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Fig. 1 (Color online) A standard communication system packaging
level hierarchy. Communication systems consist of cabinets
that include several packaging level hierarchies.
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Fig. 2 (Color online) The concept of laser splicing for optical
fibers wired on the printed circuit board.
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The compression force P is generated by buckling offset AL
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Fig. 3 (Color online) Proposed method for fiber splicing by CO,
laser irradiation.
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Fig. 4 (Color online) The experimental setup and the jig to make
samples for evaluating the spliced optical fibers. (a) ex-
perimental setup, (b) jig operation and configuration.
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Fig. 5 (Color online) SPring-8 micro-computed tomography sys-
tem installed at beamline 47XU.
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Fig. 6 (Color online) SP-uCT observation results for laser-fusion
spliced optical fibers depending on the splicing loss. The
position of the inclusions are found to be located at the
circumference of the optical fiber based on the slice CT
images of the interface. The splicing loss is also found to
have the tendency to be proportional with the total volume
of the inclusions 2'V.
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Fig. 7 (Color online) Results of fluorescent X-ray spectroscopic
microbeam analysis at the interface of the laser-spliced fiber
and a position away from the joint interface.
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Fig. 8 (Color online) (a) Transmitted image of the laser spliced
fiber and slit positions for fluorescent X-ray spectroscopic
micro-beam analysis. A slit address is expressed as Aij (i=1,
2,j=1...3). Slit size is 60 um X 85 um in the z and y direc-
tion, respectively. (b) CT image of the cross section of the
interface of the spliced fiber obtained by SP-uCT. The slit
address indices Ai, j in (a) and number markers in (b) cor-
respond to the histogram in Fig. 9, respectively. The x-y-z
coordinates shown here are used only in Figs. 8 and 9(a).
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Fig. 9 (Color online) Comparison of relative ratio of peak intensi-
ty of zirconium K fluorescent X-ray energy with the ratio of
volume of zirconium inclusions of CT-image depending on
position marker 1 and 2. (a) Histogram of the peak intensity
corresponding to the zirconium energy obtained from the
fluorescent X-ray spectra. (b) Relative ratio between posi-
tion marker 1 and 2 from the viewpoint of zirconium Ko-X-
ray intensity and total inclusion volume based on CT-image,
respectively.
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(Color online) Relationships between the splicing loss and
total volume X'V of Zr inclusions observed by SP-uCT be-
fore and after the cleaning process. Insets shows optical
micrograph of polyester-nylon texture of the fiber stick
cleaner used in cleaning process of zirconia ceramics sub-
strate.
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Fig. 11 (Color online) CT images of single-mode optical fiber at X-
ray energies (a) above (11.19 keV) and below (11.09 keV)
the Ge-K absorption edge. The z-direction in each image

corresponds to the fiber-longitudinal direction.

Ring artefact

— \
j———— -
a T Core
Extracted .
voxels in Inclusions
e cladding
E- f o q 5 region L—H o]
% j " e b v an -+ § \
 Fiber 1 : [loint interface*
] iber 1
- ] x X \ N B
Lry S v >y
(a) (b) ©)

Fig. 12

(Color online) Extracted results of core and inclusions at a
fiber joint by the proposed method. (a) 3D external con-
figuration of laser-fusion-spliced single-mode optical fiber.
(b) Results of core and inclusions extracted by the
threshold of LAC of 35 cm~!. (c¢) Results of core and inclu-
sions extracted by using the cluster labeling method. The z-
direction in each image corresponds to the fiber-longitudinal
direction. *Joint interface (—<«) shows the position of
fusion splicing.
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Abstract A proposed fusion splicing method for optical fibers wired on a circuit board under laser irradiation
is mainly described in this paper. This method uses compression force between optical fibers to be
spliced due to a buckled optical fiber without motor drive mechanisms which is generally used in
arc fusion splicers. In addition to this merit, CO, laser irradiation can provide the interface be-
tween fibers with the melting heat apart from a circuit board. Accordingly, this method also ena-
bles the compact fusion splicing between fibers wired on the integrated circuit board. However,
the fusion spliced fiber quality is so crucial because of a large number of splicing points and lower
return loss, when the method is applied for fibers wired on a circuit board. SPring-8 micro-Com-
puted Tomography system at BL47XU has raised the important problem: the fusion splicing inter-
face was intruded by the inclusion consisting of the fiber-alignment substrate material. This paper
describes not only improvement of the splicing quality based on results of SPring-8 computed
tomography but also the background of this fusion splicing method and the chronicle that analyz-
ing methods for fiber fusion splicing quality have been achieved by SPring-8.
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