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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a Faraday ro-
tator, an opto-isolator, and a laser processing apparatus.
In particular, the present invention relates to a Faraday
rotator that can be suitably used when a polarization-
independent opto-isolator is used, an opto-isolator using
the Faraday rotator, and a laser processing apparatus
including the opto-isolator.

2. Description of the Related Art

[0002] As shown in Fig. 6, a conventional laser
processing apparatus includes an opto-isolator 111 to
stabilize a light source and prevent breakage by blocking
optical feedback caused by reflection. The opto-isolator
111 includes, in sequence, a first polarizer 102, a Faraday
rotator 103, a wave plate 104, and a second polarizer
105 in a traveling direction of a laser beam FB.
[0003] Here, the conventional Faraday rotator 103 in-
cludes an element causing the Faraday effect and a mag-
net (not shown). A crystal causing the Faraday effect,
such as TiO2 (rutile), CaCO3 (calcite), α-BBO, or YVO4,
and the like are used as the element causing the Faraday
effect. The magnet is disposed such that a line of mag-
netic force of the magnet is generated in parallel with an
optical path of the laser beam FB. Patent Literature 1:
Japanese Patent Laid-open Publication No. Heisei
6-34926
[0004] However, as shown in Fig. 7, when a high-out-
put laser beam FB of 100W or more is transmitted through
the Faraday rotator 103, a problem occurs in that the
temperature of the Faraday rotator 103 rises, and polar-
ization rotation angle changes. When the polarization ro-
tation angle changes, transmittance and extinction ratio
of the opto-isolator 111 becomes unstable. This problem
becomes particularly serious when a high-output laser
beam FB of 500W or more is transmitted through the
Faraday rotator 103.
[0005] The ambient temperature in which the Faraday
rotator 103, the opto-isolator 111, and the laser process-
ing apparatus are used is ordinarily 0°C to 50°C. The
temperature of the Faraday rotator 103 also changes as
a result of change in the ambient temperature. Therefore,
even when a low-output laser beam FB is transmitted
through the Faraday rotator 103, a problem occurs in that
the polarization rotation angle changes, and the trans-
mittance and the extinction ratio of the opto-isolator 111
become unstable.

SUMMARY OF THE INVENTION

[0006] Therefore, the present invention has been
achieved in light of the above-described issues. An object

of the present invention is to provide a Faraday rotator,
an opto-isolator, and a laser processing apparatus that
can suppress temperature change in the Faraday rotator
and prevent change in polarization rotation angle, even
when a laser beam output increases or the ambient tem-
perature changes.
[0007] In order to achieve the aforementioned object,
a Faraday rotator includes a crystal cylinder formed into
a cylinder using a crystal that rotates polarized light, and
a cooling section that cools a side face of the crystal
cylinder using a circulating cooling medium, as is known
from WO2005/093498 or US 3697151.
[0008] In the Faraday rotator of this type, because the
side face of the crystal cylinder is cooled by the cooling
section, excessive increase in the temperature of the
crystal cylinder can be prevented. As a result, polariza-
tion rotation angle of the Faraday rotator can be main-
tained at a constant angle.
[0009] The Faraday rotator according to the first aspect
of the invention is defined in claim 1 and includes two
cooling tubes, passages formed within the cooling tubes,
a cooling medium, and a magnet disposed in an outer
periphery of the enclosing tube. The two cooling tubes
are each sized and positioned to allow both ends of an
outer peripheral surface of the crystal cylinder to be in-
scribed within the cooling tubes and both end sections
of an inner peripheral surface of the enclosing tube to be
circumscribed around the cooling tubes. The cooling me-
dium circulates through a space formed among the crys-
tal cylinder, the enclosing tube, and the two cooling tubes,
and the passages.
[0010] In the Faraday rotator according to the first as-
pect, a coolant supplied from the passages in the cooling
tubes into the space directly cools the side face of the
crystal cylinder. Therefore, increase in the temperature
of the crystal cylinder can be prevented. Moreover, be-
cause the coolant circulates through the space formed
between the enclosing tube and the two cooling cylinders
and the passages, cooling effect can be maintained. The
temperature of the crystal cylinder can be maintained at
a constant temperature.
[0011] A Faraday rotator according to a second aspect
is the Faraday rotator according to the first aspect, in
which each cooling tube has a flange at an end section
on a side opposite of the side within which the crystal
cylinder is inscribed. A cylindrical sealing case is dis-
posed such as to cover the entire Faraday rotator along
a peripheral edge of the flange of each cooling tube. The
magnet is disposed in a position sandwiched by the flang-
es of the two cooling tubes, the enclosing tube, and the
sealing case.
[0012] In the Faraday rotator according to the second
aspect, the magnet can be fixed onto an outer peripheral
surface of the enclosing tube through use of the flanges
of the cooling tubes and the sealing case. As a result of
the sealing case being attached, dust-proofing effects
can be expected. Therefore, desired performance can
be achieved even in a disadvantageous environment,
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such as that in which an industrial laser is used.
[0013] A Faraday rotator according to a third aspect is
the Faraday rotator according to the first or second as-
pect, in which the cooling tubes have sealing components
in contacting sections with the crystal cylinder and con-
tacting sections with the enclosing tube.
[0014] In the Faraday rotator according to the third as-
pect, the coolant can be prevented from leaking outside
of the passages, from between the cooling tube and the
crystal cylinder, or between the cooling tube and the en-
closing tube. As a result of the thickness of the sealing
components being changed accordingly, dimensional al-
lowance of the cooling tubes can be set to a large value.
The cooling tubes can be easily formed.
[0015] A Faraday rotator according to a fourth aspect
is the Faraday rotator according to any one of the first to
third aspects, in which the enclosing tube and the cooling
tubes are formed using non-magnetic material.
[0016] In the Faraday rotator according to the fourth
aspect, adverse effect on the magnet by the enclosing
tube and the cooling tubes can be prevented.
[0017] A Faraday rotator according to a fifth aspect is
the Faraday rotator according to any one of the first to
fourth aspects, in which the crystal cylinder rotates po-
larized light by 45 degrees. A λ/2 wave plate is disposed
in a position in contact with the cooling tube, on an optical
path of light emitted from the crystal cylinder.
[0018] In the Faraday rotator according to the fifth as-
pect, the λ/2 wave plate is also cooled in addition to the
crystal cylinder. Therefore, increase in the temperature
of the λ/2 wave plate, in addition to the temperature of
the crystal cylinder, can be prevented.
[0019] In order to achieve the aforementioned object,
an opto-isolator according to a sixth aspect of the present
invention includes a Faraday rotator according to any
one of the first to fifth aspects, and two polarizers. The
two polarizers are respectively disposed on an optical
path of light entering the Faraday rotator and an optical
path of light exiting the Faraday rotator.
[0020] In the opto-isolator according to the sixth as-
pect, excessive increase in the temperature of the Far-
aday rotator can be prevented, and a constant temper-
ature can be maintained. Therefore, stable transmittance
and extinction ratio can be achieved in the crystal 1 cyl-
inder. As a result, the opto-isolator using the Faraday
rotator can achieve stable isolation functions (such as
transmittance and extinction ratio).
[0021] In order to achieve the aforementioned object,
a laser processing apparatus according to a seventh as-
pect of the present invention includes the opto-isolator
according to the sixth aspect.
[0022] In the laser processing apparatus according to
the seventh aspect, excessive increase in the tempera-
ture of the opto-isolator can be prevented, and a constant
temperature can be maintained. Therefore, isolation
functions (such as transmittance and extinction ratio) of
the opto-isolator can be stabilized. As a result, stable
laser output can be achieved in the laser processing ap-

paratus according to the first aspect that uses the opto-
isolator.

[Effect of the Invention]

[0023] In the Faraday rotator, the opto-isolator, and
the laser processing apparatus of the present invention,
temperature rise in the Faraday rotator is prevented, and
the temperature is maintained at a constant temperature.
Therefore, advantageous effects can be achieved in that,
even when a laser beam output increases or the ambient
temperature changes, temperature change in the Fara-
day rotator can be suppressed, and change in polariza-
tion rotation angle can be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

Fig. 1 is a schematic diagram of a laser processing
apparatus according to an embodiment;
Fig. 2 is a schematic diagram of when a fiber laser
beam enters an opto-isolator according to the em-
bodiment;
Fig. 3 is a cross-sectional view of a Faraday rotator
according to the embodiment;
Fig. 4 is a cross-section view taken from line A-A in
Fig. 3;
Fig. 5 is a schematic diagram of when a return beam
enters the opto-isolator according to the embodi-
ment;
Fig. 6 is a schematic diagram of an example of a
conventional opto-isolator; and
Fig. 7 is a schematic diagram of a state in which a
high-output laser beam of 500W or more is transmit-
ted through the conventional opto-isolator.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0025] An embodiment of a Faraday rotator, an opto-
isolator, and a laser processing apparatus of the present
invention will be described.
[0026] Fig. 1 is a diagram of a laser processing appa-
ratus 1 according to the embodiment. The laser process-
ing apparatus 1 of the present invention includes, in se-
quence, a laser oscillating section 21, an opto-isolator
11, an incident unit 14, a transmission optical fiber 16,
an output unit 18, and a processing table 20 in a traveling
direction of a laser beam.
[0027] The laser oscillating section 21 includes a fiber
laser oscillator 10 and a laser power supply 12. The fiber
laser oscillator 10 includes a laser diode (LD) 30 and a
resonator 23 provided in an electro-optical excitation sec-
tion 24. The resonator 23 mainly includes a pair of res-
onator mirrors 26 and 28, a pair of optical lenses 32 and
34, an oscillating fiber 22, and the like. The pair of optical
lenses 32 and 34, and the oscillating fiber 22 are disposed
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between the resonator mirrors 26 and 28. The oscillating
fiber 22 includes a core and a cladding (not shown). The
core serves as an active medium. The cladding serves
as an optical propagation path for an excitation laser
beam MB. A reflecting mirror 36, a laser absorber 38, a
beam splitter 40, a condenser lens 44, and a photodiode
(PD) 42 are provided downstream from the resonator 23.
The resonator mirrors 26 and 28, and the reflecting mirror
36 are partially reflective mirrors.
[0028] The beam splitter 40 is a mirror that reflects a
portion (such as 1%) of a fiber laser beam FB in a pre-
determined direction. The PD 42 is disposed on an optical
path of the reflected light from the beam splitter 40. The
condenser lens 44 is disposed between the beam splitter
40 and the PD 42 on the optical path of the reflected light
from the beam splitter 40.
[0029] Fig. 2 is a diagram of the opto-isolator 11 ac-
cording to the embodiment. As shown in Fig. 1, the opto-
isolator 11 according to the embodiment is a polarization-
independent opto-isolator 11 that transmits the fiber laser
beam FB traveling in a forward direction from the laser
oscillating section 21 side and removes a return beam
RB reflected from a work-piece 60 side. The opto-isolator
11 includes, in sequence from a left-hand side of Fig. 2,
a first polarizer 2, a Faraday rotator 3, a λ/2 wave plate
4, and a second polarizer 5 on the optical path of the fiber
laser beam FB.
[0030] As shown in Fig. 2, the first polarizer 2 is an
optical element that divides the fiber laser beam FB into
a P polarization component P and an S polarization com-
ponent S. The P polarization component P and the S
polarization component S are two polarization compo-
nents of which respective polarization planes intersect
and are propagated in parallel. A polarization beam split-
ter 2a and a full reflective mirror 2b are used as the first
polarizer 2.
[0031] Fig. 3 is a cross-sectional view of the Faraday
rotator 3. Fig. 4 is a cross-sectional view taken from line
A-A in Fig. 3. As shown in Fig. 3 and Fig. 4, the Faraday
rotator 3 includes a crystal cylinder 6, an enclosing tube
7, two cooling tubes 8, and a plurality of magnets 9. The
crystal cylinder 6 is positioned in the center of the Faraday
rotator 3. The enclosing tube 7 encases the crystal cyl-
inder 6.
[0032] The crystal cylinder 6 is formed into a cylinder
using crystal that rotates polarized light by a predeter-
mined angle. According to the embodiment, polarization
rotation angle is set to 45 degrees. As the crystal used
in the crystal cylinder 6, a crystal is selected that transmits
polarized light and causes the Faraday effect. Specifical-
ly, a garnet, such as terbium gallium garnet (TGG), is
selected as the crystal.
[0033] The enclosing tube 7 is formed into a tube hav-
ing an inner diameter that is greater than a diameter of
the crystal cylinder 6. The enclosing tube 7 is disposed
in a position surrounding the side face of the crystal cyl-
inder 6. The enclosing tube 7 is preferably formed using
a non-magnetic material. Specifically, non-magnetic

glass is selected as the material.
[0034] The two cooling tubes 8 are disposed at each
end of the crystal cylinder 6. As shown in Fig. 3 and Fig.
4, each cooling tube 8 includes a cylindrical base section
8a, a flange 8b, and an end plate 8c. As shown in Fig. 3,
the base section 8a has an inner diameter that is equiv-
alent to the diameter of the crystal cylinder 6, and an
outer diameter equivalent to the inner diameter of the
enclosing tube 7. Each base section 8a is disposed such
that both ends of an outer peripheral surface of the crystal
cylinder 6 are inscribed within the end section of the base
sections 8a opposite of the flange 8b. In addition, both
ends of an inner peripheral surface of the enclosing tube
7 are circumscribed around the end section of the base
sections 8a opposite of the flange 8b. As shown in Fig.
3, the flange 8b is formed into a circular shoulder-shape
that widens from an outer end of the base section 8a in
an outward direction. The end plate 8c covers the outer
end surface of the flange 8b. The cooling tubes 8 each
including the base section 8a, the flange 8b, and the end
plate 8c are preferably formed using a non-magnetic ma-
terial. Specifically, austenitic stainless steel is selected
as the material.
[0035] Rubber packings 17 are provided as sealing
components in the base sections 8a of the cooling tubes
8, at a contacting section with the crystal cylinder 6 and
a contacting section with the enclosing tube 7. According
to the embodiment, O-rings are used as the rubber pack-
ings 17. The O-rings are provided on the inner peripheral
surfaces and the outer peripheral surfaces of the cooling
tubes 8. As a result of the O-rings 17 being provided, the
contacting sections between the crystal cylinder 6 and
the cooling tubes 8 and the contacting sections between
the enclosing tube 7 and the cooling tubes 8 can be her-
metically sealed.
[0036] As shown in Fig. 3 and Fig. 4, numerous circular
passages 13 are formed within the cooling tube 8, from
the outer end surface of the flange 8b to the inner end
surface of the base section 8a. The circular passages 13
are formed in an axial direction, such as to be evenly
spaced in the circumferential direction. Here, a ring-
shaped passage 13a is formed on the outer end surface
of the flange 8b, such as to pass through all passages
13 in the axial direction. The end plate 8c covers the outer
side of the ring-shaped passage 13a. Circular inlet and
outlet passages 13b are provided in two areas, symmet-
rically in the radial direction. A coolant 15 serving as a
cooling medium is forcibly circulated over the passages
13, 13a, and 13b by a pump (not shown) . A ring-shaped
space LS between the outer peripheral surface of the
crystal cylinder 6 and the inner peripheral surface of the
enclosing tube 7 and sandwiched between the inner end
surfaces of the two cooling tubes 8 is directly connected
to the passages 13. Therefore, the coolant 15 also flows
into and out of the ring-shaped space LS. Coolant water
set to 10°C to 20°C is used as the coolant 15.
[0037] As shown in Fig. 3 and Fig. 4, the plurality of
magnets 9 are disposed such that two column shaped
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magnets formed having a roughly trapezoidal cross-sec-
tion are disposed in series and integrated. The magnets
9 are disposed surrounding the outer peripheral surface
of the enclosing tube 7 such that a direction of the line
of magnetic force of the two magnets 9 is parallel with
the axial direction of the crystal cylinder 6. Because the
two cooling tubes 8 each include the flange 8b, as shown
in Fig. 3, the plurality of magnets 9 are disposed in a
position sandwiched between the two flanges 8b and the
enclosing tube 7.
[0038] A sealing case 3a is formed into a cylinder hav-
ing an inner diameter that is equivalent to the diameter
of the outer side of the flange 8b. The sealing case 3a is
fixed to the flanges 8b such as to cover the entire Faraday
rotator 3, along the peripheral edges of the flanges 8b of
the two cooling tubes 8. Plastic is selected as a material
used to form the sealing case 3a.
[0039] As shown in Fig. 2, the λ/2 wave plate 4 is dis-
posed on an optical path of polarization-rotated P polar-
ization component P’ and S polarization component S’
emitted from the crystal cylinder 6. As shown in Fig. 2,
the λ/2 wave plate 4 can be disposed separately from
the cooling tube 8 on the outgoing light side of the Far-
aday rotator 3. Alternatively, as shown in Fig. 3, the λ/2
wave plate 4 can be disposed such as to be integrally
fixed to the cooling tube 8. As a fixing means of the λ/2
wave plate 4, as indicated by chain lines in Fig. 3, the λ/
2 wave plate 4 can be sandwiched and held by the end
plate 8c of the cooling tube 8 and a ring-shaped, outer
fixing plate 4a disposed on the outer side of the cooling
tube 8. A ring-shaped passage 13c can be formed on the
end plate 8c of the cooling tube 8 to allow the ring-shaped
passage 13a provided on the flange 8b to run to the λ/2
wave plate 4. The outer fixing plate 4a can, for example,
be screwed onto the end plate 8c of the cooling tube 8
or the sealing case 3a. Two through-holes 13d commu-
nicating with the inlet and outlet passages 13b can be
formed. To prevent the coolant 15 from leaking, a sealing
component (not shown), such as a rubber packing, can
be provided as required. A quartz crystal wave plate can
be used as the λ/2 wave plate 4.
[0040] As shown in Fig. 2, the second polarizer 5 is an
optical element that combines the P polarization compo-
nent P and the S polarization component S obtained by
the fiber laser beam FB passing through the λ/2 wave
plate 4. Like the first polarizer 2, a polarization beam split-
ter 5a and a full reflective mirror 5b are used as the sec-
ond polarizer 5.
[0041] As shown in Fig. 1, the incident unit 14 includes
a bent mirror 46 and a condenser lens 50. As the trans-
mission optical fiber 16, a step index (SI) fiber is selected.
As shown in Fig. 1, the output unit 18 includes an optical
element 54 including a collimating lens 56 and a con-
denser lens 58.
[0042] Next, operations of the Faraday rotator 3, the
opto-isolator 11, and the laser processing apparatus 1
according to the embodiment will be described.
[0043] As shown in Fig. 1, when an excitation current

is supplied from the laser power supply 12 of the laser
oscillating section 21 to the LD 30 of the fiber laser os-
cillator 10, the LD 30 oscillates the excitation laser beam
MB for pumping. When the excitation laser beam MB is
irradiated from the LD 30, the resonator mirror 26 trans-
mits the excitation laser beam MB entering from the LD
30 side and fully reflects an oscillating beam entering
from the oscillating fiber 22 side. The optical lens 32 con-
centrates the excitation laser beam MB and irradiates
the excitation laser beam MB onto one end surface of
the oscillating fiber 22. The optical lenses 32 and 34 col-
limate the oscillating beam emitted from the end surface
of the oscillating fiber 22 into collimated light.
[0044] The excitation laser beam MB incident on the
one end surface of the oscillating fiber 22 is propagated
in an axial direction through the oscillating fiber 22 while
being confined as a result of full reflection by the outer
peripheral boundary surface of the cladding. As the ex-
citation laser beam MB is propagated, ions in the core
are photoexcited as a result of the excitation laser beam
MB crossing over the core numerous times. As a result,
an oscillating beam of a predetermined wavelength is
emitted in the axial direction from both end surfaces of
the core. The oscillating beam is resonated and amplified
as a result of moving back and forth between the reso-
nator mirrors 26 and 28 numerous times. The fiber laser
beam FB of a predetermined wavelength is obtained
when the oscillating beam passes through the resonator
mirror 28.
[0045] The fiber laser beam FB outputted from the res-
onator mirror 28 passes straight through the reflecting
mirror 36. The fiber laser beam FB then enters the opto-
isolator 11 after passing through the beam splitter 40. On
the other hand, when the excitation laser beam MB pass-
es through the optical lens 34 and the resonator mirror
28 before the fiber laser beam FB of the predetermined
wavelength is obtained, the excitation laser beam MB is
turned back towards the direction of the laser absorber
38 by the reflecting mirror 36.
[0046] The beam splitter 40 reflects a portion, such as
1%, of the incident fiber laser beam FB towards the PD
42 side. The condenser lens 44 condenses the reflected
fiber laser beam FB. The PD 42 photoelectrically con-
verts the reflected fiber laser beam FB and outputs an
electrical signal of the laser output. The electrical signal
is sent to the laser power supply 12.
[0047] In the manner described above, the excitation
laser beam MB crosses over the core numerous times
within the oscillating fiber 22 and exhausts excitation en-
ergy. Therefore, the fiber laser beam FB can be gener-
ated with high lasing efficiency. As a result, enhanced
processing efficiency achieved by a high-output fiber la-
ser beam FB of 500W or more can be expected. Because
the fiber laser beam FB output can be accurately grasped
by the PD 42, temperature increase in the opto-isolator
11 can be more easily predicted.
[0048] As shown in Fig. 1, when the fiber laser beam
FB enters the opto-isolator 11, as shown in Fig. 2, the
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first polarizer 2 divides the fiber laser beam FB into two
polarization components, the P polarization component
P and the S polarization component S. When the P po-
larization component P and the S polarization component
S generated by the first polarizer 2 pass through the crys-
tal cylinder 6 of the Faraday rotator 3, respective polari-
zation planes rotate by 45 degrees. The λ/2 wave plate
4 located on the back side of the optical path when viewed
from the crystal cylinder 6 rotates the polarization com-
ponents that are passing through in an axially symmet-
rical manner, with an optical axis direction N as reference.
Therefore, when the P polarization component P’ and
the S polarization component S’ of which respective po-
larization planes are rotated by 45 degrees pass through
the λ/2 wave plate 4, the polarization-rotated P polariza-
tion component P’ is converted to the S polarization com-
ponent S, and the polarization-rotated S polarization
component S’ is converted to the P polarization compo-
nent P. The mutually converted S polarization component
S and P polarization component P are reintegrated into
the fiber laser beam FB on the same optical path by the
second polarizer 5.
[0049] On the other hand, as shown in Fig. 5, when
the return beam RB generated by the fiber laser beam
FB being reflected enters the second polarizer 5, the sec-
ond polarizer 5 divides the return beam RB into the P
polarization component P and the S polarization compo-
nent S. The λ/2 wave plate 4 rotates the P polarization
component P and the S polarization component S of the
return beam RB in an axially symmetrical manner, with
the optical axis direction N as reference. However, the
Faraday rotator 3 rotates the P polarization component
P’ and the S polarization component S’ of the return beam
RB, rotated by passing through the λ/2 wave plate 4, by
45 degrees in a similar direction as that when the fiber
laser beam FB enters the Faraday rotator 3. Therefore,
the P polarization component P’ and the S polarization
component S’ rotated by the | λ/2 wave plate 4 is returned
to the P polarization component P and the S polarization
component S. In other words, the Faraday rotator 3 does
not convert the P polarization component P to the S po-
larization component S or the S polarization component
S to the P polarization component P. Therefore, instead
of emitting the P polarization component P and the S
polarization component S that have been returned to their
initial state to the laser oscillating section 21 side, the
first polarizer 2 emitting the return beam RB in the per-
pendicular direction and removes the return beam RB
from the optical path of the fiber laser beam FB.
[0050] Here, the Faraday rotator 3 according to the
embodiment is expected to be used under circumstances
in which a high-output fiber laser beam FB is used or the
ambient temperature changes. Therefore, in the Faraday
rotator 3 according to the embodiment, as shown in Fig.
3 and Fig. 4, the coolant 15 supplied from the passages
13 of the cooling tubes 8 to the ring-shaped space LS
between the crystal cylinder 6 and the enclosing tube 7
directly cools the side face of the crystal cylinder 6. As a

result, excessive increase in the temperature of the crys-
tal cylinder 6 can be prevented, and a constant temper-
ature can be maintained. When the temperature of the
crystal cylinder 6 is maintained at a constant tempera-
ture, the temperature of the Faraday rotator 3 can be
maintained at a constant temperature. Therefore, even
when the fiber laser beam FB output increases or the
ambient temperature changes, temperature change in
the Faraday rotator 3 can be suppressed, and change in
the polarization rotation angle can be prevented.
[0051] As shown in Fig. 3, in the Faraday rotator 3, the
rubber packings 17 are interposed in the contacting sec-
tion with the crystal cylinder 6 and the contacting section
with the enclosing tube 7. Therefore, the sealed state of
the coolant 15 can be enhanced. Even when the coolant
15 comes into direct contact with the side face of the
crystal cylinder 6, the coolant 15 can be prevented from
leaking. When the thickness of the rubber packing 17 is
changed accordingly, dimensional allowance of the cool-
ing tubes 8 can be set to a large value. Therefore, the
cooling tubes 8 can be easily formed.
[0052] The magnets 9 are disposed on the outer side
of the enclosing tube 7, between the enclosing tube 7
and the flanges 8b of the cooling tubes 8. The sealing
case 3a is disposed such as to cover the entire Faraday
rotator 3, along the peripheral edges of the flange 8b.
Therefore, the magnets 9 can be fixed onto the outer
peripheral surface of the enclosing tube 7 using the flang-
es 8b of the cooling tubes 8 and the sealing case 3a.
Because the enclosing tube 7 is made of glass and the
cooling tubes 8 are made of austenite stainless steel,
adverse effects on the magnets 9 by the enclosing tube
7 and the cooling tubes 8 can be prevented. In addition,
taking into consideration corrosion and presence of mag-
netism, the enclosing tube 7 and the cooling tubes 8 can
be formed such as to be light in weight and low in cost.
[0053] The sealing case 3a is disposed such as to cov-
er the magnets 9 along the flange 8b. Therefore, dust-
proofing effects can be expected. Desired performance
can be achieved even in a disadvantageous environ-
ment, such as that in which an industrial laser is used.
[0054] Moreover, use under circumstances in which a
high-output fiber laser beam FB is used or the ambient
temperature changes may cause change in the polariza-
tion rotation angle in the λ/2 wave plate 4. Therefore, as
indicated by the chain lines in Fig. 3, the λ/2 wave plate
4 is preferably fixed to a position in contact with the cool-
ing tube 8. In this case, the coolant 15 passes through
the ring-shaped passages 13a and 13c formed on the
flange 8b and the end plate 8c of the cooling tube 8. The
coolant 15 comes into direct contact with the λ/2 wave
plate 4, thereby cooling the λ/2 wave plate 4. As a result,
the λ/2 wave plate 4 can be cooled, in addition to the
crystal cylinder 6. Therefore, the temperature of the λ/2
wave plate 4 can be maintained at a constant tempera-
ture, in addition to the temperature of the crystal cylinder
6.
[0055] When the fiber laser beam FB supplied from
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the fiber laser oscillator 10 passes through the opto-iso-
lator 11, the fiber laser beam FB is condensed and irra-
diated onto a processing point W of the work-piece 60
placed on the processing table 20, after passing through
the incident unit 14, the transmission optical fiber 16, and
the output unit 18. For example, when the fiber laser
beam FB is used for laser welding, the work-piece 60
melts at the processing point W as a result of the energy
from the fiber laser beam FB. After irradiation of the fiber
laser beam FB is completed, the melted work-piece 60
solidifies and a nugget is formed. At this time, because
the Faraday rotator 3 is always maintained at a constant
temperature, transmittance and extinction ratio of the iso-
lator do not deteriorate. A fiber laser beam FB of a con-
stant output is constantly supplied to the processing point
W of the work-piece 60.
[0056] In other words, in the Faraday rotator 3, the op-
to-isolator 11, and the laser processing apparatus 1 ac-
cording to the embodiment, the temperature of the Far-
aday rotator 3 is maintained at a constant temperature.
Therefore, even when the laser beam output increases
or the ambient temperature changes, temperature
change in the Faraday rotator 3 can be suppressed, and
change in the polarization rotation angle can be prevent-
ed.
[0057] The present invention is not limited to the
above-described embodiment. Various modifications
can be made as required.
[0058] For example, the Faraday rotator 3 according
to the embodiment is configured using predetermined
components. However, according to another embodi-
ment, the Faraday rotator 3 is merely required to include
at least the crystal cylinder 6 and a predetermined cooling
section. As the predetermined cooling section, all that is
required is that a circulating coolant 15 is used to cool
the side face of the crystal cylinder 6.

Claims

1. A Faraday rotator (3) comprising:

a crystal cylinder (6) formed from a crystal that
rotates polarized light;
an enclosing tube (7) surrounding a side face of
the crystal cylinder (6);
a magnet (9) disposed in an outer periphery of
the enclosing tube (7);
and
a cooling section that cools a side face of the
crystal cylinder (6) using a circulating cooling
medium (15);
characterised in that:

said cooling section comprises:

two cooling tubes (8) each sized and
positioned to allow both ends of an out-

er peripheral surface of the crystal cyl-
inder (6) to be inscribed within the cool-
ing tubes (8) and both end sections of
an inner peripheral surface of the en-
closing tube (7) to be circumscribed
around the cooling tubes (8), contacting
sections between the crystal cylinder
(6) and the cooling tubes (8) and con-
tacting sections between the enclosing
tube (7) and the cooling tubes (8) being
hermetically sealed;
passages (13) formed within the cool-
ing tubes (8); and

said cooling medium (15) circulating
through a space formed between the side
face of the crystal cylinder (6), the enclosing
tube (7), and the two cooling tubes (8), and
through the passages (13).

2. The Faraday rotator (3) according to claim 1, where-
in:

each cooling tube (8) has a flange (8b) at an end
section on a side opposite of the side within
which the crystal cylinder (6) is inscribed,
a cylindrical sealing case (3a) is disposed such
as to cover the entire Faraday rotator (3) along
a peripheral edge of the flange (8b) of each cool-
ing tube (8), and
the magnet (9) is disposed in a position sand-
wiched by the flanges (8b) of the two cooling
tubes (8), the enclosing tube (7), and the sealing
case (3a).

3. The Faraday rotator (3) according to claim 1 or 2,
wherein the cooling tubes (8) have sealing compo-
nents (17) in contacting sections with the crystal cyl-
inder (6) and contacting sections with the enclosing
tube (7).

4. The Faraday rotator (3) according to any one of
claims 1 to 3, wherein the enclosing tube (7) and the
cooling tubes (8) are formed using non-magnetic ma-
terial.

5. The Faraday rotator (3) according to any one of
claims 1 to 4, wherein:

the crystal cylinder (6) rotates polarized light by
45 degrees, and a λ/2 wave plate (4) is disposed
in a position in contact with the cooling tube (8),
on an optical path of light emitted from the crystal
cylinder (6).

6. An opto-isolator (11) comprising:

a Faraday rotator (3) according to any one of
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claims 1 to 5; and
two polarizers (2, 5) respectively disposed on
an optical path of light entering the Faraday ro-
tator (3) and an optical path of light exiting the
Faraday rotator (3).

7. A laser processing apparatus (1) comprising:

an opto-isolator (11) according to claim 6.

Patentansprüche

1. Ein Faraday-Rotator (3), der Folgendes beinhaltet:

einen Kristallzylinder (6), der unter Verwendung
eines Kristalls, der polarisiertes Licht dreht, ge-
bildet ist;
ein Umhüllungsrohr (7), das eine Seitenfläche
des Kristallzylinders (6) umgibt;
einen Magneten (9), der in einem äußeren Um-
fang des Umhüllungsrohrs (7) angeordnet ist;
und
einen Kühlabschnitt, der unter Verwendung ei-
nes Umlaufkühlmittels (15) eine Seitenfläche
des Kristallzylinders (6) kühlt;
dadurch gekennzeichnet, dass:

der Kühlabschnitt Folgendes beinhaltet:

zwei Kühlrohre (8), die jeweils bemessen und
positioniert sind, um zu ermöglichen, dass beide
Enden einer äußeren Umfangsoberfläche des
Kristallzylinders (6) innerhalb der Kühlrohre (8)
einbeschrieben sind und beide Endabschnitte
einer inneren Umfangsoberfläche des Umhül-
lungsrohrs (7) um die Kühlrohre (8) umschrie-
ben sind, wobei Kontaktabschnitte zwischen
dem Kristallzylinder (6) und
den Kühlrohren (8) und Kontaktabschnitte zwi-
schen dem Umhüllungsrohr (7) und den Kühl-
rohren (8) hermetisch dicht sind;
Durchgänge (13), die innerhalb der Kühlrohre
(8) gebildet sind; und
das Kühlmittel (15), das durch einen zwischen
der Seitenfläche des Kristallzylinders (6), dem
Umhüllungsrohr (7) und den zwei Kühlrohren (8)
gebildeten Raum und durch die Durchgänge
(13) zirkuliert.

2. Faraday-Rotator (3) gemäß Anspruch 1, wobei:

jedes Kühlrohr (8) an einem Endabschnitt auf
einer der Seite, innerhalb der der Kristallzylinder
(6) einbeschrieben ist, gegenüberliegenden
Seite einen Flansch (8b) aufweist,
ein zylindrisches Dichtungsgehäuse (3a) ange-
ordnet ist, um den gesamten Faraday-Rotator

(3) entlang einer Umfangskante des Flanschs
(8b) jedes Kühlrohrs (8) abzudecken, und
der Magnet (9) in einer durch die Flansche (8b)
der zwei Kühlrohre (8), das Umhüllungsrohr (7)
und das Dichtungsgehäuse (3a) eingepferchten
Position angeordnet ist.

3. Faraday-Rotator (3) gemäß Anspruch 1 oder 2, wo-
bei die Kühlrohre (8) in Kontaktabschnitten mit dem
Kristallzylinder (6) und Kontaktabschnitten mit dem
Umhüllungsrohr (7) Dichtungskomponenten (17)
aufweisen.

4. Faraday-Rotator (3) gemäß einem der Ansprüche 1
bis 3, wobei das Umhüllungsrohr (7) und die Kühl-
rohre (8) unter Verwendung unmagnetischen Mate-
rials gebildet sind.

5. Faraday-Rotator (3) gemäß einem der Ansprüche 1
bis 4, wobei:

der Kristallzylinder (6) polarisiertes Licht um 45
Grad dreht und
ein λ/2-Plättchen (4) in einer Position in Kontakt
mit dem Kühlrohr (8) auf einem optischen Weg
aus aus dem Kristallzylinder (6) emittiertem
Licht angeordnet ist.

6. Ein Optoisolator (11), der Folgendes beinhaltet:

einen Faraday-Rotator (3) gemäß einem der An-
sprüche 1 bis 5 und
zwei Polarisatoren (2, 5), die entsprechend auf
einem optischen Weg aus in den Faraday-Ro-
tator (3) eintretendem Licht und einem opti-
schen Weg aus aus dem Faraday-Rotator (3)
austretendem Licht angeordnet sind.

7. Eine Laserbearbeitungsvorrichtung (1), die Folgen-
des beinhaltet:

einen Optoisolator (11) gemäß Anspruch 6.

Revendications

1. Un rotateur de Faraday (3) comprenant :

un cylindre en cristal (6) formé à l’aide d’un cris-
tal qui tourne de la lumière polarisée ;
un tube de renfermement (7) qui entoure une
face latérale du cylindre en cristal (6) ; un aimant
(9) disposé dans une périphérie externe du tube
de renfermement (7) ; et une section de refroi-
dissement qui refroidit une face latérale du cy-
lindre en cristal (6) à l’aide d’un agent de refroi-
dissement circulant (15) ;
caractérisé en ce que :
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ladite section de refroidissement
comprend :

deux tubes de refroidissement (8), cha-
cun dimensionné et positionné pour
permettre aux deux extrémités d’une
surface périphérique externe du cylin-
dre en cristal (6) d’être inscrites à l’in-
térieur des tubes de refroidissement (8)
et
aux deux sections d’extrémité d’une
surface périphérique interne du tube de
renfermement (7) d’être circonscrites
autour des tubes de refroidissement
(8),
des sections de contact entre le cylin-
dre en cristal (6) et les tubes de refroi-
dissement (8) et des sections de con-
tact entre le tube de renfermement (7)
et les tubes de refroidissement (8) étant
rendues hermétiquement étanches ;
des passages (13) formés à l’intérieur
des tubes de refroidissement (8) ; et le-
dit agent de refroidissement (15) qui cir-
cule à travers un espace formé entre la
face latérale du cylindre en cristal (6),
le tube de renfermement (7), et les deux
tubes de refroidissement (8), et à tra-
vers les passages (13).

2. Le rotateur de Faraday (3) selon la revendication 1,
dans lequel :

chaque tube de refroidissement (8) présente un
flasque (8b) au niveau d’une section d’extrémité
sur un côté à l’opposé du côté dans lequel le
cylindre en cristal (6) est inscrit,
un boîtier d’étanchéité cylindrique (3a) est dis-
posé de sorte à couvrir le rotateur de Faraday
(3) tout entier le long d’un bord périphérique du
flasque (8b) de chaque tube de refroidissement
(8), et
l’aimant (9) est disposé dans une position prise
en sandwich par les flasques (8b) des deux tu-
bes de refroidissement (8), le tube de renferme-
ment (7), et le boîtier d’étanchéité (3a).

3. Le rotateur de Faraday (3) selon la revendication 1
ou la revendication 2, dans lequel les tubes de re-
froidissement (8) présentent des composants
d’étanchéité (17) dans des sections de contact avec
le cylindre en cristal (6) et des sections de contact
avec le tube de renfermement (7).

4. Le rotateur de Faraday (3) selon l’une quelconque
des revendications 1 à 3, dans lequel le tube de ren-
fermement (7) et les tubes de refroidissement (8)
sont formés à l’aide de matériau amagnétique.

5. Le rotateur de Faraday (3) selon n’importe laquelle
des revendications 1 à 4, dans lequel :

le cylindre en cristal (6) tourne de la lumière po-
larisée de 45 degrés, et
une lame d’onde λ/2 (4) est disposée dans une
position en contact avec le tube de refroidisse-
ment (8), sur un trajet optique de lumière émise
depuis le cylindre en cristal (6).

6. Un opto-isolateur (11) comprenant :

un rotateur de Faraday (3) selon n’importe la-
quelle des revendications 1 à 5 ; et deux pola-
riseurs (2, 5) disposés respectivement sur un
trajet optique de lumière entrant dans le rotateur
de Faraday (3) et un trajet optique de lumière
sortant du rotateur de Faraday (3).

7. Un appareil de traitement laser (1) comprenant :

un opto-isolateur (11) selon la revendication 6.
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