27 Februaury 2006 OPTI CAL MODULE AND METHOD OF ASSEMBLI NG THE OPTI CAL
MODULE BACKGROUND OF THE INVENTION 5 1. Field of the I|nvention2thebiaeseds
i nvention relates to an optical nodule provided wth a surface |ight
emtting type optical elenent or surface light receiving type optical

el ement, and a nethod of assenbling the edttcal nodule. 10 2. Description
of the Related Art An optical nodule that is capable of transmtting a
plurality of optical signals is provided with a surface light emtting type

optical elenent (it is also called an optical device) such as, for exanple,
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surface light emtting type opyigR QP FIEXLIMIODEIErnal circuit, device,
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apparatus or the like through an optical transmssion path or |ine such as,
for exanple, an optical fiber array. Al so, an optical nodule that is
capabl e of BRACGKGROIIDIAQF] NBION gnals is 20 provided with a

surfaceglight rece vimgld WrahePldvwadtighenent (it is also called an optical
devi ce) such as, for “exanpl a_phot odi,ode array nd, regeives optical

G ona s transa it dhe PERCERE v eRlan IRt o hRlopfet mEfale PovRiedhe | i ke
t hrough an opithcalsurfaoes highdiemitpg tppefoptecaluelemant oroyurdaaepight an

optical fi b%céwi%g J%pé B@tﬁdﬁlfééﬁqéﬂ@ﬁnd 8GRkYhHE 0?f5a§s>69ﬁb<l)ﬂig' elé opltpeEnt -
There is an ogaiﬂ:al dule that is provided with both a surface |ight

enmitting typROBPt¥cal elenment and a surface light receiving type optical
el enetOand is capable of transmitting and receiving a plurality of optical

signals. Ti he opt] c@hedipti®oncapalRé Réllatédaqam tting and/or receiving a 30
Constructed by a caPiSRECH] ot IR R LR AR ng AP Uty of
type opti calopdieatesigrand iaprepifed withaasirfasohighdtematting iy peueptigs! ~an
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Lor, P! ey 8Lichs HLPRL o POy SASICE ERP SR (Ul GRS onthe
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optical el emitice, apparatus or the like through an optical transmission path or
line such as, for example, an optical fiber array. Also, an optical
module that is capable of receiving a plurality of optical signals is
20 provided with a surface light receiving type optical element (it is also
called an optical device) such as, for example, a photodiode array, and
receives optical signals transmitted from an external circuit, device,
apparatus or the like through an optical transmission path or line such
as, for example, an optical fiber array by the surface light receiving
25 type optical element. There is an optical module that is provided with
both a surface light emitting type optical element and a surface light
receiving type optical element and is capable of transmitting and
receiving a plurality of optical signals.
The optical module capable of transmitting and/or receiving a
30 plurality of optical signals has its optical coupling part that is
constructed by a surface light receiving type or surface light emitting
type optical element and an optical transmission path or line such as
an optical fiber array, and it is required that the optical transmission
path, for example, optical fibers of an optical fiber array are mounted
35 on the surface light receiving type or surface light emitting type
optical element mounted on a substrate such that the optical fibers are
aligned with the optical element.
In a prior art, an optical fiber array has been mounted on a

substrate by aligning the cores of the optical fibers of the optical fiber




In a prior art, an optical fiber array has been nmounted on a substrate ba/
aligning the cores of the optical fibers of the optical fiber %?96
2006 2 array with the surface light receiving type or surface light emtting
type optical element without driving the surface |ight receiving type or
surface light emtting type optical elenmenp _(this is called "passive
alignnment”). In other words, the optical fiber array has been nounted 5 on
the substrate w thout conducting active alignnment (alignnment that is
carried out by driving the optical elenment). In order to nount the optical
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t he present optieat fiben arrpyocatedmauntesk ondhe sihifratd anvihiechasis askebl i ng

process of iharRetd, citlatGeUblyl ige RATthe wARkeRs &6 TRk fidkhicihl pbingg)ot her
obj ect of the %re?ﬁ/{ﬁlxl nvention to provide a 30 nethod of assenbling an
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opti cal moddi®8 h an alignment between |ight receiving el ements or
light BRitting el eh@wever, imheaseefimauntingithe apiieah ekeanent padsthes carri ed
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obj ects, in co&?dﬁéﬁﬁ%tth%f active alignment, it is necessary that precise markers
are provided on the substrate at high accuracy. Moreover, both the
optical element and the optical fiber array must be mounted with
20 respect to the markers at extremely high accuracy. For that reason, in
the prior art, a large number of working steps are needed in
assembling the optical coupling part of the optical module, which
results in a considerable increase of the cost of the optical module.

25 SUMMARY OF THE INVENTION
It is an object of the present invention to provide an optical
module in which an assembling process of its optical coupling part
can be simplified.
It is another object of the present invention to provide a
30 method of assembling an optical module in which an alignment
between light receiving elements or light emitting elements of the
optical module and optical fibers is carried out by image recognition
thereof.
In order to accomplish the foregoing objects, in one aspect of
35  the present invention, there is provided an optical module which
comprises: a surface light receiving type or a surface light emitting
type optical element mounted on a predetermined substrate; at least
one spacer mounted on said substrate; and an optical fiber array
having a plurality of optical fibers buried therein substantially in




35 the present invention, there is provided an optical nodul e which
conprises: a surface Ilght receiving type or a surface |ight e@ﬁEQWEﬁV?9g§
optical element nounted on a predeterm ned substrate; at |east one spacer
nmounted on said substrate; and an optical fiber array having a plurality of
optical fibers buried therein substantially.in 27 February 2006 3 parall el
with one another with a predeterm ned pitch therebetween, the optical fiber
array being nounted to the substrate with the spacer interposed between the
substrate and the optical fiber array such that the optical fibers are
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optical ﬁber array to the substrate with at least one spacer interposed
20 between the substrate and the optical fiber array in the state that the
alignment between the light receiving elements or light emitting
elements and the end surfaces of the optical fibers is being kept.
In a preferred embodiment, the aforesaid alignment by the
image recognition is carried out on the basis of image information on
25 the surface of the substrate on which the optical element and the
spacer have been mounted as well as image information on the surface
of the optical fiber array at the side thereof not opposed to the optical
element.
In accordance with the present invention, the alignment
30 between the light receiving elements or the light emitting elements of
the optical element and the end surfaces of the optical fibers of the
optical fiber array is carried out by image recognition thereof.
Accordingly, it is unnecessary to provide precise markers on the
substrate at high accuracy as in the prior art as well as to mount the
35 optical element on the substrate with high precision. As a result, the
number of working steps required in assembling the optical module
can be remarkably decreased, and the assembling work of the optical
coupling part of the optical module can be simplified. Moreover, it is
possible to reduce the manufacturing cost of the optical module.



the optical elenent and the end surfaces of the optical fibers of the
optical fiber array is carried out by image recognition t her eof27 February 2006
Accordingly, it is unnecessary to provide precise narkers on the substrate
at high accuracy as in the prior art as well as to nount the 35 optical
el ement on the substrate with high precisigpo. As a result, the nunber of
wor ki ng steps required in assenbling the optical nodule can be renmarkably
decreased, and the assenbling work of the optical coupling part of the
optical nodule can be sinplified. Mdreover, it is possible to reduce the
manuf acturing cost of the optical nmodule. 27 February 2006 -4 BRIEF
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Fig. 4 is a plan view for explalnlng the manner that an optical
connector is mounted to the optical fiber array of the optical module
20 shown in Fig. 3B.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The preferred embodiment of the present invention will now be
described in detail with reference to Figs. 1 to 4. The present

25 invention may, however, be embodied in many different forms and
should not be construed as limited to the embodiment set forth
hereinafter; rather, the embodiment is provided so that this disclosure
will be thorough and complete, and will fully convey the scope of the
invention to those skilled in the art.

30 Fig. 1 is an exploded perspective view showing the
construction of an embodiment of the optical module according to the
present invention, Fig. 2 is diagrammatical views for explaining the
manner that an alignment between light receiving elements of an
optical device and optical fibers of an optical fiber array is carried out

35 by image or picture recognition thereof, and Fig. 3 is diagrammatical
views for explaining the mounting work of the optical fiber array.
Further, this embodiment is a case that the present invention is applied
to an optical module that is capable of receiving a plurality of optical
signals. However, it is needless to say that the present invention is



i nvention to those skilled in the art. 30 Fig. 1 is an expl oded perspective
vi ew showi ng the construction of an enbodi ment of the optical 2bBereary 2006
according to the present invention, Fig. 2 is diagramuatical views for

expl aining the manner that an alignnment between |ight receiving el ements of
an optical device and optical fibers of -dmh-optical fiber array is carried
out 35 by inmage or picture recognition thereof, and Fig. 3 is diagrammti cal
views for explaining the mounting work of the optical fiber array. Further,
this enbodiment is a case that the present invention is applied to an
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A pre etermlned wiring pattern is formed on the generally

20 rectangular parallelepipedic substrate 13. In this embodiment, the
wiring pattern is three dimensionally formed on the substrate 13 from
the generally rectangular top surface thereof to the generally
rectangular front surface thereof. For the purpose of simplifying the
drawing, there are shown in Fig. 1 only five signal pattern conductors

25 14 formed in generally parallel with one another and to be connected
to the corresponding light receiving elements 12 of the optical device
11, and one ground pattern conductor 15 to be connected to an
electrode formed on the rear surface of the optical device 11. Further,
in this embodiment, the surface light receiving type optical device 11

30 has the five light receiving elements 12 provided therein which are,
for example, photodiodes arranged in a line with a predetermined
pitch therebetween, but the number of the light receiving elements 12
of the optical device 11 is not limited to five, and there may be a case
that the light receiving elements 12 are arranged in plural lines.

35 The aforesaid electrode formed on the rear surface of the
surface light receiving optical device 11 of generally rectangular
parallelepipedic shape is one common to the five light receiving
elements 12, and the optical device 11 is mounted on the substrate 13
by die bonding of this electrode on the ground pattern conductor 15.



25 14 fornmed in generally parallel with one another and to be connected to
the corresponding light receiving elenents 12 of the optical de& kcebruary 2086 d
one ground pattern conductor 15 to be connected to an electrode formed on
the rear surface of the optical device 11. Further, in this enbodinent, the
surface |ight receiving type optical devige.11l 30 has the five |ight
receiving elenments 12 provided therein which are, for exanple, photodi odes
arranged in aline with a predetermined pitch therebetween, but the nunber
of the light receiving elements 12 of the optical device 11 |s not limted
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The size of the front surface of the block 19 (lengths of the

20 long side and short side of the rectangular surface) is set, as will be
easily understood from Fig. 2C, to a value which is slightly smaller
than that of the front surface of the substrate 13 (lengths of the long
side and short side of the rectangular surface). In addition, the five
optical fibers 22 are aligned (arranged in a line) along the longitudinal

25 direction of the block 19 with the same pitch or spacing therebetween
as the light receiving elements 12 of the optical device 11. The
opposed end surfaces of each of the optical fibers 22 are flush with the
front surface 19a and the rear surface 19b of the block 19,
respectively.

30 The guide holes 21 are formed, as will be easily understood
from Fig. 3, in generally parallel with each other, and hence they are
also in parallel with the five optical fibers 22. Further, the diameter of
each of the guide holes 21 is set to such a size or value that guide pins
of an optical connector described later can fit into the corresponding

35 guide holes 21, respectively.

The two generally rectangular parallelepipedic spacers 17 have
the same shape and size with each other, and the heights thereof are
higher than the height of the optical device 11. Therefore, when the
optical fiber array 18 is mounted on the substrate 13, as shown in Fig.



easily understood fromFig. 2C, to a value which is slightly smaller than
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short side of the rectangular surface). In addition, the five optical
fibers 22 are aligned (arranged in a line) along the |ongitudinal 25
direction of the block 19 with the sanme piteh or spacing therebetween as
the light receiving elenents 12 of the optical device 11. The opposed end
surfaces of each of the optical fibers 22 are flush with the front surface
19a and the rear surface 19b of the block 19, respectively. 30 The guide
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surfaces of P CpRRIT QF SRASEES 74# work for aligning he light receiving

surfaces of the light receiving elements 12 of the optical device 11
20 with the end surfaces (the end surfaces at the side of the front surface
19a of the block 19) of the optical fibers 22 of the optical fiber array
18, that is, an alignment between them is carried out by use of an
image or picture recognition system or apparatus.
Fig. 2 is diagrammatical views for explaining the manner that
25 an alignment between the light receiving surfaces of the light
receiving elements 12 and the end surfaces of the optical fibers 22 is
carried out by this image recognition system. Information of the
image (only the optical device 11 and the spacers 17 are shown) on the
front surface of the substrate 13 shown in Fig. 2A and information of
30 the image on the rear surface of the optical fiber array 18 shown in
Fig. 2B are taken in the image recognition system which in turn
aligns, as shown in Fig. 2C, the centers of the light receiving surfaces
of the light receiving elements 12 with the cores at the end surfaces of
the optical fibers 22 on the basis of information of positions thereof.
35 While such alignment state is being kept, the optical fiber array 18 is
moved toward the substrate 13 as shown in Fig. 3A, and then, the front
surface 19a of the optical fiber array 18 is brought into abutment
against the pair of the spacers 17 as shown in Fig. 3B. Thereafter, the
optical fiber array 18 is fixed to the pair of the spacers 17 using an



In this enbodinment, in case of fixing the optical fiber array 18 to the
pair of spacers 17, a work for aligning the |ight receiving sW#elegary200be
light receiving elenments 12 of the optical device 11 20 with the end
surfaces (the end surfaces at the side of the front surface 19a of the

bl ock 19) of the optical fibers 22 of the gptical fiber array 18, that is,
an alignnent between themis carried out by use of an inmage or picture
recognition systemor apparatus. Fig. 2 is diagrammtical views for

expl aining the manner that 25 an alignnent between the |ight receiving
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appropriate fixi ng[ 4k maangr, nﬁés'éatg‘ﬂ%il%ﬂgbﬁf@t‘a%”??%ﬁﬁﬁ Rg t he
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1020 e O GPUIRGE 100 kg T TR, 1
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recei ving suirddidien ofinceethe phich e e iantprgament olithealightrgceiving
elements 12 of the optical device 11 is determined depending upon the
20 accuracy of the photolithography, the light receiving elements 12 can
be arranged at high accuracy, and also the optical fibers 22 of the
optical fiber array 18 can be arranged with a high precise pitch
therebetween. In other words, the accuracies of the optical device 11
and the optical fiber array 18 themselves do not affect the alignment
25 between the light receiving surfaces of the light receiving elements 12
and the end surfaces of the optical fibers 22. Accordingly, it is
unnecessary that mounting of the optical device 11 to the substrate 13
is conducted at high accuracy. As a result, the number of working
steps required in assembling the optical coupling part of the optical
30 module is remarkably decreased, and it is possible to reduce the cost
of the optical module. Particularly, a working step that requires high
accuracy is only a step in which the optical fiber array 18 is fixed to
the pair of the spacers 17 while the alignment between the light
receiving surfaces of the light receiving elements 12 and the end
35 surfaces of the optical fibers 22 is carrying out by the aforesaid image
recognition thereof. Consequently, the assembling work of the optical
coupling part of the optical module can be remarkedly simplified.
Fig. 4 is a plan view showing the manner that an optical
connector 31 is connected to the optical module assembled as



surfaces of the optical fibers 22 is perforned by image recognition thereof
thereby to assenble the optical nodule, notw thstanding that 152t pbisruary 2006
alignment is passive alignment, such alignnment between the |ight receiving
surfaces of the light receiving elenents 12 and the end surfaces of the
optical fibers 22 can be conducted at highgaccuracy. In addition, since the
pitch in the arrangenent of the light receiving elenents 12 of the opti cal
device 11 is determ ned depending upon the 20 accuracy of the
photol i t hography, the light receiving elenents 12 can be arranged at high
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the O%td cal tfxlebr%%rasrurr WcéBf the optical fiber array 18. Further, the optical
fibers 33 of the optical connector 31 are extending toward the outside
from the rear surface of the optical connector 31, but the extended
portions of the optical fibers 33 are not shown in Fig. 4.
By using the optical connector 31 constructed as described
25 above, when the pair of guide pins 32 thereof are inserted into the
guide holes 21 of the optical fiber array 18, the optical fibers 33 of the
optical connector 31 abut on the corresponding optical fibers 22 of the
optical fiber array 18 so that they are optically connected with each
other. Accordingly, it is possible to transmit light signals given
30 through the optical connector from the outside to each of the light
receiving elements 12 of the optical device 11 of the optical module.
In the above embodiment, the present invention has been
applied to the optical module that is capable of receiving a plurality of
optical signals. However, it is needless to say that the present
35 invention is also applied to an optical module that is capable of
transmitting a plurality of optical signals, and the same function and
effects can be obtained. In case of the optical module capable of
transmitting a plurality of optical signals, a surface light emitting type
optical device will be mounted on the substrate.



respectively. It goes wthout saying that the guide pins 32 are 10 provided
on the front surface of the optical connector 31 at the positi2hketrhanye606
corresponding to the guide holes 21 of the optical fiber array 18. In
addition, five optical fibers 33 are buried in the optical connector 31 in a
i ne between the pair of guide pins 32 wifip the sanme 15 pitch or spacing

t herebetween with the optical fibers 22 of the optical fiber array 18 in
such manner that they penetrate the connector 31 fromthe front surface
thereof to the rear surface thereof in parallel wth one another. These
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present invention, alignment between light receiving elements of a
surface light receiving type optical element or light emitting elements

20 of a surface light emitting type optical element and the end surfaces of
optical fibers of an optical fiber array is carried out by image
recognition thereof. Accordingly, it is unnecessary to provide precise
markers on a substrate at high accuracy as in the prior art as well as to
mount the optical element on the substrate with high precision. As a

25 result, the number of working steps required in assembling the optical
module can be remarkably decreased, and the assembling work of the
optical coupling part of the optical module can be simplified.
Moreover, further advantage is obtained that it is possible to reduce
the manufacturing cost of the optical module.

30 While the present invention has been described with regard to
the preferred embodiment shown by way of example, it will be
apparent to those skilled in the art that various modifications,
alterations, changes, and/or minor improvements of the embodiment
described above can be made without departing from the spirit and the

35 scope of the present invention. Accordingly, it should be understood
that the present invention is not limited to the illustrated embodiment,
and is intended to encompass all such modifications, alterations,
changes, and/or minor improvements falling within the scope of the
invention defined by the appended claims.



conprises: a planar or plate-like substrate; and either one or both of a 5
surface light receiving type optical device and a surface |igh27&ebfuarng006
type optical device nounted on the substrate, and the sane function and
effects can be obtained. Mdreover, in the enbodinent, a pair of guide holes
are provided in the optical fiber atnay, and a pair of guide pins of the 10
optical connector are inserted into the guide holes so that the optical

fiber array and the optical connector are coupled with each other. It goes
W t hout sayi , for coupling or connecting the optical fiber
array and%%%gpg%¢?%a cg%nector Wi th each other is not limted to the guide
pins and the guide holes. In addition, the nunber of the 15 spacer nay be
one or nore than two, and hence the nunber and shape of the spacer are not
limted to those shown in the enbodinment. As is apparent fromthe foregoing,
in accordance with the present |nvention,.alignment between |ight receiving
el ements of a durfaddl PPHIEE P@%@W i RYPPYSE ®pti cal el enent or [ight
emtting elenents 20 of a surface light emtting type optical elenent and

t he end surfaces soffacepligbatedeibmstyfe anaoprfaa lighbemittingytyps amticdled out
by i mage recognition thereof. Accordingl if I's unnecessary to provide
preci se ﬁlﬂrkeé&smfﬂnée‘i@ﬁs? PAY etﬁfmﬁ?ﬁﬂggﬁéﬂﬁ'fcy as in the prior art as well

as to nmount thg Rkt 6ak s%a%@?%omeﬁh@n§HR§§&6’§t_€aﬁ€Eta|ﬂdhi gh precision. As a
25 result, the nunber of working steps required in assenbling the optical
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array body, and said plurality of optical fibers being aligned with the -
corresponding light receiving or emitting elements on the basis of image
information on the light receiving or emitting surfaces of the light receiving
or emitting elements as well as image information on one end surface of the
optical fiber array, both the image informations being obtained without
energizing any active optical element, and wherein
said optical fiber array is mounted to said substrate with said spacer
interposed therebetween in the state that the optical fibers have been aligned
with the corresponding light receiving or emitting elements of the optical

element respectively.

2. The optical module as set forth in claim |, wherein the

engagement means provided on the array body is a recess or through hole

into which a pin-like projection provided on the optical connector fits.



-11 WHAT IS CLAIMED IS: 1. An optical nodule conprising: a surface |ight
receiving type or a surface light emtting type optical el enef ReblHaNed0h
a predeterm ned substrate; at |east one spacer nounted on said substrate;
and an optical fiber array conprising: an array body opposed end surfaces

of which are flat, said array body beipg provided with engagenent nmeans to
whi ch an optical connector is to be coupled; and a plurality of optical
fibers that are buried in said array body substantially in parallel with
one another and that are arranged with substantially the sane pitch with
which a pluraldty éfmiilydd of esetmibhingedermpnical anotlii@ghtoiprisinag el ements of
said optical elenment 1is arranged, the opposed end surfaces of each of said
plurality Qfst9g§ 'gq:al fibers being substantially flush with the

correspoml:}i ng end surfaces of the array body, and. said plurality of
optical fibers rheunging) a gnefhowi lipht receicioy eppoodarsgrficgghtigheesiiviing or
emtting el ements on the basis of jmage .information on the |ight receiving
or em ttitﬁﬁeﬁﬁtf%?deé]emeqt@ pipgﬁgepeéggpgg@lbsg[at%m tting el ements as well as
| mage i nf or mat i H¥tapfi e £80 | SR ARFP bl Ifeht AR GRls LuliBEcSLEWpLkaLiRy L he

i mage informations bei"ng oBtained wi thout ~energizi r\’g‘ any active optica
el enent , cndghherasinimaeteopniscat lighbemithingyurfaoeswtt ®¢lumlgyi of Bgbhstrat e

i th said i nt d.th t in the state that the optical
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forth in'claiml, wherein the engagenment neans provided on the array body is

a recess apticdirfobeharralyewithous engrgizing pny-ddtivee ppocetelamept, onideptioalt he
opti cal nnector fits.. 270,F bruary, 2006 -12 3. method o ssenbl i .an
ohtical ogn an gy ahBrishlerat el &R Spahied s PR 8 sERE el ng
type or ansuifpacealltygbf opticht fidgrs tiyaearebugad iglsaidatraynbadpr edet er m ned
substrate; obtaining imge i nformation on light receiving surfaces of a

pl ural i t pubstantiglhy 1 a@sallehy 16 epeAnOter ﬂngﬁhabmq 2i13528drWHBes of a
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surface aflemrnts of the optical element are arranged, the opposed end surfaces of
each of said plurality of optical fibers being substantially flush with the
corresponding end surfaces of said array body;
storing the image information on the light receiving or emitting
surfaces of the light receiving or emitting elements as well as the image
information on the one end surface of said optical fiber array;
moving either one of the optical fiber array or the substrate on which
the optical element has been mounted on the basis of information of positions
included in these image informations such that the centers of the light
receiving or emitting surfaces of the light receiving or emitting elements
coincide with the cores of the corresponding optical fibers at the one end
surface thereof, and aligning the centers of the light receiving or emitting
surfaces of the light receiving or emitting elements and the cores of the
optical fibers with one another by passive alignment;
moving the optical fiber array toward the substrate or the substrate
toward the optical fiber array in the state that the alignment between the
centers of the light receiving or emitting surfaces of the light receiving or
emitting elements and the cores of the optical fibers have been kept, and

bringing the optical fiber array and at least one spacer mounted on the
ging p

substrate into abutment with each other; and



optical fiber array w thout energizing any active optical elenent, said
optical fiber array conprising: an array body opposed end surf2tEsbroéry\o0sh
are flat; and a plurality of optical fibers that are buried in said array
body substantially in parallel with one another and that are arranged with
substantially the sane pitch with whicjgthe Iight receiving or emtting

el ements of the optical elenent are arranged, the opposed end surfaces of
each of said plurality of optical fibers being substantially flush with the
correspondi ng end surfaces of said array body; storing the inmage information
on the light receiving or emtting surfaces of the |light receiving or
emtting elenents as well as the inmage information on the one end surface
of said optical fi novi ei t her. one the optical fiber array or
the substrat e tn %H’et{lﬁé T?pﬁtc&?”bfréﬁ&ﬂn Haévqkfé ﬁ%grﬁaéﬁlwc?n the basis of
|nfornat|o sitions cl ude n.th fornatlons such t hat the
centers o? q%i dﬁtca”flggeq ?fb? bé‘ﬁist?Eﬁbe 'éﬂ"r‘g%é% OrgRatigR qn yis S V%fténgi ng
or emtti Bﬂtl?é Sl gte GH'»@l?l'c‘Heth\U 6$‘t1&5‘leel%%&ﬁ tfs b&&h e esRN Y] QPTthEa|
fibers at the one end surface th igning the centers of

| i ght recshegagnbrrmeation |onngthess.mffac@©fdhetdpé1dad dMewmeymmg)mosead tCt ttmg

el ements an e, cores t ers Wth gne a r by passive
al i gnnent; pﬁﬁ@{]ﬁlgengfﬁ%t rﬂtbéHF 1fr}age¢r @PFW %\MW‘PE WIOFE e or the
substrate toward the optical fiber array in the state that the alignnent
between the centers of the light receiving or emtting surfaces of the
light receiving or emtting elenents and the cores of the optical fibers
have been kept, and bringing the optical fiber array and at |east one
spacer nmounted on the substrate into abutment with each other; and 27
February 2006 - 13 4. The nmethod as set forth in claim5, wherein the
passive alignnent is carried out on the basis of the inmage information on
the surface ~ of the substrate on which the optical el enetn has been
mounted as well as the image information on the surface of the optical
fiber array not opposed in the optical elenent, both the inmage infrormations
havi ng been stored.



