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Description

Technical Field

[0001] The present invention relates to a lateral light
emitting device that emits light, which has propagated in
an optical fiber, in a lateral direction at an angle related
to the optical axis of an optical fiber, and, in particular, is
suitable for use as an optical probe for OCT (Optical Co-
herence Tomography). The present invention also re-
lates to a method of producing the lateral light emitting
device.

Background Art

[0002] OCT is a method of creating an optical coher-
ence tomographic image that allows a precise tomo-
graphic image of the inside of a subject body to be ob-
tained. OCT uses light reflected back from parts of the
subject body in response to low-coherence light laterally
emitted from the distal end of an optical probe inserted
into an organ of the patient such as a blood vessel or the
bowels. A basic technology of the OCT is disclosed in
Japanese Examined Patent Application Publication No.
6-35946 (Patent Literature 1), and specific structures of
the optical probes are disclosed in Japanese Unexam-
ined Patent Application Publication No. 11-56786 (Patent
Literature 2), Japanese Unexamined Patent Application
Publication No. 2008-200283 (Patent Literature 3), and
so forth.
[0003] Fig. 18 is a sectional explanatory view of a re-
lated-art lateral light emitting device (optical probe) de-
scribed in Patent Literatures 2 and 3.
[0004] A distal end holding portion 11 is mounted at a
distal end of a cylindrical shaft 10, a distal end of an optical
fiber 2 that is inserted through the shaft 10 is engaged
with a proximal end side of the distal end holding portion
11, and a rod lens 3, to which a prism 4 is bonded, is
engaged with a distal end of the distal end holding portion
11. The entirety of the lateral light emitting device is cov-
ered with a transparent sheath 12 in order to prevent the
subject body from being damaged and prevent the prism
4 and the rod lens 3 from becoming completely detached
and being left inside the subject body.
WO 01/11409 describes ultra-small optical probes, in-
cluding one in which a D-fiber is spliced onto a GRIN/mul-
timode fiber lens and the end polished on a 45 degree
angle to reflect the outgoing beam from a single-mode
optical fiber through the flat of the D.
US 2009/0262361 describes an optical component for a
catheter comprising a spacer, a SELFOC lens and a
prism (deflector) at the distal end.
US 2008/0002529 describes an optical head for an op-
tical recording apparatus, comprising a fiber, two GRIN
lenses and a prism at the distal end of the optical head.

Citation List

Patent Literature

[0005]

Patent Literature 1: Japanese Examined Patent Ap-
plication Publication No. 6-35946

Patent Literature 2: Japanese Unexamined Patent
Application Publication No. 11-56786

Patent Literature 3: Japanese Unexamined Patent
Application Publication No. 2008-200283

Summary of Invention

Problems to be Solved by the Invention

[0006] In some of the related-art lateral light emitting
devices, the rod lens and the prism are bonded to each
other with adhesive, and accordingly, have an adhesive
layer in an optical path. Thus, there are problems such
as variations in quality of a beam, and degradation of
quality of a beam due to a gap between the rod lens and
prism caused by, for some reason, detachment of the
adhesion that bonds the rod lens and the prism together.
In the worst case, a problem of the lens becoming com-
pletely detached from the prism occurs.
[0007] In addition, since the rod lens 3 and the prism
4 are very small in size, a task to bond these components
together is complicated and inefficient. Since the optical
fiber and the rod lens need to be engaged with the distal
end holding portion 11 at the distal end of the shaft 10
with high precision, skills and time are required in assem-
bly, thereby reducing efficiency in production.
[0008] Since the shaft 10 and sheath 12 are essential
components, the outer diameter needs to be large, there-
by causing a problem in that insertion into a very thin
blood vessel or the like is impossible.
[0009] An object of the present invention is to solve the
problems of the related-art lateral light emitting device
as above and to develop a lateral light emitting device
that is free from variations and degradation in beam qual-
ity and reduction in reliability, can be easily produced,
and has a small diameter in order to be usable for thin
blood vessels and the like.

Means for Solving the Problems

[0010] The present invention is defined in and by the
appended claims.
[0011] Also described herein is a lateral light emitting
device including an optical fiber, a rod lens having a first
end fused to an end surface of the optical fiber, and a
prism fused to a second end of the rod lens, in which the
prism has a basic shape including a planar light emitting
surface parallel to an axis formed by cutting part of a
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circumference of a cylinder, and the prism includes a
distal end inclined surface formed by diagonally cutting
a distal end portion of the prism, in which light having
entered the prism from the optical fiber is reflected by the
distal end inclined surface and emitted from the light emit-
ting surface.
[0012] The optical fiber and the rod lens, and the rod
lens and the prism are joined to each other by fusing.
Thus, there is no adhesive layer in an optical path, and
accordingly, there are no variations in beam quality, no
degradation in beam quality due to detachment of the
adhesion, and no complete detachment of the prism. Pro-
duction can be easily performed using related-art known
fiber fusing equipment.
[0013] Since the lateral light emitting device needs no
shaft or sheath, the outer diameter can be made to be
very small. Thus, the lateral light emitting device can be
used for a very thin blood vessel and the like.
[0014] In most cases, the optical fiber is a single-mode
optical fiber. However, the optical fiber may use a polar-
ization maintaining fiber or a multi-mode fiber. In addition,
the optical fiber may even use a bundle fiber for image
transmission.
[0015] The rod lens needs to be formed of silica based
glass in order to undergo fusing. The rod lens may use
a so-called GI-type fiber, of which the core has a refrac-
tive index distribution, or a so-called GRIN lens, of which
the entire section has a refractive index distribution.
[0016] The rod lens may also use a lens produced by
fusing together two types of (or three or more types of)
GRIN lenses each having a different numerical aperture
as described in Japanese Unexamined Patent Applica-
tion Publication No. 2005-115097.
[0017] The prism needs to be formed of silica based
glass in order to undergo fusing. The prism has the basic
shape including the planar light emitting surface parallel
to the axis formed by cutting part of the circumference of
the cylinder (a semi-cylindrical shape). Thus, the prism
can be easily produced by drawing (formed into a fiber)
a ground base material (a base material produced by
grinding part of a circumference of a cylindrical base ma-
terial) having a sectional shape similar to that of the prism.
In addition, the prism in an elongated fiber state can be
easily fused to the rod lens.
[0018] A typical inclination angle (θ in Fig. 3) of the
distal end inclined surface of the prism relative to the light
emitting surface is 45°. In this case, light is laterally emit-
ted at 90° relative to the axis. By changing the inclined
angle (θ) of the distal end inclined surface, the light emis-
sion angle can be changed. Coating such as mirror-coat-
ing (coated with Au or the like) or half-mirror coating (coat-
ed with a dielectric multi-layer or the like) may be applied
to the distal end inclined surface according to need.
[0019] In the lateral light emitting device described
herein, a most distal end portion of the prism may be
chamfered.
[0020] By chamfering the most distal end portion of the
prism, when the lateral light emitting device is directly

inserted into the subject body without being covered with
a sheath, it is less likely that the subject body is damaged.
[0021] Chamfering includes a method, for example,
using electric discharge or a laser in order to smooth the
most distal end portion of the prism into a curved surface-
like shape.
[0022] In the lateral light emitting device described
herein, an outer diameter of the rod lens and a maximum
diameter of the prism may be less than or equal to twice
a diameter of the optical fiber.
[0023] When the outer diameters of the optical fiber
and the rod lens are close to each other, the axes thereof
are automatically aligned with each other by self-align-
ment effects due to surface tension caused in fusing. This
significantly reduces coupling loss between the optical
fiber and the rod lens. When the outer diameter of the
optical fiber is 125 mm, the outer diameter of the rod lens
is suitably from 124 to 250 mm. Likewise, the maximum
diameter of the prism is suitably from 124 to 250 mm.
When the outer diameter of the optical fiber is 80 mm,
the outer diameter of the rod lens and the maximum di-
ameters of the prism are suitably from 79 to 160 mm.
[0024] This also meets the purpose of the device that
is intended to be inserted into a thin blood vessel and the
like.
[0025] Also described herein is a method of producing
a lateral light emitting device which includes the step of
forming a ground base material having a planar ground
surface parallel to the axis by cutting part of a circumfer-
ence of a cylindrical silica glass base material, the step
of forming a fiber for a prism by drawing the ground base
material, the step of fusing the fiber for a prism to the rod
lens or to a lens fiber, which has not been cut so as to
produce the rod lens, and the step of forming the distal
end inclined surface by cutting the fiber for a prism.
[0026] To produce the prism, the cylindrical silica glass
base material is initially produced. The base material can
be produced using a known method. Next, by grinding
part of the circumference of the base material, the ground
base material having a planar ground surface parallel to
the axis is formed. This grinding can also be easily per-
formed using typical grinding equipment. Next, the fiber
for a prism is formed by drawing the ground base mate-
rial. The ground base material can be drawn using draw-
ing equipment used for optical fibers and GRIN lenses.
[0027] The method includes the step of fusing the fiber
for a prism to the rod lens or to the lens fiber, which has
not been cut so as to produce the rod lens, and the step
of forming the distal end inclined surface by cutting the
fiber for a prism having been fused to the rod lens or the
lens fiber in order to produce the prism.
[0028] Since the elongated fiber for a prism is fused to
the rod lens or the elongated lens fiber, which has not
been cut so as to produce the rod lens, fusing task can
be easily performed using known fiber fusing equipment.
After this fusing, by cutting the fiber for a prism to a de-
sired length, and by grinding the fiber for a prism accord-
ing to need so as to form the distal end inclined surface,
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the prism can be produced from the fiber for a prism.
[0029] Also described herein is a lateral light emitting
device which includes an optical fiber and a prism lens
fused to an end surface of the optical fiber, in which the
prism lens has a basic shape that includes a planar light
emitting surface parallel to an axis formed by cutting part
of a circumference of a cylinder, and the prism lens in-
cludes a distal end inclined surface formed by diagonally
cutting a distal end portion or the prism lens, in which
light having entered the prism lens from the optical fiber
is reflected by the distal end inclined surface and emitted
from the light emitting surface.
[0030] The optical fiber and the prism lens are joined
to each other by fusing. Thus, there is no adhesive layer
in an optical path, and accordingly, there are no variations
in beam quality, no degradation in beam quality due to
detachment of the adhesion, and no complete detach-
ment of the prism lens. Production can be easily per-
formed using related-art known fiber fusing equipment.
[0031] Since the lateral light emitting device needs no
shaft or sheath, the outer diameter can be made to be
very small. Thus, the lateral light emitting device can be
used for a very thin blood vessel and the like.
[0032] In addition, since the rod lens and the prism are
fused to each other so as to form the prism lens in an
integral manner, the numbers of components and pro-
duction steps can be decreased, thereby achieving labor
saving and cost reduction.
[0033] In most cases, the optical fiber is a single-mode
optical fiber. However, the optical fiber may use a polar-
ization maintaining fiber or a multi-mode fiber. In addition,
the optical fiber may even use a bundle fiber for image
transmission.
[0034] The prism lens needs to be formed of silica
based glass in order to undergo fusing. The prism lens
may use a so-called GI-type fiber, of which the core has
a refractive index distribution, or a so-called GRIN lens,
of which the entire section has a refractive index distri-
bution.
[0035] The prism lens may also use a lens produced
by fusing together two types of (or three or more types
of) the above-described GRIN lenses each having a dif-
ferent numerical aperture.
[0036] The prism lens has the basic shape that in-
cludes the planar light emitting surface parallel to the axis
formed by cutting part of the circumference of the cylin-
der. Thus, the prism lens can be easily produced by draw-
ing (formed into a fiber) the ground lens base material (a
base material formed by grinding part of the circumfer-
ence of the cylindrical lens base material) having a sec-
tional shape similar to the prism lens. The prism lens in
an elongated fiber state can also be easily fused to the
optical fiber.
[0037] A typical inclination angle (θ) of the distal end
inclined surface of the prism lens relative to the light emit-
ting surface is 45°. The light emission angle can be
changed by changing the inclined angle (θ). Coating such
as mirror-coating (coated with Au or the like) or half-mirror

coating (coated with a dielectric multi-layer or the like)
may be applied to the distal end inclined surface accord-
ing to need.
[0038] In the lateral light emitting device, a most distal
end portion of the prism lens is chamfered.
[0039] By chamfering the most distal end portion of the
prism lens, when the lateral light emitting device is directly
inserted into the subject body without being covered with
a sheath, it is less likely that the subject body is damaged.
[0040] Chamfering includes a method, for example,
using electric discharge or a laser in order to smooth the
most distal end portion of the prism lens into a curved
surface-like shape.
[0041] In the lateral light emitting device a maximum
diameter of the prism lens is less than or equal to twice
a diameter of the optical fiber.
[0042] When the outer diameters of the optical fiber
and the rod lens are close to each other, the axes thereof
are automatically aligned with each other by self-align-
ment effects due to surface tension caused in fusing. This
significantly reduces coupling loss between the optical
fiber and the prism lens. When the outer diameter of the
optical fiber is 125 mm, the outer diameter of the prism
lens is suitably from 124 to 250 mm. When the outer di-
ameter of the optical fiber is 80 mm, the outer diameter
of the prism lens is suitably from 79 to 160 mm. This also
meets the purpose of the device that is intended to be
inserted into a thin blood vessel and the like.
[0043] A method of producing the lateral light emitting
device includes the step of forming a ground lens base
material having a planar ground surface parallel to the
axis by cutting part of a circumference of a cylindrical
lens base material, the step of forming a fiber for a prism
lens by drawing the ground lens base material, the step
of fusing the fiber for a prism lens to the optical fiber, and
the step of forming the distal end inclined surface by cut-
ting the fiber for a prism lens.
[0044] To produce the prism lens the cylindrical lens
base material formed of silica based glass is initially pro-
duced. The lens base material can be produced using a
known method (for example, Japanese Unexamined Pat-
ent Application Publication No. 2005-115097). Next, by
grinding part of the circumference of the lens base ma-
terial, the ground base material having the planar ground
surface parallel to the axis is formed. This grinding can
also be easily performed using typical grinding equip-
ment. Next, the fiber for a prism lens is formed by drawing
the ground lens base material. The ground lens base
material can be drawn using drawing equipment that is
used for optical fibers and GRIN lenses.
[0045] The method of production includes the step of
fusing the fiber for a prism lens to the optical fiber, and
the step of forming the distal end inclined surface by cut-
ting the fiber for a prism lens having been fused to the
optical fiber in order to produce the prism lens.
[0046] Since the elongated fiber for a prism lens is
fused to the optical fiber, a fusing task can be easily per-
formed using known fiber fusing equipment. After this
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fusing, by cutting the fiber for a prism lens to a desired
length, and by grinding the fiber for a prism lens according
to need so as to form the distal end inclined surface, the
prism lens can be produced from the fiber for a prism
lens. Advantageous Effects of Invention
[0047] In the lateral light emitting device according to
the present invention as defined by the claims, no adhe-
sive is used. Thus, variations in beam quality due to an
adhesive layer are eliminated.
[0048] Since the optical fiber and the rod lens compris-
ing the prism so as to form a integrated prism GRIN lens
are joined to each other by fusing in an integral manner,
there is no possibility of detachment of the adhesion that
may degrade beam quality, or no possibility of complete
detachment of the prism or the rod lens that may leave
the prism or the rod lens in the subject body. Thus, the
lateral light emitting device needs not be covered with
the sheath.
[0049] Since the lateral light emitting device needs no
shaft or sheath the outer diameter of the lateral light emit-
ting device can be made to be very small. Thus and by
chamfering the distal end portion of the prism GRIN lens,
the lateral light emitting device can be inserted into and
used for a very thin blood vessel and the like.
[0050] Since the rod lens and the prism form an inte-
grated prism GRIN lens in an integral manner, the num-
bers of components and production steps can be de-
creased, thereby achieving labor saving and cost reduc-
tion.
[0051] Since the prism GRIN lens has the basic shape
that includes the planar light emitting surface parallel to
the axis formed by cutting part of the circumference of
the cylinder, an elongated fiber can be easily produced
by drawing the base material having a sectional shape
similar to the prism GRIN lens and can undergo fusing
in a fiber state. Thus, a fusing task can be easily per-
formed.

Brief Description of Drawings

[0052]

[Fig. 1] Fig. 1 is a side view of a reference lateral
light emitting device 1.
[Fig. 2] Fig. 2 is a front view of the reference lateral
light emitting device 1.
[Fig. 3] Fig. 3 is an enlarged side view of a prism 4.
[Fig. 4] Fig. 4 is a sectional view of the prism 4 illus-
trated in Fig. 3 taken along line A-A.
[Fig. 5] Fig. 5 is a perspective view of a base material.
[Fig. 6] Fig. 6 is a perspective view of a ground base
material.
[Fig. 7] Fig. 7 is an explanatory view illustrating a
production method of the reference lateral light emit-
ting device.
[Fig. 8] Fig. 8 is an explanatory view illustrating a
production method of the reference lateral light emit-
ting device.

[Fig. 9] Fig. 9 is an explanatory view illustrating a
production method of the reference lateral light emit-
ting device.
[Fig. 10] Fig. 10 is an explanatory view illustrating a
production method of the reference lateral light emit-
ting device.
[Fig. 11] Fig. 11 is an explanatory view illustrating a
production method of the reference lateral light emit-
ting device.
[Fig. 12] Fig. 12 is an explanatory view illustrating a
production method of the reference lateral light emit-
ting device.
[Fig. 13] Fig. 13 is a side view of a lateral light emitting
device 1’ according to the invention.
[Fig. 14] Fig. 14 is a front view of the lateral light
emitting device 1’.
[Fig. 15] Fig. 15 is a perspective view of a lens base
material 8.
[Fig. 16] Fig. 16 is a perspective view of a ground
lens base material 9.
[Fig. 17] Fig. 17 is an explanatory view illustrating a
production method of the lateral light emitting device
according to the invention.
[Fig. 18] Fig. 18 is a sectional explanatory view of a
related-art lateral light emitting device.

Description of Embodiments

Embodiment

[0053] Figs. 1 to 4 relate to a reference lateral light
emitting device 1. Fig. 1 is a side view, Fig. 2 is a front
view, Fig. 3 is an enlarged side view of a prism 4, Fig. 4
is a sectional view of the prism 4 illustrated in Fig. 3 taken
along line A-A.
[0054] The lateral light emitting device 1 includes an
optical fiber 2, a rod lens 3, and the prism 4.
[0055] The optical fiber 2 is a single-mode optical fiber
having an outer diameter of 125 mm. A coating 2a is re-
moved from the distal end of the optical fiber 2, and the
rod lens 3 is fused to the distal end surface of the optical
fiber 2.
[0056] The rod lens 3 is a GRIN lens formed of silica
based glass and has an outer diameter of 125 mm. When
the optical fiber 2 and the rod lens 3 are fused to each
other, the axes thereof are automatically aligned with
each other by self-alignment effects.
[0057] The prism 4 is formed of silica glass and has a
basic shape including a planar light emitting surface 4c
(the width of the light emitting surface is 74 mm) parallel
to the axis formed by cutting part of a circumference of
a cylinder having a diameter of d = 125 mm by g = 11 mm
and leaving a remaining part of h = 114 mm. (Fig. 4)
[0058] The prism 4 is produced as follows. That is, part
of a circumference of a cylindrical silica glass base ma-
terial 6 illustrated in Fig. 5 having a diameter D = 5.7 mm
is ground by 0.7 mm so as to produce a ground base
material 7 having a remaining part of H ≈ 5 mm and the
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width of a ground surface 7a of about 3 mm as illustrated
in Fig. 6. The resultant material is drawn at a temperature
of about 1900°C to form a fiber for a prism 4’, which is
cut and diagonally ground so as to form a distal end in-
clined surface 4a. After that, a most distal end portion 4b
is chamfered using electric discharge and the distal end
inclined surface 4a is Au-coated.
[0059] The ground surface 7a of the ground base ma-
terial 7 is a planar surface parallel to the axis of the base
material 6.
[0060] Although a typical temperature at which an op-
tical fiber is drawn is 2000°C, it is desirable that the fiber
for a prism be drawn at about 1900°C, which is a tem-
perature lower than the typical temperature. When the
drawing temperature is high, the light emitting surface 4c
of the drawn fiber for a prism may be rounded. This may
cause a situation in which emitted light is affected by the
curvature of the light emitting surface and has an elliptic
shape, thereby enlarging an illumination area, and ac-
cordingly, preventing sufficient spatial resolution from be-
ing obtained. When the drawing temperature is set to
about 1900°C, the curvature of the light emitting surface
4c is very small and the light emitting surface 4c becomes
a substantially planar surface, which causes no problem
in practical use.
[0061] Light emitted from the optical fiber 2 enters the
rod lens 3 while diverging, advances in the rod lens 3
while converging, enters the prism 4, is reflected by the
distal end inclined surface 4a, and is emitted from the
light emitting surface 4c.
[0062] The reference lateral light emitting device 1 can
be easily produced using methods illustrated in Figs. 7
to 12.
[0063] Referring to Fig. 7, (a) illustrates a state in which
a lens fiber 3’ is fused to one end of the optical fiber 2,
(b) illustrates a state in which the lens fiber 3’ is cut to a
specified length (after the cutting, the cut surface may be
ground according to need) so as to produce the rod lens
3, (c) illustrates a state in which the fiber for a prism 4’ is
fused to an end surface of the rod lens 3, and (d) illus-
trates a state in which the fiber for a prism 4’ is cut and
ground so as to form the distal end inclined surface, and
then the most distal end portion 4b is chamfered and the
distal end inclined surface 4a is Au-coated so as to pro-
duce the prism 4.
[0064] The lens fiber 3’ is a fiber-like material that is
formed by drawing a GRIN lens base material.
[0065] Referring to Fig. 8, (a) illustrates a state in which
the rod lens 3, which has been produced in advance, is
fused to one end of the optical fiber 2, (b) illustrates a
state in which the fiber for a prism 4’ is fused to the end
surface of the rod lens 3, and (c) illustrates a state in
which the fiber for a prism 4’ is cut and ground so as to
form the distal end inclined surface, and then the most
distal end portion 4b is chamfered and the distal end in-
clined surface 4a is Au-coated so as to produce the prism
4.
[0066] Referring to Fig. 9, (a) illustrates a state in which

the fiber for a prism 4’ is fused to one end of the lens fiber
3’, (b) illustrates a state in which the lens fiber 3’ is cut
to a specified length (after the cutting, the cut surface
may be ground according to need) so as to produce the
rod lens 3, (c) illustrates a state in which the end surface
of the rod lens 3 is fused to one end of the optical fiber
2, and (d) illustrates a state in which the fiber for a prism
4’ is cut and ground so as to form the distal end inclined
surface, and then the most distal end portion 4b is cham-
fered and the distal end inclined surface 4a is Au-coated
so as to produce the prism 4.
[0067] Referring to Fig. 10, (a) illustrates a state in
which the fiber for a prism 4’ is fused to one end of the
rod lens 3 that has been produced in advance, (b) illus-
trates a state in which the end surface of the rod lens 3
is fused to one end of the optical fiber 2, and (c) illustrates
a state in which the fiber for a prism 4’ is cut and ground
so as to form the distal end inclined surface, and then
the most distal end portion 4b is chamfered and the distal
end inclined surface 4a is Au-coated so as to produce
the prism 4.
[0068] Referring to Fig. 11, (a) illustrates a state in
which the fiber for a prism 4’ is fused to one end of the
lens fiber 3’, (b) illustrates a state in which the lens fiber
3’ is cut to a specified length (after the cutting, the cut
surface may be ground according to need) so as to pro-
duce the rod lens 3, the fiber for a prism is cut and ground
so as to form the distal end inclined surface, and then
the most distal end portion 4b is chamfered and the distal
end inclined surface 4a is Au-coated so as to produce
the prism 4, thereby producing a rod lens with a prism,
and (c) illustrates a state in which the rod lens with a
prism is fused to the optical fiber 2.
[0069] Referring to Fig. 12, (a) illustrates a state in
which the fiber for a prism 4’ is fused to one end of the
rod lens 3 that has been produced in advance, (b) illus-
trates a state in which the fiber for a prism is cut and
ground so as to form the distal end inclined surface, and
then the most distal end portion 4b is chamfered and the
distal end inclined surface 4a is Au-coated so as to pro-
duce the prism 4, thereby producing the rod lens with a
prism, and (c) illustrates a state in which the rod lens with
a prism is fused to one end of the optical fiber 2.
[0070] In the lateral light emitting device 1’ according
to the invention illustrated in Fig. 13, a prism lens 5 is
fused to an end surface of the optical fiber 2. The optical
fiber 2 is a single-mode optical fiber having the outer di-
ameter of 125 mm. The coating 2a is removed at the distal
end of the optical fiber 2.
[0071] The prism lens 5 is a GRIN lens having a nu-
merical aperture of 0.17 and has a basic shape including
a planar light emitting surface 5c (the width of the light
emitting surface is 74 mm) parallel to the axis formed by
cutting part of a circumference of a cylinder having a di-
ameter of d = 125 mm by g = 11 mm and leaving a re-
maining part of h = 114 mm. (Fig. 14) The distal end por-
tion of the prism lens 5 is diagonally cut so as to form a
distal end inclined surface 5a.
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[0072] The entire length of the prism lens 5 is 300 mm.
[0073] The prism lens 5 is produced as follows. That
is, part of the circumference of a cylindrical GLIN lens
base material 8 illustrated in Fig. 15 having a diameter
of D = 5.0 mm is ground by about 0.5 mm so as to produce
a ground lens base material 9 having a remaining part
of H ≈ 4.5 mm and the width of a ground surface 9a of
about 3 mm as illustrated in Fig. 16. The resultant material
is drawn at a temperature of about 1800°C to form a fiber
for a prism lens 5’, which is cut and diagonally ground so
as to form the distal end inclined surface 5a. After that,
a most distal end portion 5b is chamfered using electric
discharge and the distal end inclined surface 5a is Au-
coated.
[0074] The ground surface 9a of the ground lens base
material 9 is a planar surface parallel to the axis of the
lens base material 8.
[0075] Although a typical temperature at which a GRIN
lens fiber having a numerical aperture of 0.17 is drawn
is 1900°C, it is desirable that the fiber for a prism lens be
drawn at about 1800°C, which is a temperature lower
than the typical temperature. When the drawing temper-
ature is high, the light emitting surface 5c of the drawn
fiber for a prism lens may be rounded. This may cause
a situation in which emitted light is affected by the cur-
vature of the light emitting surface and has an elliptic
shape, thereby enlarging an illumination area, and ac-
cordingly, preventing sufficient spatial resolution from be-
ing obtained. When the drawing temperature is set to
about 1800°C, the curvature of the light emitting surface
5c is very small and the light emitting surface 5c becomes
a substantially planar surface, which causes no problem
in practical use.
[0076] Light emitted from the optical fiber 2 enters the
prism lens 5 while diverging, advances in the prism lens
5 while converging, is reflected by the distal end inclined
surface 5a, and is emitted from the light emitting surface
5c.
[0077] The lateral light emitting device 1’ according to
the invention is easily produced by a production method
illustrated in Figs. 17.
[0078] Referring to Fig. 17, (a) illustrates a state in
which the fiber for a prism lens 5’ is fused to a distal end
of the optical fiber 2, (b) illustrates a state in which the
fiber for a prism lens 5’ is cut and ground so as to form
the distal end inclined surface, and then the most distal
end portion 5b is chamfered and the distal end inclined
surface 5a is Au-coated so as to produce the prism lens 5.
[0079] The lateral light emitting device 1’ having a di-
ameter the same as that of the optical fiber is very thin
and suitably used for very thin blood vessels and the like.
[0080] The distal end inclined surface of the prism or
the prism lens can be also formed by cutting the fiber for
a prism or the fiber for a prism lens using a laser so as
to form the inclined surface other than cutting and grind-
ing.

Industrial Applicability

[0081] The lateral light emitting device according to the
present invention can be used as an optical probe for
OCT and as optical probe for an endoscope.

Reference Signs List

[0082]

1 lateral light emitting device
2 optical fiber
2a coating
3 rod lens
3’ lens fiber
4 prism
4a distal end inclined surface
4b most distal end portion
4c light emitting surface
4’ fiber for a prism
5 prism lens
5a distal end inclined surface
5b most distal end portion
5c light emitting surface
5’ fiber for a prism lens
6 base material
7 ground base material
7a ground surface
8 lens base material
9 ground lens base material
9a ground surface
10 shaft
11 distal end holding portion
12 sheath
B emitted light

Claims

1. A lateral light emitting device (1’) suitable for use as
an optical probe for optical coherence tomography,
the lateral light emitting device (1’) comprising an
optical fiber (2) and a prism GRIN lens (5) fused to
an end surface of the optical fiber (2), wherein the
prism GRIN lens (5) has a basic cylindrical shape
including a planar light emitting surface (5c) parallel
to an axis of the cylinder, the prism GRIN lens (5)
including a distal end inclined surface (5a), wherein
light having entered the prism GRIN lens (5) from
the optical fiber (2) is reflected by the distal end in-
clined surface (5a) and emitted from the light emitting
surface (5c), wherein a most distal end portion (5b)
of the prism GRIN lens (5) is chamfered by smooth-
ing it into a curved surface like shape.

2. The lateral light emitting device according to Claim
1, wherein a maximum diameter of the prism GRIN
lens (5) is less than or equal to twice a diameter of
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the optical fiber (2) .

3. A method of producing the lateral light emitting de-
vice according to any one of Claims 1 to 2 comprising
the step of forming a ground GRIN lens base material
(9) having a planar ground surface (9a) parallel to
the axis by cutting part of a circumference of a cy-
lindrical GRIN lens base material (8), the step of
forming a fiber for a prism GRIN lens (5) by drawing
the ground GRIN lens base material (9a), the step
of fusing the fiber for a prism GRIN lens (5) to the
optical fiber (2), and the step of forming the distal
end inclined surface (5a) by cutting the fiber for a
prism GRIN lens (5) and chamfering a most distal
end portion (5b) of the prism GRIN lens (5) by
smoothing it into a curved surface like shape.

Patentansprüche

1. Laterales Licht emittierende Vorrichtung (1’), geeig-
net für die Verwendung als optische Sonde bei der
optischen Kohärenztomographie, wobei die latera-
les Licht emittierende Vorrichtung (1’) umfasst: eine
optische Faser (2) und eine Prisma-GRIN-Linse (5),
die an eine Stirnfläche der optischen Faser (2) ge-
schmolzen ist, wobei die Prisma-GRIN-Linse (5) ei-
ne zylindrische Grundgestalt hat mit einer planaren
Licht emittierenden Oberfläche (5c) parallel zu einer
Achse des Zylinders und die Prisma-GRIN-Linse (5)
eine schräge distale Stirnfläche (5a) umfasst, wobei
Licht, das in die Prisma-GRIN-Linse (5) von der op-
tischen Faser (2) eingetreten ist, durch die schräge
distale Stirnfläche (5a) reflektiert und von der Licht
emittierenden Oberfläche (5c) emittiert wird, wobei
ein am äußersten distalen Ende gelegener Abschnitt
(5b) der Prisma-GRIN-Linse (5) abgeschrägt ist
durch Glätten in eine Gestalt ähnlich einer gekrümm-
ten Oberfläche.

2. Laterales Licht emittierende Vorrichtung nach An-
spruch 1, wobei ein maximaler Durchmesser der
Prisma-GRIN-Linse (5) kleiner oder gleich dem dop-
pelten Durchmesser der optischen Faser (2) ist.

3. Verfahren zur Herstellung der laterales Licht emit-
tierenden Vorrichtung nach einem der Ansprüche 1
bis 2, umfassend den Schritt Herstellen eines be-
schliffenen GRIN-Linsen-Grundwerkstoffs (9) mit ei-
ner planar beschliffenen Oberfläche (9a) parallel zu
der Achse durch Abtragen von einem Teil eines Um-
fangs von einem zylindrischen GRIN-Linsen-Grund-
werkstoff (8), den Schritt Herstellen einer Faser für
eine Prisma-GRIN-Linse (5) durch Ziehen des be-
schliffenen GRIN-Linsen-Grundwerkstoffs (9a), den
Schritt Schmelzen der Faser für eine Prisma-GRIN-
Linse (5) an die optische Faser (2) und den Schritt
Herstellen der schrägen distalen Stirnfläche (5a)

durch Abtragen der Faser für eine Prisma-GRIN-Lin-
se (5) und Abschrägen eines am äußersten distalen
Ende gelegenen Abschnitts (5b) der Prisma-GRIN-
Linse (5) durch Glätten in eine Gestalt ähnlich einer
gekrümmten Oberfläche.

Revendications

1. Dispositif d’émission de lumière latérale (1’) apte à
être utilisé comme une sonde optique pour une to-
mographie de cohérence optique, le dispositif
d’émission de lumière latérale (1’) comprenant une
fibre optique (2) et une lentille à prisme GRIN (5)
fondue à une surface d’extrémité de la fibre optique
(2), où la lentille à prisme GRIN (5) a une forme cy-
lindrique de base incluant une surface d’émission de
lumière plane (5c) parallèle à un axe du cylindre, la
lentille à prisme GRIN (5) incluant une surface incli-
née d’extrémité distale (5a), où la lumière entrée
dans la lentille à prisme GRIN (5) de la fibre optique
(2) est réfléchie par la surface inclinée d’extrémité
distale (5a) et est émise de la surface d’émission de
lumière (5c), où une portion d’extrémité la plus dis-
tale (5b) de la lentille à prisme GRIN (5) est chan-
freinée en la lissant en une forme semblable à une
surface courbée.

2. Dispositif d’émission de lumière latérale selon la re-
vendication 1, dans lequel un diamètre maximum de
la lentille à prisme GRIN (5) est inférieur ou égal au
double du diamètre de la fibre optique (2).

3. Procédé de production du dispositif d’émission de
lumière latérale selon l’une quelconque des reven-
dications 1 à 2, comprenant l’étape consistant à for-
mer un matériau de base de lentille GRIN meulé (9)
ayant une surface meulée plane (9a) d’une manière
parallèle à l’axe en coupant une partie d’une circon-
férence d’un matériau de base de lentille GRIN cy-
lindrique (8), l’étape de formation d’une fibre pour
une lentille à prisme GRIN (5) en étirant le matériau
de base de lentille GRIN meulé (9a), l’étape de la
fusion de la fibre pour une lentille à prisme GRIN (5)
à la fibre optique (2), et l’étape consistant à former
la surface inclinée d’extrémité distale (5a) en cou-
pant la fibre pour une lentille à prisme GRIN (5) et
en chanfreinant une portion d’extrémité la plus dis-
tale (5b) de la lentille à prisme GRIN (5) en la lissant
en une forme semblable à une surface courbée.
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