
1 OPTICAL FIBER CONNECTOR USING FLUOROPLASTIC CLADDING ADHESIVE AND FIXING
SLEEVE The present invention relates to an optical fiber connecting
apparatus and a method of assembly of such apparatus. A known optical fiber
connecting apparatus shown in Figure 3 of the accompanying drawings  is
basically constituted by fixing the end portion of an optical fiber from
which the jacket has been removed in a cylindrical member called  a
ferrule.   The ferrule is then mounted in the housing or the like of an
optical connector. Conventionally, in order to fix an optical fiber in a
ferrule, a hole 32 is formed in the bottom portion of a cylindrical
bottomed ferrule 31, and an optical fiber  33 from which the jacket has
been removed is inserted in this hole 32.   The optical fiber 33 is fixed
in the ferrule 31 by using an epoxy-based adhesive 34 or the like.
Alternatively, a protective member formed by a metal plate or the like is
provided on the end portion of the optical fiber and bonded by pressure,
and the optical fiber is inserted in the ferrule. However, the method using
the adhesive requires a long drying time and has poor operability. Although
an adhesive which is cured by light requires a short curing    time (about
five to several tens of seconds), it requires 



a special expensive unit, viz., a light source.   On the other hand, in the
method wherein the protective member is bonded by pressure, the optical
fiber tends to be easily broken during the pressure bonding.    Also, after
the optical fiber is fixed in the ferrule, the    optical fiber sometimes
undesirably projects from the protective member due to an environmental
change caused by a difference in coefficient of linear expansion between
the optical fiber and the protective member. 5        It is, therefore,
believed advantageous to provide an optical fiber connecting apparatus
capable of reliably fixing an optical fiber in a ferrule within a short
period of time without damaging the optical fiber. 10       The present
invention relates to an optical fiber connecting apparatus comprising: an
optical fiber having a cladding made of a fluoroplastic material; a fixing
sleeve made of a fluoroplastic material in which the optical fiber is
inserted; an adhesive layer made of a 15 fluoroplastic material, the
adhesive layer being provided between an outer circumferential surface of
the optical fiber inserted in the fixing sleeve and an inner surface of the
fixing sleeve; and a ferrule for fitting the fixing sleeve therein. 20
The major characteristic feature of the present invention is that an
optical fiber having a cladding made of a specific material, i.e., a
fluoroplastic 



material, is used as the optical fiber, and that the adhesive layer formed
on the outer circumferential 25 surface of the optical fiber is formed of a
fluoroplastic material. Hence, the optical fiber and the fixing sleeve can
be reliably fixed through the adhesive layer, and the optical fiber can be
reliably fixed in the ferrule by fitting the fixing sleeve into 30 the
ferrule. In order to assemble the optical fiber connecting apparatus
according to the present invention, for example, an adhesive solution
containing a fluoroplastic material is coated on the outer circumferential
surface 35 of the optical fiber. With the fixing sleeve optionally
received with the ferrule, the resultant coated optical fiber is inserted
in the fixing sleeve. The entire arrangement is heated to remove the
solvent in the adhesive solution, thereby forming an adhesive layer 5 made
of the fluoroplastic between the outer circumferential surface of the
optical fiber inserted in the fixing sleeve and the inner surface of the
fixing sleeve. The sleeve with the fiber therein may be inserted into the
ferrule. This method enables fixing 10  of the optical fiber within a short
period of time since removal of the solvent in the adhesive solution in the
*   process can be completed within several seconds.  Also, since the
stress acting on the optical fiber is very 



small, the optical fiber will not be damaged, unlike in 15  the
conventional pressure-bonding method. The invention will be more fully
understood from the following detailed description, taken in connection
with the accompanying drawings, in which: 20        Figure 1 is a
perspective view of an optical fiber connecting apparatus according to an
embodiment of the present invention; Figure 2 is a perspective view of an
arrangement of an example of a heater used for assembly of the optical 25
fiber connecting apparatus according to the present invention; and, Figure
3 is a sectional view of a conventional optical fiber connecting apparatus
using an adhesive. 30        The present invention will be described in
detail with reference to the accompanying drawings. An optical fiber 11
used in the present invention has a cladding made of a fluoroplastic
material, i.e., a polymer containing fluorine. Any of the various types 35
of optical fibers, e.g., an HPCF (Hard Plastic Cladding    Fiber), or an
APF (All Plastic Fiber), each having a cladding using a polymer may
generally be used. A fixing sleeve 12 of the present invention is a member
having a hollow portion in which the optical 5 fiber 11 is to be inserted.
The inner diameter of the fixing sleeve 12 is larger than the outer
diameter of 



the optical fiber 11 by about zero (0) to about ten micrometers (10)
[err]m. The fixing sleeve 12 is made from a fluoroplastic material, i.e., a
polymer containing 10  fluorine.  Suitable for use in forming the fixing
sleeve 12 is the fluoroplastic material Teflon AF (to be described later)
and various other fluoroplastics materials. An adhesive layer 13 made of a
fluoroplastic 15  material is provided between the outer circumferential
surface of the optical fiber 11 inserted into the fixing sleeve 12 and the
inner surface of the fixing sleeve 12. The optical fiber 11 and the fixing
sleeve 12 are integrally fixed to each other through the adhesive 20  layer
13.  Using a fluoroplastic adhesive layer to adhere the fiber 11 to the
sleeve 12 prevents the fiber from projecting undesirably from the sleeve 12
due to temperature changes. The fiber 11 may thus be reliably fixed in a
ferrule. A non-crystalline fluoroplastic or 25  polyimide fluoride is
preferably used as the fluoroplastic material forming the adhesive layer
due to their physical properties and the operability in forming the
adhesive layer 13. As the non-crystalline fluoroplastic material, a 30
copolymer of tetrafluoroethylene and perfluoro(2,2- dimethyl-1,3-dioxole)
can be used. This copolymer is a completely non-crystalline fluoroplastic
and is marketed (by E. I. du Pont de Nemours and Company) under the
trademark Teflon AF.  This copolymer exhibits various 35  types of
mechanical, thermal, and optical 



characteristics and the like depending on its copolymerization ratio.
Preferred for use in the present invention are Teflon AF 1600 having a
glass transition temperature of 160[err]C and Teflon AF 2400 5  having a
glass transition temperature of 240[err]C. A ferrule 14 receives and holds
the fixing sleeve 12 from the outside. The ferrule 14 may have any
arbitrary shape so long as the ferrule serves to receive therein the fixing
sleeve 12 with the optical fiber 11 10  therein.  The ferrule 14 is mounted
in the housing of the plug or the receptacle of the optical connector to
align the optical fiber at a high precision.  In the embodiment shown in
Figure 1, the ferrule 14 has a cylindrical shape, and a projecting portion
14a is 15  formed on the outer circumferential surface of one end. The
ferrule 14 can be fixed in a housing by bringing the projecting portion 14a
into contact with a projection in the housing of the optical connector and
clamping the ferrule 14 by screws. 20        The ferrule 14 is preferably
formed of PBT (Polybutylene Terephthalate, a thermoplastic polyester) or
liquid crystal polymer. It can also be formed of a metal. In the optical
fiber connecting apparatus according to the present invention, the ferrule
and the 25  fixing sleeve can be integrally formed of a fluoroplastic
material, e.g., Teflon AF fluoroplastic 



material. A method of assembling the optical fiber connecting apparatus
according to the present invention will be 30  described by way of an
example. An adhesive solution containing a fluoroplastic material is coated
on the outer circumferential surface of the optical fiber 11 having a
cladding made of a fluoroplastic material. The adhesive solution 35
preferably uses the solvent manufactured by 3M Company    sold under the
trademark "Fluoroinert" as the solvent when Teflon AF 1600 is used as the
fluoroplastic material. In this case, the concentration is about five (5)
wt% or less.  When Teflon AF 2400 fluoroplastic 5 material is used, the
concentration of the adhesive solution is selected in accordance with the
solubility. The adhesive solution can be coated at room temperature by
using a tool like a paint brush. When the ferrule is ten mm in size, the
adhesive solution is coated almost 10  on the entire outer circumferential
surface of the distal end (for about two mm) of the optical fiber 11. The
optical fiber 11 on which the adhesive solution is coated is inserted in
the fixing sleeve 12. In this case, it is preferable that the fixing sleeve
12 is 15  fitted in the ferrule 14 in advance, although this is not
necessary.  If the fixing sleeve 12 is fitted in the ferrule 14 in advance,
the optical fiber 11 can be fixed 



in the ferrule 14 only by inserting the fiber 11 in the fixing sleeve 12
and performing heating in a manner to 20  be described later, thus
facilitating assembly. The optical fiber 11, the adhesive layer, and the
fixing sleeve 12 (and the ferrule 14) are entirely heated to remove the
solvent from the adhesive solution and to leave only a solid fluoroplastic,
thereby forming 25  the adhesive layer 13 of the fluoroplastic material
between the outer circumferential surface of the optical fiber 11 and the
inner surface of the fixing sleeve 12. Heating conditions are, e.g., about
80 to 100[err]C and about thirty (30) seconds. 30        Heating can be
performed by inserting the fixing sleeve 12 (and the ferrule 14), in which
the optical fiber 11 has been inserted, in, for example, a heater 15 as
shown in Figure 2. During heating a predetermined pressure is applied to
the optical fiber 11 so that the    8 optical fiber 11 will not move in the
fixing sleeve 12 while the solvent in the adhesive solution is removed. As
has been described above, in the optical fiber connecting apparatus
according to the present invention, 5  each of the optical fiber, the
adhesive layer, and the fixing sleeve is formed of a fluoroplastic
material. Since each of the optical fiber, the adhesive layer, and the
fixing sleeve contains fluorine, the adhering force 



among them is high, the optical fiber and the fixing 10  sleeve are
integrally fixed to each other through the adhesive   layer, and the
optical fiber is reliably fixed to the ferrule. Since the coefficients of
Linear expansion of the optical fiber, the adhesive layer, and the fixing
sleeve are the same or almost the same, the 15  optical fiber will not
undesirably project from the fixing sleeve due to a change in temperature.
The optical fiber connecting apparatus according to the present invention
has a small number of constituent components, and the structure of each
component is 20   simple.  Therefore, it is easy to manufacture the
respective components, thus decreasing the manufacturing costs.
Furthermore, according to the optical fiber connecting apparatus of the
present invention, the 25  optical fiber can be fixed to the fixing sleeve
only by coating the adhesive solution on the optical fiber and by heating,
as described above, and this heating is completed within about thirty (30)
seconds.  Therefore, the optical fiber connecting apparatus can be
assembled 30   very easily within a short period of time.  In addition,
since the stress applied to the optical fiber is very small during fixing
the optical fiber in the fixing    9 sleeve the optical fiber will not be
physically damaged. 



Also, if the fixing sleeve is fixed in the ferrule, in advance, assembly is
completed by only inserting the optical fiber in the fixing sleeve and
performing heating.  Thus, the operation is facilitated and the
productivity can be improved. As has been described above, according to the
present invention, the optical fiber can be reliably fixed in the ferrule
within a short period of time without any damage.   Furthermore, the
optical fiber connecting apparatus can be assembled by insert molding, and
the optical fiber will not undesirably project from the fixing sleeve in
the assembled optical fiber connecting apparatus.    Claims 1.    An
optical fiber connecting apparatus comprising: an optical fiber having a
cladding made of a fluoroplastic material, the fiber having an outer
circumferential surface thereon; a fixing sleeve made of a fluoroplastic
material, the fiber being inserted in the sleeve, the sleeve having an
inner surface thereon; an adhesive layer made of a fluoroplastic material
provided between the outer circumferential surface of a portion of the
optical fiber inserted in said fixing sleeve and the inner surface of the
fixing sleeve; and a ferrule for holding said fixing sleeve therein. 



2.    The apparatus according to claim 1, wherein the fluoroplastic
material forming the adhesive layer is a resin selected from the group
consisting of a non- crystalline fluoroplastic and polyimide fluoride. 3.
Optical fiber connecting apparatus substantially as described with
reference to,and as illustrated in Figure 1 of the accompanying drawings.
4.    A method of assembling an optical fiber connecting apparatus
comprising coating an outer circumferential surface of an optical fiber
cladding made of a fluoroplastic material with adhesive made of
fluoroplastic, inserting the coated fiber into a sleeve    made of a
fluoroplastic material, heating the structure and providing a ferrule to
hold the sleeve therein before or after the inserting or heating steps. 5.
A method of assembling an optical fiber connecting apparatus substantially
as described herein and with reference to Figure 1 and 2 of the
accompanying drawings.    


