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., OPTI W OF ASSEMBLI NG THE OPTI CAL MODULE BA s} &Q
THE | NVENTI of the Invention The present invention reI ates to
an optlcal row ded with a surfaci light emtting type optical

el enent or Wﬂ/ﬂ@@” receiving type optical elenent, and a nethod of
assenbling t m)dul e. 10 2. Description of the Related Art An
optical nodul &'°tfat |s capable of transmtting a plurality of optical

signals is provi t nt (it
is also called éﬂf’gﬁté\Z‘PWb B&?&ﬁﬂﬁﬁth@hm&%@bﬂaﬁgﬁl ode
array, and transmits opti cal IQPAECAdd NIOPUWhE surface |ight
emtting type optical elenent to an external circuit, device, apparatus or
the like t line such as, for

exanpl e, an=se 23 nodul e that is capable
of recsivi ng a pI dlraFletlvl Oftb@ﬂn@Mnal s is 20 provided with a surface

i ght recei ving type g pégecrﬁluﬁ)e@ﬁg&g réldtcssioPbnptiadl aibaiieopts gpedlevi ce)
Sronsor it oovifid Qrtac Rt anehnety S ortial JERTYC e SHrFEG ik

t hrough an ogeivangttypesoptisabel @mtelmtpanldmms odsasseonbbrgnihleeoptical
optical fibgfodileay by the surface |light receiving 25 type optical elenent.
There hs an optical nodule that is provided with both a surface |ight
emttt g type optical elenment and a surface |ight receiving type optical
el ement and i s capabDesetiptiemof thd Related Arécei ving a plurality of

?gtciecal r]signals N}?o‘l?mdeﬁan]'cndmﬂ@'tﬁa@&@&%lﬁméaéﬂ%%@lﬁi&tl anst b@éll% ofart
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that 15 CcorRbiatskpl o ??f;&éc?%tﬁ P@ﬁac@ ﬁé*ﬁ%ﬁ@ﬁ% u¥§§cem Pt

emitting tgk@@ph(ttans @IS@r@ﬁke rﬁpa@ Hysli davicey a8j Hr pXAMpIE, ANne
such as anlgetrididldd abely, andyrarsmditstopticakgignad dinattetdh@oopttheal

transm ssi Oé‘%x;af%tehh%ﬁ? n‘?ﬁ?ﬁg ﬁy% %&Jt?@il éle‘?ﬁé@t ed a?u”e&?féﬂfn%?'mf&??r array

are nounted
emitting tygevice, apparatus or the ke through an optlcal transmlssmn pat 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
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optical element mounted on a substrate such that the optical fibegs,as§ 2006
.aligned with the optical element. In a prior art, an optical fiber array
has been nounted on a substrate by aligning the cores of the optical
fibers of the optical fiber ~II~~1 LIHTLIiL FEeertibr e rerr ~~
*@00002* 27 February 2006 -2 array with t#e surface | I ght receiving type
or surface light emtting type optical elenent wthout driving the surface
l'i ght recel Vi ng type or surface light emtting type optical elenent (this
is called "passive. | In other words, the optical fiber array
has been mouHI&Y Wit ]i’% 1£h§ TRCeRBiNg BREDT W@paacdughtahmgnm@\t

(al i gnrent ttygie op$1aadrerleﬁmbmwﬁ1m1@|lrdlfllvﬁ tiie guffacal i h?rféeé?vm t éj%?
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el enent, aah RN TN Qélhelé“ﬁ?r%e&hﬁe)mcab hescuseyHaas been mmmted
t hat soﬁre pasmtthemut@stnmamsh@mecpndubdmg a6fiviehgligubsé R el £i gh e R

and t hat th%so@éﬂr?ﬁio%t%@r%%m@oipﬁpédlcé‘ll lech LR ar ray Pt neat”

the substrate on t 8 s by use of the markers
as their fiducial POCREST IPJBRNAL thE| ‘9/?“0415 fiksteswey on thessubstratunt i ng
the optical widmantdevinghthe mmﬂacalhghbeéc@wﬁﬁg Spd be s@@'ﬂﬁéé digghtby use of

t he markers % C LS. n cessary t hat
preci SJﬁ mar kéeﬂfjgh% %E\L? I‘Qlé}ﬁ%rﬁ‘ f rate at’ E‘SC]H aBE%‘E © Rbr eover,
both th® opthiasas SetI’ RED &‘%}Flerp%ktl%mr@lwé@ersear@opm\e@e«d

20 respect tanthe swirsteate, szr@ﬂampiﬂ,yamﬂ ghatckeroggstycalFelerhbat ahdagRn, in

the opt ?Ea?r“co‘d@ﬂ %gﬂ‘* e mAed n AhE e ﬁﬂet?* A

consi der abl énPﬁ & %ngg‘etrﬁérgoﬁ aat h IdéJCIQISPSUM\MRY OF THE
| N\VENTI ON | trespeghivélyect of the present invention to provide an optical

modul e $n whi ch anHassevdr l1&90@5@6?%0950&%%tl?@tdpﬁ?éalc%%{aﬂgaﬁﬁrtth can be
ki
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conducting the 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




between light receiving elenments or light emtting el ements of %ﬁp@mQQ%tﬁaé
-nodul e and optical fibers is carried out by image recognition hereof ! Tn
order to acconplish the foregoing objects, in one aspect of 35 the present
invention, there is provided an optical nodule which conprises: a surface
light receiving type or a surface |ight enarting type optical el enment
nmounted on a predeterm ned substrate; at |east one spacer nounted on said
substrate; and an optical fiber array havingOSGplugal|ty|Ff|optLﬁal fibers
buried therein bstantially in 27 February . -3 parallel w one

anot her wit rp%ragr%@&lﬁ? rﬂrlf?e)énﬁaﬁ%hwt%rae]a@%%mmhd pdphith@irebebweeny tlay

bei ng nount eaptical ﬁ"da@xubsﬁapbeim\gtrhotlhee@I@@Qﬁétsd%géﬂfﬁﬁgé?ﬁ%\'i%?derbetrhfe
bstrat C at ers

opposed t oagq‘éﬁ%?iﬂ'yb%gwéfgﬂﬁe Subatiatt o DR artlGaIoR bef ok moreh R

el ements of WReOBpGAd HiDETSAERH OPRARSCetD arplumality uifstight eecesyierg eleshgntand

the optbcal d1i heghteemastihgislgnmaustefitheo ophicalsslesiémt tihfe Bbhapzent

bet ween t he : Lcal - bar d.the l.ight receiyvin
el ements or 11 tt§ ggém?%ﬁ%&fﬂé%gﬁﬁe%?% Itggroré tégﬁoﬁtb e%&}rflijeén%e%mt[eido@ the
thereof . 10 SUPSifdtherthdlignment hrtwren the endveutfasss afhthe opsiqaldibded a
met hod of asmedivherdgghtreptivialk ekeduéetbi ¢ig}ﬁ0émﬁit$ﬁ$_él€ﬁa&h%p§a&féd out
nounting a wfiﬁp{?é r8RbchBG8hUHRgebyPe or a surface Tight emtting type

ort a pr ﬁ

tical el ement eterm ned Substrate; carrying out alignnent
between®a pl ural it} GROINERASPEELOFitAE RICHeEABVSRTIaTyHhese: istpIayi08d a

el ements of mhéhodt@f:a'ssganéalr}ing aanoptibel enddsly hdtieh %nﬁnﬁéeﬁ ghé tsg%l?’si of% he
: : . 7 her .
S L olaE ot AMTFegEl e MATHRS, L6FHER LB SHBEA o
ol errent s or ANIGRE! EHIDET T POEASCTIANCOURSIAJ o FEITHIRE eat ali glemeats ay
to the substheivecen ahpluralgysof bightspaedvingetemenes o20ipht \eeeittinge
subst s e ardetien@pdl eBé Jpthesl aldm¥nt BPthﬁxeséﬁHeslfr?Qé& Fs? a ﬁga%ﬁgﬁ{pg
bet ween t he cJﬂt Q% glebcel ylf;gnel etmanltf or 1l 8 t emmt ti nge el eme Shgpeof e
end surfaces o? L &0 S AL GRIAFY Fibegery Y Ropimags REndiord 2
enbodi ment , thEeend sussaces afithareptical fitieas heingeopposeditoi tre lighear ri ed
out on the Wasesvinfg etewentsiorlight emiating28ldrhentdr @€ enlintiify shbstrate
on whi ch the,apthCefhd! %gttpaﬂ'ge tsﬁﬁsﬁ%?@%itﬁaa\/telel?i%?%nrémsj&tlggr 1nte\?g|o|segs
' mage 2'(5‘|f or ettlvgener??hé hs%bsstrrat%caend 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.



of the optical fiber array at the side thereof not opposed to t '
.element. In accordance with the present invention, the alignnen??ggg%éﬁﬁggg
the light receiving elenents or the light emtting elenents of the optical
el ement and the end surfaces of the optical fibers of the optical fiber
array is carried out by inmage recognition'ﬂhereof. Accordingly, it is
unnecessary to provide precise markers on the substrate at high accuracy
as in the prior art as well as to nount the 35 optical elenent on the
substrate with high precision. As a result, the nunber of working steps
required in assenbling the optical nodule can be remarkably decreased, and
the assenbl i BRI DBSGCREPIPONODF THIHIDRA WINGS the optical nodule can
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DRAW NGS Fi (SORSHECHOTLQp el grtispert pfdhei entisabm edultaccovditg tetthen
of an efbodipmrsentfinvemtogj cal nodul e according to the 5 present

i nvention; Fig. 2 gs,dbagr ' Vi i.ning the manner that
an” a1 gnnent bet webiB1 P Sgtaautal ekl F LRI fife % AORNE:
optical fibetyab2HREHbheiRvean hghtaecgyving edemeads aftanpptiegledevice
regogni tion ameopdicalFfiper2Afi an apdi cdr fibentireay 1§ cantied ewt ¢y lir‘ﬁ%ggo
substrate s ' | L O { ' t ' lLber
array g pe ey Iﬁaﬁ%ﬁ"?%’ee.‘?%%?%??%?saaﬁf%f&%%t?éalaﬁ%nﬁ%igﬁf‘; &t he
stat e t%at tsrigjﬁ Fate shevd 10 Kdgelleddge £ B8 & FRAOBIEW 01 theyepsicalviabepeen
al i gned wi t farwag tanbefmounted.oBthe subsptaie, wheWFior2€xyl aivieng shbeviggnner
that the 1 p¢iagalihh | t S s a
bl'an Vi ew sty jat8that eRE IREREVecAVIRLTIB AN, ifd WENPALEL e AL o

t he stat
on the subst efﬁrb%l’lgrbeézt“ltg WNHRARNFLw for expl ai ning the manner that an
optical connectorFig Bdurt edlan viesv dpriccallainivgs tlae magnnér that ot i cal

modul & 520 sdyoBal fitirdarrds: isDRLAIHER HESRR RB@h(r THE PREFERRED
EMBODI MENTS "The pgef ejsﬁed en‘lﬁjodl ment Bf t.he a{es&int’ | nve?]t&lon W lll . ,now be
described in detail &ith ref & 8HEMH SEOYUNE the Siaterihat gheseptical fiber
array has been mounted on the substrate;
Fig. 4 is a plan view for explaining 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




25 invention may, however, be enbodied in many different forns

.hot be construed as |limted to the enbodi nent set forth herei n%?fl%brr;ém@bge
rat her, the enbodinent is provided so that this disclosure wll be
thorough and conplete, and will fully conwpey the scope of the invention to
those skilled in the art. 30 Fig. 1 is an expl oded perspective view show ng
the construction of an enbodi nent of the optical nobdule according to the
present invention, Fig. 2 is diagrammatical views for explaining the
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par al | el epi pedistrateapd, tew isngfddes b ghitgleceieieg vype (ﬁtéc_melndsvida)ﬂl eiangp! e,
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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

j 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.

b



wiring pattern is three dinensionally formed on the substrate 13 g&00n 66
- general ly rectangul ar top surface thereof to the generally rectangul ar?/
front surface thereof. For the purpose of sinplifying the draw ng, there
are shown in Fig. 1 only five signal pattern conductors 25 14 forned in
generally parallel wth one another and T¢ be connected to the
corresponding light receiving elenents 12 of the optical device 11, and
one ground pattern conductor 15 to be connected to an electrode formed on
the rear sur ﬁ { t he o tical. device 1 Further in this enbodi nent,
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and two gui de hol | ' t | ock 19
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gular surface) 1s 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.



front surface 19a thereof to the rear surface 19b thereof at argas 6?3%22006
t he opposed sides of the block 19. The size of the front surface o? t

bl ock 19 (lengths of the 20 |ong side and short side of the rectangul ar
surface) is set, as will be easily understood fromFig. 2C, to a val ue

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 |ine)
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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
recelving 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



of the optical fibers 22 are opposed to the corresponding |ighty; FgGRAYIZ8s
.surfaces of the light receiving elenents 12 by nounting the 15 opposed’end
portions of the front surface 19a of the optical fiber array 18 on the
front surfaces of the pair of spacers 17. ln this enbodinent, in case of
fixing the optical fiber array 18 to thééééir of spacers 17, a work for
aligning the light receiving surfaces of the light receiving elenents 12
of the optical device 11 20 with the end surfaces (the end surfaces at the

side of the front SU{f e 19a of the block 19) of the optical fibers 22 of
the optical FARJAPHARIGRYX1E MAIS-is, an alignnent between themis carried
out by use of an Asegelldve gastlyr endersignidt from Fyigt. € tire eppimdtiilser Bigy 2
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posi tions ther iI"é such alignnment state is being kept, the optical
fiber array 18 is Imsuel menacd, imsasasberalignmsentsbetweenitherdight 3A, and

; Bﬁ?matn Pe ; rr@ieteiv' %aﬁﬂlide%a?ﬁihé mag}@tpiércfeabi?ﬁgQﬂgnﬁéﬁté%'lniéinidSt}géB%aht into
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17 using ant ?r%gﬁhaf%bmg@sSﬁmhlﬁp?fmoppw@lfmsaﬁrq@enaahw.lth@gammmgttbat
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the spacer o TE7Tuil SIEERCY 6r tighy Lt AUHg Bnibhis 2 shidfle i 50°
higly

t he spacers ace con .
i s arranged Saghaces Pgrﬁf‘ﬁh‘ép‘fl% fikgrst a¢ €ap: pe qonghictedcas asguraeys lof

the light recklivtiony sineeetitespitzh of thdaroptgeamlent defviloeliphthyeceivangyired
di stance t he/ghfdmRen oFCGR! Gptidla) . ddvige I El@idce8sti Re@fd i flingeupBsi tHeoM
bet weeyy, the a%%tulrggly c()jfg%/lllg%hlo]to?ﬂﬂotg?gphy, 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 1s 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



optical fiber array 18 can be easily controlled by changing thezhgbgggw;k@6
of the spacers 17. In such manner, in case the alignnent between the |ight
receiving surfaces of the light receiving elenents 12 and the end surfaces
of the optical fibers 22 is perfornmed by .igmge recognition thereof thereby
to assenble the optical nodule, notw thstanding that 15 this alignnent is
passive alignment, such alignnment between the light receiving surfaces of
the |ight rece|V|ng el enents 12 and the end surfaces of the optical fibers
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r ecfel ving ?u; L aces[phdifi ol #¥e "o%ﬁda"l' f19epd STeRES bligidth ttH@
recogni £ on %Oﬁﬁ}egﬁp' @aeeaa‘ﬁm peobenh THeraRs) Phiuitls ipigs Shev E ?1@
coupl ilfy pamitelt amepapimg thenebgiveesawite theraptieal §ibsraR pifdlie (F}D'gcah i s
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i 5 opt | calt 2BhRGEbp A SRLES SRt S Pedr Sutkhee MBBRRIR B
section and V¥it2¢0BS & rof T hRge QRtical 11b|65%r JapFapurigd aghbeiroytiovided
wi th generaldorreygpondingab the erdmursades pfaheusptigal fiferer22 atkpdwedopposed
end posd i onghefreaesdrfaBt GtfHABPtical 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.



5 (the surface at the side opposed to the rear surface of the opﬁ#gﬁhm?kggg
~array 11) of the optical connector 3 1. The outside diameter of each o
the guide pins 32 is set to such a size or value that the guide pins 32
fit into the correspondi ng gui de hol es 21 f_the optical fiber array 18,
respectively. It goes wi thout saying that t e guide pins 32 are 10 provided
on the front surface of the optical connector 3 1 at the positions thereof
corresponding to the guide holes 21 of the optical fiber array 18. In

addition, five opt r optical ¢ nnect 31 in
a line between theFESlhefr ft?ﬁ tﬁea%[)(g'%g%géoa}q]ﬁntthg’l ﬁ%s rfgepgtfgﬁngya i}ﬁam ng
t her ebet weerf eft2REH Bpfaléglenlpsdt%saap@fhas}be@ptumﬂ ft beneadieys 1@ say
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connector 31 ﬂg\@ he outside fromthe rear surface of the
opti cal connﬂor%?rwol{]get égF hded portions of the optical fibers 33
are not shown in RMprepvegy indhgempedipientala patinetgoidehalessareuct ed as
descri bed oa/ad\zd invties ophicalafibepfargay dgndiap ai’r%fé‘éhé@f pitseof As&r t ed
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applledto an opti t 15 C rans urality
of optical signal dﬁc? H?e"e?ét}go’f‘rhﬁl}? %Bﬁe%ﬂﬁlg:elff\‘ 8eeQr %émébt thiened. 1n
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the S'étbﬂ ralyga SOr AR Pt ezl%’%mg 19pe 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.



Further, in the above embodinment, the substrate of generally regtpagubgn006
par al | el epi pedi c shape has been used. It is needless to say that the
present invention is also applied to an optical nodule that conprises: a
planar or plate-like substrate; and either one or both of a 5 surface |ight
receiving type optical device and a surface light emtting type optical
devi ce nmounted on the substrate, and the sane function and effects can be
obt ai ned. er, i > enbodi ment, a pair of guide holes are provided
in the opt%ﬁﬁo#&%@h\}gﬁﬁg, and a pair of guide pins of the 10 opti cal
connector are inserted into the guide holes so that the optical fiber
array and the optical connector are coupled with each other. It goes

wi t hout saying that nmeans for coupling or connecting the optical fiber
array and the optical connector with each other is not limted to the
gui de pins and the guifdeoptcekmadulgdeimpoisjinghe nunber of the 15 spacer
may be one or nore than two, and hence the nunber and shape of the spacer

are not |inmited a sutfaosdigttomseiviniche bedi si®bice AShi %fﬁQHﬁBet?tpg&ﬁg}é%lhe

foregoing, ,in accordance with the Tpresent inventiofn, alignmen
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el ement and the end sur s of optrca %Fa%8n 388t i cal fiber array

is carried out lay ophgel fibecagrst tomprigiheofan ZA@'Q?%d}ngpoké lieSid surfaces
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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 intormations 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 I, 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.



changes, and/or mnor inprovenents falling within the scope of t#®eFebruary 2006
invention defined by the appended clains. 27 February 2006 -11 WHAT IS
CLAIMED IS: 1. An optical nodule conprising: a surface |ight receiving type
or a surface light emtting type opticgh_ elenent nounted on 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 being provided with engagenent nmeans to

which an opticdl. conheatdrod $ftaesb@bsouphsdoiand @oRLI abity..of optical

fibers that are buried in said arrayplt)ggdy spubsta{ntoi aﬁ yb?ﬁnylpl)alrnz% lel with

one anot the sferb@ 6pat are arranged with substantially the sane pitch with
ural ity

which a p of light receiving elenments or light  emtting el enents

of said optical rebenEng a ssrfacedigiedredeteirAPRGREdr AN FHES ARS e%fxitﬁﬂgh of
said plurality of optical fibers being substantially flush“with the~

cor r espontiRfgOBHA2S G $BEBS O6¥ 2 riedeterpapeBodpsteatd, said plurality of
optical fibers peing:ali: | rirespondi.ng |ight receiving or
enitting el enenleglt%%l?ﬁelg s @@?ﬁ#ﬁc@neggi ‘ﬁ%@f%ﬁ%ﬂ%ﬁgt%eﬁ@m Pplgég‘itiéi ng
or enittioflightfracesviofy ¢leenénghir ri?he'bbﬂiﬂgnoglhrﬁefﬂetstéﬂg RLesent ¢ ag hyel |
as image information on or%e end surface of the optical fiber array,” both
the i magePHIO Sl BEEtHET G dBPAIGHd ¢ ineRbthat erferrianiged with acti ve _
opti cal RMRNL y mANEd WhEHEL § A ] i.per. array | unted to.said
subst r at glblwi_t h-sai d spacer gli‘n?égsg%{d’o%? neﬁroé 2L R of S REEFEeq REAR: he
optical fopeesl fidnee dyeay valthgnednerdizing haycanhespepridangldmeht, Jeaeiptag or
emtting enents of the optical elenment respectively. 2. The optical
modul e asﬁégf A% ROMPI Al 2Ag Ry PHBOégig%é’g’ewrffw%aﬁgvlpmar@eﬂabn
the arrayarhpdypliusabty @FesiiOf] fiBepUethtNReeuiidd ?n%‘i@'&rﬁb)p'oea I ke
projection provided on the optical connector fits. 27 February 2006 12 A
met hod ofSusdantipllnginapati¢lowithneae e otlvmendithgt arhermsnepd with mounting a
surface |4 .ghtaf @A VIHWS Oy &, SHEf R i.ghL L enitting  type. optical
el ement on a pr edeltyer m Snelﬁg?ulbsq ?Q?lg;w@%ﬁaélhﬁi 1r'1§hfglh‘geévi”?§ &rrfg?ltg‘ﬁ’gon l'i ght
recei vi nglsmdrds e fe appkal aldmynt 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 recelving 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

substrate into abutment with each other; and



of light receiving elenments or light emtting surfaces of a pl i
light emtting elenments of said optical elenent that are arralgzglgbb%{)ﬁi%s

predeterm ned pitch as well as image information on one end surface of an
optical fiber array w thout energizing ppny active optical elenment, said
optical fiber array conprising: an array body opposed end surfaces of
which 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 sanme pitch with which the |ight receiving

or emtting el 9 apti-cal. el ement, are arranged, .the opposed end
surfaces of eag{hmo ﬁ%%{t%é gﬁ&@% if'tCD%ro‘ﬂ'f"%n?? i%? S‘flpgté?gc %éﬁ'h@esﬁ% Hntially
fl ush wit mtehgosedottreespervdiarg end surfaces of said array body; storing the
i mge information on the light receiving or emtting surfaces of the |ight
receiving or emtting elenents as well as the image information on the one
end surface of said optical fiber array; noving either one of the optical
fiber array or the bstrate on which the optical elenent has been nounted
on the basis of 4 nfiHFrel’le bas pesfabthris clpigl Lideberaint thespassiuge
infornation? such that the centers of the light receiving or emttin
surfaces of!'SREFHGIFCHES Qithgndhe &fisis Phghe i ewgstia fotmiabioinden whe s urface
cores of t I [ ' b e_end surface thereof,
and_al i gni g The esRAC oAy AR ER ohtRAL3Ifheh DR F BE R TG A B PupllascRe
the light rmegevnfigrmatienidr iingsetfeeensSthancbiite fibeearfy ﬁ@ﬁop?@&é&% the
fibers with gne, a ot her by passive alignnment; noving the optical fiber
array t owaPBUERL CKIBERE-REhohe irags batrmaionsohayiaa heewptatedl fiber array
in the state that the alignnent between the centers of the |ight receiving
or emtting surfaces of the light receiving or emtting elements and the
cores of the optical fibers have been kept, and bringing the optical fiber
array and at | east one spacer nounted on the substrate into abutnent with
each other; and 27 February 2006 -13 nounting the optical fiber array to
the substrate with the spacer interposed therebetween. 4. The nethod as
set forth in claim3, wherein the passive alignnment is carried out on the
basis of the image information on the surface of the substrate on which
the optical elenent has been nounted as well as the image information on
the surface of the optical fiber array not opposed to the optical "el enent,
both the inage i nformations havi ng been stored. B



