e3eWWRH66IT<I OPT| CAL FI BER ARRAY, AND Cl RCUI T CONNECTI ON METHOD USI NG
THE OPTI CAL FIBHM&ﬁ umﬁ tnlcal Field 5 The present invention relates to
an optical fibe oupl ing-net hod using the sanme for easy coupling
work with an opticatcod®vi ce. BackgroundiArt An optical fiber array
conprising a plurality of optical fibers arranged in parallel and fixed
together to make one integral body with ends thereof being arrange in n

pl ane has tzﬂan s %dFlaéE’RE@%RBN %LIDpé Reta éemhiamg) %E%@Btugghd' ber

Wth an optlca eV|ce S as ’op tlca surface- nted ‘wavegui des ure 3
illustrates a plan view of a ng exa using.such optlcal flber lp
array. Notations described Hﬁ%ﬁgé ??Q ﬂéﬁ&j Y 21 are opti cal f| ber
arrays (hereinafter "optical fiber array"” is referred to as " ,

are optical fibers, 23 are coated optical fibers, vu 24 are @@@%%W

t he optical fiber array (hereinafter "substrate for the opti /W !/
array” is pefigfitQdriem @as "array substrate”)) 25 is an optical desisge. i's
opti cal vvavegw des, and 2 27 o0 substrate for the optical device

her ei naft er,, substr te f th tical devicg is referr Vi
Coborr Aoy Thene el bt riia R ar pRcaCEhe Sasan Sridit methed por o

22 arranged mparallel and fixed onto the array substrate 24 made of gl ass
or ceram cg;mgtide same fre esisatcouphageveotewidyeniopgicahdeyical is renmoved at an
end portion of each of the coated optical fibers. After fixing the optical
fibers onto the array substrate, nn end surface of the array substrate 24
and an end surface of the optical fibers 22 have been polished in order to
be positio 1 ane plane. Although there are various functions in

t he optica?§§%#QU&Qf§$ such as an | O optical coupler, an optical filter,
and an optical isolator, nost of the devices have a pattern of the optlcal
wavegui des 26! ¢rineiddihey amay ¢epineesingisspiuaakityof optiealdikers srrargedbin t he
opti cal wavegui des 26 nornally has been positioned in the sane, plane of
the end supdadk]ahdtfivesdegeckestidbsiakatane?ihtegral body with ends thereof being

arranged in a plane has been used as the optical part for coupling a coated
optical fiber with an optical device such as optical surface-mounted
waveguides.
Figure 3 illustrates a plan view of a coupling example using such optical fiber
5 array. Notations described in Fig. 3 are as follows:
21 are optical fiber arrays (hereinafter “optical fiber array” is referred to as
“OFA"),
22 are optical fibers,
23 ave coated optical fibers,
20 24 are substrates for the optical fiber array (hereinafter “substrate for the
optical fiber array” 1s referred to as “array substrate”),
25 1s an optical device.

20 13 optical wavegwdes, and



Moreover, there has been an optical device in which an optical fiber is
used 15 instead of the optical waveguides fornmed a pattern near the end
portion of the substrate Figure 3 illustrates a conventional coupling

met hod wi th optical waveguides and an @FA. In this exanple, each of the
OFAs 21 is coupled with the optical device 25 at 20 each end-surface of
both sides of the device, respectively. Intervals of the optical fibers 22
of the OFA21,a) L6 A URL AT AN RE RBEifRttel YRR EAESH2 I bplite)
optical device 25 at the end-s rface are preci si on- manuf act ure bg or ehand
so that each of core-paoxtions, of the optigal fibers and each of 3

cor r espondehtcec by Etpped; toms d#evﬂq?es‘ﬁﬁf)%t&l)'wavegui des are aligned. For
coupling with the OFA 21 and the optical device 25, the positioning work,
whi ch is calthetitd2!abhyememaliphks been cakippsed o optical ﬁgems‘ dharoingede
optical fibers 22 of' the OFA 21 and the optical wavegui des 26 of the
optical deyi6e.3a &t BREd .oni6PHe B¥FdPEESsthSteBL BEARS of AHSSoF Bétlaris) &4l
coupling loss is mnimzed. Wen coupling, the position where coupling | oss
between the optjcal fibers noel.the waveguides is mininzed i.s explored by
obser vi ng “(5[5??8!1! te vpRipiE 1y §OSEEnEA eréa? ]isgrﬁfn%vﬁaractearéﬁﬂé&) OﬁhSPg)fg@‘?}éc?for ,
whil e noving one of the stages on F1111:17 the OFA and the optical device
are fixed!heespedtiptela) fibgrs\Altor Sxing thi eptagrddiherapnse thip arrayasitbstrafet or
left, relatively to the other stage. This operation O exploring the

posi tion ah diheswifatdufmlcosplaynambsosteiZst oad ha@nt=hafadd ghvierdptysal Kibers

Di scl osure of Invention Rough alignneni; wth the core-portions of the
optical fibgr..s, an To' ENe i j i j before the

i gnment Zaark T PORIPRLLERATATRLARRGhS LERHS RBRIRhe 12T 008 i
wavegui des and the optical fibers because of inaccuracy of the alignnent,
the al i gnmeNthaBek therejatey H1ARS fHRCtRRs m@weﬁﬂqaﬁéfemqﬁ MUt i on | oss
cannot be perfornmed. 20 '1'he optical fiber fixed on the substrate nade of
gl asslor oetanl colpiet, ey @FRAcdlSilbext andsin gpticed agplakegdmdss bbtlye Beciasesbawvd t he
transparency of the optical fiber. Furthernore, it is nore difficult to

I dentify Ghe,ROSi bf O (?’Eti%'(ﬂ%y%gﬁéés Qatf@fm@@:bﬁ tetdbidtesidipstesyr because

of its fine dianmeter o m cromet ers. "herefore, in the past) it

4
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the same plane of the end surface of the device substrate 27.

Moreover, there has been an optical device in which an optical fiber is used
15 wstead of the optical waveguides formed a pattern near the end portion of the
substrate.
Figure 3 illustrates a conventional coupling method with optical waveguides
and an OFA.
[n this example, each of the OFAs 21 is coupled with the optical device 25 at
20 cach end-surface of both sides of the device, respectively. Intervals of the
optical fibers 22 of the OFA 21 at the end-surface and the optical waveguides 26
of the optical device 25 at the end-surface are precision-manufactured

beforehand so that each of core-portions of the optical fibers and each of



optical wavegui des, by assuming fromthe outer side of the OFA and the
optical device in o trial and error nethod through rel ative-novenent of the
stages on Wich the OFA and the optical device are fixed, respectively.
Since the deviation of each distance beétween the side surface of the OFA or
the optical device and the end positions of the cores of the optical fiber
or the optical wavegquides is generally sever al 10 mcroneter s, and the
core dia r. ptical.  fi . i.cal i.des are very
”‘?:F)gl Spehddfe. e ﬁ%n%toffﬁfég %Fﬁcébﬁﬁgghﬁﬁs a‘&@‘éﬁ%ﬂﬁﬁ.

fine, 3 -1 croneters, sever al utes to conplete

such prelinm,nary rk for align the OFA.and the optjcal devi.ce so.as to
achi eve tr%‘é‘hﬁ"ﬁ‘ﬁﬁgﬁ% Bt ?bg'% 28 a&‘ﬂg‘ﬁ‘@ RFiqal| Vlcér(ﬂ))sl?éh%’ro?’ltwnwl%d a
coupling method using the OFA according to the present invention can
facilitatevlihb 1akhladéatighetens srorkiictocalias thé coteepapiinsadf thiemtecal fibe¢d t he
optical waveguides for enabling the transm ssion of the nonitoring |ight us
N prepar atory $h.aprAe CoHRthPGpbiRhIVRaR e ERRICIHS dthe! diRiANIdeCRL YRy LONd des
The OFA of the present invention conprises optical fi'bers whose covering 20
material is r efT.?.VQd. at_an_end J)oiltt'hog oE. efxch if tre coat.ed o td' cal fibers
and whi’ch “AFe™ BT ACEd i PRIV I aRd" PPXER B & P8y SUBsT 4% nmde of
glass or ceramic and further conprises a marker which is_placed in parallel
and at a pr8determipie, ithe devdionvbere peunlbeg dofis Hatwees tha ophisabfibays
substrate and 5 which can be recogni zed froman upper or side surface of
the OFA wiathl tikewhakgaidey ¢s nlinihidciewWipldi@dvinr kbswrting Sstiedtdoddlingdusce
and the OFA, the end of the marker on the OFA and a mark provided on the
optical deyice., iisiald ~Rh[I0 i sian-allan pti cal
Fber o of e e T RRE 2BE Chnbe BEClcr IR BT i Bl WESLEP R

optical device. Th t he rk for yrough aljgnpent descri bed aboye with

cor e- port ikah’é"gdw‘hetcﬁgAé‘m g\/\% ‘)%%g{ﬁvbc@ %‘f?d%l’é 158P ¢ LHely. Al ategy jsgort
facilitated as a preparatory step to the alignment work to couple the OFA
and the oplistealccdaw oedowng aNdmeglyt oslefplrelqoeilyitothagtidr stagemar ker and
the mark elimnate the need of trial and error exploration to find the

posi tion whepg, (W&lﬁi@(l‘(ﬁ%xlphﬁlﬂﬁr@ﬁ@p@@it{drﬁéfsﬁﬂetﬁl%ﬁnﬁ@mq:qﬁgﬁ?@qbgéEHJ to one
enbodi mrent of the present |nven%|on conprises: optical fibers fixed to
V-grooves ( qu e{'_'})r;e}flt er the V_lgr ooves are referred to as 15 "fi ber-grooves
formed in AP PEA SRR WO Rer on an array substrate: a marker made of a
| i near substance, such as a carbon coated fiber, whose side surface is
colored and which is fixed to a V groove (hereinafter the V-groove

Disclosure of Invention
L5 Rough alignment with the core-portions of the optical fibers and the optical
waveguides 1s required just before the alignment work.

I light does not transmit at all between the optical waveguides and the
optical (ibers because of maccuracy of the alignment, the alignment work to
determine the position of the minimum connection loss cannot be performed.

20 The optical fiber fixed on the substrate made of glass or ceramic in the OFA is
not caxilv recognized visibly because of the transparency of the optical fiber.

Furthermore, 1t is more difficult to identify the position of the optical fiber

core with the naked eye because of its fine diameter of 10 micrometers.



iis- referred to as "marker-groove") formed in parallel to the fiber-grooves
on the sane surface of the array substrate; and ' _'o a cover plate nade of
substantially transparent material and adhered to the optical fibers and
the marker, pressing themso as to form one integral body with the array
substrate. Since the deviation of the intervals between the positions of
the fibers and the 6 marker can be nade as precise as less than 1

m cronet er ri‘n(;tlt(»ﬁ(t;lq‘?llQTtg?)g)B%Eq@th% HREH dedb&MR! ¢ e@%&%gagg%ﬁgﬁ%%\ﬁg%e

easily recogni zed vi si romthe upper or S&i urfac

work to ali t he cores,of the optjcal wavequide wth.the. optical fibers so
as to traﬁé%iq‘t“ RgRRIed éwe?ﬂgﬁﬁ‘@fﬁ'e@éﬁl‘?y %f:trl’rq ‘gbtl‘"rﬂljt%bﬁgs &Egi €oni ng
the marker by the naked eye to face the mark of the optical device, and

then the abignhenavegordeschy apsondeg fiomble stisdysidBof ehe O angtthewpdical
Drawi ngs Figure 1 illustrates an enbodi nent of an optical fiber array

related tQ.t.he preegnl ahdeenhi MRthANEthioAkhi %) 2titE-eRdvenh &y, of Bk dtigds Hhan
view, and (C) is a side view of the optical fiber array of Fig. 1. Flgure 2

is a plan_view of \exampl e af ling with, an OFA and an optical device
ol ated t & HRE B T AN Rhsritiel s el FopeiiGiew of an exampl e of
conventional coupling with an OFA and |.> an optical device. Best Mde for
Carryi ng Oubiehéhe sesmtiomoready distantq belftvagmethesside spsificawhthefOBMoOFA of
the present invention, Fig. 1 (A is a front view, Fig. 1 (B) is a plan

vi ew, and thi @ptikal @vics aadsihdeend pysitidds NEthe coresldftheiogpticabfibeasr thé | ows:
| ore cytic:~xl fibers, 2 is an optical fiber cable, 3 is a |inear

subst ance { W1 KRLkuuthdes 18cB0EAY, SURSLT Mpicfandt ! WOV ERmARLS 2

mar ker - gr o nd B 1's a cover gure ustrates an exanpl e
of an OFA ysjng a tape-shaped coated optical fiber cable 2 _having a

plurali tyugf-f%avweah Rhiare lf.OPféiLF@?&ﬁ REHIA99 e Ve 3 m@ ralceigwawsty of
optical fibers 1 placed in parallel to each other and covered with an

i ntegrnal doabimglly thkes Fegeral minmées batomplede subk prahpmishgpewrbgor cal fi ber
cable 2 is renoved at the end portion to expose the optical fibers 1, and

each exposgd e thOOTA ahb&heRptichl evick dol defoSachibve HlaaGafssidnyre of the
fi ber-grooves 4a. The exposed portion of

monitormg light by trial and error.

The OFA and a coupling method using the OFA according to the present
I35  invention can facilitate the alignment between the cores of the optical fibers
and the optical waveguides for enabling the transmission of the monitoring
Light as a preparatory step to coupling between the OFA and the optical
waveguides.
The OFA of the present invention comprises optical fibers whose covering
20 matenmal is removed at an end portion of each of the coated optical fibers and
which are placed in parallel and fixed on an array substrate made of glass or
ceranmic, and further comprises a marker which is placed in parallel and at a

predetermined interval with the optical fibers on the array substrate and



the optical Fibers 1 are pressed by the cover plate 5, and fixed with
adhesi ves on the array substrate The tape-shaped optical fiber cable 2 of
the OFA nay be replaced by a plurality of single-core optical fiber cables.
The array substrate 4 is made of silicdn or silica glass etc., and the

fi ber-grooves 4a and one marker-groove are provided In parallel to each
other on the sane surface of the array substrate 4. The fiber-grooves 4a
are normal |y arr ed. . g i - ho > i al
et veen ¢ Ae iR BnRCHBatAR GRET DBhL Bl silCIGEE ot SRR MINRET | 11e
sane as those of the fiber-grooves 4a. One of the Fiber-grooves may be used
as the narik‘éﬁequ‘b’ove. Thus the deviation of the interval between the
optical fibers in the OFA and the |inear substance (marker) can be fixed

w thin 1 m br oneterplingmotrkeviph eletoptwahddvide smantde OYAushagntidésbe V
grooves formed on the array substrate. The, 111712'k(',1" of the present

i nvention 4 $,198SGMHRRIFRGIRMW maidk pid¥edddldn the LeBital d6viePRINBghEPPLbNG, VI W

of the upper or side surface, does not 8 cause any hindrance to polishing

f d of th A t di | or.ed ' h fagturi f
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silica |linear substance having a color surface, a colored netallic rod or
pl astic | iweaxusdbseangacaldiliersaféhpoptienhdewictor the marker of the present
invention. The so called carbon-coated fiber, which is mainly nade of

silica gl asghandikonber feaFdiph Sghinens debatbed abevdavinebre-surtidan of @ps ed
surface, is especially preferable as a material for the marker. In The

reason 1S AR PUL OIS P URPbIAIIRLAG m 1P, RASLL B0 PR, LS ence

is clearly"recogn ermal éxpansi on

nearly the sane as the array substrate and the optical .fiber, the adhered
state of the ?'d]a‘%é}”il‘én‘h\bif’ﬁ&\t‘? seyRlg ﬁiﬁ éﬁé AHhHRfeoRRCHASYACA: her mal  condi ti ons.
Moreover as the material of the marker is mainly silica, it is harnm ess

dur i ngoacr dNpaldighiinglebosianihd of The narkieo nmelodtean at k edimina tevthe hyged s€d
for many applications and easily avail able w thout any special preparation

for the mapkern., A, sUPeLRBLABbL Yo %ﬁ??{?%@éﬁioﬁ%ﬁéﬂe%oh&ovﬁx{%ﬁhé& tdippgover

plate 5 in order to recognize the " mar ker visibly fromthhe upper or side
surface of the Q?A The array substrate =4 does not require the use of a
subst ant i aF1Y 4 parent material . However, the

An OFA according to one embodiment of the present invention comprises:
optical fibers fixed to V-grooves (hereinafter the V-grooves are referred to as
15 “fiber-grooves”) formed in parallel to each other on an array substrate;
a marker made of a linear substance, such as a carbon coated fiber, whose
stde surface 15 colored and which 1s fixed to a V-groove (hereinafter the V-groove
s referred to as “marker-groove”) formed in parallel to the fiber-grooves on the
same surface of the array substrate; and
20) a cover plate made of substantially transparent material and adhered to the
optical fibers and the marker, pressing them so as to form one integral body
with the array substrate.

Since Lhe deviation of the intervals between the positions of the fibers and the



;~ array substrate 4 made of a transparent material is preferable, since
the' marker ran be recognised visibly fromthe positions of both the upper
and | ower 9 surfaces of the OFA -After the optical fibers 1 and the

| i near substance 3 are placed on the figber grooves and the marker-groove,
respectively, and pressed by the cover plate 5 and fixed with adhesives
etc., then the OFA of the present invention is polished such that al

end-surfa(%e%_l\g array substrate e |inear
Tk

f. the Substr e t pti.cal fibers 1. 't

subst ance STt (e EBRE 1 BRHAR & for MR LR R T Sefis SR hi ng

pl ane may be perpendicular to the plane in which the optical fibers are
pl aced i nppadaticralined aneayahowsl/dre marker rambe eapButreegihizedspilysirem t he
per pendi cul ar plane. The |inear substance 3 is not necessarily placed and
fixed al ongethpowholsedd saghbe of thhOMatke wakovaidbrhé totes Fuhbioptenal to
be placed and fixed only nearby the end surface of the OFA. In the above

descriptiqn,, the;li L.Sys

pr edet or S orerod UpoRallfctedd & Bl CHPEE Rl BhORT ver
the I 5 marker us not limted to such a case, it is suyfficient if the

mar ker ScafABRY RETIBT put SR SeRnEher magkenby b nakedeyeyforiass e mark
deviation of 10 mcroneters or less fromthe predeterm ned position. For
exanpl e, iof thhepmankeéevige oowve tidn time ahgnarerdyw sukbstn praceddiimmlediacs lyy
painted it wan be used, without placing a |inear substance, as a marker

vi sibly recoginized fromthe outside of the OFA. The OFA manufactured by

t he above-described nethod is normally used for couplingwith an optics 1
devi ce illlgsgfr t“eq..itn Fi? 2. .The notations in Fig. 2 are the sane as those
in Fig. ’%%e@f‘“t‘l’{é”f’%f) RDifRd 88ditions: 10 11 mnn 1 A 1Z is an
optical device, 13 is optical waveguides, and 15 is a mark Exanples of
optical ddvkees h dlpdramsphedembedinert oFanopptinel Hibes erray medatedotp she an
optical coupler, an optical filter, and an optical isolator and i ~0o cmli
yaw, Jouil lpstaat es caniogxamd @\)ok afropntview] (Boish plansien, apd i(Calis deydee
12. The optical coupler has a |layer formed normally by photolithography, as

a predeterV%VQ%qitRﬁté)ﬁ)@i%g} ﬁ%e?ﬁﬂa%fr%. qgui des 13, on the device substrate

14 and having hig ractive ‘coe cient than that of the substrate, and

covered b : . . :
yF igure 2 1s a plan view of an example of coupling with an OFA and an optical

device related to the present invention.
[igure 31s a plan view of an example of conventional coupling with an OFA and

15 anoptical device.

Best Mode for Carrying Out the Invention
Figure 1 dlustrates an embodiment of an OFA of the present invention, Fig. 1
(A) s a front view, Fig. 1 (B) is a plan view, and Fig. 1 (C) is a side view.
20 Notations in Fig.1 are as follows:
1 ave optical fibers, 2 1% an optical fiber cable, 3 is a linear substance (marker),
4= an arvay substrate, 4a are fiber-grooves, 4b is a marker-groove, and 5 is a

cover plate.



1U a cladding | ayer. The end-surfaces of the' optical waveguides 13 are
posi tioned both at end faces of the optical coupler. Marks 15 are provi ded
at a predeterm ned distance fromthe end positions of the optical
wavegui des 13 of the optical device 127 or the purpose of inproving the
efficiency of coupling work with the OFA of the present invention. The

mar ks 15 are fornmed by photolithography in the same manner as the opti cal

wavegui des. provie tihgn gl -9%39 é@fﬁﬁlgﬁf airh.@F;Apﬁéiﬁgl)ag ﬁelﬁ}zﬂeﬁ%?ﬂ&i &oﬁ%@@ oPBchY

transparent, the colore rk can be visibly re romthe surface of

the optical device. Since the gptical deyi.ce 12 is su t o .he coupl ed
Weh the ST R e ER Dy il FBSr fub e GPBEST Bet S a ks o
manuf actured so as to coincide precisely with the intervals of the optica
fibers 1 ofurdeyoEmpticadiibene laddcediinf paeallel o pochwiher and ¢peeredcwitbeameen
the optical waveguides |3 and the mark 15 at theend-surface thereof is also
made so asnt@rapi.paige precisely with the distance between wen the optical
fibers 1 of the OFA 11 and the |inear substance 3 at the end-face-~
thereof. > 1 rl, the, ¢ r I e t ORkhcal: [ d
the oA 17, Tt hie defins E4 GG bE KBS B8P ELOFAI AR EIE 2 1o BEOEELRECREE) |
on stages being novable o | ong the gb Y,_ and_Z axes, and the prelimnary
work of altngmhgonne emesefthe pticat oery lsand gaeh expesed Ry&1maefiches | s
carried out by noving the stages while observing both ends of the OFA 11
and the oppitcal fidews tes pPaoedderore dfthenfilorregmopes 4ahThe wepksal peasort e ends
of the optical fibers 1 of the OFA 11 and the wovegulrles 13 of the optical
device 12 : 0. : ot O j d i i

bet vieen 1 HE ah L P b e g QAP AT o
manual positioning under the mcroscope can be 1;> replaced with autonmatic
positioniﬁb“b?‘bYBBEgéﬂﬁb i mges observed by the norn(>~copc. Follow ng
this, the so-called alignment work for finding the position where th('_

C. (11 hp)111The ItmxstsShspm? abbum fibepeatile ZnefothieyOFArmay el neplagedilive novenent
of thc~ stage on which the OFA 11 or the optical device 12 are nounted,

while et~ Unrmeli A iRBleC#Rluphital 6iBEr BYLIRB. DRE ia¢Rdy bhbdteatd 4 & niid oF
phot o- det ect or connected to the other ends of the optical fibers 1 and the

wavequi des, 43, L esRERtINEl Ve la Bl finks. BHRNGDUTIL B Radldf. 655k
provided wn parallel to each other on the same surface of the array substrate 4.
The fiber-grooves 4a are normally arranged at the same interval; however,
15  the mterval between the marker-groove 4b and the fiber-grooves 4a may or
may not be the same as those of the fiber-grooves 4a.
One of the fiber-grooves may be used as the marker-groove.
Thus the deviation of the interval between the optical fibers in the OFA and
the linear substance (marker) can be fixed within 1 micrometer from the
20 predetermined distance by using these V-grooves formed on the array
substrate.

The marker of the present invention is described below.

I the marker is opaque from the view of the upper or side surface, does not



12 substance 13 of the OFA 11 first faces an end of the mark 15, so the
position of the marker nust be visibly recognized clearly fromthe outside
of the OFA 13. The linear substance 13 may have the sane dianeter as the
optical fibers 1. However, if the diamdter of the |linear substance 13 is

| ess than that of the 5 optical fiber s 1, the central position of the

mar ker 13 can be visibly recognized nore clearly. The optical coupler in
whi ch the qnté aal l%&?@ﬁk@ﬁﬁp(ﬁiﬁﬂﬁ%@fbﬂ%@& teotayiaed Sathskedbred S
descri bed above as an exanp e of e optlcal device in reference to Fig. 2.
However, there are case ere an.o Vi ce ot .such

S ol e e TSmO BEOPEL T et ob i O, S B b b B ther 11
such a case, the coupling position of the optlcal devi ce where the opti cal
fibers of[ﬁhéﬂ@PAVan@Oéoupled is not limted to the end of the optical
wavegui des. An end of optical fiber fixed to the optical device, which is
simlar to thecenthplé. 4 bRicapinaal s\ulisiend Bhvinen eHlbr stBfacbea uslededs a
coupling end of the optical 15 device. Mreover, the OFAis coupled with
anot hey, Chf\. M SOPo£BRRS  IRYEN dbsthile, 3t£358: rkfé‘?aﬁie' BPTRI AL Pknd e
OFA wi th an op I ca vice under a m croscope A5 8 8t ep to prepare for the
al i gnnent work can be nmade by prOV|d|ng a mark at the position where the
mar ker of MWHEETWPAVERUCRe present "LO invention is to face at coupling.

I ndustrial Applicability The OFA of the present. invention conprises
optical fibéhs sarcdhgecirbon-coa8edfibprvWhilch\lg @haihly Mddeedf silinal glaseeschd 0 an
array substrate, and a visible marker which can be recogni zed from an upper

or side sypfiace.ahohhm @Eéu@ﬂﬁemh&ma'vﬁcﬁa%\mmc%mr@iﬂf&ée §Qedpdin1@pt i cal

fibers a predeternined interval the present |nvent|on can
reduce workipg hours for ni_n work by sinplifying the operation
for the prpéfpﬂfplg‘ry aﬂ?@%ﬂtfa Ig“efmgfkfhu ~1'()sc:()!)C SU as tU CaLl SE
an end of the nmarker provided on the OFA and a nmarl: provided on the
optical devikereosdraserseldlovot her such that the nonitoring | r ~ ht-. c:a

n he transmtted between the cores of the optical fibers and the optical

W I ve~~; U~~Ag-txSgolwh enbBelpt igpeditioptdfded exiewee iaatbarierddodnizkd)
it~lorcowar, if a linear substance, such as a carbon-coated fiber, is used

as the |71~ )1\ itd ndar g’lél'lnjlgl Iy ﬁr}ﬁls}:{ﬁ{ p&élhgﬁﬁtt?anebh§rthessa%@5§ghg Qrfhy

mar ker - gr oove arrange
substrate and the optical fiber, the adhered state of the OFA 1s not affected by
the change of outer thermal conditions.

15 Moreover, as the material of the marker is mainly silica, it is harmless during
end pohshing of the OFA.

The carbon-coated fiber 1s widely used for many applications and easily
available without any special preparation for the marker. A substantially
transparent material is used as the cover plate 5 in order to recognize the

20 ouarker visibly from the upper or side surface of the OFA. The array substrate
4 does not requare the use of a substantially transparent material. However, the

array substrate 4 made of a transparent material is preferable, since the

marker can be recognized visibly from the positions of both the upper and lower



wr t-.h ('"r Uc r-yroovcs on the sane surface of an array substrate, and
thc~ optical fibers and the |inear substance are pressed by a substantially
| ,i transparent cover plate and fixed together to formone integral body,

r h~~n un ()Ii A can he manufactured wih precision such that a deviation
of an interval between the optical fibers and the |inear substance is
within less than or eugal to 1 mcroneter in terns of the desired interval

t hereof , apdrtbhe rimearFanh~tmca c.nn be recogni zed clearly froman upper
or side surface of the OFA. 5~noe f-hc~ material of the carbon-coated fiber

is sinl fiber th f f OFA |
be pol | shea: Tt gfie SPLIGE et Farelihéar ibarabe s dre g 4R BOEE ance

is smaller than that of t Irc opticarl fibers, the exact center position of
the |inearrsetsstanttheamibermypeve, redpeegisiely aaslcerosae by thasavenplode dur acy

of the prelimnary alignment can be inproved further. 15 CLAI M5 An
optical fi.berfiRrd aNtIcARELiSENBtc.; thell tHeaDFAYofahe \A?Hbs&ﬁl infveREI0S iB@oNghed
arranged in paraIIeI andflxedto an ,~ array ~te, the opt.xcal fibers

bei ng caxlfJ0§,ggI 1?}),4 - E‘&If%? VEL ﬁ%e%q‘tagréu%lsmial’te gt tl(ie Pé&c&]ﬁlﬁ’é‘x% P&h %' on

t her eof pr ovi para Ical ’fibers at a
pr edet er m ned |n erval a g mar ker_ bei ng rec gnl zabl vmth t he naked eye
from an u;&bérucw )stcaéesfhaﬂ daespvenBladpd 2 iy thsetame pige.no ~>. : 1n
r~pi.xc;al fiber array according to Claiml1, wherein: t,hc~ optical fibers
are pl aced dthefridbehige paresm atyhiee péﬂ;:@mdgmdaves the ipband or whdchutheapt@tdlel to
each other on a surface of the array-substrate; t hc~ ma~~ker is a colored
i near SU%H‘QQ‘R\LHR%Q % TR %h&%ﬁ@%‘%vef B@lﬁ&%ﬁéﬁéi)b&teéhtﬁ% léeb(r)o( ?VP.
being formed in parallel wth the fiber-grooves on the same g fuc:c
ol' the ar ay subs(i]f_ L and ~. hc~ optical fibers and the marker are
covered w' ‘hpélg At I‘lFlff tmunsp; | rent cover plate so as to be adhered

to the array- substrate. ;~ ,\n optu:al fiber array according to Claim 2,
wher eilf t heThi heanr substarnee ronoh recershohy: ploaeddng fixerhalvagddeopholeal
flber 4 . ~nc~pt, iciul fiber a aray according to any one of Claim

2 0z' 3, whesgi of feemauksi- geyodeat®Riels QiffichatltbnRaglasedahdfeed snlyess than
or equal to the outside
nearby the end surface of the OFA.
In the above description, the linear substance 3 as a marker is placed at a
predetermined interval in parallel to optical fibers of an OFA. However, the
15 marker 1s not limited to such a case; it is sufficient if the marker can be visibly
recognized and fixed within accuracy having a deviation of 10 micrometers or
less from the predetermined position.
For example, if the marker-groove 4b on the array substrate 4 is directly
pamnted, it can be used, without placing a linear substance, as a marker visibly
20 recognized from the outside of the OFA.
The OFA manufactured by the above-described method is normally used for

coupling with an optical device illustrated in Fig. 2. The notations in Fig. 2 are

the same as those in Fig. 1 except the following additions:



1~ cl ~~ 1111 (' 1.E 1" of the optical fibers. :~ .1 norhc~d For coupling
an optical fiber array to an optical device, 1-.11E optu:al fiber array
conprising a plurality of optical fibers and a nmarker, the c~pmM fibers
bei ng caxposed by renoving covering naterial at each end Tnrtmm thereof and
arranged in parallel to each other and fixed to an array ~uh~tn;nte, the
mar ker bei ng pIaced in parallel to the optical fibers at a predc~cwred
|nterval an a d

L e of FRARINATE & Mhipul-HE dPOET S ob GO PRyRRREs RinlEo B o g
prOV|ded optlcal maveQU|des or optlcal fibers thc~nccm i hey nethod
|ncIud|ng‘a’Step of prelimnary alignnment an end of the ma rkcar and a mark
prior to alignnent work for coupling the optical fiber array rwh tho
~pticnl devi céxampbesAR dptiod3 (1a8icAY.td beAoplddFwith the OFA of the present
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10% & ()-!10% & () - 10%@ ()-J(ATH*S$! 10%4 & ()-1"T10% & ()-1f @0% & () - of
10% & () - optical waveguides.

- @10% /"1 & ()-,10% & ()-f10% & ()-ONi K-1410% & ()-y2@10% & () - @010%&- ()

-@10% & () AlvhdQY4 &l 1@ dPM Lok ticdB 1008 8 (9 n&hﬂhﬂ%%ﬁ&s}{aﬁ
h& ()-1110% h& ()-f3s16% h& () - 10/10/10/@9104& () @5 0% & ()-1" ka*lO%

h& 38100 10%, hé& 3Y"10%.h % h& 10%
ne ()70 PRk SRR i o0 Feqinad b thE SRV of e Buatladied | 100,
h& () - 3&10% h& () - $10% h& () 4 g iK-F9Z10% h& () - 3610% h& () - 34" 10%

h& () -282" 10968 (-ondaml 9o 4eel 2 )s SuRposest He, be)cokpledys Hetlie O M1}, the

intervals of the optical waveguides at an end-face are manufactured so as to
comerde precisely with the intervals of the optical fibers 1 of the OFA 11 at the

end-surlace.
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d1} [ f H* $10% & o Y hELOYcal fibers 1 of the OFA 11 and the linear substance 3 at the
end-tace thereof.

3 In the case of coupling between the optical device 12 and the OFA 11, the OFA
1T and the optical device 12 are mounted respectively on stages being movable
along the X, Y, and Z axcs, and the preliminary work of aligning the end of the
hnear substance 13 and the mark 15 is carried out by moving the stages while
obscrving both ends of the OFA 11 and the optical device 12 under a

I microscope,

This work allows the ends of the optical fibers 1 of the OFA 11 and the
waveguides 13 of the optical device 12 to face each other, and monitoring light
can be transmitted between the optical fibers 1 and the waveguides 13.

Moreover, the work for manual positioning under the microscope can be

15 replaced with automatic positioning by processing images observed by the
nICTroscopa.

Following this, the so-called alignment work for finding the position where
the couphng loss is minimum is performed by very small relative movement of
the stage on which the OFA 11 or the optical device 12 are mounted, while

20 observing the coupling loss by an optical fransmitter and a photo-detector
connected to the other ends of the optical fibers 1 and the waveguides 13,
respectively.

In the coupling method of the present invention, an end of the linear
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the marker must be visibly recognized clearly from the outside of the OFA 13.
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The linear substance 13 may have the same diameter as the optical fibers 1.
However, if the diameter of the linear substance 13 is less than that of the

optical fibers 1, the central position of the marker 13 can be visibly recognized

Ul

more clearly.

The optical coupler in which the optical waveguides are provided on the
device substrate is described above as an example of the optical device in
reference to Fig. 2. However, there are cases where an optical device is not such

10 a single-functioned device but is made of plural parts assembled together.

In such a case, the coupling position of the optical device where the optical
fibers of the OFA are coupled is not limited to the end of the optical waveguides.
An end of optical fiber fixed to the optical device, which is similar to the end of
the optical fibers of the OFA, may be used as a coupling end of the optical

15  device.

Moreover, the OFA is coupled with another OFA in some cases.

Even in such a case, the alignment work of the OFA with an optical device
under a microscope as a step to prepare for the alignment work can be made by
providing a mark at the position where the marker of the OFA of the present

20 invention is to face at coupling.

Industrial Applicability

The OFA of the present invention comprises optical fibers arranged in
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can be 1'ccogmzed from an upper or side surface of the OFA and which is
provided in parallel to the optical fibers a predetermined interval.
The OFA of the present invention can reduce working hours for the aligning

work bv simplifying the operation for the preliminary alignment under a

oy |

microscope so as to cause an end of the marker provided on the OFA and a
mark provided on the optical device to face each other such that the monitoring
Light can be transmitted between the cores of the optical fibers and the optical
wavegwides, when coupling an optical device and the OFA.
10 Morcover, if a linear substance, such as a carbon-coated fiber, is used as the
marker, and
the carbon-coated fiber 1s placed on a marker-groove arranged in parallel
with fiber-grooves on the same surface of an array substrate, and
the optical fibers and the linear substance are pressed by a substantially
>  transparent cover plate and fixed together to form one integral body,
then an OFA can be manufactured with precision such that a deviation of an
interval between the optical fibers and the linear substance is within less than or
equal to 1T micrometer in terms of the desired interval thereof, and the linear
substance can be recognized clearly from an upper or side surface of the OFA.
20 Since the material of the carbon-coated fiber is similar to the optical fiber, the
cud-surface of the OFA can easily be polished.
Morcover, if the outer diameter of the linear substance is smaller than that of

the optical fibers, the exact center position of the linear substance can be more
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5 at each end portion thereof; and
a marker provided in parallel to the optical fibers at a predetermined
mterval, the marker being recognizable with the naked eye from an upper or

s1de surface of the optical fiber array.

10 2. Anoptical fiber array according to Claim 1, wherein:
the optical fibers are placed on fiber-grooves, the fiber-grooves being
formed 1n parallel to each other on a surface of the array-substrate;
the mavker is a colored linear substance fixed to a marker-groove, the
marker-groove being formed in parallel with the fiber-grooves on the same
15 surface of the array-substrate; and
the optical fibers and the marker are covered with a substantially

transparent cover plate so as to be adhered to the array-substrate.

3 An optical fiber array according to Claim 2, wherein the linear substance
20 s a carhon-coated silica-based optical fiber.
4 An optical fiber avvay according to any one of Claim 2 or 3, wherein the

outside diameter of the linear substance is less than or equal to the outside
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thercon,
the method including a step of preliminary alignment an end of the
marker and a mark prior to alignment work for coupling the optical fiber array

with the optical device.



