkedﬂn@tor

optic ector, e.of claim 13,

£ o eBreclBhsh T e Erigghith, B YRR Bp el g

t hr mgdauﬁg avittDp tigheddtactdte ightatoniaticeddudde tBhtoRg tak€led along the
optical via. 15 _The device of claim9, further

conpr i si ng: onicabhsr aBsr heingredipcirdiiyiihe fptical fedirector

COV GhdaQ&ki thl @aSLte@BEt; Qg Side walls that define a
boundary between the matrix material and the opti cal

vi a chengingthe position of hasptibredirkitght from entering the

matrix material as the light travels along the

optical via; attachment material for attaching the
9.opt i/ devieeoddmpritien: to the devi ce;

a surface;

a matrix material including a layer with a plurality of woven structural fibers;

an embedded optical fiber woven with the structural fibers to form the layer;

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.
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optically neutral material that substantially fills

ot herwi se enpty space within the optical via and

around the optical redirector; and a light guide to

direct light through the optically neutral materia

along the optical via. 16. A device, conprising: a
circuit board conprising: a surface; a matrix

material including a plurality of woven structural

13.i befls dev:im: eindaddediucthén aahprisidgesttacinven matédml tfhieattaching the

str flbe a first optical via for allow ng
°m¥@ﬁ?5 ?ﬁg ‘k?ﬁFough the matrix material between

the surface and the enbedded optical fiber; a second

pti.cal V|a t ht to.travel throu the . s
(08 Y 8 B QRO UL UNY L) i
o;ﬁi@hllxﬁahncfzhrb@ﬁdth&of;ﬂ1<fa$fedﬁ5¢tb1¢a| redirector to redirect

l'ight received fromthe optical fiber along the first
optical via toward the surface of the device and 25

14.0 r'Biti deeitt of tight 13, gueher@OmbrisiAg b lighf duidd to Apbidight thtdugh the
the opti.cal d a second optica

OHt’éﬁt]&%eé‘l‘TG]'m?'G“i“lé’é‘Wgé ?oﬂ’tf"ﬁﬂ ti2r ecei ved from the opti cal

fiber along the second optical via toward the surface

t evice = an o redirect light received fromthe
secdﬂﬁ‘gﬁFFegFa gt%ﬁb%‘”?ﬁ@“&%tlcal fiber; a first
opt 'aclﬁ%rer(‘cﬁ'l%ﬁf‘ﬁﬁékl dgﬁﬁ%ﬁ?&v%ﬁné helefl: b ot 510 %Jaﬁs #3€ define a
optically connecte the first optical via

transmt opbeundprydictyrenshemeitir maderidljand ﬁhedmtncclalla {d prevent at
tot he fir S{ea%%%&n%q gh{ ﬁg%lhe%&%rgjlgstﬁg pa}(ir(i)x [abesial a% e ethgﬁﬁ ravels

signals tha avel Vi a
first opticdbngeﬂmpﬁ@ﬂom, and a second optica
COH%%QC tenct: ?nra]l{]e%%f 09 attta%h}ngethg (I)pru%léli rtedllggc%rqo 6}1 ddegﬁt Feally
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 matrix material including a plurality of woven structural fibers;

an embedded optical fiber woven with the structural fibers;

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
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connected to the second optical via to transmt

optical signals along the second optical via to the
second optical redirector and to receive optica

signals that travel up the second optical via fromthe
second optical redirector. 17. The device of claim

16, wherein optical signals transmtted fromthe first
optical conponent along the first optical via to the
first optical reth rdotarlighterecaeidr fomethei fidso opti@l via into the
enbedded optical fib to the second optica

redirector, mhicﬁmF@EﬁWgﬁ?@'the optical signals up

t he secongseapid §micaVicairécorl6 rédfRt H%ﬂ r&¢iviel €roBe AR Mhtical fiber
opti cal conponent. 18. The device of claim 16, wherein

the circuit boar #oB®HSricsey aptisplivial tpryrdothe suiferesof thpdevice
the enbedded opt arfda{o, lfeai?&; lipf RELVELRoA ti'li:]rsécgn@r& i@l via into
a o) 19. e

second of the plurality ayers. T evi ce of
cl ai m 16, wher ei theohécatfibewii t board conprises at | east

?Imr;)szlf ﬁ%g c{)/petf;;clzg ci)g%pl?)gen% %Jggrgeg%g t{()) tc—*:I c(i:r%{lit ngg rancll gpt\llgahl)? Icgnn%cted to
the first optical via to transmit optical signals along the first optical via
to the first optical redirector and to receive optical signals that travel
up the first optical via from the first optical redirector; and

a second optical component connected to the circuit board and optically
connected to the second optical via to transmit optical signals along
the second optical via to the second optical redirector and to receive

optical signals that travel up the second optical via from the second

optical redirector.

17.  The device of claim 16, wherein optical signals transmitted from the first optical
compoenent 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.
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