
;e3eWTRH66lT<I 6 OPTICAL FIBER ARRAY, AND CIRCUIT CONNECTION METHOD USING
THE OPTICAL FIBER ARRAY Technical Field  5 The present invention relates to
an optical fiber array and coupling method using the same for easy coupling
work with an optical device. Background Art An optical fiber array
comprising a plurality of optical fibers arranged in parallel and fixed
together to make one integral body with ends thereof being arrange in n
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 1 p
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 are coated optical fibers, vu 24 are substrates for
the optical fiber array (hereinafter "substrate for the optical fiber
array" is referred to as "array substrate")) 25 is an optical device. 26 is
optical waveguides, and   2 27  o substrate for the optical device
(hereinafter "substrate for the optical device is referred to as "device
substrate"). The OFA 21 conventionally has been composed of optical fibers
22 arranged m parallel and fixed onto the array substrate 24 made of glass
or ceramics, etc. in the slate where the covering material is removed 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 positioned in the same plane. Although there are various functions in
the optical device 25, such as an I O optical coupler, an optical filter,
and an optical isolator, most of the devices have a pattern of the optical
waveguides 26 formed on the device substrate 2?. The end surface of the
optical waveguides 26 normally has been positioned in 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 instead 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. In this example, 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 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-poxtions of the optical fibers and each of   3
correspondent core-portions of the optical waveguides are aligned. For
coupling with the OFA 21 and the optical device 25, the positioning work,
which is called1ed "alignment work", to align the core-portions of the
optical fibers 22 of' the OFA 2I and the optical waveguides 26 of the
optical device 25 at the ,> end-surfaces is necessary such that optical
coupling loss is minimized. When coupling, the position where coupling loss
between the optical fibers noel the waveguides is minimized is explored by
observing optical coupling loss using a light source and a photo detector,
while moving one of the stages on F1111:17 the OFA and the optical device
are fixed, respectively, at very short distances, up or down, and right or
left, relatively to the other stage. This  operation Of exploring the
position of the minimum coupling loss is called 1=he alignment work.
Disclosure of Invention Rough alignmeni; with the core-portions of the
optical fiber s and the optical waveguides is required just before the
alignment work. If lightt does not transmit at a11 between the optical
waveguides and the optical fibers because of inaccuracy of the alignment,
the alignment work to determine the position of the minimum connection loss
cannot be performed. 20 'I'he optical fiber fixed on the substrate made of
glass or ceramic in the OFA is not easily recognized visibly because of the
transparency of the optical fiber. Furthermore, it is more difficult to
identify the position of the optical fiber core with the naked eye because
of its fine diameter of 10 micrometers.   4 'I'herefore, in the past) it
has been necessary to explore a position where light can be transmitted
between both core-portions of the optical fibers and the 



optical waveguides, by assuming from the outer side of the OFA and the
optical device in o trial and error method through relative-movement of the
stages on Which the OFA and the optical device are fixed, respectively.
Since the deviation of each distance between the side surface of the OFA or
the optical device and the end positions of the cores of the optical fiber
or the optical  waveguides is generally sever al 10 micrometer s, and the
core diameters of the optical fibers or the optical waveguides are very
fine, 3 - 10 micrometers, 1 D it normally takes several minutes to complete
such preliminary work for aligning (the OFA and the optical device so as to
achieve transmission of monitoring light by trial and error. The OFA and a
coupling method using the OFA according to the present invention can
facilitate the alignment between the cores of the optical fibers .1l1(1 the
optical waveguides for enabling the transmission of the monitoring light us
n preparatory step to coupling between the OFA and the optical waveguides
The OFA of the present invention comprises optical fibers whose covering 20
material 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 ceramic and further comprises a marker which is placed in parallel
and at a predetermined interval with the optical fibers on the array
substrate and   5 which can be recognized from an upper or side surface of
the OFA with the naked eye. In the coupling work with the optical device
and the OFA, the end of the marker on the OFA and a mark provided on the
optical device is aligned prior to precision alignment between the optical
fibers of the OFA and the optical waveguide or optical fibers of the
optical device. Thus the work for rough alignment described above with
core-portions of the optical waveguide and the optical fibers is
facilitated as a preparatory step to the alignment work to couple the OFA
and the optical device. I o Namely, simple positioning of the marker and
the mark eliminate the need of trial and error exploration to find the
position where monitoring light can be transmitted 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 "fi ber-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 side surface is
colored and which is fixed to a V groove (hereinafter the V-groove 



is  referred to as "marker-groove") formed in parallel to the fiber-grooves
on the same surface of the array substrate; and '_'o 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 the deviation of the intervals between the positions of
the fibers and the   6 marker can be made as precise as less than 1
micrometer in terms of a predetemined interval, and the marker can be
easily recognized visibly from the upper or side surface of the OFA, the
work to align the cores of the optical waveguide with the optical fibers so
as to transmit light between them is p cosily carried out by positioning
the marker by the naked eye to face the mark of the optical device, and
then the alignment work can proceed immediately. Brief Description of
Drawings Figure 1 illustrates an embodiment of an optical fiber array
related to the present invention; and (A) is a front view, (B) is a plan
view, and (C) is a side view of the optical fiber array of Fig. 1. Flgure 2
is a plan view of an example of coupling with an OFA and an optical device
related to the present invention. Figure 3 is a plan view of an example of
conventional coupling with an OFA and I.> an optical device. Best Mode for
Carrying Out the Invention Figure 1 illustrates an embodiment of an OFA of
the present invention, Fig. 1 (A) is a front view, Fig. 1 (B) is a plan
view, and Fig. 1 (C) is a side view. 20 Notation 117 Fig.l are as follows:
l ore cytic:~xl fibers, 2 is an optical fiber cable, 3 is a linear
substance (marker), 4 is an array substrate, 4a are fiber-grooves, 4b is a
marker-groove, and 5 is a cover plate.   7 Figure 1 illustrates an example
of an OFA using a tape-shaped coated optical fiber cable 2 having a
plurality of optical fibers 1. The optical fiber cable 2 has a plurality of
optical fibers 1 placed in parallel to each other and covered with an
integral coating 5 I n Fig. 1. the coating of the tape-shaped optical fiber
cable 2 is removed at the end portion to expose the optical fibers 1, and
each exposed portion of the op t 7 c; 71 fibers 1 is placed in one of the
fiber-grooves 4a. The exposed portion of 



the optical Fibers 1 are pressed by the cover plate 5, and fixed with
adhesives on the array substrate  The tape-shaped optical fiber cable 2 of
the OFA may be replaced by a plurality of single-core optical fiber cables.
The array substrate 4 is made of silicon or silica glass etc., and the
fiber-grooves 4a and one marker-groove are provided In 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, 1.> the interval
between the marker-groove 4b and the fiber-grooves 4a may or may net he 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 predetermined distance by using these V
grooves formed on the array substrate. The, 111712'k(',1' of the present
invention is described below. l l' the 111.71'1C81' is opaque from the view
of the upper or side surface, does not   8 cause any hindrance to polishing
of an end of the OFA, and not discolored during the normal manufacturing of
the OFA, such marker is applicable to the present invention For example. a
silica linear substance having a color surface, a colored metallic rod or
plastic linear substance, etc, are preferable for the marker of the present
invention. The so called carbon-coated fiber, which is mainly made of
silica glass and coated carbon on its surface, and having a carbon-coated
surface, is especially preferable as a material for the marker. In The
reason is as follows: As its color is black, the position of its existence
is clearly recognized. As its linear thermal expansion coefficient is
nearly the same as the array substrate and the optical fiber, the adhered
state of the OFA is not affected by the change of outer thermal conditions.
Moreover as the material of the marker is mainly silica, it is harmless
during acrd polishing of the OFA. The carbon-coated fiber is 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 "(1 marker visibly from the upper or side
surface of the OFA. The array substrate =4 does not require the use of a
substantially transparent material. However, the 



;~ array substrate 4 made of a transparent material is preferable, since
the marker ran be recognised visibly from the positions of both the upper
and lower   9 surfaces of the OFA. After the optical fibers 1 and the
linear substance 3 are placed on the fiber 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 all
end-surfaces of the array substrate 4, the optical fibers 1, the linear
substance 3 and the cover plate 5 are in the same plane. The polishing
plane may be perpendicular to the plane in which the optical fibers are
placed in parallel; it may however be inclined about eight degrees to the
perpendicular plane. The linear substance 3 is not necessarily placed and
fixed along the whole length of the marker-groove 4b; it is sufficient to
be placed and fixed only nearby the end surface of the OFA. In the above
description, the linear substance 3 as a marker is placed at a pre
predeterminded interval in parallel to optical fibers of an OFA. However,
the I 5 marker us not limited to such a case; it is sufficient if the
marker can be visibly recognised 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
painted it wan be used, without placing a linear substance, as a marker
visibly recoginized from the outside of the OFA. The OFA manufactured by
the above-described method is normally used for couplingwith an optics 1
device illustrated in Fig. 2. The notations in Fig. 2 are the same as those
in Fig. 1 except the following additions:   10 11 m nn O>1 A, 1Z is an
optical device, 13 is optical waveguides, and 15 is a mark Examples of
optical devices to be coupled with the OFA of the present invention are an
optical coupler, an optical filter, and an optical isolator and i ~o cm li
yaw, 2 illustrates an example of an optical coupler as an optical device
12. The optical coupler has a layer formed normally by photolithography, as
a predetermined pattern of optical waveguides 13, on the device substrate
14 and having higher refractive coefficient than that of the substrate, and
covered by 



1U a cladding layer. The end-surfaces of the' optical waveguides 13 are
positioned both at end faces of the optical coupler. Marks 15 are provided
at a predetermined distance from the end positions of the optical
waveguides 13 of the optical device 12 for the purpose of improving the
efficiency of coupling work with the OFA of the present invention. The
marks 15 are formed by photolithography in the same manner as the optical
waveguides. :~~ the cladding layer of the optical device 12 is normally
transparent, the colored mark can be visibly recognized from the surface of
the optical device. Since the optical device 12 is supposed to be coupled
With the OFA 11, the intervals of the optical waveguides at an end-face are
manufactured so as to coincide precisely with the intervals of the optical
fibers 1 of the OFA 11 at the end-surface   m Morever the distance between
the optical waveguides l3 and the mark 15 at theend-surface thereof is also
made so as to coincide precisely with the distance between wren the optical
fibers 1 of the OFA 11 and the linear substance 3 at the end-face-~
thereof. > 1 rl thc, core crf coupling between the optical device 12 and
the OFA 11, the OFA I 1 and the optical device 12 are mounted respectively
on stages being movable o long the Y, Y, and Z axes, and the preliminary
work of aligning the end of the Imcm~ suVst,~nce 13 and the mark 15 is
carried out by moving the stages while observing both ends of the OFA 11
and the optical device 12 under a 1~1 microscope. This week allows the ends
of the optical fibers 1 of the OFA 11 and the wovegulrles 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 1;> replaced with automatic
positioning by processing images observed by the morn(>~copc. Following
this, the so-called alignment work for finding the position where th('_
C:(llll)1111g loss is minimum is performed by very small relative movement
of thc~ stage on which the OFA 11 or the optical device 12 are mounted,
while et~ Ur~crvmg the coupling loss by an optical transmitter and a
photo-detector connected to the other ends of the optical fibers 1 and the
waveguides 13, respectively I cl th~~ (;oupling method of the present
invention, an end of the linear 



12 substance 13 of the OFA 11 first faces an end of the mark 15, so the
position of the marker must be visibly recognized clearly from the outside
of the OFA 13. 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 5 optical fiber s 1, the central position of the
marker 13 can be visibly recognized 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 `LO invention is to face at coupling.
Industrial Applicability The OFA of the present. invention comprises
optical fibers arranged in   13 p;m,~llul Wi('!1 ()tlleY' and fixed to an
array substrate, and a visible marker which can be recognized from an upper
or side surface of the OFA and which is provided m parallel to i,he optical
fibers a predetermined interval. 'hhc~ OFA of the present invention can
reduce working hours for the aligning s work by simplifying the operation
for the preliminary alignment under a 111L(~1'()sc:()!)C SU as tU CaLISE`
an end of the marker provided on the OFA and a marl: provided on the
optical device to face each other such that the monitoring I r ~ h t-. c:a
n he transmitted between the cores of the optical fibers and the optical
w:rvc~~;u~~lc-~s) when couplng an optical device and the OFA. 1r)
it~Iorcowar, if a linear substance, such as a carbon-coated fiber, is used
as the l71~1Y'lt('1', ~lLld t he carbon-coated fiber is placed on a
marker-groove arranged in parallel 



w r t-.h ('r Uc r-yroovcs on the same surface of an array substrate, and
thc~ optical fibers and the linear substance are pressed by a substantially
I ,i transparent cover plate and fixed together to form one integral body,
r h~~ n un ()liA can he manufactured with precision such that a deviation
of an interval between the optical fibers and the linear substance is
within less than or euqal to 1 micrometer in terms of the desired interval
thereof, and the linear ,nh~tm,ca c.nn be recognized clearly from an upper
or side surface of the OFA. 5~noe f-hc~ material of the carbon-coated fiber
is similar to the optical fiber the uLtcl-wu'f'ucc of l,he OFA can easily
be polished. N~or.c,c,v~,l., if the outer diameter of the linear substance
is smaller than that of t lrc opticarl fibers, the exact center position of
the linear substance can be more   14 easily ascertained, and the accuracy
of the preliminary alignment can be improved further.   15 CLAIMS An
optical fiber array comprising: ;~ plurality of optical fibers being
arranged in parallel and fixed to an ,~ array ~Wtr~te, the opt.xcal fibers
being exposed by removing covering material .; at ('.1(;11 end portion
thereof; and rl 1x1?xx'keI' provided in parallel to the optical fibers at a
predetermined interval I, the marker being recognizable with the naked eye
from an upper or side-surface of the optical fiber array. no ~>. :1n
r~pi.xc;al fiber array according to Claim 1, wherein: t,hc~ optical fibers
are placed on fiber-grooves, the fiber-grooves being formed u~ parallel to
each other on a surface of the array-substrate; t hc~ ma~~ker is a colored
linear substance fixed to a marker-groove, the 171;1x'li('.x'-~t',I'()(?VP.
being formed in parallel with the fiber-grooves on the same 1 o aurfuc:c
oI' the array-substrate; and ~.hc~ optical fibers and the marker are
covered with a substantially tmunsp;lrent cover plate so as to be adhered
to the array-substrate. ;~ ,\n optu:al fiber array according to Claim 2,
wherein the linear substance no m a cwohon-coated silica-based optical
fiber. 4 . ~ n c ~ p t, ic:u l fiber a a ray according to any one of Claim
2 oz' 3, wherein the outside diameter of the linear substance is less than
or equal to the outside  



1~ cl ~ ~ 1111 (' 1.E' 1' of the optical fibers. :~ .1 morhc~d For coupling
an optical fiber array to an optical device, 1-.11E' optu:al fiber array
comprising a plurality of optical fibers and a marker, the c~pmwl fibers
being caxposed by removing covering material at each end Tmrtmn thereof and
arranged in parallel to each other and fixed to an array ~uh~tn;nte, the
marker being placed in parallel to the optical fibers at a predc~cwmed
interval and recognizable with the naked eye from an upper or mcla
~urf',mc~ of the opi,ic.al fiber array, I a i t he' oli,xcal device being
provided optical waveguides or optical fibers thc~nccm, i hey method
including a step of preliminary alignment an end of the ma rkcar and a mark
prior to alignment work for coupling the optical fiber array rwth tho
~pticnl device. .A5.A3.A .A3.A3.AY.A .A.A .AF.AY.A
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