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(57) ABSTRACT 

A silica-based multi core optical fiber and a fabrication 
method for the same are provided, and include two or more 
cores of GeO. SiO, glass including an fluorine concentra 
tion not less than about 15 w/6 and a germanium concentra 
tion about 0.05 wt % to 2 wt %, in a core. A relative refractive 
index difference of a cladding and a core is not less than about 
3%; and a ratio of a cladding diameter to a core diameter is 
about 1.02 to 3.0. A silica-based single core optical fiber is 
also provided, and includes a core having a germanium con 
centration not less than about 15 wt % and an fluorine con 
centration about 0.05 wt % to 2 wt %. 
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SLCA-BASED SINGLE CORE OPTICAL 
FIBER, SILICA-BASED MULTICORE 
OPTICAL FIBER, AND FABRICATION 

METHOD FOR THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATION AND INCORPORATION BY 

REFERENCE 

0001. This application is a divisional of U.S. patent appli 
cation Ser. No. 12/333,970, filed on Dec. 12, 2008, which 
claims priority from Japanese Patent Application No. 2008 
095211, filed on Apr. 1, 2008, the contents of all of which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003) Apparatus and methods consistent with the present 
invention relate to a silica-based single core optical fiber, a 
silica-based multicore optical fiber, and a fabrication method 
for the same, which control an auto fluorescence phenomenon 
in a visible wavelengths region occurred when transmitting 
light of the light region (about 400 nm to about 800 nm). In 
particular, exemplary embodiments of the present invention 
relate to a silica-based single core optical fiber, a silica-based 
multicore optical fiber, and a fabrication method for the same, 
which may be used in confocal fluorescent imaging, fluores 
cence detection, luminescence detection, a spectroscopy, and 
the like, by using an optical fiber. 
0004 2. Description of the Related Art 
0005. Currently, diagnosis and analysis using fluores 
cence analysis, luminescence detection, and a spectral analy 
sis using light in light regions including fluorescent diagnos 
tics, are conducted, and in particular the wavelength used has 
become short with the technical progress of semiconductor 
lasers. 
0006. In recent years, in various medical fields such as 
those related to gastroenterology, pulmonary disease, or car 
diovascular disease, endoscopes are employed for direct 
observation of Surfaces of tissues or as auxiliary apparatuses 
for medicine. Further, fluorescence diagnostics carried out in 
combination with an endoscope attracts great deal of atten 
tion in recent years. 
0007. A tissue irradiated and excited by excitation light 
emits a fluorescent light having a characteristic spectrum. 
When the tissue has a lesion Such as a tumor or a cancer, the 
tissue emits a particular fluorescent light having a spectrum 
different from the normal characteristic spectrum. The fluo 
rescence diagnostics is a diagnostic method utilizing Such a 
characteristic to discernatissue having a lesion from a normal 
tissue. 
0008. As this diagnostic method does not require collec 
tion of tissues from a patient's body, patients are released 
from physical burden. This is one of the many advantages of 
this method. A fluorescent diagnostics apparatus Suitable for 
this diagnostic method is disclosed in Japanese Publication 
HO8-224240. 

0009 Furthermore, the confocal imaging method in par 
ticular using multi core optical fiber attracts attention among 
the fluorescent diagnostics. According to this method, an 
observation part which has shown fluorescence is observable 
with clear and high resolution, and tissue which is in a depth 
(under the surface) of several 10 to several 100 micrometers 
from the part can be analyzed. 
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0010. A confocal fluorescent imaging apparatus using 
multicore optical fiber is disclosed in the published Japanese 
translation JP 2005-532883 of the International Application 
PCTAFR2003/2196. 

0011. In this confocal fluorescent imaging apparatus, 
toward one of a plurality of cores of the multi core optical 
fiber, an excitation light beam is incident from the incidence 
edge side and excitation light emitted from an emitting end of 
multi core optical fiber is illuminated to biomedical tissue of 
an object. The excitation light beam is an excitation light 
beam which has wavelengths, such as 405 nm, 488 nm, or 635 
nm, for example (outputs are about 10 mW to about 30 mW. 
and beam diameters are about 1 micrometer to about several 
micrometers). 
0012. As a result, from the biomedical tissue, auto fluo 
rescence according to a state of the tissue occurs in a region 
where a wavelength is longer than a wavelength of the exci 
tation light. This fluorescence is transmitted to an incidence 
edge through the same core with the excitation light, and after 
excitation light is separated, predetermined information 
(spectral intensity and shape) is obtained, a predetermined 
process is performed and auto fluorescence has is obtained. 
0013 Such operation is performed by scanning the whole 
fiber end with speed of per second 12 frames, and a two 
dimensional image is obtained by obtaining a confocal image 
for every pixel. Since the illumination of excitation light to 
the biomedical tissue and the transmission offluorescence are 
performed by the same core, fluorescence from Sources other 
thana focal plane is removed by effect of spatial filtering, and, 
as a result, confocal characteristics are achieved. 
0014 When the inventors of the present invention experi 
mented with improving the multi core optical fiber used for 
the above confocal fluorescent imaging methods for the pur 
pose of quality improvement of an image obtained by the 
confocal fluorescent imaging method, the inventors found out 
the following problems. The experiment will be explained 
including procedures. 
0015 FIG. 1 shows a schematic configuration diagram of 
the spectrum measurement apparatus 100 applied to auto 
fluorescence spectrum measurement of a related art multi 
core optical fiber. 
0016. As shown in FIG. 1, the spectrum measurement 
apparatus 100 applied to auto fluorescence spectrum mea 
surement of a related art multi core optical fiber mainly 
includes a light source 102 which emits a laser beam with a 
wavelength of 488 nm as excitation light, an optical lens 104 
for condensing the laser beam into a beam from the light 
source 102 about 2 to 3 micrometers in diameter, a multi core 
optical fiber 106 in which the beam passed through the optical 
lens 104 is incident, an objective lens 108 provided in an 
emitting end of the multi core optical fiber 106, and a CCD 
110 optically combined with the objective lens 108. 
0017. The spectrum measuring device 100 further 
includes a dichroic filter 112 allowing laser light from the 
light source 102 to pass through and reflecting light reflected 
by the objective lens 108 and passing through the multi-core 
optical fiber 106 and the optical lens 104 in this order, and a 
spectrum analyzer 114 to receive the light reflected by the 
dichroic filter 112 (light reflected by the objective lens 108) 
and carry out analysis of the light. 
0018. The spectrum measurement apparatus 100 further 
includes an XYZ stage 116 which adjusts a position of the 
multi core optical fiber so that between the optical lens 104 
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and the multi core optical fiber 106 may be connected opti 
cally, and a reflective filter 118 for noise reduction. 
0019 FIG. 2 shows a spectrum, in which an exemplary 
embodiment has a relatively sharp induced Raman scattering 
light wavelength around 515 nm and a broad auto fluores 
cence peak in the wavelength range of about 520 nm to 750 
nm produced by the light source 102 emitting 488 nm laser 
light (single mode, for example, 22 mW), collecting the light 
by the optical lens 104 to have the light incident into one of 
cores of the multi-core optical fiber 106, and carrying out 
analysis of the light reflected by the objective lens 108 and 
returned back. 
0020 Moreover, in an exemplary embodiment where the 
wavelength of the excitation light is 440 nm, as shown in FIG. 
3, induced Raman scattering light centering on near the wave 
length of 460 nm and a broad auto fluorescence in a range of 
wavelengths of about 500 nm to about 720 nm is found. 
0021. Also in an exemplary embodiment where the wave 
length of the excitation light is 635 nm, a longer wavelength 
range has been observed that includes an auto fluorescence 
ranging from the excitation light wavelength to about 200 nm 
longer than the excitation light wavelength. 
0022. Thus, wavelengths of fluorescence from tissue 
being imaged are observed which are in a range of as auto 
fluorescence from the fiber. This causes poor accuracy of 
fluorescent diagnostics and reduces a signal-to noise (S/N) 
ratio. 
0023. It is guessed that same luminous phenomenon may 
become a problem not only for a fluorescent imaging method 
using the above multi core optical fiber but also in fluores 
cence detection, luminescence detection, and spectroscopy 
using a single core fiber. 

SUMMARY OF THE INVENTION 

0024. An exemplary object of the present invention is to 
provide a silica-based multi core optical fiber and a fabrica 
tion method for the same which can improve accuracy of 
fluorescent diagnostics by high-resolution and a high S/N 
ratio. 
0025. Another exemplary object of the present invention is 
to provide a silica-based single core optical fiber and a fabri 
cation method for the same which can improve a S/N ratio and 
improve detecting accuracy and analysis accuracy, in fluores 
cence detection, luminescence detection, a spectral analysis, 
etc. from tissue to observe. 
0026 Exemplary aspects and embodiments of the present 
invention are not required to achieve the objects described 
above. 
0027. According to an aspect of the invention, a silica 
based single core optical fiber, comprises a core comprising: 
a Ge concentration which is not less than about 15 wt % and 
an fluorine concentration which is about 0.05 wt.% to 2 wt %; 
wherein auto fluorescence of the optical fiberina wavelength 
of about 600 nm to 800 nm when an excitation light having a 
wavelength of about 400 nm to 650 nm is incident into the 
optical fiber is controlled. 
0028. According to the above-mentioned configuration, a 
silica-based single core optical fiber with a high S/N ratio can 
be obtained. 
0029. According to another aspect of the invention, a 
silica-based multi core optical fiber, comprises two or more 
cores, each core comprising GeO-SiO glass a germanium 
concentration which is not less than about 15 wt % and an 
fluorine concentration which is about 0.05 wt % to 2 wt %, 
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wherein an auto fluorescence of the optical fiber at a wave 
length of about 600 nm to 800 nm is controlled when an 
excitation light at a wavelength of about 400 nm to 650 nm is 
incident into the optical fiber. 
0030. According to the above-mentioned configuration, a 
silica-based multi core optical fiber with a high S/N ratio can 
be obtained. 
0031. According to another aspect of the invention, a 
silica-based multi core optical fiber, comprises two or more 
cores, each core comprising GeO. SiO, glass including, a 
germanium concentration which is not less than about 15 wt 
%, and an fluorine concentration which is about 0.05 wt % to 
2 wt %, and, a silica-based cladding layer comprising chlo 
rine, wherein a relative index difference of the cladding layer 
and two or more cores is not less than about 3%, and a ratio of 
an outer diameter of the cladding layer to a diameter of each 
core is about 1.02 to 3.0, and wherein an auto fluorescence of 
the optical fiberata wavelength of about 600 nm to 800 nm is 
controlled when an excitation light at a wavelength of about 
400 nm to 650 nm is incident into the optical fiber. 
0032. According to the above-mentioned configuration, a 
silica-based multi core optical fiber which is high-resolution 
and a high S/N ratio can be obtained. 
0033 According to another aspect of the invention, a 
method of fabricating a silica-based single core optical fiber, 
the method comprising: producing a silica core preform soot, 
doped by germanium and chlorine, by using SiCl, and GeCla 
as starting materials; heating and transparent-vitrifying the 
preform soot in a He gas atmosphere in a sintering furnace 
with at least one selected from the group consisting of a SiF 
gas, a SF gas, and an fluorine series gas, thereby producing a 
glass rod doped with F to a specified quantity; forming a silica 
cladding layer on an outer periphery of the glass rod with an 
outside vapor phase deposition method, thereby forming an 
optical fiber preform; and drawing the optical fiber preform, 
thereby forming an optical fiber having a predetermined fiber 
diameter and a predetermined core diameter, wherein in the 
core, a Ge concentration is not less than about 15 wt %, an 
fluorine concentration is not less thanabout 0.05 wt % and not 
more than about 2 wt %, and a chlorine concentration is about 
0.1 wt % to 0.3 wt %, and a luminescence of the optical fiber 
at a wavelength of about 600 nm to 800 nm is controlled when 
excitation light having a wavelength of about 400 nm to 650 
nm is incident into the optical fiber. 
0034. According to another aspect of the invention, a 
method of fabricating a silica-based single core optical fiber, 
the method comprising: producing a silica core preform soot, 
doped by germanium and chlorine, using SiCl, and GeCl as 
starting material; heating and transparent-vitrifying the pre 
form soot in a He gas atmosphere in a sintering furnace with 
at least one selected from the group consisting of a SiF gas, 
a SF gas, and an fluorine series gas, thereby producing a glass 
rod doped with F to a specified quantity; forming a cladding 
layer comprising fluoridation glass on an outer periphery of 
the glass rod, with an outside vapor phase deposition method, 
thereby producing an optical fiber preform; drawing the opti 
cal fiber preform, thereby creating a bare optical fiber having 
a predetermined outer diameter; cutting the bare optical fiber 
by predetermined length, thereby producing a plurality of 
bare optical fibers of a prescribed number; and inserting the 
plurality of bare optical fibers in a silica tube and drawing the 
silica tube and inserted bare optical fibers, thereby producing 
a silica-based multi core optical fiber having a predetermined 
outer diameter, wherein in cores of the multi-core optical 
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fiber, a Ge concentration is not less than about 15 wt %, an 
fluorine concentration is not less thanabout 0.05 wt % and not 
more than about 2 wt %, and a chlorine concentration is about 
0.1 wt % to 0.3 wt %, and a luminescence of the multi-core 
optical fiber at a wavelength of about 600 nm to 800 nm is 
controlled when excitation light having a wavelength of about 
400 nm to 650 nm is incident into the multi-core optical fiber. 
0035. According to the silica-based multi core optical 
fiber and the fabrication method for the same according to 
exemplary embodiments of the present invention, accuracy of 
fluorescent diagnostics can be improved by high-resolution 
and a high S/N ratio. 
0036. According to the silica-based single core optical 
fiber and a fabrication method for the same according to 
exemplary embodiments of the present invention, an S/N 
ratio can be improved and detecting accuracy and analysis 
accuracy can be improved, in fluorescence detection from 
tissue to be observed, luminescence detection, a spectral 
analysis, etc. 

BRIEF DESCRIPTION OF DRAWINGS 

0037 FIG. 1 is a schematic configuration diagram show 
ing a spectrum measurement apparatus applied to auto fluo 
rescence spectrum measurement of a related art multi core 
optical fiber; 
0038 FIG. 2 is a figure showing a spectrum in which an 
excitation light wavelength of 488 nm is incident on a related 
art multi-core optical fiber and a returned light is measured; 
0039 FIG. 3 is a figure showing a spectrum in which an 
excitation light wavelength of 440 nm is incident on a related 
art multi-core optical fiber and a returned light is measured; 
0040 FIG. 4 is a figure showing a relation between 
decreasing rate of light emitting power (%) and irradiation 
time (h) at the time when excitation light with a wavelength of 
408 nm is incident, and is a figure showing a variation per 
hour of auto fluorescence of emitted light with a wavelength 
of 650 nm, 
0041 FIG. 5 is a schematic cross-sectional configuration 
chart of a silica-based single core optical fiberaccording to an 
embodiment of the present invention; 
0042 FIG. 6 is a schematic cross-sectional configuration 
chart of a silica-based multi core optical fiber according to an 
embodiment of the present invention; 
0043 FIG. 7 is a drawing showing a refractive index pro 

file of a core and common cladding layer of the silica-based 
multi core optical fiber according to an embodiment of the 
present invention; 
0044 FIG. 8 is a schematic configuration diagram of a 
spectrum measurement apparatus applied to auto fluores 
cence spectrum measurement of silica-based multi core opti 
cal fiber, according to an embodiment of the present inven 
tion; 
0045 FIG. 9 is a comparison characteristics chart of light 
emitting power of a Ge concentration 30 wt % (GeO) core 
and a 30 wt % (GeO. F) core, in silica-based multi core 
optical fiber according to an embodiment of the present 
invention; 
0046 FIG. 10 is a drawing showing a relation of auto 
fluorescence intensity and a wavelength measured using the 
spectrum measurement apparatus of an embodiment, about a 
silica-based single core optical fiber with a Ge concentration 
0 wt % 4 wt % 10 wt % 15 wt % and 26 wt %; and 
0047 FIG. 11 is a comparison characteristics chart of light 
emitting power of a Ge concentration 26 wt % (GeO) core 
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and a 30 wt % (GeO F) core, in the silica-based single core 
optical fiber according to an embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0048. There will be described exemplary embodiments of 
the present invention, with reference to the drawings, where 
like members or elements are designated by like reference 
characters to eliminate redundancy, and some layers and their 
Subsidiary regions are designated by the same reference char 
acters for simplicity. Drawings are schematic, not actual, and 
may be inconsistent in between in Scale, ratio, etc. 
0049. The embodiments to be described are embodiments 
of a technical concept or spirit of the present invention that is 
not limited to embodied specifics, and may be changed with 
out departing from the spirit or scope of claims. 
0050. Meanwhile, illustrations of a multi-core optical 
fiber in these drawings are no more than schematic drawings 
and therefore the elements shown in the drawings are not 
necessarily drawn to scale. Shapes, dimensions, proportions 
and arrangement of elements in practical products may be 
allowed to differ from those in the illustrations. For example, 
any structure drawn in a circular shape may be modified into 
an elliptical shape and any structure drawn in a honeycomb 
like arrangement may be modified into an orthogonal array. 

(Basic Configuration of Silica-Based Single/Multi Core 
Optical Fiber) 
0051 FIG. 5 shows a schematic cross-sectional structure 
of a silica-based single core optical fiber according to an 
embodiment of the present invention. 
0052. As shown in FIG. 5, the silica-based single core 
optical fiber 11 according to an embodiment of the present 
invention includes a silica-based core 4 for image transmis 
sions, a silica cladding layer 6 for enclosing an outer periph 
ery of the silica-based core 4, and a covering layer 16 further 
enclosing an outer periphery of the silica cladding layer 6. 
0053. The silica-based core 4 includes a germanium hav 
ing a concentration which is not less than about 15 wt % and 
an fluorine concentration which is about 0.05 wt.% to 2 wt %. 
An auto fluorescence of the optical fiber 11 in a wavelength of 
about 600 nm to 800 nm when an excitation light having a 
wavelength of about 400 nm to 650 nm is incident into the 
optical fiber is controlled. 
0054 The silica-based core 4 further includes chlorine. 
The chlorine concentration in the core is about 0.1 wt.% to 0.3 
wt %. 
0055. The diameter of the core is about 2 micrometers to 
390 micrometers. 
0056 FIG. 6 shows schematic section structure of a silica 
based multi core optical fiber according to an embodiment of 
the present invention. 
0057. As shown in FIG. 6, the silica-based multi core 
optical fiber 10 according to an embodiment of the present 
invention includes an image circle region 12 for image trans 
missions, a silica-glass jacket 14 for enclosing an outer 
periphery of the image circle region 12, and a covering layer 
16 further enclosing an outer periphery of the silica-glass 
jacket 14. 
0058. The image circle region 12 comprises a plurality of 
cores 1 which allows transmission of light and functions as a 
pixel of the silica-based multi core optical fiber 10, and a 
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common cladding layer 2 which the core 1 of these plurality 
passes through, as enlarged and shown in FIG. 6. 
0059. The common cladding layer 2 is shared by a plural 

ity of the cores 1. A diameter of the image circle region 12 is 
for example about 600 micrometers, for example, and the 
number of cores 1 embedded therein ranges from ten thou 
sand to thirty thousand. Thereby an image focused on one end 
of the silica-based multi core optical fiber 10 is spatially 
divided into the number of cores 1 and the divided images are 
respectively transmitted through the cores 1 so that the image 
is reproduced on another end of the silica-based multi core 
optical fiber 10. 
0060 FIG. 7 shows a refractive index profile of the core 1 
and the common cladding layer 2 of the silica-based multi 
core optical fiber 10 according to an embodiment of the 
present invention. 
0061 The cores 1 include silica doped, for example, with 
germanium oxide (GeO) which increases the refractive 
index. The doping agent increases in concentration toward 
centers of the cores 1 and therefore the refractive index profile 
is convex upward and has peaks at the centers (central axis) of 
the cores 1, as shown in FIG. 7. The profile has refractive 
index profile factor C. from about 2.0 to 3.0 for example. 
0062 Moreover, the diameters d of the cores 1 are about 
1.0 micrometer to about 10 micrometers, for example, and the 
intervals (core interval) D of a center between the two adja 
cent cores 1 are about 3.0 micrometers to about 15 microme 
ters, for example. Further, the silica-based multi core optical 
fiber 10 has NA (Numerical Aperture) from about 0.30 to 
about 0.45, for example. 
0063. The refractive index profile factor C. is a factor sat 
isfying the following equation of: 

where n (r) represents a refractive index at a remove of dis 
tance r from the center of the core 1, n represents refractive 
index at the center of the core 1. A represents a relative index 
difference in a central axis of the core 1 over the common 
cladding layer 2, and a represents radius of the core 1. The 
common cladding layer 2 includes silica which is pure silica 
or doped with fluorine (F) which decreases the refractive 
index, for example. The refractive index in the cladding layer 
2 keeps substantially constant. 

(Fabrication Method) 
0064. The silica-based multi core optical fiber 10 is pro 
duced in accordance with the following process. 
(a) First, the process includes forming a silica core preform 
soot by a VAD (Vapor-phase Axial Deposition) method, 
which is doped, for example, with germanium (Ge) to have 
the refractive index profile factor C. within the aforemen 
tioned range. 
(b) Next, the process includes heating the preform soot in a 
sintering furnace so as to have the preform soot transparent 
vitrified, thereby a glass rod for cores is obtained. 
(c) Subsequently, the process includes forming a silica glass 
layer, a fluorine-doped glass layer, or a boron addition glass 
layer on an outer periphery of the glass rod by a plasma 
outside vapor deposition method or an outside vapor deposi 
tion (OVD) method, which is to be the common cladding 
layer 2 of the silica-based multi core optical fiber 10, thereby 
producing an optical fiber preform. In addition, a fluorine 
doped tube or a boron-doped tube may beformed by a PCVD 
(Plasma Chemical Vapor Deposition) method or a MCVD 
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(Modified Chemical Vapor Deposition) method, thereby pro 
viding the silica-glass jacket 14. 
(d) Next, the process includes drawing the optical fiber pre 
form to a bare optical fiber of several hundred micrometers in 
diameter. 
(e) Afterward, the process further includes cutting this bare 
optical fiber at intervals of predetermined length into about 
1000 to about 30,000 bare optical fibers. 
(f) Next, these bare optical fibers are inserted into a silica tube 
and drawn together, thereby a silica-based multi core optical 
fiber of about 150 micrometers to about 2500 micrometers in 
diameter is produced. 
(g) Finally, the process includes forming a coating layer 16 of 
about 20 micrometers to about 100 micrometers in thickness 
on the outermost layer. Thereby, a final product of a silica 
based multi core optical fiber is obtained. 

(Result of Measurement of Auto Fluorescence Peak in Visible 
Light Region) 

0065. Some experiments carried out by the inventors for 
the purpose of studying the origins of the auto fluorescence 
peak in a light region mentioned above will be described 
hereinafter. FIG. 8 shows a schematic configuration diagram 
of a spectrum measurement apparatus 200 applied to auto 
fluorescence spectrum measurement of the silica-based multi 
core optical fiber according to the embodiment of the present 
invention. 
0066. As shown in FIG. 8, the spectrum measurement 
apparatus 200 applied to the auto fluorescence spectrum mea 
Surement of the silica-based multi core optical fiberaccording 
to an embodiment of the present invention is different from 
the emission spectrum measurement apparatus 100 at least in 
respect of the following. 
0067. That is, in the emission spectrum measurement 
apparatus 200, the objective lens 108, the CCD 110, and the 
dichroic filter 112 are not used, but a spectrum analyzer 114 is 
directly connected to an emitting end of the silica-based multi 
core optical fiber 106 and/or a silica-based single core fiber 
optically. Moreover, a semiconductor laser of a single mode is 
used as the light source 102, for example. As for a semicon 
ductor laser, a wavelength is 408 nm and an output is about 20 
mW, for example. 

(Basic Configuration of Silica-Based Single Core Optical 
Fiber) 
0068. In order to investigate a cause, which a auto fluores 
cence peak in a visible light region mentioned above gener 
ates, the inventors experimented by first of all using a silica 
based single core optical fiber with a large core diameter. 
More specifically, a silica-based single core optical fibers 
having a Ge concentration of 0 wt %, 4 wt %, 10 wt %, 15 wt 
%, and 26 wt % and including a small amount of chlorine to 
the core 1 is created, and a relation (emission spectrum) 
between a light emitting power and a wavelength was mea 
sured. In addition, diameter of the core 1 of the silica-based 
single core optical fibers is about 2 micrometers to several 
hundreds of micrometers, for example. 
0069. At this point, a reason which includes chlorine in 
very Small amount at the core 1 is because starting raw mate 
rials at the time of forming the fibers are SiCl, and GeCla. In 
the Japanese patent No. 2699231 entitled “RADIATION 
PROOF OPTICAL FIBER, IMAGE FIBERS, AND THOSE 
FABRICATION METHODS”, to use alkoxygermanium (Ge 
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(CHO), Ge(CHO), etc.) as starting raw materials is dis 
closed in order to improve radiation-proof characteristics. 
However, the above-mentioned raw materials are expensive. 
Therefore, it is preferable to use SiCl, and GeCl as the 
starting raw materials at the time of forming the fiber in 
respect of lowness of cost and an ease of handling rather. 
0070 FIG. 10 shows a result of a measurement of an auto 
fluorescence spectrum measured about the silica-based single 
core optical fiber having a Ge concentration of 0 wt %, 4 wt %, 
10 wt %, 15 wt %, and 26 wt % by using the spectrum 
measurement apparatus 200 (FIG. 8). 
0071. As shown in FIG. 10, in the emission spectrum of 
the silica-based single core optical fiber with Ge content 
which is not less than 15 wt %, broad auto fluorescence which 
is the maximum near a wavelength of 650 nm and reaches to 
a range which exceeds a wavelength of about 800 nm from 
near a wavelength of about 500 nm is observed. 
0072. When its attention is paid to intensity of this auto 
fluorescence, it proves that the intensity of luminescence 
increases, so that there is much Ge concentration of the core. 
Moreover, in a silica-based single core optical fiber having a 
Ge concentration of 0 wt %, 4 wt %, and 10 wt %, this auto 
fluorescence has disappeared mostly. 
0073. It is clear from the above result that such the broad 
auto fluorescence is an auto fluorescence which Ge kind 
doped in the core 1 is excited and is emitted by excitation 
light. 
0074 The inventors are also verifying the following facts 
experimentally. Auto fluorescence spectrum intensity may be 
increased so that a Ge concentration in the core 1 becomes 
large, but if a Ge concentration exceeds about 15 wt %, the 
auto fluorescence intensity becomes so large becoming dif 
ferent to ignore, and a value of the light emitting power 
decreases with a time period. 
0075 FIG. 4 shows a relation between the decreasing rate 
oflight emitting power (%) and the irradiation time (h), at the 
time when the excitation light with a wavelength of 408 nm is 
incident. In FIG. 4, a variation per hour of peak of emitted 
light in a wavelength of 650 nm is shown. 
0076. As shown in FIG.4, it is observed that 20% of light 
emission peak reduction by only about 10 minutes of elapsed 
irradiation time, and about 20% to 30% of 1 auto fluorescence 
peak reduction by one hour of elapsed irradiation time. This is 
a certain kind of photograph darkening phenomenon. 
0077. When this variation per hour occurs, for example, 
distinction of whether it is based on attenuation of a fluores 
cence signal from a biomedical tissue or based on attenuation 
depending on a fiber becomes impossible to determine, 
therebyan S/N ratio is worsened. The inventors found out that 
these auto fluorescence phenomena could be controlled by 
doping a small amount of fluoride (F) with Ge to the core 1, as 
a result of studying a measure against control of these lumi 
nous phenomena. 
0078 Hereinafter, embodiments will be described specifi 

cally. 

Exemplary Example 1 

0079 (a) First of all, the process includes producing silica 
core preform soot by which germanium and a small amount of 
chlorine are doped, by using SiCl, and GeCl as a starting 
material by a VAD method. 
(b) Next, the process includes heating and transparent-vitri 
fying this preform soot in He gas atmosphere with SiF gas, 
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SF gas, or fluorine series gas in a sintering furnace, thereby 
obtaining a glass rod which doped F to the specified quantity 
core 1. 
(c) Next, the process includes forming silica cladding layer on 
an outer periphery of this glass rod with an outside vapor 
phase deposition method, thereby obtaining an optical fiber 
preform. 
(d) Next, the process includes drawing this optical fiber pre 
form, thereby obtaining optical fiber with a fiber diameter of 
430 micrometers and a core diameter of 390 micrometers. 
0080 According to an ultimate analysis result of this opti 
cal fiber, a maximum of a Ge concentration which is about 30 
wt %, an fluorine concentration which is about 0.1 wt %, and 
a chlorine concentration which is about 0.1 to 0.3 wt % are 
included in the core 1. When light emitting power of this fiber 
is incident into the core 1 with a fiber length about 2 m using 
a semiconductor laser of a wavelength of 408 nm and outputs 
of about 20 mW, and this emission spectrum is measured 
using the emission spectrum measurement apparatus 200 
shown in FIG. 8, an auto fluorescence in a wavelength of 
about 500 nm to about 850 nm is not observed at all, as shown 
in FIG. 11. 
I0081. In FIG. 11, the light emission peak observed on 410 
nm to 420 nm is stimulated Raman scattering light. 

Comparative Example 1 

I0082 (a) First of all, the process includes producing silica 
core preform soot by which germanium and a small amount of 
chlorine are doped, by using SiCl, and GeCl as a starting 
material by a VAD method. 
(b) Next, the process includes heating and transparent-vitri 
fying this preform soot in He gas atmosphere in a sintering 
furnace, thereby obtaining a glass rod. At this point, F gas is 
not introduced. 
(c) Next, the process includes forming silica cladding layer in 
the outer periphery with an outside vapor phase deposition 
method after extending this glass rod in a predetermined 
diameter, thereby obtaining an optical fiber preform. 
(d) Next, the process includes drawing this optical fiber pre 
form, thereby obtaining optical fiber with a fiber diameter of 
430 micrometers and a core diameter of 390 micrometers. 
I0083. According to an ultimate analysis result of this opti 
cal fiber, a maximum of a Ge concentration which is about 26 
wt %, and a chlorine concentration which is about 0.3 wt % 
are included in the central part of the core 1. When light 
emitting power of this fiberis incident into the core 1 of a fiber 
length about 2 m using a semiconductor laser of a wavelength 
of 408 nm and outputs of about 20 mW, and this auto fluo 
rescence spectrum is measured using the auto fluorescence 
spectrum measurement apparatus 200 shown in FIG. 8, very 
great auto fluorescence of a wavelength of about 500 nm to 
about 850 nm is observed, as shown in FIG. 11. Moreover, the 
light emitting power is saturated with about 600 nm to about 
700 nm. 

Exemplary Example 2 

I0084 (a) First of all, the process includes producing silica 
core preform soot by which germanium and a small amount of 
chlorine are doped, by using SiCl, and GeCl as a starting 
material by the known VAD method. 
(b) Next, the process includes heating and transparent-vitri 
fying this preform soot with SiF gas, SF gas, or fluorine 
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series gas in a sintering furnace, thereby obtaining a glass rod 
which doped F to the specified quantity core 1. 
(c) Next, the process includes forming fluoridation glass to be 
the common cladding layer 2 of the silica-based multi core 
optical fiber on an outer periphery of this glass rod with an 
outside vapor phase deposition method, thereby obtaining an 
optical fiber preform. 
(d) Next, the process includes drawing this optical fiber pre 
form, thereby obtaining an optical fiber with an outer diam 
eter of about 150 micrometers. 
(e) Afterward, the process includes cutting this bare optical 
fiber by predetermined length, thereby obtaining about 
10,000 bare optical fibers. 
(f) Next, the process includes inserting these bare optical 
fibers in a predetermined silica tube and drawing this, thereby 
producing the silica-based multi core optical fiber 10 with an 
outer diameter of about 500 micrometers. 
0085. According to an ultimate analysis result of this 
silica-based multi core optical fiber 10, a maximum of a Ge 
concentration which is about 30 wt %, an fluorine concentra 
tion which is about 0.05 wt %, and a chlorine concentration 
which is about 0.1 to 0.3 wt % are included in the central part 
of each the core 1. When light emitting power of this fiber is 
extracted and incident into some cores 1 (the diameter d: 
about 10 micrometers) of about 2 m of fiber length of the 
silica-based multi core optical fiber 10 with a fiber length 
about 2m using a semiconductor laser of a wavelength of 408 
nm and about 20 mW of outputs, and this auto fluorescence 
spectrum is measured using the auto fluorescence spectrum 
measurement apparatus 200 shown in FIG. 8, an auto fluo 
rescence in a wavelength of about 500 nm to about 850 nm is 
not observed at all, as shown in FIG.9. Moreover, as shown in 
FIG.9, a light emission peak by stimulated Raman scattering 
light observed by wavelength of about 410 nm to about 420 
nm is observed. 

Comparative Example 2 

I0086 (a) First of all, the process includes producing silica 
core preform soot by which germanium and a small amount of 
chlorine are doped, by using SiCl, and GeCl as a starting 
material by a VAD method. 
(b) Next, the process includes heating and transparent-vitri 
fying this preform soot in a sintering furnace, thereby obtain 
ing a glass rod. At this point, F gas is not introduced. 
(c) Next, the process includes forming silica cladding layer in 
the outer periphery with an outside vapor phase deposition 
method after extending this glass rod in a predetermined 
diameter, thereby obtaining an optical fiber preform. 
(d) Next, the process includes drawing this optical fiber pre 
form, thereby obtaining optical fiber with an outer diameter of 
about 150 micrometers. 
(e) Afterward, the process includes cutting this bare optical 
fiber by predetermined length, thereby obtaining about 
30,000 bare optical fibers. 
(f) Next, the process includes inserting these bare optical 
fibers in a predetermined silica tube and drawing this, thereby 
producing the silica-based multi core optical fiber with an 
outer diameter of about 650 micrometers. 
0087. According to an ultimate analysis result of this 
silica-based multi core optical fiber, a maximum of a Ge 
concentration which is about 30 wt %, a chlorine concentra 
tion which is about 0.2 wt %. When auto fluorescence inten 
sity of this fiber is extracted and incident into some cores 1 
(the diameter d: about 10 micrometers) of about 2 m of fiber 
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length of the silica-based multi core optical fiber 10 using a 
semiconductor laser of a wavelength of 408 nm and outputs of 
about 20 mW, and this e auto fluorescence spectrum is mea 
Sured using the spectrum measurement apparatus 200 shown 
in FIG. 8, a clear auto fluorescence in a wavelength of about 
550 nm to about 800 nm (auto fluorescence peak is about 650 
nm) is observed, as shown in FIG. 9. Moreover, as shown in 
FIG.9, stimulated Raman scattering light observed by wave 
length of about 410 nm to about 420 nm is observed. 
0088 Next, other characteristics of silica-based multicore 
optical fiber, i.e., resolution and contrast will be explained. 
One of the parameters which influence the resolution is the 
core interval D. Although physical resolution will become 
large if an interval of adjoining cores becomes narrow, but if 
this interval becomes narrow too much, a cross talk will occur. 
If the cross talk becomes large, a blot of light will occur, 
thereby a problem that contrast reduces or an image which is 
in sight is colored will occur. In the silica-based multi core 
optical fiber used for a confocal fluorescent imaging method, 
however, coloring does not pose much of a problem. How 
ever, it is necessary to design the silica-based multi core 
optical fiber, achieve resolution and contrast moderate on 
balance with sufficient balance with a refractive index profile. 
I0089. According to examination by the inventors, a silica 
based multi core optical fiber which has the following con 
figurations may be used for the confocal imaging method. 
0090. As mentioned above, a material configuration is 
composed of a small amount of chlorine which is included in 
the core 1, and is composed of included an fluorine concen 
tration which is about 0.05 wt % to about 3 wt % (preferable 
about 0.1 wt.% to about 2 wt %), a Ge concentration which is 
more than or equal to about 15 wt %, and GeO. SiO F 
glass, thereby the auto fluorescence intensity generated when 
excitation light from LD light Source etc. with high power 
density in the range of wavelength (about 400 nm to about 635 
nm) is transmitted with a fiber with the high (for example, 
NA: 0.2 or more) numerical aperture NA can be controlled. 
0091. Further, structure where relative index difference of 
cladding layer and core is not less than about 2% (or not less 
than about 3%), and ratios (cladding layer/core) of a cladding 
layer diameter to a core diameter are about 1.01 to about 3.0 
(or about 1.02 to about 3.0) is provided, thereby, a silica 
based multi core optical fiber (the following, it is called as 
“silica-based multi core optical fiber A) in high-resolution 
and high S/N ratio can be obtained. 
0092. At this point, cladding layer is a part with a low 
refractive index placed around each core, and an outer diam 
eter before becoming silica-based multi core optical fiber 
unified finally is a fiber wires outer diameter. These fiber 
wires heat silica core preform soot by whom germanium was 
doped with a sintering furnace, form a glass rod for cores, 
draw this core outer periphery in an optical fiber preform in 
which a glass layer to be common cladding layer is formed, 
and have a predetermined outer diameter. That is, a cladding 
layer diameter currently used at this point is not an outer 
diameter of the whole unified silica-based multi core optical 
fiber. 

0093. In this silica-based multicore optical fiber A, even if 
an fluorine concentration of germanium in the central part of 
the core 1 is more than 15 wt %, auto fluorescence with a 
wavelength of 500 nm to 800 nm, which originates in Geby 
excitation light (about 30 mW) with a wavelength of 405 nm. 
to 635 nm and is occurred, can be controlled. 
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0094 For this reason, fluorescence from an observation 
part is acquirable with a high S/N ratio in the case of obser 
Vation by a fluorescent imaging method. 
0.095 On the other hand, when a Ge concentration in the 
central part of the core 1 is less than 15 wt %, it becomes 
difficult to maintain NA needed from limitation of material 
not less than to 0.30. However, since a Ge concentration is 
more than abbreviation 15 wt % (not more than about 30 wt 
%) in the silica-based multi core optical fiber A, it is easy to 
ensure needed NA value by adjusting, whilean fluorine con 
centration is about 0.05 wt % to about 3 wt % as F doped 
quantity. 
0096. In addition, needing not less than about 0.30 NA is 
for fully taking in fluorescence from an observation part. If it 
is going to achieve NA exceeding 0.45, since an addition of 
Ge to the core 1, and fluoride (F) to the cladding layer or an 
addition of boron (B) must be increased and steady fabricat 
ing will become difficult, NA is limited to not more than about 
O45. 

0097. SiCl, and GeClare produced as a starting material 
in the silica-based multicore optical fiberA, thereby about 0.1 
wt % to 0.3 wt % can be included for the chlorine concentra 
tion. By including chlorine, a refractive index can be raised a 
little as above-mentioned. 

0098. According to examination by the inventors, when F 
was not included in the core 1, a tendency for auto fluores 
cence broad mentioned above to become strong is seen so that 
there is much quantity of chlorine included in the core 1. The 
inventors found out that broad auto fluorescence intensity in 
the range of wavelength (about 500 nm to about 800 nm) 
could be controlled, by including the fluorine concentration 
with not less than about 0.05 wt % in the core 1. 

0099. At this point, this example has the problems that a 
numerical aperture will become small with refractive index 
reduction by F if addition concentration of F to the core 1 
exceeds 2 wt %, and that it is generated by many air bubbles 
at the time of making fiber, and realistic fabricating is not 
borne will occur. 

0100 Moreover, overall length of the measured silica 
based multi core fiber is 2 m. This is from a reason about 2m 
is needed from a point of workability, etc., when using the 
silica-based multi core fiber for the fluorescent imaging 
method. If overall length becomes long, since auto fluores 
cence which originates in above-mentioned Ge tends to 
become so remarkable that overall length of the silica-based 
multicore optical fiber is long since the Substantial amount of 
germanium in the core 1 increases, it is important practically 
that the above-mentioned characteristics are obtained, in this 
length. 
0101. As explained above, since existence or nonexistence 
of an fluorine concentration in a core center unit, a Ge con 
centration, and chlorine are limited according to the silica 
based multicore optical fiber according to the embodiment of 
the invention, auto fluorescence in the range of about 500 nm 
to about 800 nm wavelength resulting from Ge in the core can 
be controlled, therefore fluorescence from a biomedical tis 
sue of an observing object can be observed by a high S/N 
ratio. 

0102 Moreover, according to the silica-based multi core 
optical fiber according to the embodiment of the invention, it 
becomes possible to produce the silica-based multi core opti 
cal fiber of a narrow diameter with cell level resolution by 
limiting a ratio of the core and cladding layer. 
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0103 Moreover, also in use with the silica-based single 
core optical fiber of the silica-based multi core optical fiber 
according to the embodiment of the invention, an auto fluo 
rescence phenomenon in the range of wavelength (about 500 
nm to about 800 nm) occurred when light with a wavelength 
of about 405 nm to about 630 nm is incident can be controlled. 
0104. According to the silica-based multi core optical 
fiber and the fabrication method for the same according to the 
embodiment of the present invention, accuracy of fluorescent 
diagnostics can be improved by high-resolution and a high 
S/N ratio. 
0105 Moreover, according to the silica-based single core 
optical fiber and the fabrication method for the same accord 
ing to the embodiment of the present invention, in fluores 
cence detection from tissue to be observe, luminescence 
detection, a spectral analysis, etc., an S/N ratio can be 
improved and detecting accuracy and analysis accuracy can 
be improved. 

Other Exemplary Embodiments 
0106 The present invention has been described by the 
exemplary embodiments and their modifications, as a disclo 
Sure including associated description and drawings to be con 
strued as illustrative, not restrictive. With the disclosure, arti 
san might easily think up alternative embodiments, 
embodiment examples, or application techniques. 
0107. It will be seen that the embodiments of the present 
invention, as well as the modifications, have come up with 
implied structural innovations for a semiconductor device 
with an enhanced breakdown capability, including applica 
tion of a guard ring structure or field plate structure. 
0108. According to any one of the embodiments or modi 
fications described, the method of fabricating a semiconduc 
tor device employs a sequence of ion implantation or diffu 
sion processes, which may be substituted by applicable 
measures, such as a wafer bonding process in which wafers 
are bonded together. 
0109 Such being the case, the present invention covers a 
variety of embodiments, whether described or not. 

INDUSTRIAL APPLICABILITY 

0110. An optical fiber of the invention is an optical fiber 
which controls an auto fluorescence phenomenon in a light 
region occurring when transmitting light of a light region 
(about 400 nm to about 800 nm). Therefore, it may be used for 
confocal fluorescent imaging, fluorescence detection, lumi 
nescence detection, a spectral analysis, etc., and can be 
applied to many industrial application fields, such as the 
medical field and the somatometry field. 
What is claimed is: 
1. A method of fabricating a silica-based single core optical 

fiber, the method comprising: 
producing a silica core preform soot, doped by germanium 

and chlorine, by using SiCl, and GeCl as starting mate 
rials; 

heating and transparent-vitrifying the preform soot in a He 
gas atmosphere in a sintering furnace with at least one 
Selected from the group consisting of a SiF gas, a SF 
gas, and an fluorine series gas, thereby producing a glass 
rod doped with F to a specified quantity; 

forming a silica cladding layer on an outer periphery of the 
glass rod with an outside vapor phase deposition 
method, thereby forming an optical fiber preform; and 
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drawing the optical fiberpreform, thereby forming an opti 
cal fiber having a predetermined fiber diameter and a 
predetermined core diameter, wherein 

in the core, a Ge concentration is not less than about 15 wt 
%, an fluorine concentration is not less than about 0.05 
wt % and not more than about 2 wt %, and a chlorine 
concentration is about 0.1 wt % to 0.3 wt %, and 

aluminescence of the optical fiberata wavelength of about 
600 nm to 800 nm is controlled when excitation light 
having a wavelength of about 400 nm to 650 nm is 
incident into the optical fiber. 

2. A method of fabricating a silica-based single core optical 
fiber, the method comprising: 

producing a silica core preform soot, doped by germanium 
and chlorine, using SiCl4 and GeCl4 as starting mate 
rial; 

heating and transparent-vitrifying the preform soot in a He 
gas atmosphere in a sintering furnace with at least one 
Selected from the group consisting of a SiF4 gas, a SF6 
gas, and an fluorine series gas, thereby producing a glass 
rod doped with F to a specified quantity; 
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forming a cladding layer comprising fluoridation glass on 
an outer periphery of the glass rod, with an outside vapor 
phase deposition method, thereby producing an optical 
fiber preform: 

drawing the optical fiber preform, thereby creating a bare 
optical fiber having a predetermined outer diameter, 

cutting the bare optical fiber by predetermined length, 
thereby producing a plurality of bare optical fibers of a 
prescribed number; and 

inserting the plurality of bare optical fibers in a silica tube 
and drawing the silica tube and inserted bare optical 
fibers, thereby producing a silica-based multi core opti 
cal fiber having a predetermined outer diameter, wherein 

in cores of the multi-core optical fiber, a Ge concentration 
is not less than about 15 wt %, an fluorine concentration 
is not less than about 0.05 wt % and not more than about 
2 wt %, and a chlorine concentration is about 0.1 wt % to 
0.3 wt %, and 

a luminescence of the multi-core optical fiber at a wave 
length of about 600 nm to 800 nm is controlled when 
excitation light having a wavelength of about 400 nm to 
650 nm is incident into the multi-core optical fiber. 

c c c c c 


