1 OPTI CAL SYSTEM FI ELD OF THE | NVENTI ON The instant invention
relates to optical systens. 5BACKGROUND OF THE | NVENTI ON Most
comruni cavoen1gpsdsens i nvol ve a nunber of system cards. pBwabheaao@ssear e
usual Iy manufactured as so-called printed circuit boards (PCBs). Usually,
sone of the systemcards, which are called daughter boards, are 10
assenbl ed together on a rigid and thicker PCB called the backpl ane or

not her boar d. The daught er boardi usual ly extend parallel with
each other and are interconnected together via the backpl ane, which extends
perpendi cular to them There are 15opPIexialSYsTEs | cal advantages to such a
configuration: Easy insertion, renoval, and replacenent of the

daught er - boar ds. Because of the ever increasing requirenents in
data rates, due for e¥aRpbeOK crHEhENVANEIAEt, the |imts of using electrical
comuni cati ons_bet weety,the, daughter hoar(s, 20, LA quolbokie, backplane are
close to be reached. It becones difficult to obtain good signal 1ntegrity
over the el®ectrical | BAEECROAER:PENTHEI ANVERT B¢ kpl ane. To respond

to this bandw dth demppde highnsRead:sSI&yEalS RAV6 DR NG bHLkbe M tJE
optical layers (optical 25 fibres or planar wavegui des) incorporated in

repl acenent of SYHeMWIGEESi c AUCY- CHTdFctdnsy PH3LY ITRRBERCtUEGRt 2doe® not
suffer fromtheasade grifitkat coRsuds Bb£Edd | BIRL) .AUsApLlL¢al sdny &I f ithe

di sposed parallel to the average pl ane of e backpl ane. An optical
cgﬁglfng gevic%y?E?Wﬁﬁﬁf%FOVSU%gﬁPgr86ﬁne5€agﬁﬁs %Bﬁ?%%?rla %?Pfifﬁé?ﬁ%
out si de syst enassentdsledBecasdelri gt gorojppight &sd | thikrer (BN daieds tHeew
m crons thick),_ a.bigh gFeﬁgg'égyﬂé%fagquired to align and to maintain

aligned the optic coupl'ing device wth the optical layer of the circuit

boards. 2 | fhies davalmier o hylagelst Hesuggtlive = temdpl Rarg ldedi celto the
optical board onge thimeal igyend-d s iddgednsattshact 9y endionames , @Heli ng
is not always satisfactory. Its .

backplane, which extends perpendicular to them. There are

15 several practical advantages to such a configuration: Easy

insertion, removal, and replacement of the daughter-boards.

Because of the ever increasing requirements in data

rates, due for example to the Internet, the limits of using

electrical communications between the daughter-boards

20 through the backplane are close to be reached. It becomes

difficult to obtain good signal integrity over the
electrical lines traced within the backplane.

To respond to this bandwidth demand, high speed

systems are now being built with optical layers (optical

25 fibres or planar waveguides) incorporated in replacement of

the electrically-conducting metal. Indeed, light does not

suffer from the same limitations as electricity. An optical

layer is disposed parallel to the average plane of the

backplane. An optical coupling device 1is used to

30 interconnect this optical layer with the outside system-

cards. Because light propagates in very thin layers (few

microns thick), a high precision is required to align and

to maintain aligned the optical coupling device with the

optical layer of the circuit boards.



5 reliability and Iife expectancy are not well known. In particular, this
attachnment m ght unexpectedly | oosen, because the environnental conditions
(mainly tWwe hAMReYsat ure) at the backpl ane are demandi ngpcTtaLidigod@gtrary,
it mght be difficult to renove the glued optical 10 coupling device, for
exanple for repair. There is therefore a need to provide an
alternative way of fixing an optical coupling device to an optical circuit
board, which would still provide reliable optical connection. 15SUMVARY OF
THE | NVENTI ON It is provided a sy¥stem conprising an opti cal

circuit board and an qptiigakneRHPLbNGLELVEHE . optical couphen®piéeide aid CuUi t
board has a tog face, a b ttgﬁ1f§fe, opposed. to tge tog face, and t(Jeast
one optical 201ayePPtefiBeddE@PBEr wedH S hettth afd H8E Bﬁ1fé€es.jﬁ$§?

optical |ayer basisfddtiosty.optical interface. At | east one cut-out
is formed in the top f ..Jhe gptical. circuit r.d . a.referen | ayer
defining an X-Y planeﬁ%%§¥ﬁ5’oﬁ@56§ dghppgﬁgéigésge %E?%ﬁaﬁigggf gﬁg

posi ti oni ng merberaletigydi and | Aifesaixgpechanont argndndfavivagl a oownemfrace
placed on the peferance | aygksof st iRhiCahi ght CUideRRadq1 Fher opdd £al
coupling device further defines at |east one oOptical path adapted to
transmit |ightPeRaween e fioPyEropreREl i ntaddddcafid a (Betbhd i rthe f ace.
The first optieahpd teiddce a0f the ophékslarOUpRldNg deuheengs o i cald y
coupled to the first optical jnterface of the optical oarg. .

The system f ur EARFTHoprits BLI8E nee HEriid & 1Fi k3t TIPS Eirs Fehfat PRHiHy t he
optical circui tolwrir tdevtibe, 0pbt catampl ecdupl teagaidevi ce. It conpri ses a

fixation pin extend ng.LhLoygh Lhe ORLI cal, gl el . haard at i be.posigd oni ng

menber . ese features, a reli e optical coupling is 5
achi eved. way ofn Siggimgerdodppeitasl opephimht davsee use cite eptimnle of
the features aéi%i@%éfh,t %i%p%q@t S(Eliqil”%-rovide reliable optical
connection.
15 SUMMARY OF THE INVENTION

It 1is provided a system comprising an optical
circuit board and an optical coupling device.
The optical circuit board has a top face, a bottom
face, opposed to the top face, and at least one optical
20 layer, embedded between the top and bottom faces. The
optical layer has a first optical interface.
At least one cut-out is formed in the top face. The
optical circuit board has a reference layer defining an X-Y
plane.
25 The optical coupling device has lat least one
positioning member extending in a said cut-out, and having
a bottom face placed on the reference layer of the optical
circuit board. The optical coupling device further defines
at least one optical path adapted to transmit light between
30 a first optical interface and a second interface. The first
optical interface of the optical coupling device 1is
optically coupled to the first optical interface of the
optical board.
The system further comprises a mechanical fixation

35 system attaching the optical circuit board to the optical



BRI EF DESCRI PTI ON OF THE DRAW NGS O her characteristics and advant ages of

the 10 invention wll readily appear fromthe foll ow ng description of

ei ght of wbsofimdesinments, provided as nonlimtative exapphgg18064 the
acconpanyi ng drawings. On the drawings : Figs. la, |b are top perspective
views of two 15 exanples of optical systens, Fig. 2is a
sectional view, taken along line Il-11 of Fig. la, of an optical system
according to a first enmbodinent, Figs. 3-7 are views simlar to Fig. 2 for
ot her 20 enbodi nents of the invention, 3 Fig. 8is aviewsimlar

to Fig. 2 for @ogemert haephadi nBRt ,comprises aFifdxaPibs Hivl e¥ksdddilngr to
Fig. 2 for a eighth enbodi nent, and 25- Fi 10 is a partial
a variant of ]'g‘

g. enl ar gement of
ough  the optigak h&iFcpisr eRPaH gifites ,thFhep%%Jntelci’gLP@rence
si gns desi gnatmerdbdée or simlar el ements. DETAI LED DESCRI PTION 30Fig. |a

partially shows a hybtid, optical_ backpl ane or. PCB 1, i ch i J r. stack
conpri sing several Iagqérgrsl. Sreeifnea ué:rpast’ hlasr%%ﬁ:?(p ear?g\%?c\?\ntfl fgualfalslon%y‘bgs
referred t® asat¢liieeveslyer stack 1. The | ayer stack 1 conprises a |eft-hand

In some embodiments, one might also use one or more
of the features as defined in the dependent claims.
BRIEF DESCRIPTION OF THE DRAWINGS
Other characteristics and édvantages of the
10 invention will readily appear from the following
description of eight of its embodiments, provided as non-
limitative examples, and of the accompanying drawings.
On the drawings
- Figs. la, 1lb are top perspective views of two
15 examples of optical systems,
- Fig. 2 is a sectional view, taken along line II-
II of Fig. la, of an optical system according to a first
embodiment,
- Figs. 3-7 are views similar to Fig. 2 for other
20 embodiments of the invention,
- Fig. 8 is a view similar to Fig. 2 for a seventh
embodiment,
- Fig. 9 is a view similar to Fig. 2 for a eighth
embodiment, and
25 - Fig. 10 is a partial enlargement of a variant of
Fig. 2.
On the different Figures, the same reference signs
designate like or similar elements.
DETAILED DESCRIPTION
30 Fig. la partially shows a hybrid optical backplane
or PCB 1, which is a layer stack comprising several layers.
Hereinafter this backplane 1 will also be referred to as
the layer stack 1. The layer stack 1 comprises a left-hand
side waveguide structure 3, which comprises at least one

35 optical waveguide 2 (10 optical waveguides per structure



si de wavegui de structure 3, which conprises at | east one 35 optical
waveguide 2 (10 optical waveguides per structure 4 are shown). The PCB 1

further b{58%9s¢ I ght-hand side wavegui de structure s for
exanpl e g\g%t ?lﬁca to the left-hand side structure 3. ‘Fﬁgll%%ielﬁqbﬁ%n could

al so be applied to PCBs having only one wavegui de structure. The 5
waveguide 2 is positioned in a X-Y plane. The direction Y corresponds to
the symetry axis of the optical wavegui de structures. The direction Z is
defined normal to this X-Y plane. "Top", *%bottoni, "above" and "bel ow' are

used by referepgce §}9)wtn!?e I ghat p¥g POShi{ody Oéonﬁﬁl%@s' gak i devigce s sliQieW' th
respect to the PCB 1 he wavegui de 2 or the wavegui de stfucture 3

i ntegrated or HRIHSE Shructreust’ o@ich %ﬁef‘l’%ﬁfaé“lﬁe tsl’!f@m?’élgﬂecra]st“&ck 1.
Enbedded wavegthdlerse & -mandoe igel wreLchayegsli deshegha55n§{@etcmwwsrd)es or

wavegui des obt ai ned hy enbe d fibre technolo r the like, tlcal
o onal's. Ctr anchb R TG BP Py e g OpE TS H 8 ALC ke A%
opti cal dew cewareqpideelleditr pnkstt dewdeirora aﬁYOTIﬂelnePCB:I‘h(a not reqtsidn & on

Fig. 1, see Fig. 2 r royided _ov a first optical
wavegui de 2 ofg?%regﬁpé)%éi% gt ac hgl,sy\%ﬁ\%ﬁy\/\ﬁ%gu g rtbg p??%%} d“éés&eagt@gigond
optical path 7sforctureseptlheakdiseghadnih medé(fi(hqzrli armsrmalln ttch et hgrse et

exanpl e, al so shoyn onwgigr |8y, E%’Opt‘{a%lv device b LR i3S fsely exanpl e
a mechanical transfer ferrule (" ferrule" On figure 2, the optical

devi ce conpri sE&fHHGEsitYy t(bseuéﬁl%laehpgﬁl bt &f 0P sPREVRREIEYECE d whi ch
ends of optd cakifi reped? ext ens paB prechselyvaplidied el ahkveatafstldeons.

Each fibre 22 conpri ses,_ at one end2ad|rete toward t he , a first

optical int erf%‘b’eqp‘:tﬁ&ret e Tt h? ESSFa (sﬁot sﬁé‘gﬁ?)i efhd ot grﬁa 6’1“85 of

conpri se anot hete olpatyeo:al oiff nte¢ f o f Gitakckt erfammhs@ic&@i mvagow\eﬂ: 2)|mta|ycal

transm ssi on, 0 on | c orde i Lve an
. é?QLP RB %gg éé 'héﬂ' hee% an%ﬁ%}d%s og a& q}

optimal optic rs sec optica *t hat
are per pendi cmhtalr@de@@hembﬁ@‘ﬂed & idogplteapndbedve & ithe3dike OVI ded for

al i gnment pyrposes. tical sidrhid da{ra%%f@?@@!ietéh@rOPEbr{%a{hé'M@i‘ngt0 be
defl ected between the Flrst opti cal path 6 parallel to the Z direction and

the second opt?PREICHat ATV al fel ©S§Phe ¢ di #Rct OBh1C%ari S§Y18Bpr Gdches

may be taken. J;h\t&elei:t@'&ﬁl@f dévi&@scﬁ: appweasheschi vt yisebessvdi Gald.y
illustrated in F| %Pough onl %E ergendl c J ar def I, ECEI on .is

il lustrated, o}‘n *%éfi%c NPy §5i bl o WAL CaL path b th,
wavegui de 2 coulps i segsegquidyp Z| afdithg Ilayelr Hhaca aveguide woregullieard a

bOtton]C|quin§r$5§G%é %ZSeE%XSroptical path 7 for the optical signal in

the X-Y plane. In the present example, also shown on Fig.

1lb, the optical device 4 comprises for example a mechanical

transfer ferrule ("MT-ferrule”). On figure 2, the optical

device comprises a housing (such as a high precision sleeve

25 21) in which ends of optical fibres 22 extend in precisely

defined relative locations. Each fibre 22 comprises, at

one end 22a directed toward the PCB, a first optical

interface. At the other end (not shown), the optical

fibres comprise another optical interface for interfacing

30 to another optical transmission, emission or detection
device.

In order to achieve an optimal optical coupling

between the first and second optical paths, that are

perpendicular to each other, a coupling device 8 1is

35 provided for alignment purposes.



10 stack 1 may conprise various other |ayers bel ow and/ or above the
wavegui de 2. Such a layer is e.g. an epoxy |layer 13, deposited bel ow the

wavegui deyg,20flisa31epoxy |ayer 13" deposited above the waygprd600dse
Addi ti onal reference |ayers 23, 23" may al so be provided. Such reference

| ayers 15 are rigid |layers the position of which with respect to the

opti cal waveguide core |layer 11 is very precisely known. This is known
either froma well-controll ed manufacturing process, or by later imaging
(such as by detecting reference marks perPorned during the manufacturing 20
process). For exanpl ernt hes@r ef@y erggnhayetse arspuimde ofkigeinl dcopper).

Mor eover the | r stack 1 j I id id
Struct ares 3 19 IR A P beBRE RO R CPCIRS HBET obt PORABY gty A
signal s 25 betXwekiredtéohi asd oipt i salonpabbtbcahdodtie 7sepaandlperipendiecl ar
optieal path Tl SAdheved, Y SRl ONG S HhpIOL JRUAL Thns bl Gl oyl aced

on the first and second optica anple, the mrror nount
provi des t & althesfd erproachas worgy iiseschevahi¢alaus flassratad aiy|fE@-30 at

45 with respecy to the ehdlighectien, and exdendinguparal l&le1kecibg Yis

direction. The wording "mrror nount" 17 refers to any conponent able to
defl ect an optitaistdiegrar akeer Hinflestdprs engles rg @Paﬁr-ggecﬁs &Prli-sm as

wel |. The wavegui de 2Ths adapdethid @ ackPAREat @ thpS cMhadofg Mudr 16, 35 |f

necessary the Q%Rnggiﬂﬁﬁnc%gg ??dagg §r§%¥€¥5952%%i%gaTgyeP 12. Layer

10 stack 1 may comprise various other layers below and/or

above the waveguide 2. Such a layer is e.g. an epoxy layer

13, deposited below the waveguide 2, or an epoxy layer 13’

deposited above the waveguide 2. Additional reference

layers 23, 23’ may also be provided. Such reference layers

15 are rigid layers the position of which with respect to the

optical waveguide core layer 11 is very precisely known.

This is known either from a well-controlled manufacturing

process, or by later imaging (such as by detecting

reference marks performed during the manufacturing

20 process). For example, these reference layers are made of

metal (copper). Moreover the layer stack 1 may comprise

several wavéguides 2 or waveguide structures 3 in the 2Z
direction.

On Fig. 2, the deflection of optical signals

25 Dbetween the first optical path 6 and the second

perpendicular optical path 7 is achieved by employing a

mirror mount 17, which is placed on the first and second

optical paths. For example, the mirror mount 17 provides

total reflection and comprises a continuous facet 14 angled

30 at 45° with respect to the X direction, and extending

parallel to the Y direction. The wording “mirror mount” 17

refers to any component able to deflect an optical signal

and thus refers e.g. to a grating or a prism as well. The

waveguide 2 is adapted to accommodate this mirror mount 17.

35 If necessary the gap between the end of the waveguide 2 and



the facet 14 through which the optical signal travels is filled with an
i ndex matching material. Alternatively, a reflective layer is provided on a

facet of \R,B%m\ég%gi de structure 3. 5In the present syn‘gg&;eli@}?ﬂgg?%ingent,

the mrror nount is also symetrical with respect tot

Hence, the optical circuit board 1 conprises a first optical interface |la
corresponding to the points where |ight fromthe wavegui de core 11 exits

fromthe PCB 1 10(in the present case after reflection on the facet 14).

The layer 23' is removed over the facet 14, so that light exits the PCB

after reflectigrebyatde iacehrddgn which thdhepeptdraki&idicuitaoar disl
coul d al so coyrgrl se a second gptical interface, not_visible on Fi %
i

. ( 2,
through 15 whi Eht13fk YHght 2PudRfRY MAEERENRaPelaF iRl cofetainaded Yr hé
circuit board. rdhesctatvet Hiss/eseciondoptideal dmter face; ohi shéi ghtedgsicm tted
by a light em %#JI:LI{I% devi3ce, or is detected by a photo detector, or the

onhe

| i ke. The use 46 “rior e optical conponents 15 20 enhances or optim ses

t he optical5 coupling bet wgen pheséntstsyopeiccat patloddmant, t hdiesenorbr
optical path 7 e €sol Qar.enscark areused o didmate
di vergi ng Iighl%lo rg%rrls?(tq%g%e[%?/ g@@‘? |_ngcaopt Fgal . 0ss. Toe%o%t?céfﬁconnect or
assenbly further conpfises:a U8 conpl¢nh devceet8.Lomie cbupslomrglaesi ce 8
is, for exanpleir& UBLEREY] PiieGerFRALT aGt UESErOypdmUlInd NEo a thicansd Lgant
suitable material. The optical coupling device 8pco rises a bottom face 24
defining a fir@Repthii@Rt fRPRr FRR e"&EIMideh cPEC opt i TR TS TE6TpFRE Wi n t he
interface 1@ ofif hena3@REBnt Thgse fld Maedevteo® drurdHeerfacenprises a
second interface 26. ,%31 ogti calzzp,at.h i.s defi,ned between the.first *ﬂ?adc

8 entering

second interfaces 25, £Ythe? Coulsl iGCIEY; S‘éeﬁ.t}?\?arr%cﬁt M ght®
t he coupling dévgktte e&kidts iths PCBsaftian erifdeet26n kyniheg facem Lhe interface

la of the printed 35 Gircuit . rd.l i.s.p at e o] t ing
device 8 7 to the se?(})lr%d%' tr%tl_grg?agé}%{é?tTléggggc%ngo?%%eggg%e%ﬁ?@ 4
optical |y coupfegend ¢blelgailt ekttrifazea dfott Helsigtliengropiital 2 deth i

15 which the light running in the waveguide core 11 exits the
circuit board. Then at this second optical interface, this
light is emitted by a light emitting device, or is detected
by a photo detector, or the like.

The use of one or more optical componehts 15

20 enhances or optimises the optical coupling between the
first optical path 6 and the second optical path 7. For
example, lenses or lens arrays are used to collimate
diverging light beams thereby avoiding optical loss.

The optical connector assembly further comprises a

25 coupling device 8. The coupling device 8 is, for example,
a unitary piece manufactured by moulding a translucent
suitable material. The optical coupling device 8 comprises
a bottom face 24 defining a first optical interface 25
which is optically coupled with the interface la of the

30 PCB. The coupling device 8 further comprises a second
interface 26. An optical path is defined between the first
and second interfaces 25, 26 of the coupling device 8.
Namely, light entering the coupling device 8 at its first
interface 25, coming from the interface la of the printed

35 circuit board 1 is propagated through the coupling device 8



An area 18 of the optical device contains the 5 optical paths between the
interfaces 25 and 26. It may be provided with optical conmponents 15, such

as a len r r optim sing the optical coupling of signal s
of the was\"/]ggztf.)t}aly54 53 to/fromthe ferrule 4 through the cé’ggﬁtﬁ’g”&@{%% 8.

The lens or lens array may forman 10 integral part of the coupling device
8. The coupling device 8 conprises X-Y-reference neans (not shown)
used for aligning the coupling device 8 in both the X-direction and the

Y-direction with the wavegui de structure 3. This alignnent is perforned so

that the 15 coupl kRg dRW.e8 8 e RAskl izgnedrid 5B8or YiRkapgadnd2§0 ilshat
the first interface 25 of the coupli device 8 is directly above the

interface | a ofPti1PEB. cruptedr tot h*ég%odtﬂqeﬁﬁa&@w £¢? 8 LonphPsd@ting
Z-ref erence megmsid Td@v@becnsel y define the height of the coupl i ng device

with 20 respect to the optical .lLayers Z-reference nmeans 19
cooperates with conpl g‘ﬁ‘en‘t‘%ﬁ‘@ 28r et éﬁge ?1%talncs%§20 ?%t?t%d Cloﬁtgl?ay@’ of the
| ayer stacls 1'optmcgﬂn@raalhs bhewgen efler elmteerrfaaas 20 asdadppl i etk impysdeh a

layer at a pfﬂ%‘elrdg ? gm\/\ﬁiegg I s SBLA L¥ % t%‘ﬁ)gco opér at es

vvavegw de str ure ese él‘ ence neans
with the Z- refé@lermetlrm@neglghef OPheC@bLRﬂquqn@emfcéhS oppi¢eal sgtdleal

coupling is achievgd hetywrgenqthe fC@oaeﬁorth%heoummedew ¢&r8ughr &ftr ably
the Z-reference nmeans 19 projects fromthe bottomface 24 of 30 the opti cal

coupl i ng devi cgewpling deviceprdf or ey ke 2% et@PeneerABaRey2d o3l e 34 |
| ocat ed i nd heisesgrdlayartobst fige I@,{@ulatgaa&vilce lgv this enbodi ment th| S

| ayer is the top face _of th%%orF d;g%] 2? of the ogglcal | ayer.

advant ageous to use sURR SRUBSIhSHEF Pa§erPots$he Pogeie: rl‘hecemelar‘rn’that

case the Z- 8(mef eshenmd meansf@o &largnbegappeie@h;shmlgi denéoas8 yimikidthor

subsequently tg one_ Er%@ . Dfocess steps- {j 3 tﬁwﬁl th‘ea@%gqﬁlge These
In

n
Z-ref erence neans %gcan e accuratéfy app |e e preferred layer by
using |aser ab$exuammsr B.phofllst hégeapeyt The Perfferednce méhas e

remai ns avgj | a@&epthtg abdgnneng 1§ pustbesndpyes scaomrlet %lﬁh@ ladverscst ack
1. This may be done by covering the Z-reference neans _20 durin subsequent

manuf act ure st &PRL ahl® mhkFAY £RERTERSE | 2D efafPer Ctoh@lllagefiegt“é‘?:k 1 4Ss

conpl et ed. 10HenEe:tly Caov@Uttrd/ irscdrared lian dﬂ16tHe0pP@31If]BtEﬁ:HHr t e

printed circuit board 1. The cutgout 27 has a reference surface 28 formed

as the bottom ST MG ASYGFe & cofiprises erence means
precisely define the height of the coupling device with

20 respect to the optical layers of the PCB. The Z-reference
means 19 cooperates with complementary Z-reference means 20
formed in a layer of the layer stack 1. 1In general, the z-
reference means 20 is applied in such a layer at a
predetermined height along the Z-axis relative to the

25 waveguide structure 3 so that, when these Z-reference means
20 co-operates with the 2-reference means 19 of the
coupling device 8, optimal optical coupling is achieved
between the PCB and the coupling device 8. Preferably the
Z-reference means 19 projects from the bottom face 24 of

30 the optical coupling device 8.

Preferably the Z-reference means 20 are all located
in the same layer of the 1layer stack 1. In this
embodiment, this layer is the top face of the top layer 23’
of the optical 1layer. It is advantageous to use such an

35 internal layer of the PCB 1, since in that case the Z-



27, at which the exact position along the axis Z with respect to the
wavegui de core layer 11 is known with 15 sufficiently good precision. In

t he exangkgzghnsmgi , this reference surface 28 is proyiqgfhdsoedois t oP

face of the layer The coupling device 8 conprises positioning
menbers 29 haV|ng a botton1surface 30 which lays on the reference 20
surface 28. For exanple, the positioning nenbers 29 are provided as four
feet of the optical coupling device 8 provided in corners of the optical
coupling device (see Fig. 1). They projecB fromthe bottomface 24 of the

optical couplipgrdedce fankheyn comh dnal 8ppPepr Q¥hdEth e UL Sivd@nofo t he
area 18. A nechani cal fixation system 31 is shown on Fig. 2.

According to tHEPIBEMIEYorOFPEe 2F the ﬂ%&ﬁﬁﬁﬁ(ﬁﬂepﬁlfgﬁl8ﬁn§§%?¥ﬁﬁ¥§9
conpri ses a pithd2sexéiendi mgekdr gugbt@rdveOugdttI0l 2 33a10f bé heceotgld1ng

device 8, throu a [ hrough-hol e 34 0 of the PCB. Th in i s provided
e e omar ot o B R it tstaadveb By YRang nrangh- Ropacidh
formed duridg pmmxdmnﬂhbgmgppyoceSBxeorzrsefhﬁédqaj afeansvar &9 i nrenmeimoul ded

coupl ing_ devi cey, e Lhr ohoh ol eba,f aryred, Loy Lhe BCBDY Any suLt alee

met hod. The pin ext ends: t Krod e positioni |
coupl i ng devi ckayr s9athstlance, Tltlh?e pians 182 deeeplovi dedening ekat rZal area

of the positi OPéf@réFFc'@%\rea%% 2bnd59@nsxm&1§é}&wanﬁfaeeﬁ@é" S@dpssysiem 31

is provided at each of the positioning nmenbers 29, although this is
i1lustrative ORP¥ANGHRePapVREidRte ARfETPIERC322¥RE SHASH rfofPt AR WiFSace 8a

of the coupding devicae8ctp &heubaditomif asefbbmed trhan2CBopl Buppddd ad ar,
t he nmechani cal flxatlon ystem can conpri s bea ng surfaces 5 bearlng
respectively oh® ?hénP85e§ur?h€8L§é g?g?ﬂe ﬁoupllhﬁ devicd gi 5% t e
bottom 10 surfactetdneef durdaPEB2Bor fexaapl es the hethamlcaltmexammﬂnnsystem
Is rel efasabl e. ??,r g{arm'{i%h I{'hé h%xSHPO‘ZJo@%@Eoﬁh%%nB” t!:ﬂeg agis t IQ.e vﬁ'tﬁ 32
has an integrated
respect to the waveguide core layer 11 is known with
15 sufficiently good precision. In the example of Fig. 2, this
reference surface 28 is provided as the top face of the
layer 23’.
The coupling device 8 comprises positioning members
29 having a bottom surface 30 which lays on the reference
20 surface 28. For example, the positioning members 29 are
provided as four feet of the optical coupling device 8
provided in corners of the optical coupling device (see
Fig. 1). They project from the bottom face 24 of the
optical coupling device 8. They could also be provided
25 outside of the area 18.
A mechanical fixation system 31 is shown on Fig. 2.
According to the example of Fig. 2, the mechanical fixation
system 31 comprises a pin 32 extending through a through-
hole 33 of the coupling device 8, through a through-hole 34
30 of the PCB. The pin 32 is provided as a separate part from
the coupling device 8. The' through-hole 33 1is formed
during the moulding process, or is drilled afterwards in
the moulded coupling device. The through hole is formed in
the PCB by any suitable method. The pin 32 extends through

35 the positioning member 29 of the coupling device. For



head 36 which conprises a bearing surface 35 which bears on the top face 8a
of the optical coupling device 8 and has an 15 opposite end 37 on which a
part 38 owo 2be/1sessovabl y assenbl ed. The part 38 conpri sesTib®ibemaieng
surface 35 bearing on the bottomface |b of the PCB. For exanple, the pin
32 is a screw, and the part 38 is a bolt used for tightening on the bottom
face of the PCB. 20Alternatively, the bearing surface 35 is not applied to
the bottom face of the PCB, but to any face suitable to provide such a
fixation. Hence, the bearing surface 35 aBpI ied to the PCB could be applied
to a bottom f aoesteincany i bakd 37 nirer pedirb@ed ayera ceuehadsatde A5 the
reference | ayer Zq:i. f or exanpl e. | ocal LCut; out li n hhe bottongﬁaz%y.%rall b
coul d be proviidEd P88t BFRPSUch a cohndl iR ™Pas SASWRA’ of The BhiArgement
of Fig. 10. system 3ccos dpbngvideda aretdwmch obf f Eat posjtidreiny me@demsth its
i ntegrated heag, 36 .i.% .l.Ase f fl 30 through the

3%9 Galﬁzlolugg FLEg Sd ‘?Lgﬁlﬁ%r PPye 5%1,53}. Y

t hr ough- hol e ‘'of the tical coupling device then through the
t hr ough- hol% 34 of thénpesriirylart $hendiBg73profjtends Beppwhhe Botiess f ace

I b of f[he PCB18&?~”<§iftbl¢eb@J>L§p]%§1gi sAgsentl ed ther _Q;cﬂ:-tom face 1b of the
Accordi ng to anot her enbodi nent, a reverse nounting 35 fromthe bottom face

of the PCB is Hi®%o pdssitpdichiler, fHepdteihigi6alt He *PopOracysof™t e

opti cal couplidghleWeCbearing surfAkbaclBsNngpddid ngptiilectauply ngndaiecce 8
to the PCB 1 at the Z-referen etgeans 1? ZOd%ref ergncedsurf&ce b2O taond

posi tioning ne ers"?gf)ac}len%am? s 6 §OBBF A7 nde%tent® tHE el SBH8F the
Z- posi ti oniong. strufrddeer 1bt ehablhes ROB.t o abfrecexéele- padit | mectofnitded ar ea
18 during fastegning. . In jcul ar, ing t e pcal caupldng
device 8 is caﬁis}le O)? tﬁ?g%rﬁét h&osg. r§g%ﬁg§§g%i ng \(/)\Fo%{]de%g%h%%'_esi%bl%% si nce
it woul d nove emodimeaits deyn29nakdPor 226 et M 13P thad rabpifrgrated

Z-position. Fuidferse thgcatt BIds 1S pe8k-€A§ abl €52 Whizghwhschisgidds (@
repl ace the optical coupling device, if necessary. second

_ A
enbodi ment of e SR/ ERCPORTI QF MR APSErase@PWR NG Srdichc ¥° A1dF *8. This
enbodi ment15l5 efsdLfeondadt @t heneniindinreat wirdi g8 2ca bl t hendidifigr ence
that the Z-refereg{it1 | ayer .20 of thg%PCB i S. defitr}ged as_a referefnce I3%¥_er
he

23" provided dfFEt %ver thePt r FARRE B} he naveui™de THré L.

posi tioni ng nedrering lns tbxt kot dedpere iLht oft bize CRAB-.ouFo27epdmple ROB.
pin 32 is a screw, and the part 38 is a bolt used for
tightening on the bottom face of the PCB.

20 Alternatively, the Dbearing surface 35 1is not
applied to the bottom face of the PCB, but to any face
suitable to provide such a fixation. Hence, the bearing
surface 35 applied to the PCB could be applied to a bottom
face of any suitable intervening layer, such as the

25 reference layer 23, for example. A local cut-out in the
bottom layer 1b could be provided to perform such a
connection, as shown on the enlargement of Fig. 10.

According to a method of fixation, the pin 32 with
its integrated head 36 is inserted from the top, first

30 through the through-hole 33 of the optical coupling device
8, then through the through-hole 34 of the PCB until 1its
end 37 projects below the bottom face 1b of the PCB, and
the bolt 38 is assembled thereto.

According to another embodiment, a reverse mounting

35 from the bottom face of the PCB is also possible, with



20 Using the top surface of the waveguide core 11 as a basis for the
Z-reference layer, the positioning along the axis Z is optiml, because

t hi s posiwoanimmg4g9seduces the necessity to take into acceamiLicheo@isci Si on
of the method of manufacturing the |ayer 10 between the core 11 and the 25
coupl i ng device 8. According to a third enbodi nent, shown on Fig.
4, the Z-reference 20 in the PCB is provided as the top face of the bottom
| ayer 23 of the PCB. The positioning nenbers 29 are provided |onger than in
t he previous enbodi nents, to 30 extend unt91 their bottomface is pl aced on
the reference bayeing Another tbgnefdd oFf thbi speoedl goulliiag devidat, for

exanpl e when the PCB ri ses conpressihble material, such,as IaPscfE! C
| ayer form ng the cor%gg%(d %)Irlgtﬁ}ée cTRddi g,coélgrlclﬁﬁp(ri%\éls(i:eonggo O%rgese ayers
coul d occur dutiatg thee Z-T&feoaneetmerm=0fl o, h@Omate fegropta calkfdevi2® ahd o t he

OB 1, because,bon MR SAHYCS2 0N hREESd ScAPR! | &ML A nPELIQD e
connection. If this conpression is not 100 %recovered after mating, there
is a risk of npsecldigimeaft @fe Finnsitdnponent Burthriy theeriliasedidtorke The

two above confjgtrations #pablieibr decigaserdha g igkihBakaseehi Rer mnent
conpressi on causes, a _pernmanent m s-alignnment. . According to yet
anot her enbodi A#ftiCWRduwn "EnPEPELNG, te hehe etRfriciide PHPEF N2 098 % Tt 1S
necessarily prexistd s thik0 reehbam sgutRcBediny Githriaube Rutiebergsiay,i ded
as a top surface of

5,3, 100, SuraEel 3 PLoLeglLay SOy ol LU, 2T pipl dod Lt P

fromthe PCB, theiprenitsiglay pdsipbsdhédnt heMeitrherl5Fithe 6anbacipmervi deiss an

o e e, et L B e kel R Sy en L epia e oy o
device, if necessary.

A second embodiment of the invention is now
disclosed with reference to Fig. 3. This embodiment

15 corresponds to the embodiment of Fig. 2, with the
difference that the Z-reference layer 20 of the PCB is
defined as a reference layer 23’’ provided directly over
the top surface of the waveguide core 11. The positioning
members thus extend deeper into the cut-out 27 of the PCB.

20 Using the top surface of the waveguide core 11 as a basis
for the Z-reference layer, the positioning along the axis Z
is optimal, because this positioning reduces the necessity
to take into account the precision of the method of
manufacturing the layer 10 between the core 11 and the

25 coupling device 8.

According to a third embodiment, shown on Fig. 4,
the Z-reference 20 in the PCB is provided as the top face
of the bottom layer 23 of the PCB. The positioning members
29 are provided longer than in the previous embodiments, to

30 extend until their bottom face is placed on the reference
layer.

Another benefit of this configuration is that, for
example when the PCB comprises Compressible material, such
as a plastic layer forming the core and/or the cladding,

35 compression of these layers could occur during the



relation to Figs. 3 to 5, could also apply to the enbodi nent of Fig. 6.
According to Fig. 6, the nmechanical 20 fixation system 31 conprises a
press-fitwetut/s®sext endi ng t hrough the hol es 33 and 34pciriLsiif/b@ass from

t he nechanical fixation systemof Fig. 2 in that the pin 32 conprises

el astic nenbers 41 which extend in the hole 34, and are biased by the
cylindrical surface 42 of these 25 through holes. A nmechanical friction
occurs between the external surface of the elastic nenbers, and the
internal surface 42 of the holes 34, to ridtain the coupllng device 8 on the

PCB 1. In thiscoxamlion e il asaBhansbsdar edé\ﬁltceneqseﬁéathéypthr aygh
hol es. 30A si xth enbodi megégbs now descr. bedf inrelatio Thi s

erbodi ment . di 11ERE Gt RAIBBORPIRRS HOM g =os By CRELHET ure RR- Tord
mechani cal fi xeiison copastemdd. VarJ]fOUShéHbodormzemsssmy absonde 18 erent ed
wi th reference S fined.in Fi 0.5 I:ng Prgsent
35 enbodi nent, r?%g%sﬁg?hgg}?cal dc 5%%§es %n’? oltaégcg)g{ %ugeacia?g%% sep?gfate
part as the pltrh<82 copppnemes plarloz@ i she¢ nt%gileﬂelcyllf)m med Thiet htvde adstviecal
coupl | ng devi G fk il (SXAUP! Ehadi RLNSade-akse | MGROM akby Mo deduinth the
optical coupling deV|ce . The pins 32 are provided on the 5 p05|t|on|ng
menber 29. permanepity §PPBRE DT AhEWSEE ot PAEERA NG foftifhal PSRy b

performed by any suitabkterdBanscs ti}ﬁitr@rs%ﬁﬁbaiﬁelﬁ)@ftsﬁ&rbrcﬁﬂqmg on the
bottom face of thgbePCB 1. Tur nilng aﬂ< to Fig. 2, once the cou devi ce
8 10 has been 11 X8 t'CHHE GHt 12EFT ¢ c’tﬁtncﬂga{’red:efsﬁ§l3j%s]8’??‘b]eogedaﬁ%v it

IS necessarly tlotaldngnsthea@pt bcala devt-ceutd tbut hdeopinadldecousd | ag td:@Vl ce 8

and the CII‘CUIt board InF n t J5¥.qdqyi ce 4
to both parts ar ePace for e s(%%tﬁttlé)rrfeousl %%ué?tngougn% %g]%rrent sy\sﬁte
43, the PCB Alternatively, the prOJectlon 39 is provided as a

separate object, distinct from the PCB, and precisely
positioned therein.

15 Fig. 6 now provides an alternative way for a
mechanical fixation system 31. The various positions of
the Z-reference means 19 and 20 as discussed above in
relation to Figs. 3 to 5, could also apply to the
embodiment of Fig. 6. According to Fig. 6, the mechanical

20 fixation system 31 comprises a press-fit stud 40 extending
through the holes 33 and 34. It differs from the
mechanical fixation system of Fig. 2 in that the pin 32
comprises elastic members 41 which extend in the hole 34,
and are biased by the cylindrical surface 42 of these

25 through holes. A mechanical friction occurs between the
external surface of the elastic members, and the internal
surface 42 of the holes 34, to retain the coupling device 8
on the PCB 1. In this example, the holes 33 and 34 are not
necessarily through holes.

30 A sixth embodiment is now described in relation to
Fig. 7. This embodiment differs from the embodiment of
Fig. 2 by the nature of the mechanical fixation system 31.
Various embodiments may also be implemented with reference
means as defined in Figs. 3 to 5. According to the present

35 embodiment, the mechanical fixation system does not use a



15 which in the present case, conprises pins 44 which extend along the Z
direction both through holes 45 of the PCB and 46 of the optical coupling
devi ce 8,wBubhfi@gsihe area 18. The pins 44 thus project ptiamdi eooisP
surface 8a of the optical coupling 'device and cooperate with through holes
or 20 recesses 47 of the optical device 4. This is also shown in relation

to Figs. 3 to 7. Fig. 8 now shows a seventh enbodi nent of the
i nvention. Various enbodi nents nmay be conceived in conbining one or nore of
the features described in relation 25 to ¥ gs. 2 to 7. In the

enbodi ment of Euhrfe (e tORL Gal ¢HPBRNILAEVEEE BiLOBPrisesnpldisni1h4r

whi ch project fromthe top face 8a of the gptical coupling_device. In
particul ar, thECTRSTs Wit a‘?kée i| PR e I%P‘ﬁ‘%lﬁ@d dRVERSt Be opf¢af*FWIS i ng
device 30 8 beting fgamsexanpl erei Ntraggalally ynoubaeded herien tbheTh@npiailcal
device 4 is identical the o ne whi ¢ch has be reV|ousI Thus,

the ali gnment ©f"FHd'S opg?g%ﬂ dévi ce 4'9 nptlﬁﬁ Slrgnepr?m =X respec %o the
coupl i ng dévi ceos8itnening pember n2%. i ndependent I y to the ali gnrrent in 35 the

X-Y plane of the opti ggkaggwl bﬁgéﬂg\ébggﬁ&"“fgge p%%t th£3 ﬁg%v g, ?%B 1.

According to the enbodi ment of _ e optical coupling
further conpriBestarmegr rourrdivnguidiablagmaanehspeij eeet &r oapatntq gppftace 8a

of the optical 3gqupRdJ c?l’jl& éndgﬁéq@ot@}ﬂ f-Scadaptrd g gurround, at | east
partly, the optical device 4 during mating the optical device 4 al on% t he

direction Z toward théuspiteaPachul? i d é’élcg thR FFPLERT &feVidfe

sur roundi ngp Wahds %mrmrxeﬁe:toathacepéscé:ammdmdmhw LNYAr des@titbed
di nensi oned so as to .qui.de an 10 exter%g. COFH| errent ary face 5

optical devi ce®@¥ur ity *FafFRg et Y HE St-PLal aetk lecazll 6VEhe g(ﬁé’ 1tthel n
particular, t hept}mraﬁlec;iqupmlsgsdemcﬁél. graodi dbd birduie m@rabldnatl olm dfid.he

gui di ng surf ace 4%, and guidad Suf fage 50 RLoViges.aty east, ng. ofs the

fol l ow ng function 0 prevent ting o e optical device 4 with
respect to theremidmmgdadigulthngopsbiedy ngemgomnb@rldgﬁ@e@? %erﬁrﬁnbr‘b’aku ng

one or norgs of yf ey pidsedy pideenraldaAs Ic%mgm&gebeﬁﬂng esh s{yRN¢n thatedde

pins 47); To provide optical protection by isolation of 20 the optical
coupl i ng bet vm%%PQ%é:}‘see(,zor‘i’&reﬁFéPf‘a]E%tIZGt}b‘foucgﬁ‘eh@ﬁ??cép ebuprs ffRiéN%e 8

and the ends 22a of the @p&i@aﬂl éd@laslgl degibat efd 60bfig@aretd adpeasass to
prevent |ight romthe gt %58'}']3 0 be % nsfer gled thr ciu%at he ;PCB,. and/ or
t

To provide dust prBtReti t RESECF Phc sl 8a~d

optical coupling '‘device and cooperate with through holes or
20 recesses 47 of the optical device 4. This is also shown in
relation to Figs. 3 to 7.

Fig. 8 now shows a seventh embodiment of the
invention. Various embodiments may be conceived in
combining one or more of the features described in relation

25 to Figs. 2 to 7. _

In the embodiment of Fig. 8, the optical coupling
device 8 comprises pins 147 which project from the top face
8a of the optical coupling device. In particular, the pins
147 are integrally formed with the optical coupling device

30 8 being for example, integrally moulded therewith. The
optical device 4 is identical to the one which has been
previously described. Thus, the alignment of the optical
device 4 in the X-Y plane, with respect to the coupling
device 8 may be performed independently to the alignment in

35 the X-Y plane of the optical coupling device 8 with respect



25 so as to reduce the risk that opaque particles may enter the optical
system and prevent |ight transfer between the optical device 4 and the
coupl i ng Wewh fie1599s1 These provisions may be al s@cRiRhgsise

i ndependently of the way the coupling device 8 is attached to the PCB 1. 30
An ei ghth enbodi nent is now described in relation to Fig. 9. Various

enbodi nents may be conceived in conbining one or nore of the features

described in relation to Figs. 2 to 8. As shown on Fig. 9,
the facet 14 is now provided 35 integral Wth the optical coupling device
8. For exanpl eto the PCB 1. 14 it is integrally

nmoul ded therewith. The fixation of .the ti.cal coupling device 8 to the PCB
1 is as expl ai ned aboggcﬁf e etf%rte}}‘iecee“l?t%déﬂ‘ﬁ%f Ogi §s9- Zg‘t o % HENEat
accordi ng to tdvslemgodievere, 8t Herapkircabmpnieed agestar@indimgt vealRCB8 s not

provi ded as par.al l.el P ut_ext.ends in - l.ane. tjcal
coupl i ng devi cvé}%Bé}} @rgﬁgtggo%ﬂ%lﬁ(,t%%sscg E%gg %(%gogntg‘[ é)P.%Q%%A{:]ot 12?19'
di f f er ence Tongetriew t ;anchel £ndbdelrasht tof sE gpumd, (&t horaft tidF loeultdiebe

provi ded i ndepgndentyl yadyiem 4hefriih§t ndikffigr %H_&eo?&?&éi bed, aROVE)alichdt hat
the PCB here is provided with two parallel "optical layers 2 and 2'. nce,
the systemis Heg @iFRfstioncdl taverdr E8pePtisat heowrliy Agyigre 8- In

It will be clegirtidihe, paireonssidddredngn dde a1d thaprisdd haughcthero
description sopetjnes amakcﬁ r ef ereace t Idi.lght being transnmitted from one
| ocation to anotfdld IHIEHY f8Feffie 88Re bR HMTY ¥ Fhet Ut TSptiTon

only, and 10 external complementary face 50 of the optical device 4
during mating of the optical device 4 to the PCB 1. In
particular, the protection system 51 provided by the
combination of the guiding surface 49 and guided surface 50
provides at least one of the following functions

15 - To prevent tilting of the optical device 4 with
respect to the mating axis, thus protecting from bending or
even breaking one or more of the pins 47 (the wall 48 is
more bend-resistant than the pins 47);

- To provide optical protection by isolation of

20 the optical coupling between the second interface 26 of the
optical coupling device 8 and the ends 22a of the optical
fibres in a mated configuration, so as to prevent light
from the outside to be transferred through the PCB, and/or

- To provide dust protection of these interfaces,

25 so as to reduce the risk that opaque particles may enter
the optical system and prevent light transfer between the
optical device 4 and the coupling device 8.

These provisions may be also provided independently
of the way the coupling device 8 is attached to the PCB 1.

30 An eighth embodiment is now described in relation
to Fig. 9. Various embodiments may be conceived in
combining one or more of the features described in relation
to Figs. 2 to 8.

As shown on Fig. 9, the facet 14 is now provided

35 integral with the optical coupling device 8. For example,



20 that light could as well be propagated in the opposite direction
dependi ng of the kind of applications, apart fromthe cases where it is

clear frogpbhf,Giext that it is not possible. 15 QAE>N§/IE20169009§kti cal
system conprising: an optical circuit board (1) having: 5a top tace, a

bottom face (1b;23), opposed to the top face, at | east
one optical layer (11), enbedded between the top and bottom faces, and
having a first 10 optical interface (la), at | east one

cut-out (17) formed in the top face, and Having a bottomreference |ayer
(20) defining an XsY ipltageallanmoptbedl t@euplifly. devece ik} ibaviodg:thkbat

| east one positié)_ni g nmenber (19 extengi ng in a | d.cut-out, an .ha\g ng a
bottom face (3% Jp‘i‘agce%lo e Fefei%en etgafgjre 05?&% hé dptital SRl
board, ~ above withatrdfeashcenecopsngabfpatigsadapt ed td. trahsmd, |ight
Dot ¢ PhedPHIR St Rk 0 PRL SRl Pl AL, e dorst
5 the PCB is not provided as parallel to the top face of the
PCB, but extends in the Y-Z plane. The interfaces 25 and
26 of the optical coupling device 8 are no longer parallel
to one another, as on Fig. 2, but are now perpendicular to
one another.
10 Another difference compared to the embodiment of
Fig. 2 (although this could be provided independently from
the first difference described above) is that the PCB here
is provided with two parallel optical layers 2 and 2'.
Hence, the system is not symmetrical with respect to the Y-
15 Z plane.

It will be clear to the person skilled in the art
that, although the description sometimes makes reference to
light being transmitted from one location to another, this
is for the sake of clarity of the description only, and

20 that 1light could as well be propagated in the opposite
direction depending of the kind of applications, apart from
the cases where it is clear from the context that it is not

possible.



a nmechani cal fixation system (31) adapted to attach optical coupling device
to the optical circuit board, and conprising a fixation pin (32) extending

t hr ough I part of the optical circuit board (
posi ti on?‘ﬁgﬁr)rlelr/g%r%&( 19). 2. System according t(%}jgﬁfé%%n@m%ere n

t he positioning nmenber (19) has a central area, and wherein the pin extends
in the central area. 303. Systemaccording to claiml or 2, wherein the
optical coupling device has a top face (8a), opposed to the bottom face,
and wherein the pin (32) extends fromtheltop face of the optical coupling
device, to the bottomface (I b) of the @il circuit board (1). 354.
System according to any of clains 1 to 3, 16 wherein the nechani cal
fixation system (31) conprises a bearing surface (35) bearing on at | east
one of the bottom face.(hkb)optitde Hpdemalkofiptcslitgboard and of a top face
(8a) of the optical coupli gg devi ce,. V\:hi.%hbi S gpgos d to 5 the bottom face
(30) of the positioning ABnBRFiCal circuitgbogpd; tih H&¥dfding to any of
claims 1 t® 4, wherein the optiaqmalfacker,cuit board conprises a through hol e

(34) and wherein the pin (32 X ssthro ) t hole. of t
optical circuit board. 106. %yg %?n&gcgégéi ;lggfggghygg?g%]%i ?r!g f%teo %%
wherein the opfae=al coupling device conprises a through hole (33) extending

fromthe bottomface of the poshtiopi RGN0 BN LQPPPEHRd toR.daLs (8a)
of the optical couplinghdevice, and wherein the pin’“extends throu e

t hrough 15 hol®eEPn ofheheBpt PRAI RYSM nfaeesi cénd having a?.fgjg";ﬁté"[]em
accordi ng 1 asytdaicliaicBErdcé0(Ha) Wherein the optical circuit board
compr{oes, & through hol e havig, an dnker el okl 195) o8l L6 42l @
friction. face, &hd Systiem acbordongrédemamceoflagleal B0L tefimintherei n
the pin (32) ig J rgleagiregl with the optical coupling device.

- an optical coupling device (8) having:

15 . at least one positioning member (19)
extending in a said cut—ouf, and having a bottom face (30)
placed on the reference layer of the optical éircuit board,

at least one optical path adapted ¢to
transmit 1light between a first optical interface (25),

20 optically coupled to the first optical interface (la) of
the optical board, and a second interface (26),

- a mechanical fixation system (31) adapted to
attach optical coupling device to the optical circuit
board, and comprising a fixation pin (32) extending through

25 at least part of the optical circuit board (1) at the
positioning member (19).

2. System according to «claim 1, wherein the
positioning member (19) has a central area, and wherein the
pin extends in the central area.

30 3. System according to claim 1 or 2, wherein the
optical coupling device has a top face (8a), opposed to the
bottom face, and wherein the pin (32) extends from the top
face of the optical coupling device, to the bottom face
(1b) of the optical circuit board (1).

35 4. System according to any of claims 1 to 3,



9. System according to any of clains 1 to 8, 25 wherein the nechani cal
fixation system (31) is releasable. 10. An optical system conprising: an

optical oypoyiiishaard (1) having: a top face, a bottom paearidiPdoosgpposed
to the top face, 30 at |east one optical layer (11), enbedded between the

top and bottom faces, and having a first optical interface (la),

at |least one cut-out (17) forned in the top face, and having a bottom
reference |layer (20) defining an 35 X-Y plane, 17 an optical coupling
device (8) having: at |east one positi oni%% menber (19) extending in a said
cut-out, and hawvémgira boeét archasec{BO¥iphaced epstbe rEfler e diager =0f the

optical ci rouif board.. 5.2t |east,one, optical. nath adapted Lo transil
| i ght between a i optical 'I'n erface (%)ﬁ} opti cal loy coupled kt)or"t%e
first optical faterthee ¢faphef ophecabtsaduifodradrdaraida gecontebn nfaref ace
the optical o 1ot t°hoare PBTTRe. opr R Lounly o doviee ond brsr s ng a
fixation pih (829 hoatendifaget kFOugtf tthe peiLEaPREIT difiMbeBeard (1) at the
positioning menber (1%). system accordingl. 8Yyst ageor gi gnd 01anyo ofg cl ai ns
1to 10, 15 fur}t1 her, cotrlrlprl sitr]g: 1 o ¢ ba I\érl'-co?nr rrtilsgg?_i Q}alt\r/ég ahglier st
opti cal wherein e optical circui oar P

(34) and wherein the pin (32) extends through the through

hole of the optical circuit board.

10 6. System according to any of claims 1 to 5,
wherein the optical coupling device comprises a through
hole (33) extending from the bottom face of the positioning
member to an opposed top face (8a) of the optical coupling
device, and wherein the pin extends through the through

15 hole (33) of the optical coupling device.

7. System according to any of claims 1 to 6,
wherein the optical circuit board comprises a through hole
having an internal cylindrical face (42), and wherein the
pin (32) cooperates with the internal cylindrical face by

20 friction.

8. System according to any of claims 1 to 7,
wherein the pin (32) is integral with the optical coupling
device.

9. System according to any of claims 1 to 8,

25 wherein the mechanical fixation system (31) is releasable.

10.An optical system comprising:

- an optical circuit board (1) having:

a top face,
a bottom face (1lb), opposed to the top face,

30 . at least one optical layer (l11), embedded
between the top and bottom faces, and having a first
optical interface (la),

at least one cut-out (17) formed in the top
face, and having a bottom reference layer (20) defining an

35 X-Y plane,



interface (22a), an alignnment system (43) adapted to align the
Mr-ferrule (4) on the optical circuit board (1), so that 20 the first

optical iwbenfiaGesq22a) of the MI-ferrule is optically eeyptadibfiide
second optical interface (26) of the optical coupling device (8).

12. System according to claim11l, wherein the alignnment system conprises at
| east one recess (47) in the 25 MI-ferrule, and at | east one respective pin
(147), conplementary with the recess and integrally formed with the optical
coupl i ng device (8). 13. System aktording to claim 12, wherein the

MI-ferrule has a guided gHrbgeecdPYoitienduagi & ony aar@hhng 30 axis
prependi cular to the X-Y plane, and wherein the optical coupling device (8)

has a bend-resistant system348) 1RasFng SReguiRAiTg 190 P dce EAEET  (19)
conpl enent ary éocdridinguiided subifiacet(s0), and addpged botgom deadde(30)

MI-ferrule along the mating axis. 3514. An optical systemconprising:, 18
a MI-ferrule (%‘)ga%eac\eior?gttgef fs reonp 5 f:lﬁyeirn gr#%%eo 5), cIrc ltsboagréih
optical cirxuit board (1) havi ngleast opofaceppBicdiot tranlf acalgdts)d, dpposed

to the top facg it light b aL least .ope Qrti.cal |ayver.cll),gnbedded
bet ween t he topr%r}\sdnlt?otté?n?acggeand aﬁav?ﬁg ao i rst opltr?ccal % nt eér f5§c'e

(1a), optically cogpliegasio oite chitrdut oRainalf ok fiaset Hé 3 o 10
face, and havi pge aRAtdaMLEEEE) e4E d ARLnG2 t&efddd n@egh X-Y plane, an
optical coupling deVIQe gg)rgggggg:le mechanical fixation system (31)
10 adapted to attach the optical circuit board to the optical
coupling device, and comprising a fixation pin (32)
extending through the optical circuit board (1) at the
positioning member (19).
11.System according to any of claims 1 to 10,
15 further comprising:
» - a MT-ferrule (4) having a first optical
interface (22a),
- an alignment system (43) adapted to align the
MT-ferrule (4) on the optical circuit board (1), so that
20 the first optical interface (22a) of the MT-ferrule is
optically coupled to the second optical interface (26) of
the optical coupling device (8).
12.System according to claim 11, wherein the
alignment system comprises at least one recess (47) in the
25 MT-ferrule, and at least one respective pin (147),
complementary with the recess and integrally formed with
the optical coupling device (8).
13.System according to claim 12, wherein the MT-
ferrule has a guided surface (50) extending along a mating
30 axis prependicular to the X-Y plane, and wherein the
optical coupling device (8) has a bend-resistant system
(48) having a guiding surface (49) complementary to the
guided surface (50), and adapted to guide the MT-ferrule
along the mating axis.

35 14.An optical system comprising:



at | east one positioning nenber(19) extending in said cut-out, and having a
bottom face (30) 15 placed on the reference |ayer of the optical circuit

board, at | east one optical path adapt it |ight
bet ween aWPiZPlsltllsg)Stli cal interface (25), optically coupl 2gT{I§20§ngd?’?§Er st

optical interface (1a) of the optical board, and a second interface (26),
optically 20 coupled to the first optical interface (22a) of the

MI-ferrul e, a rel easabl e nmechani cal fixation system (31) adapted
to attach the optical circuit board to the® optical coupling device, and
conprising a fixation-pin (32)-t25raxtendiang thraugh the pptdical ot it
board (1) at the positioning nenber (19), an alignnent system
(43) adapt ed tbméf% etﬁgzﬁﬁ'!ferrul e (4) on the optical circuit board (1),
wherein the MI-ferrul e has apgiutaledisufiacbofdbd) (EXtteavdingg al ong a 30
mating axis normal to the X-Y Apa «caNd wherein the optical coupling
device (8) has a bend-resistani ‘'system (48) having a guiding surface (49)
conpl enentdry to the guided surdtdca (B0, (dpd, axkwsed to ghe decn Hace,

MT-fer_ruI e al ong t he mat ing axi §easPll3nd %ﬁgi%@lcolrgyeir_si My, 1&mbedded
an optical coupling device (8) having at | east one oOptical path adapted to

propagat e |i ghPeHeasieefing fEarst 2Bpt iRAALAMNt ErFate @2Y) , hatidpt ed th Iid
optically coupbggidfl anfkr$hcoptigal interface (la) of an optical circuit
board, 5 and a second interface e%26%1, a( %r-ferru e(4) having a
first optical interface (-22a3°optitaldF UprEG &6/t nECEREHN ot P
interface 1{®6) fatet hendptdvdaly eobpktiog Hdefécence layeal i(GAMedtfHyisicenan 43)
adapted to al iQDtheanleo MI-ferrule on the optical circuit board, and
conpri si ng: P !

- an optical coupling device (8) having:

at least one positioning member (19)

extending in said cut-out, and having a bottom face (30)

15 placed on the reference layer of the optical circuit board,

at least one optical path adapted to

transmit light between a first optical interface (25),

optically coupled to the first optical interface (la) of

the optical board, and a second interface (26), optically

20 coupled to the first optical interface (22a) of the MT-
ferrule,

- a releasable mechanical fixation system (31)
adapted to attach the optical circuit board to the optical
coupling device, and comprising a fixation pin (32)

25 extending through the optical circuit board (1) at the
positioning member (19),

~ an alignment system (43) adapted to align the
MT-ferrule (4) on the optical circuit board (1), wherein
the MT-ferrule has a guided surface (50) extending along a

30 mating axis normal to the X-Y plane, and wherein the
optical coupling device (8) has a bend-resistant system
(48) 'having a guiding surface (49) complementary to the
guided surface (50), and adapted to guide the MT-ferrule
along the mating axis.

35 15.A system comprising:



at | east one recess (47) in the MI-ferrule, and
at | east oner especti vepi n(147), conplenentary with the recess, and integrally

formed Wwb b /1slpg10pti cal coupling device, a protecti @grayshemotsl)
conprising: a guided surface (50) of the MI-ferrule (4), extending along a

mating axis, and a bend-resistant system (48) having a 20 guiding surface
(49) conplenentary to the guided surface, and adapted to guide the
MI-ferrul e along the mating axis. 16. System according to any of
clainms 13 or 15, wherein the guided sur f acke (50) is an outer surface of the
MI-ferrul e, and wherein theoptotett totpsysd edeyixk) &5 conpmges dredstner

wal I (48) Surré%gugﬂgicgqepggﬁegdg%ggén%% %&o%ggagéwffgﬁ%'between a first
optical interface (25), adapted to be optically coupled to
a first optical interface (la) of an optical circuit board,

5 and a second interface (26),

- a MT-ferrule (4) having a first optical
interface (22a) optically coupled to the second optical
interface (26) of the optical coupling device ,

- an alignment system (43) adapted to align the

10 MT-ferrule on the optical circuit board, and comprising:
at least one recess (47) in the MT-ferrule,
and
at least one respective pin (147),
complementary with the recess, and integrally formed with
15 the optical coupling device,
- a protection system (51) comprising:
a guided surface (50) of the MT-ferrule (4},
extending along a mating axis, and
a bend-resistant system (48) héving a
20 guiding surface (49) complementary to the guided surface,
and adapted to guide the MT-ferrule along the mating axis.

16.System according to any of claims 13 or 15,
wherein the guided surface (50) is an outer surface of the
MT-ferrule, and wherein the protection system (51)

25 comprises an inner wall (48) surrounding the outer surface

of the ferrule.



