ELECTRO OPTI CAL HYBRI D W RI NG BOARD AND METHOD FOR
MAKI NG SAME BACKGROUND OF THE I NVENTION 5 This invention
rel ates an electro-optical hybrid wring board suitable for use to
handl e both optical and el ectri cal signals, and a nethod for making
sane. There have evol ved exanples in which a portion of
apparatus is constructed of optical circuits for the purpose 10 of
i ncreasi ng the response speed of the apparatus, elimnating the
interference between the circuits, or the like. An exanpl e
of the construction of thELEBCTRO-GPTICAL HYBRIDt WOIRDNGI B@ARIMYDbri d appar at us
Is illustrated in Fig. 1 in 15 which the reference nuneral 11 indicates a
not her board while 12 ar ANDaMETHOP PORIMAKINGUISAME to t he mmj or surface
of the not her board 11 in an orientation perpendicular to the plane

BACKGROUND OF THE INVENTION

5 This invention relates an electro-optical hybrid wiring

board suitable for use to handle both optical and electrical

signals, and a method for making same.

There have evolved examples in which a portion of
apparatus is constructed of optical circuits for the purpose

10 of increasing the response speed of the apparatus,
eliminating the interference between the circuits, or the
like.

An example of the construction of the prior art
electro-optical hybrid apparatus is illustrated in Fig. 1 in

15 which the reference numeral 11 indicates a mother board while
12 are daughter boards mounted to the major surface of the
mother board 11 in an orientation perpendicular to the plane
of the mother board. The daughter boards 12 are electrically
connected with the mother board 11 by means of electrical

20 connectors 123 mounted to the major surface of the mother
board 11.

On the other hand, the interconnections between the
daughter boards 12 for optical signals are separately
established by optical communication modules 15 and optical

25 fibers 16.
In the conventional electro-optical hybrid apparatus,

while the electrical interconnections between the daughter



of the nother board. The daughter boards 12 are electrically connect ed
with the nother board 11 by neans of electrical 20 connectors 13 nounted
to the maj or surface of the nother board 11. On the ot her
hand, the interconnections between the daught er boards 12 for optical
signals are separately est abl i shed by_optical comunication nodules 15
and optical 25 fibers 16. In the conventional electro-optica
hybri d appar at us, while the electrical interconnections between the
daught er - 2- boards are
col I ecti vel ypedfdsctaaed kpllbetilely refidcimhngc tuhies electridabncommedisrdoar d
11, optical signal interconnections nust be made separately for each
route by neahd ard miekhemt boakd 11, opnikal hignad dpdekcentéctibons puustal
fibers 16. The optical 5 comunication nodul es 15 and optical fibers 16
are confi gurk@ made separately for each route by means of the optical
communication modules 15 and optical fibers 16. The optical
5 communication modules 15 and optical fibers 16 are configured
to be detachably connected together by optical connectors 17.
However, for a large scale apparatus such as an IC tester, a
tremendous amount of labor is required for the connecting and
disconnecting operations because of the great number of
10 optical signal paths which may amount to as many as several
thousands. Although there are available optical connectofs
capable of connecting and disconnecting a plurality of
optical fibers at one time, such configuration of connection
could not cope with an enormous number of optical signal
15- paths as many as several thousands. In addition,
misconnections are likely to occur, and undesirably much
labor is required for the assembly.
Wim Delbare and Louis Vandam deals with the
configuration of connection for numerous glass optical fibers
20 embedded in the surface layer of an electro-optical board in
their "ELECTRO-OPTICAL BOARD TECHNOLOGY BASED ON DISCRETE
WIRING", Proc. International Electronic Packaging Conf., pp.
604-618, 1991. According to this connecting method, a
supporting glass fiber (or copper wire) is laid on a wiring
25 Dboard to extend in a straight line and a plurality of glass

optical fibers are arrayed so as to cross perpendicularly

over the supporting glass fiber whereby the optical fibers



to be detachably connected together by optical connectors 17. However,
for a large scal e apparatus such as an IC tester, a t remendous anount
of labor is required for the connecting and di sconnecti ng operations
because of the great nunber of 10 optical signal paths which may anmount
to as many as several t housands. Al thugh there are avail able opti cal
connectors capabl e of connecting and di sconnecting a plurality of
optical fibers at one tinme, such configuration of connection coul d not
cope with an enornmous nunber of optical signal 15 paths as nmany as
several thouwablishave rbewiligoraions proEkﬁd@ﬂ?eﬁpwamuﬂyuﬂaThékelﬂibergcaré,
and undesirably much | abor is required for the assenbly.

W m Del bar e &hénlembeddéadhdemalddlliewni Lhyéheto formoani ielectiiosoptfical
connection for nunmerous glass optical fibers 20 enbedded in the surface

| ayer of an bpPacdr (dapshtest hesadd )i.n The uppes rsurEaREeTRS GhE CALLISOARD
TECHNOLOGY BASED ON DI SCRETE - WRING', Proc. Internatjonal Electronic
Packagi ng CoRfYerppS shaveddp @kposeothe raisedi hent Perkions efedteng

25 'hoar  t o £HRPERA VLG SThLReGh PORRAONSnALa. Browid| £ e jopeddar” M
optical fibeE%u%igngr gggétsﬁﬁéﬁ%s Owﬁagﬁsoggiggfdégﬁ%fgéﬁldispdsed in a
mother board are opposed to optically connect the optical
fibers of the electro-optical board with those of the wiring
board (mother board) oriented perpendicularly to the electro-
10 optical board. This connecting approach allows for
collectively interconnecting numerous optical fibers betwéen
a mother board and daughter boards, but is involved with
difficulties in grinding many arrayed bent portions of
optical fibers by the same depth to the cores of the optical
15 fibers and consequently suffer from the drawback of

significant variation in the optical coupling characteristics.

SUMMARY OF THE INVENTION
Accordingly, it is an object of this invention to

20 provide an electro-optical hybrid wiring board which permits
collective connection and disconnection of optical signal
paths with reduced variation in the optical coupling
characteristics as well as electrical circuits and which is
easy to manufacture, and a method for making same.

25 According to this invention, an optical fiber-embedded
layer having optical fibers embedded therein is provided as

one layer of a multiple-layered electrical wiring board.



over the supporting glass fiber whereby the optical fibers

- 3- w || have bent portions protruding upwardly. These fibers are
then enbedded in a filler layer to forman el ectro-optical board
(daughter board ). The upper surface of the filler | ayer is shaved to
expose the raised bent portions of the 5,fibers, which raised portions are
ground to form opti cal coupling faces, against which optical couplers
di sposed in a not her board are opposed to optically connect the

opti cal fibers of the electro-optical board with those of the wiring

board (not heOnQOé\ﬁdi_)fﬁéﬁ@ﬁ@h@%?@ﬂ@'&fUfﬂSéﬁ’s tfhitdWQnEItﬁ‘éU Paye2Oaré&pti cal
board. This connecting approach all ows col lectively

i nt er connect exgosedred® ushed(Laiteghlf ehar 6f befigeisulating sobberabeast ehg
daught er boards, but is involved with difficulties in grinding many

arrayed bentwpnlmgcbnaxﬂ to formpai tatetabesrsd hyougicingane d2pow fort he cores
of the optical 15 fibers and consequently suffer fromthe drawback of
optical coupling at the lateral end in a direction parallel
5 to the plane of the substrate. The other end faces of the
optical fibers laid in the optical ﬁiber-embedded layer are
also exposed to provide a surface coupling to allow for
optically coupling the other end faces in a direction
orthogonal with to the plane of the insulating substrate. It
10 will thus be appreciated that by virtue of the combination of
the lateral end coupling and the surface coupling, this |
invention provides for both electrical and optical direct
connections between boards positioned orthogonally with each
other such as in the relation between the mother board and
15 the daughter boards. |
The electro-optical hybrid wiring board according to
this invention comprises:
an insulating substrate having an adhesive layer formed
on one side surface thereof;
20 a plurality of optical fibers at least one end portions
of which are arranged on the insulating substrate and laid in
a predetermined pattern over the surface of the insulating
substrate and attached to the adhesive layer;
a filler layer applied in a thickness sufficient to
25 f£ill up undulations of the surface defined by the array of

the optical fibers;

a covering sheet applied to the filler layer;



significant variation in the optical coupling characteristics.

SUWWARY OF THE | NVENTI ON Accordingly, it is an object of this
invention to 20 provide an electro-optical hybrid w ring board which
permts col l ective connection and di sconnection of optical signal
paths wth reduced variation in the optigsl coupling characteristics
as well as electrical circuits and which Ts easy to manufacture, and a
met hod for nmaking sane. 25 According to this invention, an optical
fi ber-enbedded | ayer having optical fibers enbedded therein is

provi ded as ORAntavemehs afditthdd RIMoughergd €ierési Layemidndidnward.
-4- One end faces of the optical fibers laid in that |ayer are

exposed at tdwvdmimey aheetdtof ekpose Nche drid@misboifr ahe optibal fibewdy i ng
board to forma lateral end coupling to allow for optical coupling at
the lateral end inrefdecéihgomeams afdrelreflactinge lpghheenitime Surdmstthe e.
The ot her end faces of the _
one ends of the optical fibers perpendicularly to the plane
5 of the insulating substrate within the window means and
directing the light out of the covering sheet through the
window means, and/or reflecting light entered through the
window means from outside of the covering sheet
perpendicﬁlarly to the plane of the substrate and directing
10 +the light at a right angle into the one ends of the optical
fibers; and |
an electrical wiring sheet laminated to the other side
surface of thé insulating substrate.
A method for manufacturing an_electro-optical hybrid
15 wiring board according to this invention comprises the steps
of:
(a) applying adhesive to one side surface of an
insulating substrate to férm an adhesive layer;
(b) laying a plurality of optical fibers in a
20 predetermined pattern over the surface of the adhesive layer
while attaching the fibers to the adhesive layer, and
applying a filler material in a thickness sufficient to
encapsulate the optical fibers; and
(c) applying a covering sheet to the top surface of
25 the filler material.
‘The electro-optical hybrid wiring board according to

this invention provides for coupling optical signals between



/

s
optical fibers laid in the optical fiber-enbedded |ayer are al so
exposed to provide a surface coupling to allow for optically coupling
the other end faces in a direction orthogonal with to the plane of the
i nsul ating substrate. It 10 wl| thus be appreciated that by virtue of
t he conbi nation of the lateral end cgupling and the surface coupling,
this I nvention provides for both electrical and optical direct
connecti ons between boards positioned orthogonally with each ot her
such as in the relation between the nother board and 15 the daughter

boar ds. boards pddie:RIneet 18- 8Rth6gbnAY bréTht dn RELtO¥adhaseaedi ng to -
this invention conprises: an insul ating substrate having an

adhesi ve | ayehefetsyrethe varierieneini dhespdsicaidaadr adlignméfit may be a
plurality of optical fibers at |east one end portions of which are
arranged on mbpimhmedati ng substrate and laid in a predeterm ned
pattern over the surface of the insulatin substrate and attached to
t he adhesive | ayer;The inVEﬂtiOn_§1$DIPE¢VEESQNaemﬁﬂhQﬁjﬂQ¢ gashiilykness
sufficient to 25 fil] up undulations of the surface defined by the_ array
of tthe BpRREaFtYriNg such electro-optical hybrid wiring board with

little variation in the optical coupling characteristics.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view illustrating the prior art

10 technique;

. Fig. 2 is a plan view illustrating one embodiment 6f
the electro-optical hybrid wiring board of this invention;

Fig. 3 is a side view of the embodiment of the electfo-
optical hybrid wiring board shown in Fig. 2;

15 Fig. 4 is a cross-sectional view taken along line 4-4
of Fig. 2 illustrating a practicél embodiment of the electro-
optical hybrid wiring board;

Fig. 5 is é perspective view illustrating one example
of the method of forming an optical fiber-embedded layer for

20 use with the electro-optical hybrid wiring board of this
invention;

Fig. 6 is a cross-sectional view illustrating the
configuration of connections of the electrical wiring sheet
of the electro-optical hybrid wiring board of this invention;

25 Fig. 7 is a cross-sectional view taken along line 7-7 |
of Fig. 2 illustrating the electrical connections;

Fig. 8 is a cross-sectional view illustrating another



a covering sheet applied to the filler |layer;

-5- w ndow neans fornmed through the filler |ayer and the
covering sheet to expose the one ends of the optical fibers;

reflecting neans for reflecting light exiting fromthe one ends of the
optical fibers perpendicularly to the plape 5 of the insulating substrate
within the wi ndow neans and directing the light out of the covering
sheet through the wi ndow neans, and/or reflecting |light entered

t hrough the wi ndow neans from outside of the covering sheet

per pendi cul aptgcticdheenciment bhetﬁdbéléé&fbéﬁptiﬁaaem?bﬁﬁd #rihge |ight
at a right angle into the one ends of the optical | bers; and

an el ectri caboardiof tdheetinvemtioned to the ot her side surface of the

i nsul ating substrate. . A nethod for manufacturing an _
el ectro-optical hyFid 9153s @i Fragspeestionslortiaw ilduskiratingeani on
compri ses thgmgégfgent of the construction of the electrical connector

5 for use with the electro-optical hybrid wiring board of this
invention;

Fig. 10 is a cross-sectional view illustrating a
modified embodiment of the surface coupling provided in the
electro-optical hybrid wiring board of this invention;

10 Fig. 11 is a cross-sectional view illustrating the
process of producing another modified embodiment of the
surface coupling provided in the electro-optical hybrid
wiring board of this invention; and

Fig. 12 is a cross-sectional Yiew illustrating the

15 construction of the surface coupling made by the process

shown in Fig. 1ll.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Figs. 2 and 3 illustrate in plan and side views,

20 respectively the electro-optical hybrid wiring board
according to this invention together with a plurality of
connectors mounted to the wiring board and cables connected
with those connectors. An electro-optical hybrid connector
housing 35A mounted to one lateral end of the electro-optical

25 hybrid wiring board 20-1 (which will also be referred to as
mother board herein below) is adapted to mate with a

connector plug 35B attached to an end of an electro-optical



of : : (a) applying adhesive to one side surface of an

I nsul ating substrate to form an adhesive | ayer; (b) laying a
plurality of optical fibers in a 20 predeterm ned pattern over the surface
of . the adhesive |ayer whil e attaching the fibers to the adhesive

| ayer, and applying a filler materialg.in a thickness sufficient to
encapsul ate the optical fibers; and (c) applying a covering
sheet to the top surface of 25 the filler material. The

el ectro-optical hybrid wiring board according to this invention

prOV|des f orhgbnpd i caplepticialfosi grahpléctocesnstitute an electro-optical
boards positioned in orthogonal relation with each ot her
vvhereby t he bybtid iconnectdre 3|50$IM(£'&&C‘B¢JLCQMMECM¥ beusing 33Akiandexh
optical connector housing 31A mounted to the opposite lateral
end of the wiring board are adapted to mate with an
5 electrical connector plug 33B and an optical connector plug
31B, respectively attached to ends of associated electrical
and optical cables 34 and 32 to constitute an electrical
connector 33 and an optical connector 31, respectively.
A plurality of positioning housings 30 are arranged in
10 parallelism with each other on the surface of the wiring
board 20-1. Eéch of the positioning housings 30 is formed at
its top with a slot 30A for receiving one end of a daughter
board 20-2 and has securing plate-like portions 30B extending
integrally outwardly from the opposite ends of the housing 30
15 at the bottom thereof. The securing plate-like portions 30B
are used to fasten the housing 30 to the mother board 20-1 by
screws 30-P. In the example illustrated, electronic elements
21E are also mounted to the surfaces of the wiring board 20-1.
Fig. 4 shows an enlarged cross-sectional view taken
20 along line 4-4 extending through the electrical connector 31.
Illustrated in the embodiment of Fig. 4 are the construction
of a surface optical coupling 26 provided in the major
surface of the electro-optical hybrid wiring board 20-1 and a
lateral end optical coupling 27 provided at the lateral end
25 of the wiring board. The surface optical coupling 26 is

configured to establish optical connection between the

electro-optical hybrid wiring board 20-1 serving as a mother



The invention al so provides a nethod for easily 5 manufacturing such

el ectro-optical hybrid wiring board with little variation in the
optical coupling characteristics. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig: 1 is a perspective viewillustrating the prior art 10 technique;
Fig. 2 is a plan viewillustrating one eqggadi ment of t he

el ectro-optical hybrid wiring board of this invention; Fig. 3
is a side view of the enbodi nent of the el ectro- optical hybrid wring
board shown in Fig. 2; 15 Fig. 4 is a cross-sectional view taken
al ong |i ne 4bdard andfthe gle2tirbloptieal ngyler i ariining beeinddRoedt of the
el ectro- optical hybrid wiring board; Fig. 5is a
perspective fhaekioning rag inglavgbtexahpard. Thepfrothernkoand 23-X ormi ng an
optical fiber-enbedded |ayer for 20, use with the eleqtro-ogtical hybri d
Wi ring boar dCOMPERF@S an elggkxicpdnwiring sheet 2l @n dnsylating sheet
cross-sectiogsl view jllu traLin%sthe conf.i gurati.on ofggonnec i pns of

the el ectricér WWFTnGih wirings shegt o 2R (3NGHE JRYEFLH LR dO¥RF i Poar d
of this Epveghéognsulating sheet, an optical fiber-embedded layer 25

formed on the adhesive layer, and a covering sheet 24
covering the optical fiber-embedded layer and having
connection terminals disposed therein. Embedded in the
optical fiber-embedded layer 25 are optical fibers 25F which

10 may be made of plastic-based material. Each optical fiber
forms part of the surface optical coupling 26 and the 1atéra1
end optical coupling 27 at the surface and the lateral end,
respectively of the wiring board for receiving and
transmitting optical signals.

15 An example of the method of forming the optical fiber-
embedded layer 25 is diagramatically illustrated in Fig. 5.
An adhesive material is applied to one side of the insulating
sheet 22 to form an adhesive layer 23. Optical fibers 25F are
laid in a predetermined pattern over the surface of the

20 adhesive layer 23 while attaching the fibers to the adhesive
layer. This laying operation may be automatically
accomplished by a fiber laying apparatus 28 which is
maneuvered by X-Y driven arms (not shown). The optical fibers
25F being laid are large in number and may cross each other.

25 However, the optical fibers do not permit leakage of light to
the exterior even if they are not coated with iiéht-shielding

material. Accordingly, even though numerous optical fibers



25 Fig. 7 is a cross-sectional viewtaken along line 7-7 of
Fig. 2 illustrating the electrical connections; Fig. 8is a
cross-sectional viewillustrating another

-7- practical enbodinent of the electro-optical hybrid wring

board of this invention; Fig. IS a cross-sectional view
Illustrating an embodi nent of the construction of the electrical
connect or 5 for use with the electro-optical hybrid wiring board of this
i nvention; Fig. 10 is a cross-sectional viewillustrating a

nodi fied enbagdiyvpatl cObsbiif StFdifed GRAHPbrNEres58VeaeR dthdhe there lS no
el ectro-optical hybrid wiring board of this invention; 10 Fig. 11

IS a cross- supﬁngnaulﬁyemfl¢f¢§§4xaaua@etbg signaD§ocess of produ0|ng
anot her nodified enbodi nent of the surface coupling provided in the
el ectro-opti cal hybUpdn completion of the fiber laying, a filler layer 25A
is applied in a thickness just enough to £i11 up the
5 ﬁndulatibns of the surface defined by the optical fibers 25F
thus laid, so that an optical fiber-embedded layer 25 is
comprised of the optical fibers 25F and the filler layer 25A.
ﬁach of the optical fibers 25F is formed at one end
with a slanted face S1 acting as a reflecting surface. The
10 slanted face S1 may be preformed during the laying operation,
and the optical fiber 25F may be attached to the adhesive
layer 23 with the slanted face S1 formed by beveling facing
toward thé wiring board 21. When forming the filler layer 25A,
that portion of the optical fiber 25F having the slanted face
15 S1 is masked so that the slanted face Sl is not covered with
the filler layer 25A.
A covering sheet 24 is applied to the top surface of
the filler layer 25A once the latter has been solidified. The
‘covering sheet 24 may be formed of the same insulating
20 material as that of the insulating substrate 22. Formed on
the top surface of the covering sheet 24 is an electrical
wiring pattern with which are connected the electronic
elements 21E, the electric connection terminals 30T for the
positioning housings 30, the connection terminals 33T for the
25 electric connector housing 33A, and the like as shown in Figs.

2 and 3.

Fig. 6 shows a cross-sectional view taken along line 6-



Wi ring board of this invention; and Fig. 12 is a
cross-sectional viewillustrating the 15 <construction of the surface
coupling made by the process shown in Fig. 11. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Figs. 2 and 3
illustrate in plan and side views, 20 [regpectively the electro-optical
hybrid wiring board according to this invention together with a
plurality of connectors nounted to the wiring board and cabl es
connect ed wi th those connectors. An electro-optical hybrid connector
housi ng 35A 6ount Bdgt o2onan ahdsabxanplef the «lasiricalpiconakect2bnshybrid
wring board 20-1 (which will also be referred to as not her board
her ei n bel owpetweatdaphedelectminicnelements 21Eoandctie qﬂan;}:ﬂﬁhla&h&d]mgd to
an end of an el ectro-optical

hybri d cabl e sheetf dl axanpffected dyselegtrigal econducteptpactiions 21¢

filled in a through-holes 21H as shown in Fig. 6. More

5 specifically, the electrical wiring sheet 21 in the example
shown in Fig. 6 is in the form of a multiple-layered wiring
sheet comprising insulating layers 21A 1,21A 2, 21A 3 and 21Aa
4 and wiring conductors 21B, 21B 2, 21B 3 and 21B 4 between
the adjacent the insulating layers. The wiring conductors 21B,

10 élB 2, 21B 3 and 21B 4 are electrically connected at the
various portions by filling the through-holes 21H with
electrical conductor portions 21C as required. The
connections between the electronic elements 21E mounted on
the surface and the electrical wirigg sheet 21 are made by

15 the electrical conductor portions 21C. These connections may
be realized by the electrical wiring technique conventionally
used.

Referring back to Fig. 4, the covering sheet 24 and the

filler layer 25A may be separately preformed with a window

20 242 and a window 25B communicatable with each other so as to
expose the inner ends of the optical fibers 25F, and
subsequently the covering sheet 24 may be aligned with and
affixed to the filler layer 25A. Or alternatively, the two
layers may be first laminated together and then the window

25 24A may be formed through the covering sheet 24 by
photolithography.

Light may be either output from or input into the



hybrid connector 35. An electric connector housing 33A and an opti cal
connector housing 31A nounted to the opposite | ateral end of the

Wi ring board are adapted to nate with an 5 electrical connector plug 33B
and an optical connector plug 31B, respectively attached to ends of
associ ated el ectri cal and opti cal cqg%es 34 and 32 to constitute an
el ectrical connector 33 and an opticdl” connector 31, respectively.

A plurality of positioning housings 30 are arranged in 10 parallelism
wi th each other on the surface of the wiring board 20-1. Each of the

posi tioning Bpuseapst Meis I3 @@Qpahdiculaﬂz%_wpcw& td aheS b2t £88AwEPing

recei ving one end of a daughter board 2 and has securing plate-like

portions 30BbeAt&n2ld Mgy seleddin@dtakl ¥ngléVef dinclimiaidie ofppasi te ends of
the housing 30 15 at the bottomthereof. The securing plate-like

porti ons 30Bpreformed skamkdd flameseSlt bt dnesemds If tihd lptivhlefibeasd
20-1 by screws 30-P. In the exanple illustrated, electronic elenents
21E are al so2hBuatetSto t Bt &srfadess widerssondr thgtbbhedskantied faces S1
Fig. 4 shows an enl arged cross-sectional viewtaken 20 along line 4-4
ext endi ng t hM8¥ghet hetalkidad by thenmetectiva plating |pLeaesst & in t he

enbodi nent of Fiqg..4 are the construction . of a surface_opti cal

coupl i ng 26 BFgegﬂ%ﬁei?Pt?£L4ﬂﬁqu%e reflecting efficiency. The surface
optical coupling 26 is constituted by the slanted faces S1
and the windows 24A and 25B.

The other end faces S2 of the optical fibers 25F are

10 exposed at the lateral end 27A of the wiring board 20 to
constitute the lateral end coupling 27. The optical fibérs
25F may be on the order of 100-200 £ m in diameter by being
made of plastic-based material, for example. Accordingly, if
plastic-made optical fibers having a diameter of 200 4 m are

15 used, even as many optical fibers as about one thousand maf
be placed in juxtaposition within a width of about 20cm.

The arrangement is such that the optical fibers 25F1 on
the side of one electro-optical hybrid wiring board 20-1 and
the optical fibers 25F2 on the side of another electro-

20 optical hybrid wiring board 20-2 may be aligned with respect
to their optical axzes by plugging the electro-optical hybrid
wiring board 20-2 into the housing 30 mounted on the electro-
optical hybrid wiring board 20-1. While the lower end of
the electro-optical hybrid wiring board 20-2 may be directly

25 inserted into the housing 30, a protective cap 29 having a
radially extending flange 29F may be fitted over the lower

end portion of the electro-optical hybrid wiring board 20-2



surface of the electro-optical hybrid wiring board 20-1 and a | at er al
end optical coupling 27 provided at the lateral end 25 of the wiring

board. The surface optical coupling 26 is configured to establish
opti cal connection between the el ectro-optical hybrid wiring board
20-1 serving as a not her -9-
board and the el ectro-optical hybrid mﬁrThﬁ'board 20- 2 functioni ng as
a daughter board. The nother board 20-1 conprises an electrical wring
sheet 21, an insulating sheet 22 overlying the wiring sheet, an

el Ve et 1, Qhebe Syble SHLAL! R0pa ek D AISY poara,
Comnsctron «SEERVERR"SRE T 81 ) shABRLaqTERICKhd A S0P 020 6 s
fiberje?beddéﬁahﬁlértﬂé %?dté&@ibéababiQgriuﬁéﬁéﬁwﬁé§1opﬁlcaﬁﬁfibér”ade of
pl astic-based material. Each optical fiber
waveqguides 25G embedded in and extending downwardly through
5 its lower end so positioned as to mate with the end faces of
the corresponding arrayed optical fibers 25F2 of the daughter
board 20-2. Coextending with the optical fiber wavequides 25G
downwardly from the bottom of the protective cap 29 is a
protective quide portion 29G which is adapted to be inserted

10 into the windows 24A and 25B formed in the mother board 20-1.
With this arrangement, tﬁe lower end faces of the optical
fiber waveguides 25G may be positioned in closely adjacent
and opposed relation with the ends of the optical fibers 25F1
to improve the optical coupling efficiency.

15 Mounted to the lateral end of the electro-optical
hybrid wiring board 20-1 is the housing 31A of the optical
connector 31 into which the plug 31B of the optical connector
31 may be pluggedfto connect the optical fibers 25F1 and the
optical fibers 25F3. It is thus to be appreciated that this

20 arrangement provides for connection between the optical
circuit mounted in the electro-optical hybrid wiring board
20-2 and the external optical circuit through the optical
fibers 25F2, 25F1 and 25F3.

Fig. 7 shows the cross-sectional structure taken along

25 1line 7-7 through the electrical connector 33 and the housing

30 in Fig. 2. Formed on the wiring board 20-1 adjacent its

lateral end is a conducting land 20L leading from the



forms part of the surface optical coupling 26 and the | ateral end

optical coupling 27 at the surface and the lateral end, respectively
of the wiring board for receiving and transmtting optical signals.

15 An exanpl e of the nmethod of form ng the optical fiber-

enbedded | ayer 25 is diagranaticallyiIILf#rated in Fig. 5. An
adhesive material is applied to one side ot " the insulating sheet 22 to
form an adhesive | ayer 23. Optical fibers 25F are laid in a

predeterm ned pattern over the surface of the 20 adhesive |ayer 23 while

attachi ng th&}%éﬁfié%f‘%ﬂ?&%iﬁdg Zgﬁg§hal??%2¥ 'cdgﬂéétgﬁykggﬂgﬂggga%gf may

be automatica acconpl | ayl ng appara Ich is

maneuver ed bé’uﬁ;{)&r‘@ﬁd}&?j‘@f%aﬁ@@ﬁg%?ﬂ“fctﬂﬁg HCe Eh@g%iectricgﬁ':

being laid are Targe in number and”nmay cross each ot her. However, the
optical fi-betsnfgctsdt IBr Nrhel ealftitald 33Whird @riginat8@ LXORIEKY BuRY | f

they are not coated with |ight-shielding mat erial. Accordingly, even
t hough nunerweall opf itlsd Housdng 33A to extend over the top and bottom
5 surfaces of the wiring board 20-1. Within the housing 33a,
the terminals 33T may be contacted by terminals 33V extending
from the plug 33B to make electrical connection. The
structure of the electrical connector 33 shown in Fig. 7 may
be formed integrally Qith the optical connector 31 shown in

10 Fig. 4 connectable with the lateral end optical coupling 27.

On the other hand, the electrical connection forming
part of the positioning housing 30 for receiving the daughter
board 20-2 includes connecting terminals 30T extending along
the inner wall of the housing 30 and out through the housing

15 wall in a L-shaped bend and terminating in lower ends
soldered to conductor lands 20M formed on the surface of the
mother board 20-1. Within the housing 30 the connecting
terminals 30T are in contact with terminals 20T provided on
the surface of the lower end of the daughter board 20-2.

20 Fig. 8 is a cross-sectional view taken along line 8-8
in Fig. 2 illustrating another embodiment in which a
plurality of electro-optical hybrid wiring boards 20-2 are
mounted on the electro-optical hybrid wiring boards 20-1
acting as a mother board and in which the optical circuits

25 mounted in the plurality of electro-optical hybrid wiring
boards 20-2 are interconnected utilizing the surface optical

couplings 26 and the lateral end optical couplings 27. 1In



-10- may be cl osely arranged and/ or cross each other, there is no

possibility of cross-I|eakage of signals. upon conpl etion of the
fiber laying, a filler layer 25A is applied in a thickness just enough
to fill up the 5 undulations of the surface defined by the optical fibers
25F thus laid, so that an optical fiber-enmbedded layer 25 is ‘
conprised of the optical fibers 25F and the filler |ayer 25A

Each of the optical fibers 25F is fornmed at one end with a slanted

face Sl acting as a reflecting surface. The 10 slanted face S| may be
preformed duthdg abeahgemers: GRS dptdeal fibefnZstheiFdramed Bkbees25F may

be attached to the adhesive layer 23 with the slanted face SI forned
by bevel i ng Papragte ends owidrhd sulxe amer bpyibahrco®dl indse26f owhicly die fill er
| ayer 25A, that portion of the optical fiber 25F having the slanted
face 15 S| FOupAsHedith theatlatiexradl gndedptical Stouplings @3dvprovidedhon

the filler |ayer 25A. . A covering sheet 24 is applied to the top
surface of the pREOFiated elgrtiroromptifad hykridtwiringmdossds 26rRdi fited.
The OV%& Tgbéhggérégﬁéﬁﬁé %%aiogggg 2% éhﬁhffigiié¥¥# %%Iggughter

boards 20-2 are arranged on a mother board 20-1, this

configuration allows for optically coupling together the

optical circuits of tﬁe daughter boards through the optical

fibers 25F1 embedded in the optical fiber-embedded layer 25
10 of the mother board.

Fig. 9 illustrates a modified form of the surface |
optical coupling 26 shown in the foregoing embodiments. 1In
this modified embodiment, a cylindrical condensing lens 26A'
is disposed so as to be in alignmén; with the central axis of

15 the optical fiber 25F2 whereby the advantages of enhancing
the efficiency of optical coupling between the optical fibers
25F1 and 25F2 and hence the transmission efficiency are
obtained.

Fig. 10 illustrates another modified form of the

20 surface optical coupling 26. In this embodiment, optical
fibers 25F2 are laid over an adhesive layer 23 and then
covered by a filler layer 25A. Once the filler layer 25A has
been solidified, a covering sheet 24 is applied and bonded to
the filler layer 25A. A notch 26B (V-shaped groove) is formed

25 in the thus formed lamination 24, 25A using a machining tool
to sever the optical fibers 25F such that one end of each

severed optical fiber defines a vertical end face while the



20 material as that of the insulating substrate 22. Formed on the top
surface of the covering sheet 24 is an el ectrical Wring pattern with
whi ch are connected the electronic el ements 21E, the electric
connection termnals 30T for the posi ti oni ng housings 30, the
connection termnals 33T for the 25 el egllic connector housing 33A, and
the Ii ke as shown in Figs. 2 and 3. Fig. 6 shows a
cross-sectional view taken along line 6- 6inFig. 2. In
this exanple, the electrical connections bet ween the el ectronic

el erfent s 21Eoetisk tdif Rlefdnekcal 497 risl@nted efilegicaIshy e 1&f Hegtieddhythe
el ectrical conductor portions 21C filled in a through-holes 21H as

shown in Fi g45%. sianeed &ndpemid iSlakmay, behmetaklized dby ild replsdoddive?l in
t he exanpl e shown in Fig. 6 is in the formof a nultiple-Ilayered
W ring pheking @nedesisngri othémwisey toyuroyideAal reflacking 1susfacel 21A
4 and wiring conductors 21B, 21B 2, 21B 3 and 21B 4 between
with enhanced reflecting efficiency.
5 It is to be understood that the optical fiber 25F may
be coupled with vertically running light by the use of the
45° slanted end face S1 to input the light into or output the
light from the optical fiber 25F.
Figs. 10 and 11 illustrates yet another modified form
10 of the surface optical coupling 26. In this embodiment, after
the covering sheet 24 has been applied to the filler layer
25A, aligned apertures 24A and 25B (virtually a groove) are
formed through the covering sheet 24 and filler layer 25A.
During this cutting process, the arr;yed optical fibers 25F
15 are simultaneously severed vertically, and then the cut end
faces of the optical fibers are polished. Subsequently, as
shown in Fig. 12, a prism-like resin block 26C with a 45°
total reflection éufface 26D elongated across the optical
fiber array is mounted in the aligned apertures 24A and 25B

20 so that the optical fibers 25F may'be coupled together via

the 45° reflection surface 26D.

EFFECTS OF THE INVENTION
As discussed above, according to this invention, an
25 optical fiber-embedded layer 25 having optical fibers 25F
embedded therein is provided integrally with the electrical

wiring board in such an manner that the optical fibers 25F



the adjacent the insulating | ayers. The wiring conductors 21B, 10 21B 2,
21B 3 and 21B 4 are electrically connected at the various portions by
filling the through-holes 211 with el ectrical conductor portions 21C
as required. The connections between the el ectronic el enents 21E
nount ed on the surface and the electn}cal W ring sheet 21 are made by
15 the electrical conductor portions ZIé:"These connections may be
realized by the electrical wiring technique conventionally used.
Referring back to Fig. 4, the covering sheet 24 and the filler layer
25A may be sgpseddéd il heOREREr § Nodn Vhd dep 1l with @rdezivknepwidab
comuni catable with each other so as to expose the inner ends of the
optical fibefibdd, i directivhseatuRsgoyal heittovaid plankeot Ehenwyrheg
aligned with and affixed to the filler layer 25A O alternatively,
the two boayds svhemeHye ther el igamentt tnl pogtivn cfhdhehpestibdoningow 25
24A may be fornmed through the covering sheet 24 by phot ol i t hogr aphy.
Li ght nmay beheysirgs cift pst fecddicatedpte ¢owrxespandingly reduce the

5 variation in the optical coupling characteristics. By way of
example, transmission paths for optical signals exchanged
between a mother board and daughter boards or between
daughter boards may be easily interconnected simply by
plugging a plurality of daughter boards into the mother board.

10 It is thus to be appreciated that even multiple-channelled
optical signal paths may be easily assembled with less

maintenance services required.



-12- optical fibers 25F perpendicularly to the plane of the wiring
board 20 by selecting the angle of inclination of the pr ef or med
slanted faces SI at one ends of the optical fibers 25F at 45[err] . It
Is to be understood that the slanted faces Sl 5 may be netallized by the
sel ective plating process or otherwise to enhance the reflecting
efficiency. The surface optical coupling 26 is constituted by the

sl anted faces Si and the wi ndows 24A and 25B. The ot her
end faces S2 of the optical fibers 25F are 10 exposed at the |ateral end
27A of the wCLAIgs board 20 to constitute the lateral end coupling 27.
The optical fibers 25F may be on the order of 100-200 [err] min

di anet er by being made of plastic-based naterial, for exanple.
Accordingly, if pl astic-nmade optical fibers having a diameter of 200 g
mare 15 used, even A8 elegtmptopthical hybridswibsdng eard earpnis imgy

be placed in juxtaposition within a wi dth of about, 20cm The
arrangenent #8 3RRWLaNg spOs§pareahayingran afhesjye layer formed on

one side surface thereof; _

a plurality of optical fibers at least one end portions of
which are arrayed on said insﬁlating substrate and laid in a
predetermined pattern over the surface of said insulating
substrate and attached to said adhesive layer;

a filler layer applied in a thickness sufficient to
£ill up undulations of the surface defined by the array of
said optical fibers;

a covering sheet applied to said filler layer;
window means formed through the filler layer and the covering
sheet to expose the one ends of said optical fibers;

reflecting means for reflecting light exiting from the
one ends of said optical fibers perpendicularly to the plane
of the insulating substrate within said window means and
directing the light out of said covering sheet through the
window means, and/or reflecting light entered through the
window means from outside of said covering éheet |
perpendicularly to the plane of said substrate and directing
the light at a right angle into the one ends of said optical
fibers; and

an electrical wiring sheet laminated to the other side
surface of said insulating substrate.

2. The electro-optical hybrid wiring board of claim 1

AR



the side of one electro-optical hybrid wiring board 20-1 and t he
optical fibers 25F2 on the side of another electro- 20 optical hybrid

Wi ring board 20-2 may be aligned with respect to their optical axes by
pl uggi ng the el ectro-optical hybrid Wi ring board 20-2 into the housing
30 nounted on the ‘el ectro- optical hybrid wiring board 20-1. VWi | e
the | ower end of the electro-optical "hybrid wiring board 20-2 may be
directly 25 inserted into the housing 30, a protective cap 29 having a
radi ally extending flange 29F may be fitted over the | ower end portion

of the el ectwierpin caaildy keifllevt Lh§ Ondeords dis’ Fodmed at the one ends of
- 13- as in the exanple shown in Fig. 4 so that the wiring board

with the caps2fd neptimml fibetrsdandt in¢heddwusigeyetld Facéhinclined exanpl e
the protective cap 29 further has optical fiber wavegui des 25G
enbedded i n 4hd aitbnuespecovimaiidl wxielsr ofighaid opsidaiwefibenms smdpositi oned

as to mate with the end faces of .
facing toward said insulating substrate.

3. The electro-optical hybrid wiring board of claim 1
wherein, the one ends of said optical fibers have end faces
perpendicular to the axes of said optical fibers, and said
reflecting means being a reflector having a reflecting

surface opposing the one ends of said optical fibers at 45° .

4. The electro-optical hybrid wiring board of claim 3
wherein, safd reflector comprises an optical fiber segment

severed off from each of said optical fibers.

5. The electro-optical hybrid wiring board of claim 3
wherein, said reflector comprises a unitary prism-like
reflector extending in opposing relation with the one ends of

said optical fibers.

6. The electro-optical hybrid wiring board of any one
-of claims 1 to 5 including a positioning housing secured to
said covering sheet, said positioning housing having a hollow
interior surrounding said window means over said covering
layer, said hollow interior being adapted to receive a
lateral end portion of a daughter board, said daughter board

having optical fibers one ends of which are arranged in said

[



the correspondi ng arrayed optical fibers 25F2 of the daughter board
20-2. Coextending with the optical fiber wavegui des 25G downwar dl y
fromthe bottomof the protective cap 29 is a protective guide portion
29G which is adapted to be inserted 10 into the wi ndows 24A and 25B forned
In the nother board 20-1. Wth thiséﬁ;rangenent, the | ower end faces

of the optical, fi ber wavegui des 25G may be positioned in closely

adj acent and opposed relation with the ends of the optical fibers 25F1
to inprove the optical coupling efficiency. 15 Mounted to the

lateral end pitdh @rRCipoRteBhi cal hybrid wiring board 20-1 is the
housi ng 31A of the optical connector 31 into which the plug 31B of the

opti cal connect or 31 may be plugged to connect the optical fibers 25F1
and the optical fibers 25F3. It is thus to be appreciated that this

20 arrangenent provi.deThé celasrmecpticale hybeidt weripgiboard of amy cnd
nmounted in the electro-optical hybrid wiring board 20-2 and the
external opt®Eaglaimscdi ttot Ar wvhgheine 9pid ptical fibesss azeFplassie and
25F3. . Fig. 7 shows the cross-sectional structure taken al ong

25 line 7-7 eP¥IRAHh F3ReIS-ectri cal connector 33 and the housing 30 in
Fig. 2. Formed on the wiring board 20-1 adjacent its

8. The electro-optical hybrid wiring board of any one
of claims 1 to 5 wherein, a condensing lens is disposed above

said reflecting means.

9. The electro-optical hybrid wiring board of any-one
of claims 1 to 5 wherein, said'insulating substrate, said
filler layer, said covering sheet and said eleétrical wiring
sheet comprise a mother board, said optical fibers having, at-
their other ends, end faces flush with one lateral end face .
of said mother board to define a lateral end coupling for

optical coupling with exterior optical fibers.

10. The electro-optical hybrid wiring board of claim 9
including a connector housing secured to the one lateral end
face of said mother board, said connector housing having a
hollow interior surrounding said lateral end coupling of said
optical fibers, said hollow interior being adapted to receive

a connector plug of an exterior optical cable.

1l. A method for manufacturing an electro-optical

hybrid wiring board comprising the steps of:

* c L L] H *



| ateral end is a conducting |and 20L | eading fromthe

-14- electrical circuit to which land are connected term nals 33T
supported by the housing 33A form ng part of the electrical connect or
33. The termnals 33T are originated fromthe inner wal | of the
housi ng 33A to extend over the top and bo% om 5 surfaces of the wiring
board 20-1. Wthin the housing 33A, “the ternminals 33T may be contacted
by term nals 33V extendi ng fromthe plug 33B to nake el ectri cal
connection. The structure of the electrical connector 33 shown in Fig.

7 may be formeghj HARAhkY athb8itheLORoAe B ideP e Taee 3E ahown in lgn

Fig. 4 connectable with thé |ateral end optical coupling 27

the ot her hanfsulleirgesiidtaaiteC@oN€6knOAnl 8dRegve laydigrt of the
posi tioning housing 30 for receiving the daughter board 20-2 i ncl udes

connecting term nal ¢gp glayetigeadphgral &ty of optiwal rfitdersalin af the housing
30 and out through the housing
predetermined pattern over the surface of said adhesive layer
while attaching said optical fibers to said adhesive layer,
and applying a filler material in a thickness sufficient to
encapsulate said optical fibers; and

(c) applying a covering sheet to the top surface of

said filler material.

12. The method of claim 11 including the step of,
after said covering sheet has been applied to said filler
material, forming a V-shaped groove through said covering
sheet to a depth sufficient to sever said optical fibers such
that one end of each optical fiber defined by formation of
said V—shaped groove has an end face normal to the axis of
said optical fiber while the cut face of an optical. fiber
segment severed off from said optical fiber opposing said
normal end face defines a 45° slanted refiecting surface to
form a surface coupling for allowing light transmitted
through said optical fiber to be output from and input into
said into said optical fiber in a direction orthogonal with

the plane of said covering sheet.

AT



15 wall in a L- shaped bend and term nating in | ower ends . soldered to

conductor | ands 20M forned on the surface of the not her board 20-1.
Wthin the housing 30 the connecting termnals 30T are in contact with
term nals 20T provi ded on the surface of the | ower end of the daughter
board 20-2, 20 Fig. 8 is a cross-gegctional view taken al ong I|ne
8-8 in Fig. 2 illustrating another enbodi nent in which a

plurality of electro-optical hybrid wiring boards 20-2 are nount ed on
the el ectro-optical hybrid wiring boards 20-1 acting as a nother board
and in which the optical circuits 25 MPARSTRACTI n the plurality of

el ectro-optical hybrid wiring boards 20-2 are interconnected utilizing
the surface optical couplings 26 and the | ateral end optical couplings

T cppon 0 ol BHEO AR g ke b o e
embedded therein is provided as one layer of a multiple-
layered electrical wiring board comprising a mother board
having an electrical circuit mounted therein. The optical
fiber-embedded layer is formed through its surface with an
aperture to expose one ends of the optlcal fibers where a 45°
reflecting surface is provided so that the light exiting from
the optical fibers are reflected in a direction orthogonal
with to the plane of the wiring board and input into the-ends
of optical fibers at an end face of a daughter board and that
the light exiting from the ends of optlcal fibers at the end
face of the daughter board and enterlng the 45° reflecting

surface may be input into the optical fibers in the optical
fiber-embedded layer.



coupled with the lateral end optical couplings 27 provided on t he
associ ated el ectro-optical hybrid wiring boards 20-2. It 5wll be
appreciated that even if a nultiplicity of daughter boards 20-2 are
arranged on a nother board 20-1, this configuration allows for
optically coupling together the optical circuits of the daughter
boards through the opti cal fi bers 25F1 enbedded in the optical

fi ber-enbedded | ayer 25 10 of the nother board. Fig. 9
illustrates a nodified formof the surface optical coupling 26 shown
in the foregoi ng enbodi nents. In this nodified enbodi nent, a
cylindrical condensing | ens 26A is disposed so as to be in alignnent
with the central axis of 15 the optical fiber 25F2 whereby the advant ages
of enhanci ng the efficiency of optical coupling between the optical
fibers 25F1 and 25F2 and hence the transm ssion efficiency are

obt ai ned. Fig. 10 illustrates another nodified formof the 20
surface optical coupling 26. In this enbodi ment, opti cal fi bers 25F2
are laid over an adhesive |layer 23 and then covered by a filler |ayer
25A. Once the filler layer 25A has been solidified, a covering sheet
24 is applied and bonded to

<«
<«
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the fjller

| ayer 25A. A notch 26B (V-shaped groove)

is forned 25

thus forned | am nation 24, 25A using a machining tool

in the
to sever the

optical fibers 25F such that one end of each severed optical fiber
defines a vertical end face while the

-16- ot her end defines a 45[err] slanted end face SI. If desired,
t he 45[err] slanted end face SI may be netallized by the selective

pl ating process or otherwi se to provide a reflecting surface
is to be understood that the

enhanced reflecting efficiency. 5

It

W th

optical fiber 25F may be coupled with vertically running [ight by the
use of the 45[err] slanted end face S1 to input the light into or

out put the light fromthe optical fiber 25F. Figs. 10 and
11 illustrates yet another nodified form 10 of the surface optical
coupling 26. In this enbodinent, after the covering sheet 24 has been

applied to the filler

| ayer

(virtually a groove) are

FIG. 2
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f or med. t hrough t he covering sheet 24 and filler l[ayer 25A During this
cutting process, the arrayed optical fibers 25F 15 are sinultaneously

severed vertically, and then the cut end faces of the optical fibers
are polished. Subsequently, as shown in Fig. 12, a prismlike resin

bl ock 26C with a 450 total reflection surface 26D el ongated across the
opti cal fiber array is nmounted in the aligned apertures 24A and 25B
20 so that the optical fibers 25F nmay be coupl ed together via t he
45[err] reflection surface 26D. EFFECTS OF THE | NVENTI ON

As di scussed above, according to this invention, an 25 optical

fi ber-enbedded | ayer 25 having optical fibers 25F enbedded therein is
provided integrally with the electrical Wi ring board in such an nmanner
that the optical fibers 25F -17-
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enbedded in the | ayer 25 can be coupl ed
in a direction orthogonal with the plan
the alignnment in position of the positi
facilitated to correspondingly reduce t
coupling characteristics. By way of

optical signals exchanged bet ween
or between daught er boards nay be
plugging a plurality of daughter boards

thus to be appreciated that even nultipl e-channelled

paths may be easily assenbled with | ess

with exterior optical fibers

e of the wiring board, whereby

oni ng housings 30 is

he 5 variation in the optical
exanpl e, transm ssion paths for

a not her board and daughter boards

easily interconnected sinply by
into the nother board. 10 It is

optical signa

nai ntenance services required.
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an insul ating substrate having an adhesive |ayer forned on one side
surface thereof; a plurality of optical fibers at |east one end portions
of which are arrayed on said insulating substrate and laid in a
predeterm ned pattern over the surface of said insulating substrate and

attached to said adhesive |ayer; afiller layer applied in a
t hi ckness sufficient to fill up undulations of the surface defined by the
array of said optical fibers; a covering sheet applied to said

filler layer; w ndow neans formed through the filler layer and the
covering sheet to expose the one ends of said optical fibers;

reflecting nmeans for reflecting light exiting fromthe one ends of said
optical fibers perpendicularly to the plane of the insulating substrate
wi thin said wi ndow neans and directing the light out of said covering
sheet through the w ndow neans, and/or reflecting |ight entered through
the w ndow nmeans from outside of sghd covering sheet perpendicularly to
the plane of said substrate and dire§N(\Nng the light at a right angle into
the one ends of said optical fiber

28

25F

25F

FIG. 5




an electrical wiring sheet |laminated to the other side surface of said

i nsul ati ng substrate. 2. The electro-optical hybrid wring board of
claim1l . -109- wherein, said
reflecting neans is forned at the one ends of said optical fibers and

i ncludes a severed face inclined at 45[err] with respect to the axes of
said optical fibers and facing toward said insul ating substrate.

3. The electro-optical hybrid wiring board of claim1 wherein, the one
ends of said optical fibers have end faces perpendicular to the axes of
said optical fibers, and said reflecting nmeans being a reflector having a
reflecting surface opposing the one ends of said optical fibers at 450

4. The el ectro-optical hybrid wiring board of claim3 wherein, said
reflector conprises an optical fiber segnent
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severed off fromeach of said optical fibers. 5. The

el ectro-optical hybrid wiring board of claim3 wherein, said reflector
conprises a unitary prismlike reflector extending in opposing relation
with the one ends of said optical fibers. 6. The el ectro-optica
hybrid wiring board of any one .of clains 1 to 5 including a positioning
housi ng secured to said covering sheet, said positioning housing having a
hol l ow interior surrounding said wi ndow nmeans over said covering |ayer,
said hollow interior being adapted to receive a l|ateral end portion of a
daught er board, said daughter board having optical fibers one ends of
which are arranged in said - - 20-

| ateral end portion. F

FIG. 7
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7. The-electro-optical hybrid wiring board of any one of clainms 1 to 5

wherein, said optical fibers are plastic optical fibers. 8. The
el ectro-optical hybrid wiring board of any one of clains 1 to 5 wherein, a
condensing lens is disposed above said reflecting neans. 9. The

el ectro-optical hybrid wiring board of any one of clainms 1 to 5 wherein,
said insulating substrate, said filler layer, said covering sheet and said
el ectrical wiring sheet conprise a nother board, said optical fibers
having, at their other ends, end faces flush with one lateral end face of
said nother board to define a lateral end cou-llng for optical coupling

with exterior optical fibers. ro-optical hybrid
Wi ring board of cl |@9 i ncl udi \W’} ﬁ} ur&d to the one
olg
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a connector plug of an exterior optical cable. 11. A method for
manuf acturing an el ectro-optical hybrid wiring board conprising the steps

of : -21- (a) applying
adhesive to one side surface of an insulating substrate to form an
adhesi ve | ayer; (b) laying a plurality of optical fibers in a

predeterm ned pattern over the surface of said adhesive |layer while
attaching said optical fibers to said adhesive |ayer, and applying a
filler material in a thickness sufficient to encapsulate said optical
fibers; and ) a Iy|ng a coverlng sheet to the top surface of
sai d f|IIer nated;h' és) : erd) of claim 1l including the
step of,
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after.sai d covering sheet has been applied to said filler material,
formng a V-shaped groove through said covering sheet to a depth
sufficient to sever said optical fibers such that one end of each optical
fi ber defined by formation of said V-shaped groove has an end face norna
to the axis of said optical fiber while the cut face of an optical fiber
segnent severed off fromsaid optical fiber opposing said normal end face
defines a 450 slanted reflecting surface to forma surface coupling for
allowing light transmtted through said optical fiber to be output from
and input into said into said optical fiber in a direction orthogonal wth
the plane of said covering sheet.

FIG. 11
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