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shifts from the incident end face at the optical fiber 1a so as to be
projected on the epoxy resin 21b, This invention relates to a connector
mounted on  whereby there Is a fear that the epoxy resin 21 b burns an end
of an optical fiber for transmitting a high en-  to cause an escape or
damage of the plug. ergy beam, such as a laser beam, used for industries
5  For a countermeasure for the above, an optical such as welding and
soldering and for medical treat-  connectorfor the high energy beam has
already been ment such as cutting out affected parts.           disclosed
in the Japanese Utility Model Application Generally, on the incident and
outgoing ends of  No. 59-20146 (1984) by the inventors of the present
optical fiber used for transmitting this kind of high en-  invention, the
optical connector being so constructed ergy laser beam are mounted
connector plugs re-  10  that the plug body 21 is divided into a holder and
a spectively so that the plugs are adapted to connect  sleeve and
combustibles are eliminated from the vi- with receptacles one of which is
at the incident end  cinityof the laser beam incidentend face of the sleeve
and contains a lens attached to a laser system and  supporting the fore end
of optical fiber, so that even other of which at the outgoing end contains
a lens op-  when the incident laser beam shifts, the plug can be posite to
an object to be processed.          15  prevented from being damaged. Such
a plug of the conventional connectorfor the   Fig. 3 is a partially cutaway
side view of the con- high energy beam is constructed as follows: Fig. 1 is
nector disclosed in the above application and Fig. 4 a sectional view
exemplary of a plug at the incident  is a schematic front view of the
connector when end side of the conventional connector for the high  viewed
on the line IV - IV in the direction of the arrow energy beam and Fig. 2 Is
a front view exemplary of  20  in Fig. 3, in which reference numeral 31
designates a the plug when viewed on the line II - II in the direction
skirt member, 32 designates a holder, 33 designates of the arrow in Fig. 1,
in which reference numeral 1  a sleeve, and 34 designates a cap nut.
designates a cable containing therein a single optical  The sleeve 33 is
cylindrical and made from cop- fiber 1a, 2 designates a plug, and 3
designates a re-  per, has at an axially Intermediate portion an optical
ceptacle containing a lens 3a therein.        25  fiber support portion 33a
of an inner diameter about The cable 1 is cut out at a sheath 1b of
polyvinyl-  equal to a diameter of the optical fiber 1a, has both chloride
(RV.C.), a Kevlar (trade mark of Dupont) 1c,  axial end portions somewhat
larger in an inner diam- and a jacket 1d of nylon to expose the Kevlar
1c,jack-  eter than the optical fiber support portion 33a, and et 1d and an
optical fiber 1a in a desired length, so  screws at a screw thread 33b
formed at the inner per- that a plug body 21 issleeved across an axially
inter-  30  iphery of the end with an utmost end of the holder 32 mediate
portion of the bared optical fiber 1a and the  so that the sleeve 33 is
connected thereto. The optical end of the bared jacket 1d.
fiber 1a is held by the skirt member 31, holder 32, and The plug body 21 is
made from stainless steel,  optical fiber support portion 33a at the
Intermediate formed in a cylindrical shape, provided at the outer  portion
of sleeve 33, and level at the utmost end face periphery of an axially
Intermediate portion with a   35  with the front end face of sleeve 33. In
such construc- flange 21a, sleeved across the bared optical fiber 1a  tion,
an annulargap 33c having a desired axial length and jacket 1d, and fixed
concentrically and integrally  from the end of optical fiber 1a is formed
between the to the optical fiber 1a and jacket 1d through epoxy  sleeve 33
and the optical fiber 1a. Accordingly, even resin 21 b filled between the
inner periphery of body  when the laser beam is incident shifting from the
end 21 and the outer periphery of optical fiber 1a. The   40  face of
optical fiber 1a, since there are no combust- bared Kevlar 1c covers the
outer periphery of the end  Ibles around the optical fiber 1a, the
inconvenience of of plug body 21, and a skirt member 22 of stainless
burning the connector can be prevented. steel is sleeved on the sheath 1 b
and the end of plug  The optical connector constructed as foregoing, body
21 so that the Kevlar 1c is sandwiched between  however, allows the laser
beam shifting from the end the skirt member 22 and the outer periphery of
the   45  face of optical fiber 1a to be incident through the plug body 21
and fixed integrally thereto through a  aforesaid gap 33c on the outer
periphery of optical binder. In addition, reference numeral 23 designates
fiber 1a or the inner periphery of the larger diameter a cap nut, which is
screwably tightened to the outer  portion at the fore end of sleeve 33.
When the laser periphery of the receptacle 3 in condition of inserting
beam is incidenton the outerperiphery of opticalfiber therein the utmost
end portion of plug body 21, there-  50  1a, some fusion is created on the
same, but leads to by insertably holding the plug body 21 to the recepta-
less breakage. However, when the laser beam is in- cle 3.
cident on the inner periphery of sleeve 33, copper of Such conventional
optical fiber connector, as   material for the sleeve 33 is molten and
scattered to shown in Fig. 2, exposes at the utmost end face of the  strike
the outer periphery of optical fiber 1a, thereby plug 2 the epoxy resin 21
b which concentrically Inte-  55  creating the problem in that the optical
fiber 1a may grally fixes the optical fiber 1a and plug body 21.  be
cracked on the outer periphery so as to be break- Hence, when the
lasersystem, lens 3a and optical fib-  able. er 1a are insufficient in
alignment, the laser beam   In the light of the above circumstances, this
in- 2 



3                   EP 0168 261 B1                  4 vention has been
designed.                         ittransmits therethrough more than
5%ofthe incident A first object of the invention is to provide a con-
light in a Imm transmission distance. nector for high energy beam of high
quality and high  The above and further objects and features of reliability
and free from a breakage when in use.  the Invention will more fully be
apparent from the fol- A second object of the invention is to provide a   5
lowing detailed description with reference to accom- connector for high
energy beam, which eliminates or-  panying drawings. ganic substances from
around the laser beam inci-      Fig. 1 Is a partially cutaway structural
side view dent portion as to have no fear of burning.            of a
conventional optical connector, Athird object of the invention is to
provide a con-  Fig. 2 is a front view of the connector when nector for
high energy beam, which has no fear of  10  viewed on the line 11 - II in
Fig. 1, melting and scattering metallic material at the laser  Fig. 3 is a
partially cutaway structural side view beam incident portion.
of the conventional optical connector having a Afourth objectof the
invention isto provide a con-  sleeve, nector for high energy beam, which
has no fear that   Fig. 4 is a front view of the connector when the optical
fiber is broken atajunction between a plug   15  viewed on the line IV - IV
in Fig. 3, and a receptacle.                                     Fig. 5 is
a partially cutaway structural side view A fifth object of the invention is
to provide a con-  of a first embodiment of a connector for high en- nector
for high energy beam, which is easy to adjust  ergy beam of the invention.
an incident angle of the beam when the plug is cou-    Fig. 6 is a
sectional side view of a sleeve at the pled with the receptacle.
20      first embodiment of the invention in Fig. 5, and A sixth object of
the invention is to provide a con-  Figs. 7 through 12 are sectional
structural side nector for high energy beam, which can be small-      views
of sleeves of the second to the seventh em- sized and lightweight as a
whole.                      bodiments of the invention. An objectof a
preferred embodimentof the Inven-    Next, embodiments of a connector for
high ener- tion is to provide a connector for high energy beam,  25  gy
beam of the invention will concretely be described which uses a transparent
member or a translucent   in accordance with the drawings. member,
processed to give roughened surface to ab-     Referring to Figs. 5 and 6,
reference numeral 1 sorb or diffuse the laser beam shifting from the end
designates a cable containing therein a single core face of optical fiber,
thereby avoiding burning or  optical fiber 1a, 2designatesa plug, and 5
designates breakage of the connector.                    30  a receptacle.
Another object of a preferred embodiment of the    The cable 1 Is cut out
at a sheath 1 b of polyvinyl- invention is to provide a connector for high
energy  chloride (P.V.C.), a Kevlar 1c and a jacket Id of nylon, beam,
which allows the laser beam shifting from the  sothatthe jacket 1d, Keviar
1c and optical fiber 1a are end face of the optical fiber to reflect in the
direction  bared each in a desired length. A holder 41 Is fixedly of moving
away from the periphery of the optical fiber,  35  sleeved across an
axially intermediate portion of the thereby avoiding breakage of the
optical fiber.    bared portion of optical fiber 1a and the end of the
According to the present invention there is provid-  bared portion of
jacket 1d, a skirt member 42 is fixed ed a connector for an optical fibre
which can transmit  across the end of the holder 41 and the outer periph- a
high energy beam, namely an optical fibre of a di-  ery of the utmost end
of sheath I b, a sleeve 43 is ameter of 150 [err] to 1250[err], the
connector to be pro-  40  fixed across the utmost end of the bared portion
of vided at the end of an optical fibre on which said high  optical fiber
1a and the utmost end of holder 41, and energy beam is to be incident, the
connector compris-  a cap nut 44 is axially movably sleeved across the ing
a sleeve with:                                 holder 41, skirt member 42
and sleeve 43. a) a portion of relatively large inner diameter and  The
holder 41 is made from brass, formed in a cy- b) a fibre support portion;
45  linderwhose innerdiameter is slightly largerthan adi- whereby the
sleeve can in use be fitted on the end of  ameter of jacket 1d, reduced in
an outer diameter at said optical fibre so that a gap is formed between the
the end to form a shoulder 41 b, provided at the outer inner periphery of
said portion of relatively large inner  periphery near the utmost end with
a larger diameter diameter of the sleeve and the outer periphery of said
flange 41 a and at the outer periphery ahead of the optical fibre along a
desired axial distance from the   50  flange 41a with a screw thread 41c.
Also, the holder end face of said optical fibre to the fibre support por-
41 is sleeved across nearthe end portion of the bared tion and so that said
optical fibre support portion sup-  portion of jacket 1d and an
intermediate portion of the ports the optical fibre and has an inner
diameter  bared portion of optical fiber 1a and covered at the which is
about equal to the diameter of the optical fi-  outer periphery of the
smaller outer diameter portion bre, the connector being characterised in
that at least  55  of the end with the bared Kevlar 1c. said optical fibre
support portion is formed of sap-   Between the inner periphery of the
holder 41 and 



phire which has a melting point of [err], a refractive  the outer periphery
of the optical fiber 1a is inter- index of 1.76 and which has a
transmission such that  posed a metallic sleeve 41d in relation of abutting
at 3    5                   EP 0 168 261 B1                6 the end
against the utmost end of jacket 1d and of  the melting point at [err] and
refractive index of somewhat projecting at the utmost end from the fore
1.45 heated the connector, and that of silver chloride end of holder 41.
Epoxy series binders 41e and 41f  of the refractive index of 1.9 and the
melting point at are filled between the metallic sleeve 41d and the in-
[err] vaporized. ner periphery of holder 41, and the metallic sleeve   5
Incidentally, Sapphire needs only transmit 5 % or 41d and the outer
periphery of optical fiber 1a, the  more of the quantity of the Incident
light in atransmis- holder 41 being concentrically and Integrally bonded
sion distance of 1 mm. with the optical fiber 1a through the binders 41e
and  Also, Sapphire has a coefficient of thermal ex- 41f and metallic
sleeve 41d.                       pansion near to that of glass. The
desirability of this The skirt member 42 is made from brass as the   10  is
that otherwise the optical fiber support portion 43f same as the holder 41,
formed in a cylindrical shape  thermally expands to press hard the optical
fiber 1a of an inner diameter of the portion other than the fore  and give
it stress, whereby the microbending loss (de- end, slightly larger than an
outer diameter of the re-  terioration in the light transmission efficiency
by the duced diameter portion at the end of holder 41, and  stress applied
to the optical fiber) is created, and if sleeved across the outer periphery
of the fore end of  15  the microbends further are repeated, the optical
fiber sheath 1b and that of the end of holder 41 covered by  may be
damaged. the Keviar 1c. The outer periphery of the end of holder  The
optical fiber 1 a is 150 to 1250[err] in diameter, 41 covered by the Keviar
1c, the inner periphery   projects from the utmost end of metallic sleeve
41d thereof, and the inner periphery of the fore end of skirt  into the
sleeve 43, passes through a bore 43b provid- member 42, are coated with a
binder, so that the fore  20  ed at inside of the optical fiber support
portion 43f of end portion of skirt member 42 and the end of holder  the
sleeve 43 and having a diameter about equal to 41 sandwich therebetween the
Kevlar 1c, the three  that of the optical fiber, and positioned at the end
at members being fixed integrally with each other by the  the incident side
concentrically with the sleeve 43 and binder.
to be level with the utmost end face thereof. The gaps The sleeve 43 is
cylindrical, has at an axially in-  25  43c and 43d formed between the end
of sleeve 43 termediate portion an optical fiber support portion 43f  and
the inner periphery thereof and the outer periph- of an inner diameter
equal to or slightly larger than a  ery of optical fiber 1a, contain air
only and any com- diameterof optical fiber 1a, formed at both axial sides
bustible, for example, an organic material does not at of the support
portion 43f to be somewhat larger in an  all exist in the gaps 43c and 43d.
inner diameter than the optical fiber support portion   30  The reason
forkeeping the end face of optical fib- 43f so as to form gaps 43c and 43d
between the inner  er 1a level with the utmost end face of sleeve 43 is
peripheries of sleeve 43 and the outer periphery of  that when the optical
fiber 1a projects at its end face optical fiber I a, and provided at the
inner periphery  from the utmost end face of sleeve 43, there is a fear of
the end with a screw thread 43a. The screw thread  of breaking the optical
fiber 1a, and when the end face 43a is coated with a binder and screws with
the screw   35  thereof is recessed, it is difficult to clean the same.
thread 41c at the fore end of holder 41, thereby con-  Hence, the end face
of optical fiber 1a is preferably, necting the sleeve 43 concentrically and
integrally  but not necessarily, level with the utmost end face of with the
fore end of holder 41 in condition of being  sleeve 43. sleeved on the
optical fiber 1a.                      The cap nut 44 is made of stainless
steel or brass In addition, the sleeve 43, as enlarged in Fig. 6,  40  and
provided at the inner periphery of the fore end is formed at the optical
fiber support portion 43f only  portion with a screw thread 44a tightly
screwable with of sapphire and press-fitted into the depth of gap 43c  a
screw thread 5b formed at the outer periphery of re- and other portions are
made from copper as in the  ceptacle 5 at the laser beam outgoing side and
at the conventional connector shown in Fig.3. In Fig. 6, ref-  inner
periphery near the rear end with an inner flange erence numeral 43g
designates a positioning stopper  45  44b of an inner diameter smaller than
a diameter of for optical fiber support portion 43f when fitted into  the
flange 41a at the holder 41. A coil spring 45 is in- the sleeve 43.
terposed between the innerflange44b and the flange The Sapphire has a
melting point of [err] and  41a at the holder 41 and biases the cap nut 44
to a refractive index of 1.76 regardless of it being natural  move away
from the receptacle 5. or synthetic and has a refractive index higher than
50  The receptacle 5 is made cylindrical as the same that of the cladding
of the optical fibre. The connector  as the conventional one shown in Figs.
1 and 3 and using sapphire of the invention was mounted on    contains a
lens 5a fixed to face the laser beam outlet quartz series optical fiberof a
core diameterof 400 [err]  at a laser system (not shown). 



and a clad diameter of 500pm and applied with pulse   In the connector for
the high energy beam of the of 20J, 8 millisec and 5 pps forone minute in
condition  55  invention constructed foregoing, the laser beam out- of
delaying an Incident axis by 30' (minutes), but no  put from the laser
system (not shown) is incident on trouble was not found. However, even in
the same  the lens 5a as shown by the unshaded arrow In Fig. condition as
the above, the use of molten quartz of  5 so as to be converged and
thereafter is incident on 4    7                   EP0 168 261 B1
8 the end face of optical fiber 1a to thereby be propa-  outer periphery
and end surface in contactwith the in- gated therein. In this case, even
when the laser beam  ner periphery of the copper portion of sleeve 43 and
is incidenton the position out ofthe end face of optical  with the stopper
43g, thereby forming the diffusing fiber 1a, the gap 43c therearound
contains air only,  surfaces respectively. whereby the air of course does
not burn. Also, even   5  Next, explanation will be given on the particular
when the laser beam is incidenton the innerperiphery  effects of the second
and third embodiments as fol- of the fore end portion of sleeve 43, the
inner periph-  lows: ery is high In heat resistance not to be molten or va-
In the second embodiment in Fig. 7, even when porized.
the laser beam Is Incident on the Inner periphery fao- With the optical
fiber support portion 43f being   10  ing the front gap 43c, the inner
periphery Is formed of sapphire the laser beam incident on the optical
fiber  the heat resistant inorganic substance, thereby creat- support
portion 43f is transmitted through the optical  ing no fusion on the inner
periphery. fiber support portion 43f while being attenuated, is re-  In the
third embodiment in Fig. 8, the laser beam flected by the stopper 43g made
by metal and then  intended to transmit the optical fiber support portion
just a little laser beam travels toward the rear gap   15  43 toward the
holder4l, ortransmit other copper-ma- 43d, thereby not heating the optical
fiber 1a up to a  de portions, is irregularly reflected or diffused by the
high temperature at the rear gap 43d side. Also, it is  diffusion surfaces
43h to expect energy attenuation, hard for the laser beam Incident on the
optical fiber  wherebythere is no fearof heating the optical fiber 1a
support portion 43f to enter the optical fiber 1a be-  and stopper 43g and
so on at a high temperature. cause sapphire constituting the optical fiber
support  20  Fig. 9 is a sectional side view of a sleeve 43 In a portion
43f has a refractive index higher than that of  fourth embodiment of the
invention, in which whole of the cladding of optical fiber 1a. Furthermore,
the laser  the sleeve 43 is formed of sapphire and otherportions beam
incident on the clad at the utmostend of optical  are the same In
construction as the sleeve 43 in the fiber 1a, or entering from the core to
the clad, easily  first embodiment (refer to Fig. 5). enters the optical
fiber support portion 43f higher In  25  Incidentally, the sleeve 43 in
this embodiment refractive index than the cladding so that no laser  can be
molded integrally by use of the opaque sub- beam transmits through the
cladding of optical fiber  stance, especially [err] SiC, [err] of the so-
1a to the rear gap 43d, thereby restricting a temper-  called fine
ceramics, thereby enabling mass produo- ature rise thereof.
tion in a low manufacturing cost. The connector for high energy beam of the
inven-  30  Fig. 10 is a sectional side view of a sleeve 43 in tion
constructed as shown In Fig. 5 and using sap-  a fifth embodiment ofthe
invention, which as a whole phire of refractive index of 1.76, was mounted
on the  is formed integrally of sapphire as in the fourth em- incident end
of a step index type quartz series optical  bodiment, but differs therefrom
in that the fore end of fiber of a core diameter of 400pm and a clad
diameter  the optical fibersupport portion 43f, i.e., the end face of 500pm
and radiated by several tens of thousand   35  43e at the laser beam
incident side, of the sleeve 43 pulses the YAG laser beam of pulse width of
8 m sec  is tapered at an angle [err] like a truncated cone whose and
output of 20J. As a result, there has not at all oc-  diameter at the end
side face of the optical fiber 1a is curred a breakage fault In the optical
fiber and also  smallest, the angle [err] of inclination being desirable to
even when the incident axis shifts at an angle of 14  be set to satisfy the
following equation: to [err], the connector of the invention has not been
40         [err] - arc tan (a/b), broken. Incidentally, the conventional
connector   where shown in Fig. 1 has at once been unusable, and that  a:
a half of a difference between the inner diam- shown In Fig. 3, only when
shifted by at an angle of     eter of the sleeve 43 and the diameter of the
20 to 30', leads to a breakage of optical fiber.         optical fiber, and
Figs. 7 and 8 are sectional side views of sleeves   45  b:   a distance
between the fore end face of the 43 In second and third embodiments of the
invention.     sleeve 43 and the end face 43b of the optical In the second
embodiment in Fig. 7, the optical      fiber support portion 43f. fiber
support portion 43f of the sleeve 43 and the in-  Upon satisfying the above
equation, an incident ner peripheral portion thereof facing the gap 43c at
angle [err] of the laser beam being out of the utmost end the fore end side
of optical fiber 1a are formed of sap-  50  of optical fiber 1a is [err] or
more even when the small- 



phire, other portions of sleeve 43 being made from  est, with respect to
end face 43e. copper as in the first embodiment The above portion   Also,
In the fifth embodiment in Fig. 10, the laser of sapphire is press-fitted
into the copper-made por-  beam incident on the end face 43e of the optical
fiber tion and positioned by a stopper 43g provided at the  support portion
43f Is reflected toward the Inner per- sleeve 43 as the same as the first
embodiment.  55  ipheryof sleeve43 facing the gap 43c, thereby avoid- In
the third embodiment in Fig. 8, the optical fiber  ing inconvenience of
fusing the optical fiber 1a. support portion 43f only is formed of sapphire
and is  In addition, the sleeve 43 In this embodiment, subjected to
roughened surface processing at the   when formed of the fine ceramics, is
easy to mold in-    9                   EP0168261 B1                     10
tegrally as the same as the fourth embodiment.       Claims Alternatively,
the sleeve 43 in the fourth embodi- ment may be formed itself only of
copperas the same  1. A connector for an optical fibre which can trans- as
the conventional one and be coated on the inner      mit a high energy
beam, namely an optical fibre peripheryfacing the front gap 43c with a high
heat re-   5  of a diameter of 150[err] to 1250[err], the connector sistant
inorganic substance, or a cylinderthereof may   to be provided at the end
of an optical fibre (1a) be fitted into the sleeve 43.
on which said high energy beam is to be incident, Fig. 11 is a sectional
side view of a sleeve 43 in   the connector comprising a sleeve (43) with:
a sixth embodiment of the invention, in which the          a) a portion of
relatively large inner diameter, sleeve 43, as a whole, including the
supporting por-  10   and tion 43f is formed of copper as in a conventional
one      b) a fibre support portion (43f, 46); and provided at the fore end
face of the supporting     whereby the sleeve can, in use, be fitted on the
portion 43f with a fibre support portion 46 in the form  end of said
optical fibre (1a) so that a gap (43c, of a chip formed of sapphire, the
chip 46 being formed  43d) is formed between the inner periphery of in a
cylindrical shape of an inner diameter about equal  15  said portion of
relatively large inner diameter of to a diameter of optical fiber 1 a and
insertably fixed  the sleeve (43) and the outer periphery of said in the
front gap 43c in condition of abutting against   optical fibre (1a) along a
desired axial distance the end face 43e of the optical fiber support
portion   from the end face of said optical fibre (1a) to the 43f.
fibre support portion (43f, 46), and so that said Also, the chip 46, as in
the fourth embodiment  20   optical fibre support portion (43f, 46)
supports (refer to Fig. 9), is tapered like a trAncated cone      the
optical fibre (1a) and has an inner diameter whose diameter at the end side
face of the optical fib-  which is about equal to the diameter of the
optical er 1a is smallest, thereby forming an inclined surface  fibre, the
connector being characterised in that at 46a (at an angle [err]). The angle
[err] of inclination, when   least said optical fibre support portion (43f,
46) Is formed to satisfy the same condition as  that in the   25   -
formed of sapphire which has a melting point of fourth embodiment, will
demonstrate the same effect     [err], a refractive index of 1.76 and which
has as the above.                                           a transmission
such that it transmits there- Fig. 12 is a sectional side view of a sleeve
43 in  through more than 5% of the incident light in a a seventh embodiment
of the invention, which is the     Imm transmission distance. same in basic
construction as the sixth embodiment  30 in Fig. 11, but differs therefrom
in that the fibre sup-  2. A connector as set forth in Claim 1, wherein an
port portion orchip 46 is not tapered atthe overall end  end face of said
optical fibre support portion (43f) face at the front side, but only at
about a half of the  at the high energy beam outgoing side is rough-
frontendfacetotherebyform an inclined surface46a'       ened by
surface-processing so as to make the at an angle [err] of inclination. The
angle [err] of inclination   35  high energy beam reflect irregularly from
said of the tapered surface 46a', when set in the same con-  end face.
dition as the fourth and sixth embodiments, will dem- onstrate about the
same effect as the above embodi-  3. A connector as set forth in Claim 1,
wherein said ments.
optical fibre support portion (43f, 46) is tapered In addition, it is of
course possible in the sixth and   40  at an end face (46a) thereof facing
said gap like seventh embodiments not to form the inclined sur-       a
truncated cone which tapers in a direction to- face 46a or 46a' at the
front end face of the chip 46   wards the end face of said optical fibre
(1a). of high heat resistant inorganic substance at the laser beam incident
side.                                  4. A connector as set forth in Claim
3, wherein an Furthermore, in the sixth and seventh embodi-  45    angle
[err] of Inclination of said tapered face (46a) ments of the invention in
Figs. 11 and 12, a plug hav-  satisfies the following equation: ing a
sleeve setto bea: 0.75 mm, b: 3mm and [err] = [err],               [err] -
arc tan a/b was mounted on the incident end of the step index       where 



type quartz series optical fiber of core diameter       a:       half of
the difference between the inner 400[err] and clad diameter of 500[err] and
radiated with  50          diameter of said portion of relatively the YAG
laser beam of pulse width of 8 m s and output           large inner
diameter of the sleeve (43) 20J in several tens of thousands pulses,
resulting in           and the inner diameterof said optical fi- no
breakage on the optical fiber.                               bre support
portion (43f, 46) and The scope of the invention is defined by the ap-
b:     the distance from the utmost end face pended claims rather than by
the description preced-  55        of said sleeve (43) to the end face of
ing them.                                                       said
optical fibre support portion (43f, 46). 6    9                   EP 0 168
261 B1                   10 tegrally as the same as the fourth embodiment.
Claims Alternatively, the sleeve 43 in the fourth embodi- ment may be
formed itself only of copper as the same  1. A connector for an optical
fibre which can trans- as the conventional one and be coated on the inner
mit a high energy beam, namely an optical fibre periphery facing the front
gap 43c with a high heat re-   5  of a diameter of 150[err] to 1250[err],
the connector sistant inorganic substance, or a cylinder thereof may  to be
provided at the end of an optical fibre (1a) be fitted into the sleeve 43.
on which said high energy beam is to be incident, Fig. 11 is a sectional
side view of a sleeve 43 In  the connector comprising a sleeve (43) with: a
sixth embodiment of the invention, in which the        a) a portion of
relatively large inner diameter, sleeve 43, as a whole, including the
supporting por-  10  and tion 43f is formed of copper as in a conventional
one    b) a fibre support portion (43f, 46); and provided at the fore end
face of the supporting    whereby the sleeve can, in use, be fitted on the
portion 43f with a fibre support portion 46 in the form  end of said
optical fibre (1a) so that a gap (43c, of a chip formed of sapphire, the
chip 46 being formed  43d) is formed between the inner periphery of In a
cylindrical shape of an innerdiameterabout equal  15  said portion of
relatively large inner diameter of to a diameter of optical fiber 1a and
insertably fixed  the sleeve (43) and the outer periphery of said in the
front gap 43c in condition of abutting against  optical fibre (1a) along a
desired axial distance the end face 43e of the optical fiber support
portion  from the end face of said optical fibre (1a) to the 43f.
fibre support portion (43f, 46), and so that said Also, the chip 46, as in
the fourth embodiment  20  optical fibre support portion (43f, 46) supports
(refer to Fig. 9), Is tapered like a trancated cone    the optical fibre
(1a) and has an inner diameter whose diameter at the end side face of the
optical fib-  which is about equal to the diameterof the optical er 1a is
smallest, thereby forming an inclined surface  fibre, the connector being
characterised in that at 46a (at an angle [err]). The angle [err] of
inclination, when  least said optical fibre support portion (43f, 46) is
formed to satisfy the same condition as that In the   25  formed of
sapphire which has a melting point of fourth embodiment will demonstrate
the same effect     [err], a refractive index of 1.76 and which has as the
above.                                          a transmission such that it
transmits there- Fig. 12 is a sectional side view of a sleeve 43 in
through more than 5% of the incident light in a a seventh embodiment of the
invention, which is the    Imm transmission distance. same in basic
construction as the sixth embodiment  30 in Fig. 11, but differs therefrom
in that the fibre sup-  2. A connector as set forth in Claim 1, wherein an
port portion or chip 46 is not tapered at the overall end  end face of said
optical fibre support portion (43f) face at the front side, but only at
about a half of the  at the high energy beam outgoing side is rough-
frontendfacetotherebyform an inclined surface46a'      ened by
surface-processing so as to make the at an angle [err] of inclination. The
angle [err] of inclination   35  high energy beam reflect irregularly from
said ofthe tapered surface 46a', when set in the same con-  end face.
dition as the fourth and sixth embodiments, will dem- onstrate about the
same effect as the above embodi-  3. A connector as set forth in Claim 1,
wherein said ments.                                                 optical
fibre support portion (43f, 46) is tapered In addition, it is of course
possible in the sixth and   40  at an end face (46a) thereof facing said
gap like seventh embodiments not to form the inclined sur-      a truncated
cone which tapers in a direction to- face 46a or 46a' at the front end face
of the chip 46  wards the end face of said optical fibre (1a). of high heat
resistant inorganic substance at the laser beam incident side.
4. A connector as set forth in Claim 3, wherein an Furthermore, In the
sixth and seventh embodi-  45  angle [err] of inclination of said tapered
face (46a) ments of the invention in Figs. 11 and 12, a plug hav-
satisfies the following equation: 



ing a sleeve set to be a: 0.75mm, b: 3mm and [err] = [err]            [err]
- arc tan a/b was mounted on the incident end of the step index      where
type quartz series optical fiber of core diameter      a:      half of the
difference between the inner 400pm and clad diameter of 500[err] and
radiated with  50         diameter of said portion of relatively the YAG
laser beam of pulse width of 8 m s and output         large inner diameter
of the sleeve (43) 2W in several tens of thousands pulses, resulting in
and the innerdlameterof said optical fi- no breakage on the optical fiber.
bre support portion (43f, 46) and The scope of the invention is defined by
the ap-   b:      the distance from the utmost end face pended claims
rather than by the description preced-  55       of said sleeve (43) to the
end face of ing them.
said optical fibre support portion (43f, 46). 6                    _    11
EP 0 168 261 B1                 12 5. A connector as set forth in any
preceding claim,   wobel wherein said portion of relatively large inner di-
a:    die Hflfte der Differenz zwischen dam ameter of the sleeve (43) is
made of copper.              Innendurchmesser des Bereichs der HOlse (43)
mit verhlitnismaSig grolaem 5              Innendurchmesser und dem  Innen-
,   Patentanspriche
durchmesser des Berelchs (43f, 48) zum St~tzen der optischen Faser und 1.
Verbinder fMr sine zum Obertragen eines Hoch-      b:      die Entfernung
von der Aulersten leibtungsstrahia geeignete optische Faser, nam-
Stirnflache der Hblse (43) zur Stirnfla- lich eine optische Faser mit einem
Durchmesser  1o        che des Berelchs (43f,46) zum Stfltzen zwischen
150pm und 1250pm, wobei derVerbin-               der optischen Faser
bezeichnet. deram Ende eineroptischen Faser (Ia) vorgese- hen ist, auf das
der Hochlelstungsstrahl auftrifft,  5. Verbinder nach einem der
vorhergehenden An- wobei der Verbinder eine H(lse (43) aufwelst,
sprfiche, bei dem der Bereich der M-ilsa (43) mit mit:
15      verhltnismAlig grosem Innendurchmesser aus a) einen Bereich mit
verhlltnism&Wig grolem    Kupfar besatht. Innendurchmesser, und b) ainem
Faserstfltzbereich (43f, 46); wodurch die HNilse im Gebrauch derart an dam
Revendicatlons Ende der optischan Faser (la). anbringbar ist,  20 >
daB ein Zwiaschenraum (43c, 43d) zwischen dem  1. Connecteur pour una fibre
optique qui peuttrans- Innenumfang des ainen verhAltnismaBig gro~en
mettre un faisceau A haute onergie, A savoir une Innendurchmesser
aufweisenden Bereichs der        fibre optique d'un diametre de 150 pm A
1250 pm, N-ise (43) und dem Aulendurchmesser der opti-     ledit connectaur
etant dispose a l'extr6mite d'une schen Faser (la) fber elne gewunschte
axiale  25  fibre optique (la) sur laquelle ledit faisceau A Strecke von
der Stirnflache der optischen Faser   haute energie doit Utre incident,
ledit connecteur (Ia) zum Faserstfitzbereich (43f, 46) gebildet Ist,
comprenant un manchon (43) comportant: und derart, daBl derBersich (43f,
46) zum Stftzen    a) une partie de dlametre interleur relative- der
optischen Faser die optische Faser (la)          ment grand ; et stutztund
einen Innendurchmesseraufwaist, der  3o    b) une partie (43f, 46) de
support de fibre; ungeflahr gleich dem Durchmesser der optischen
moyennant quoi le manchon peut, en fonctionne- Faser ist, wobel der
Verbinder dadurch gekenn-    ment, etre place sur l'extremite de ladita
fibre op- zeichnet Ist, daB wenigstens der Berelch (43f, 46)  tique (Ia) de
sorte qu'un intervalle (43c, 43d) esat zum Stftzen der optischen Faser aus
Saphir mit    formn entre la peripherie Interieure de laditb par- ainem
Schmeizpunktvon 20300C und einem Bre-  35   tie de diambtre interieur
relativement grand du chungsindex von 1,76 besteht und der eine der-
manchon (43) et la peripherie exterieure de ladite artige Durchlassigkeit
aufweist, dai3 er mehr als  fibre optique (la) le long d'une distance
axiala 5% des In einer Obertragungsdistanz von 1mm       souhaitee A
partirde la face d'extremite de ladite einfallenden Lichts durchllit.
fibre optique (la) jusqu'A la partie (43f, 46) de 40     support de fibre,
at da aorte que laditb partie (43f, 2. Verbinder nach Anspruch 1, bei dam
elne Stirn-     48) de support de fibre optique supporte la fibre flache
des Bereichs (43f) zum Stftzen der opti-   optique (la) at a un diametre
interieur qui est ap- schen Faser auf der Hochlaistungsstrahlaus-
proximativement egal au diametre de la fibre op- tritteseibt durch
Oberflachenbearbeitung derart   tique, ledit connectaur etant caracterise
en ce 



angerauht ist, daBl der Hochleistungsstrahl unre-  45  qu'au momns ladite
partie (431, 48) de support de galmraig von der Stirnflache ref lektiert
wird.   fibre optique est constituea de saphir qui a un pointde fusion de
20300C, un indice de refraction 3. Verbinder nach Anspruch 1, bel dam der
Bereich     de 1,76 et qui prosentb une transmission tells (43f, 46) zum
Stutzen der optischen Faser an ei-  qu'il transmet plus de 5 % de la
lumibre incidente ner dam  Zwisohenraum  gegenfberliegenden   6o    sur une
distance de transmission de 1 mm. Stirnfllche (46a) nach Art aines in
Richtung der Stirnflache der optischen Faser(1a) zulaufenden  2. Connecteur
selon la revendication 1, dans lequel Kegelstumpfs verjungt Ist.
une face d'extremite de ladite partie (431) de sup- portdefibre optique du
cote de sortie du faibceau 4. Verbinder nach Anspruch 3, bel dam der Nei-
66    A haute energie eat rendue rugueuse par un tral- gungswinkel 0 der
sich verjfngenden Flache        tement de surface defagon A riflichir le
faisceau (46a) die folgende Gleichung erfulit:             A haute nergie
Irregullbrement A partir de ladite 6 5 900 - arc tan a/b
face d'extremite. 7 .   I l!0l S1111l111l 11    13                  EP 0
168 261 B1                 14 3. Connecteurselon la revendlcation 1, dans
lequel ladito partie (43f, 46) de support de fibre optique est tronconique
A l'une (46a) de ses faces d'ex- tr6mite en regard dudit intervallo comme
un tronc de cone qui converge en direction de la face d'ex-   5 tremite do
ladite fibre optique (la). 4. Connecteur solon la revendicatbon 3, dans
lequel un angle 0 d'Inciinaison de ladite face tronconi- quo (46a)
satisfalt l'equatlon suivante:   10 O 5 90 - Arctg alb ob a:      la moitle
de la dlfference entre le dia- metre interieur de ladits partle de dia-
metre int6rieur relativement grand du   15 manchon (43) et le diametre
Interieur de ladite partle (43f, 46) de support de fibre optique et b:
distance de la face frontale extreme dudit manchon (43) A la face
d'extremi-  20 te de ladite partie (43f, 46) de support de fibre optique.
5. Connectbur selon l'une quelconque des revendi- cations pricidentes, dans
Ioquel ladite partie de   25 diametre interieur relativement grand du man-
chon (43) est constituee de cuivre. 30 3C 40 45 50 66    


