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(57) ABSTRACT 
Electroforming is performed in an electroforming bath With 
a cathode of a metal Wire member immersed in an electro 
forming solution to electrodeposit nickel around the alumi 
num alloy Wire member. The aluminum alloy Wire member 
is removed by dissolution With an alkaline solution from an 
obtained nickel electroformed product. Accordingly, a 
nickel cylinder is obtained, Which has a through-hole formed 
corresponding to the Wire member. The cylinder is cut into 
those having a predetermined length. The outer circumfer 
ence is subjected to cutting based on the through-hole to 
obtain a ferrule. The inner diameter accuracy of the through 
hole of the ferrule is determined by the outer diameter 
accuracy of the Wire member. Therefore, it is unnecessary to 
perform polishing for the through-hole. The highly accurate 
ferrule is obtained in accordance With the simple process at 
loW cost. The PC polishing for the ferrule for effecting PC 
junction of optical ?bers is extremely easy, because the 
ferrule is made of metal. Thus, it is possible to provide a high 
performance optical ?ber connector. 
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OPTICAL FIBER CONNECTOR, FERRULE USED 
THEREFOR AND METHOD FOR 
MANUFACTURING FERRULE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an optical ?ber 
connector, a ferrule to be used for the optical ?ber connector, 
and a method for producing the ferrule. In particular, the 
present invention relates to an optical ?ber connector for 
correctly aligning mutual positions of cores of optical ?bers 
and connecting them to one another by inserting the optical 
?bers into cylindrical ferrules to support them, a ferrule to 
be used for the optical ?ber connector, and a method for 
producing the ferrule. The present invention also relates to 
a Wire member-supporting apparatus to be used for produc 
ing the ferrule. 

[0003] 2. Description of the Related Art 

[0004] In recent years, the electric cable for the telephone 
line is being replaced With the optical ?ber cable on a 
WorldWide scale. The use of the optical ?ber is not limited 
to the optical communication based on the telephone. The 
optical ?ber is also Widely used for optical devices, appa 
ratuses for LAN, and a variety of optical systems. Methods 
are knoWn to mutually connect optical ?bers in such an 
optical communication system, including a permanent con 
nection method based on the use of fusion or mechanical 
splice, and a detachable connection method based on the use 
of an optical ?ber connector. It is required for the optical 
?ber connector used for the latter method that attachment 
and detachment can be easily performed, and the optical 
?ber connector is resistant to the environment. Additionally, 
in order to respond to the demand for the optical commu 
nication system to realiZe long distance communication and 
large capacity, for example, it is required for the optical ?ber 
connector that the connection loss is loW, and the nonre?ec 
tive treatment is applied in order to stabiliZe laser transmis 
s1on. 

[0005] Conventionally, as shoWn in (C) of FIG. 1, an 
optical ?ber connector comprises tubular parts (hereinafter 
referred to as “ferrules”) 1a, 1b having a perfect circular 
cross section for highly accurately holding optical ?bers 
40a, 40b having a diameter of about 0.13 mm at predeter 
mined positions and ?xing them coaxially, and an aligning 
section 42 for holding the ferrules 1a, 1b While alloWing 
them to make mutual abutment. For example, the ferrule has 
a columnar con?guration as shoWn in (A) of FIG. 1, and it 
is made of a Zirconia ceramic material or the like. The ferrule 
1 shoWn in (A) of FIG. 1 is a ferrule of the one-core type. 
For example, the ferrule 1 has a perfect circular through-hole 
2 of <|>=0.126 mm Which is formed in the longitudinal 
direction at the center of the column having a length of about 
8 mm. A ferrule 1‘ shoWn in (B) of FIG. 1 is a ferrule of the 
tWo-core type. The ferrule 1‘ is bored With tWo through-holes 
2a, 2b for alloWing tWo optical ?bers to pass therethrough. 

[0006] When the ferrule as shoWn in (A) of FIG. 1 is 
produced, the folloWing method has been hitherto adopted. 
At ?rst, a mixture of Zirconia poWder and resin is used as a 
raW material Which is molded to have a cylindrical con?gu 
ration by employing, for example, a mold for injection 
molding or extrusion molding to mold the cylindrical con 
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?guration. Subsequently, a molded product is ?red at a 
temperature of about 500° C. to decompose the resin com 
ponent, folloWed by being ?red at a high temperature of 
about 1200° C. An obtained cylindrical ?red product has a 
through-hole into Which a diamond-polishing member hav 
ing a liner con?guration is inserted so that the inner diameter 
of the through-hole is ?nely adjusted. Finally, the outer 
portion of the cylindrical product is machined about the 
center of the inner hole to ?nish the ferrule so that it has a 
perfect circular shape. 

[0007] In the molding method described above, the ?red 
molded product is slightly contracted due to the ?ring, and 
the inner diameter thereof is deviated from a desired dimen 
sion. For this reason, the polishing process based on the use 
of the diamond-polishing member, Which is performed after 
the ?ring, is a necessary and indispensable treatment. HoW 
ever, the polishing process is laborious, and it requires skill, 
causing the decrease in productivity. Further, it has been not 
easy to obtain a perfectly uniform inner diameter concerning 
the position in the axial direction of the inner hole of the 
?red product even When the polishing process is performed, 
for example, because the diamond is not uniformly attached 
to the linear polishing member. Further, a problem arises in 
that the equipment cost is expensive, because the diamond 
polishing member is consumed and exhausted. 

[0008] A molding machine and a mold, Which are expen 
sive and specialiZed in this purpose, are required to perform 
the injection molding or the extrusion molding as described 
above. Especially, the molding machine and the mold are 
conspicuously abraded by the extremely hard Zirconia poW 
der, and hence their service lives are short as Well. It is also 
possible to use a hard material for the surfaces of the 
molding machine and the mold. HoWever, the production 
cost is extremely expensive for such a special molding 
machine and a special mold. Further, the energy cost is 
increased, and the energy source is Wasted as Well, because 
the ?ring is performed at a high temperature of 500 to 1200° 
C. in the ?ring step. If the production cost of the ferrule is 
increased as described above, the production cost of an 
optical ?ber connector including the ferrule accommodated 
therein is also increased. 

[0009] Further, the folloWing problem also arises. 
Although the ferrule of the one-core type as shoWn in (A) of 
FIG. 1 has been hitherto dominantly used, the ferrule of the 
tWo-core type as shoWn in (B) of FIG. 1 or ferrules having 
more than tWo cores are gradually demanded. In the case of 
the ferrules having tWo or more cores, it is extremely 
dif?cult to perform the step to establish the dimension by 
means of the polishing With the diamond-polishing member. 
The production of ferrules having three or more cores has 
been substantially impossible. 

[0010] When optical ?bers are connected to one another 
by using an optical ?ber connector, the process is executed 
by means of the connection in Which tips of the optical ?bers 
are alloWed to make mutual abutment, i.e., so-called physi 
cal contact (hereinafter referred to as “PC”), in order to 
decrease the re?ection loss at the connecting portion. In 
order to achieve the PC connection, the folloWing process 
ing has been performed. That is, the end surface of the 
ferrule is polished to have a convex spherical surface or an 
oblique convex spherical surface, or the end surface of the 
ferrule is polished to have a ?at surface or an oblique ?at 
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surface, together With the tip of the optical ?ber in a state in 
Which the optical ?ber is charged in the ferrule. The con 
ventional ferrule made of Zirconia or glass has involved the 
problem that such process cannot be easily performed. 

[0011] In the conventional technique, When the ferrule is 
installed to the optical ?ber connector, then the ferrule is 
installed in a holder, and it is installed to the optical ?ber 
connector together With the holder, in order to adjust the 
rotational position of the ferrule. A problem has been also 
pointed out in that the number of parts of the optical ?ber 
connector is increased due to the use of such a holder. 

SUMMARY OF THE INVENTION 

[0012] The present invention has been made in consider 
ation of the problems involved in the conventional technique 
as described above, a ?rst object of Which is to provide a 
ferrule, a method for producing the same, and an apparatus 
for producing the same, Wherein the ferrule can be produced 
at loW energy cost With a simple and cheap equipment 
Without any necessity for the expensive and special equip 
ment such as a molding machine and a mold. 

[0013] A second object of the present invention is to 
provide a ferrule, a method for producing the same, and an 
apparatus for producing the same, Wherein the ferrule is 
excellent in dimensional stability, and it can be produced in 
accordance With a process With high productivity Without 
necessitating any special skill of an operator. 

[0014] A third object of the present invention is to provide 
a ferrule, a method for producing the ferrule, and an appa 
ratus for producing the ferrule, Wherein the ferrule can be 
easily produced even When it is designed to have multiple 
cores. 

[0015] A fourth object of the present invention is to 
provide a ferrule involving an extremely small dimensional 
error, if any, Wherein the ferrule can be easily produced. 

[0016] A ?fth object of the present invention is to provide 
an optical ?ber connector at loW cost, Which makes it 
possible to connect optical ?bers With high accuracy. 

[0017] According to a ?rst aspect of the present invention, 
there is provided a method for producing a ferrule to be used 
for connecting optical ?bers, the method comprising: 

[0018] depositing a metal by means of electroform 
ing around at least one Wire member to produce a 
rod-shaped electroformed product; and 

[0019] removing the Wire member from the electro 
formed product. 

[0020] The method of the present invention is character 
iZed in that the extremely thin Wire member is used as a base 
mold to produce the ferrule in accordance With the electro 
forming method. The inner diameter of the obtained metal 
tube is determined by the outer diameter of the Wire member. 
The inner diameter accuracy of the metal tube is also 
determined by the outer diameter accuracy of the Wire 
member. Therefore, the ferrule, Which has the extremely 
excellent inner diameter accuracy, can be obtained With the 
Wire member Which has a cross section (perfect circle) 
similar to that of the optical ?ber, Which has a Width or a 
diameter slightly larger than that of the optical ?ber, and 
Which has highly accurate linearity and roundness. The 
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obtained ferrule includes an inner hole Which has high 
linearity and roundness. Therefore, it is unnecessary to 
perform the polishing operation having been hitherto per 
formed to ensure the dimensional accuracy of the inner 
diameter of the ferrule. In order to remove the Wire member 
from the electroformed product, only the Wire member may 
be dissolved out of the electroformed product, or the Wire 
member is extracted or extruded from the electroformed 
product, after the metal is deposited around the Wire member 
in accordance With the electroforming. Accordingly, it is 
possible to obtain the cylindrical metal tube Which is formed 
With the through-hole corresponding to the cross-sectional 
shape of the Wire member. It is desirable that the Wire 
member to be used is a Wire member having an outer 
diameter of not more than 0.2 mm, especially not more than 
0.13 mm. 

[0021] In order to obtain the ferrule by machining the 
electroformed product, the electroformed product is cut into 
those having a predetermined length. The outer circumfer 
ence of the electroformed product may be subjected to 
cutting about the center of a through-hole Which is formed 
by removing the Wire member from the electroformed 
product. 

[0022] In the method of the present invention, for 
example, When the Wire member is made of aluminum or 
alloy thereof, it is preferable that the Wire member is 
removed from the electroformed product by dissolving the 
Wire member With an alkaline or acidic solution after the 
electroforming. When the Wire member is made of iron or 
alloy thereof, it is preferable that a mold release treatment is 
applied to the Wire member before the electroforming, and 
the Wire member is removed from the electroformed product 
by extracting or extruding the Wire member from the elec 
troformed product after the electroforming. 

[0023] In the method of the present invention, a tWo-core 
ferrule may be produced by arranging tWo Wire members so 
that they are separated from each other by a predetermined 
distance to perform the electroforming. In this procedure, 
the tWo Wire members are arranged so that a pair of pins each 
having an identical diameter are interposed by the Wire 
members, and thus the spacing distance betWeen the tWo 
Wire members can be controlled easily and highly accu 
rately. A ferrule having three or more cores can be also 
produced such that three or more Wire members are arranged 
in parallel to one another While being separated from each 
other by an identical spacing distance, for example, With tWo 
or more pins. 

[0024] According to a second aspect of the present inven 
tion, there is provided a metal ferrule produced in accor 
dance With the method according to the ?rst aspect. 

[0025] According to a third aspect of the present inven 
tion, there is provided a ferrule to be used for connecting 
optical ?bers, the ferrule being formed of only a metal 
material in an integrated manner. 

[0026] The metal ferrule of the present invention can be 
produced, for example, by means of the electroforming 
method of the present invention extremely accurately, easily, 
and cheaply. When tWo optical ?bers are joined to one 
another via an optical ?ber connector Which accommodates 
the ferrule, the tip of the ferrule is polished together With the 
optical ?ber for the purpose of ?at junction or PC junction. 
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The ferrule of the present invention is polished extremely 
easily, because it is made of metal. The polishing operation, 
Which is highly accurately controlled, can be applied to the 
ferrule of the present invention. Therefore, it is possible to 
perform the PC junction in a Well suited manner, and it is 
possible to join optical ?bers With loW re?ection loss. 

[0027] The ferrule of the present invention has, at its both 
ends, holes for alloWing the optical ?ber to penetrate there 
through, the holes being machined to have a tapered con 
?guration, and it may be used as a sleeve for a mechanical 
splice. 
[0028] The ferrule may have a columnar holloW section 
penetrating in a longitudinal direction of the ferrule, the 
ferrule may have, at its ?rst end, a ?rst opening Which has 
the same diameter as that of the holloW section, and the 
ferrule may have, at its second end, a second opening Which 
has a diameter larger than the diameter of the holloW section 
(see FIG. 20). The holloW section may include a ?rst holloW 
section, a second holloW section Which has a diameter larger 
than that of the ?rst holloW section, and a third holloW 
section having a tapered con?guration Which connects the 
?rst holloW section and the second holloW section. In this 
arrangement, a coated portion of the optical ?ber is accom 
modated in the second holloW section, and a clad of the 
optical ?ber is accommodated in the ?rst holloW section. 
That is, the second holloW section functions as a conven 
tional ferrule holder. The third holloW section facilitates the 
introduction of the clad of the optical ?ber into the ?rst 
holloW section. 

[0029] According to a third aspect of the present inven 
tion, there is provided an optical ?ber connector for con 
necting optical ?bers, comprising: 

[0030] a ferrule formed of only a metal material in an 
integrated manner; and 

[0031] 
[0032] The polishing process for PC connection can be 
carried out easily and highly accurately, because the optical 
?ber connector of the present invention includes the ferrule 
made of metal. Therefore, it is possible to realiZe the optical 
?ber connector With loW re?ection loss at loW cost. The 
metal ferrule described above is preferably produced by 
means of the electroforming method according to the present 
invention. 

a housing for accommodating the ferrule. 

[0033] The housing of the optical ?ber connector of the 
present invention may function as a plug or a jack. The 
optical ?ber connector may further comprise a sleeve for 
aligning tWo ferrules. The optical ?ber connector may 
further comprise an adapter for making detachable connec 
tion to the plug. In this arrangement, the adapter may include 
a sleeve for aligning the ferrule at its inside. The optical ?ber 
connector may further comprise an optical ?ber cable. 

[0034] According to a fourth aspect of the present inven 
tion, there is provided a Wire member-supporting apparatus 
for being used When a ferrule having multiple cores for 
connecting optical ?bers is produced by means of electro 
forming, the apparatus comprising: 

[0035] 
[0036] a pair of ?rst positioning projections provided 

mutually opposingly on the base plate, each of the 
?rst projections having an identical Width; and 

a base plate; 
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[0037] tWo Wire members stretched in parallel to one 
another With the pair of ?rst positioning projections 
interposed therebetWeen. 

[0038] The apparatus of the present invention is extremely 
effective to be used for the production of the ferrule having 
the multiple cores, the apparatus being installed in an 
electroforming bath. The tWo Wire members contact With the 
projections, for example, such that they are urged against the 
projections such as reference pins provided on the base 
plate, in mutually opposite directions. Therefore, the Wire 
members are positioned at both sides of the projections 
respectively. Accordingly, the spacing distance betWeen the 
tWo Wire members is highly accurately managed in accor 
dance With the diameter of the reference pin. In order to 
change the spacing distance betWeen a plurality of inner 
holes formed in the ferrule having the multiple cores, 
reference pins having a variety of diameters may be previ 
ously prepared, and the reference pins may be appropriately 
exchanged depending on the spacing distance betWeen the 
inner holes. 

[0039] The apparatus may further comprise a pair of 
second positioning projections provided mutually oppos 
ingly on the base plate, each of the second projections 
having an identical Width, and tWo Wire members stretched 
in parallel to one another With the pair of second positioning 
projections interposed therebetWeen, Wherein the Wire mem 
bers stretched in parallel to one another With the ?rst 
projections interposed therebetWeen are mutually parallel to 
the Wire members stretched in parallel to one another With 
the second projections interposed therebetWeen, and the 
respective adjoining Wire members are arranged and sepa 
rated from each other by an identical distance. Accordingly, 
it is possible to produce a ferrule of the four-core type in 
Which four inner holes are formed and arranged to give an 
identical spacing distance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] FIG. 1 shoWs cross-sectional vieWs illustrating an 
optical ?ber connector and ferrules, Wherein (A) of FIG. 1 
shoWs a longitudinal sectional vieW of a one-core type 
ferrule and a sectional vieW thereof taken in an X-X direc 
tion, (B) of FIG. 1 shoWs a longitudinal sectional vieW of a 
tWo-core type ferrule and a sectional vieW thereof taken in 
an X-X direction, and (C) of FIG. 1 shoWs a schematic 
sectional vieW illustrating the optical ?ber connector for 
connecting optical ?bers. 

[0041] FIG. 2 shoWs a schematic arrangement of an 
electroforming apparatus according to an embodiment of the 
present invention. 

[0042] FIG. 3 shoWs a side vieW (A) and a plan vieW (B) 
illustrating a support jig to be used for the apparatus shoWn 
in FIG. 2. 

[0043] FIG. 4 shoWs a speci?ed embodiment of the sup 
porting jig Which is usable for the apparatus shoWn in FIG. 
2, depicting a side vieW illustrating the support jig suitable 
to produce the tWo-core type ferrule. 

[0044] FIG. 5 shoWs sectional vieWs (A) to of a 
variety of Wires of those of the multiple-core type other than 
those having a circular cross section according to the present 
invention. 
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[0045] FIG. 6 conceptually illustrates a procedure for 
extruding the Wire from an electroformed product in accor 
dance With the method of the present invention. 

[0046] FIG. 7 conceptually illustrates the provision of 
tapes 20 disposed at predetermined spacing distances on the 
Wire When the Wire is extracted from the electroformed 
product in accordance With the method of the present 
invention. 

[0047] FIG. 8 conceptually shoWs the Wire in a state in 
Which the tape 20 illustrated in FIG. 7 has been peeled off 
after the electroforming. 

[0048] FIG. 9 conceptually illustrates a procedure for 
extracting the Wire from the electroformed product by using 
a jig When the Wire is extracted from the electroformed 
product in accordance With the method of the present 
invention. 

[0049] FIG. 10 shoWs a plan vieW illustrating a schematic 
arrangement of a support jig to be used in the fourth 
embodiment of the present invention. 

[0050] FIG. 11 conceptually shoWs a Wire to be attached 
to the support jig shoWn in FIG. 10. 

[0051] FIG. 12 shoWs a plan vieW (A) and a side vieW (B) 
illustrating a hook to be attached to the support jig shoWn in 
FIG. 10. 

[0052] FIG. 13 shoWs a sectional vieW illustrating an 
electroformed product obtained in the fourth embodiment. 

[0053] FIG. 14 conceptually shoWs a part of a Wire 
support jig to be used to produce a ferrule having three or 
more cores. 

[0054] FIG. 15 illustrates an exemplary structure of a 
sleeve for a mechanical splice, Wherein (A) of FIG. 15 
shoWs a sectional vieW of the sleeve, and (B) of FIG. 15 
shoWs a method for permanently connecting tWo optical 
?bers With the sleeve. 

[0055] FIG. 16 shoWs a schematic sectional vieW illus 
trating a structure of an optical ?ber connector plug accord 
ing to the present invention. 

[0056] FIG. 17 shoWs a schematic sectional vieW illus 
trating a structure of an optical ?ber connector according to 
the present invention. 

[0057] FIG. 18 shoWs a schematic sectional vieW illus 
trating a structure of an optical ?ber connector-equipped 
optical cable according to the present invention. 

[0058] FIG. 19 shoWs a sectional structure of a ferrule 
obtain by performing the electroforming With an apparatus 
described in the sixth embodiment, folloWed by machining 
to give a rectangular parallelepiped-shaped contour. 

[0059] FIG. 20 shoWs a structure and a method of use of 
an integrated type ferrule comprising a ferrule and a con 
ventional ferrule holder Which are formed in an integrated 
manner. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

[0060] At ?rst, explanation Will be made With reference to 
FIG. 2 for an apparatus for producing the ferrule of the 
present invention by means of the electroforming. The 
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apparatus shoWn in FIG. 2 comprises an electroforming 
bath 50, an electroforming solution 3 charged in the elec 
troforming bath 50, and anodes 4 and a cathode 8 Which are 
arranged in the electroforming bath 50. The four anodes 4 
are provided to surround the cathode on a base 52 Which is 
installed on the bottom of the electroforming bath 50. As 
described later on, the cathode 8 is provided on a support jig 
5, and it is electrically connected to a Wire member 9 Which 
is stretched betWeen upper and loWer ends of the support jig 
5. Air noZZles 6, Which are provided on the base 52, are 
disposed at intervals of 90 degrees in the circumferential 
direction of the Wire member 9. 

[0061] The electroforming solution 3 is determined 
depending on the quality of the metal material to be sub 
jected to the electroforming around the Wire member 9, for 
Which it is possible to use, for example, a metal for elec 
troforming such as nickel or alloy thereof, iron or alloy 
thereof, copper or alloy thereof, cobalt or alloy thereof, 
tungsten alloy, and ?ne particle-dispersed metal. Those 
usable for the electroforming solution 3 include a solution 
containing a major component of an aqueous solution of 
nickel sulfamate, nickel chloride, nickel sulfate, ferrous 
sulfamate, ferrous boro?uoride, copper pyrophosphate, cop 
per sulfate, copper boro?uoride, copper silico?uoride, cop 
per titano?uoride, copper alkanolsulfonate, cobalt sulfate, 
sodium tungstate or the like, and a solution obtained by 
dispersing, in the foregoing solution, ?ne poWder of silicon 
carbide, tungsten carbide, boron carbide, Zirconium oxide, 
silicon nitride, alumina, diamond or the like. Among them, 
a bath containing a major component of nickel sulfamate is 
especially appropriate in vieW of the easiness of the elec 
troforming, the small stress of the electroformed product, the 
chemical stability, and the easiness of Welding. 

[0062] The metal component of the electroforming solu 
tion serves as a material for constituting the electroformed 
product, i.e., the ferrule. As described later on, the ferrule is 
subjected to the PC polishing in order to effect the PC 
connection. In vieW of the PC polishing, it is especially 
preferred to use a nickel/cobalt alloy as the metal compo 
nent. 

[0063] The electroforming solution may be ?ltrated at a 
high speed in the electroforming bath With a ?lter (not 
shoWn) having a ?ltration accuracy of about 0.1 to 2 pm, and 
it may be heated so that its temperature may be controlled to 
be Within a proper temperature range of about 5015° C. It is 
preferable that an active carbon treatment may be occasion 
ally applied to remove organic impurities. It is desirable that 
the electric poWer is applied at a loW current density of about 
0.2 A/dm2 to remove metal impurities such as copper from 
the electroforming solution in the bath by using carbon as an 
anode and a corrugated sheet made of iron plated With nickel 
as a cathode. 

[0064] The anode 4 is selected depending on the metal 
intended to be electroformed, Which is selected, for example, 
from nickel, iron, copper, and cobalt. Those having a plate 
shaped con?guration or a spherical con?guration may be 
appropriately used. When the spherical electrodes are used, 
for example, the spheres may be used such that they are 
placed in a basket made of titanium, and they are covered 
With a bag made of polyester. 

[0065] The support jig 5 Will be explained in detail With 
reference to FIG. 3. (A) of FIG. 3 shoWs a side vieW, and 


















