
US 20060024001A1 

(19) United States 
(12) Patent Application Publication (10) Pub. N0.: US 2006/0024001 A1 

Kobayashi (43) Pub. Date: Feb. 2, 2006 

(54) 

(75) 

(73) 

(21) 

(22) 

OPTICAL FIBER CONNECTED BODY WITH 
MUTUALLY COAXIAL AND INCLINED 
CORES, OPTICAL CONNECTOR FOR 
FORMING THE SAME, AND MODE 
CONDITIONER AND OPTICAL 
TRANSMITTER USING THE SAME 

Inventor: Yoshihiro Kobayashi, Kitarni-shi (JP) 

Correspondence Address: 
HOGAN & HARTSON L.L.P. 
500 S. GRAND AVENUE 
SUITE 1900 
LOS ANGELES, CA 90071-2611 (US) 

Assignee: KYOCERA CORPORATION 

Appl. No.: 

Filed: 

13 

11/194,071 

Jul. 28, 2005 

Fiji-“141 
21 ° 

(30) Foreign Application Priority Data 

Jul. 28, 2004 (JP) ................................ .. P 2004-220065 

Nov. 25, 2004 (JP) .... .. P 2004-340344 

Dec. 27, 2004 (JP) ................................ .. P 2004-375130 
Jan. 28, 2005 (JP) ................................ .. P 2005-020888 

Publication Classi?cation 

(51) Int. Cl. 
G02B 6/36 (2006.01) 

(52) US. Cl. ............................................... .. 385/50; 385/88 

(57) ABSTRACT 
An optical ?ber connected body including a ?rst optical ?ber 
having a core and a clad, and a second optical ?ber having 
a core and a clad, With its end connected optically to an end 
of the ?rst optical ?ber, in Which the core center of the ?rst 
optical ?ber and the core center of the second optical ?ber 
are mutually deviated at the interface of the ?rst optical ?ber 
and the second optical ?ber, a light beam entering the second 
optical ?ber from the ?rst optical ?ber is inclined to the 
central axis of the second optical ?ber. 
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OPTICAL FIBER CONNECTED BODY WITH 
MUTUALLY COAXIAL AND INCLINED CORES, 
OPTICAL CONNECTOR FOR FORMING THE 

SAME, AND MODE CONDITIONER AND OPTICAL 
TRANSMITTER USING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an optical ?ber 
connected body in Which optical ?bers are connected With 
each other, Which is used in optical communications, an 
optical connector for forming the same, and a mode condi 
tioner and an optical transmitter optical connector using the 
same. 

[0003] 2. Description of the Related Art 

[0004] Systems used for connecting computers include 
10-megabit Ethernet (registered trademark) and 100-mega 
bit Fast Ethernet (registered trademark), and they are further 
to be replaced by gigabit Ethernet (registered trademark) of 
larger transmission capacity. For superfast large capacity 
transmission, development has been started for 10-gigabit 
Ethernet (registered trademark). 
[0005] For high speed and large capacity of data trans 
mission, transmission system must be changed from elec 
trical signal to optical signal. Optical signal is further 
demanded to be changed from optical signal emitted by light 
emitting diode (LED) to optical signal emitted by laser diode 
(LD). Communication cables are also changed from copper 
Wires to multimode optical ?ber and further to single mode 
optical ?ber for the bene?ts of high speed and large capacity 
of transmission. 

[0006] On the other hand, cable netWorks of the multi 
mode optical ?bers are already established, and it is 
attempted to realiZe high speed and large capacity transmis 
sion by using them. When LD light is put in the multimode 
optical ?ber, since the spot siZe of LD light is smaller than 
the core diameter of the multimode optical ?ber, the core is 
not suf?ciently ?lled With light, and excitation is not suc 
cessful. It is hence devised to put the LD light directly into 
the single mode optical ?ber, and bond it to an existing 
multimode optical ?ber. 

[0007] In an existing multimode optical ?ber, hoWever, a 
dimple-like portion that is loW in refractive index may be 
formed in the central area as shoWn in FIG. 19B in its 
manufacturing process. Accordingly, When the single mode 
optical ?ber receiving the LD light is connected to the 
multimode optical ?ber, some of the modes may be dis 
persed, and various signals may interfere With each other. As 
a result, an accurate signal cannot be received in the receiver, 
and the transmission distance is extremely shortened. 

[0008] It is hence proposed to connect the single mode 
optical ?ber and the multimode optical ?ber by deviating the 
central axis. For example, Japanese Laid-open Patent Appli 
cation No. 2001-13375 discloses an optical connector for 
connecting the single mode optical ?ber and the multimode 
optical ?ber by deviating the central axis of cores. 

[0009] Japanese Laid-open Patent Application No. 2000 
231027 discloses a mode conditioner using a patching cord 
connecting the single mode optical ?ber and the multimode 
optical ?ber by deviating the central axis of cores, at the 
transmission side. 
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[0010] Japanese Laid-open Patent Application No. 2000 
147334 discloses an optical transmitter With mode condi 
tioner having a single mode optical ?ber eccentric in the 
central axis of core provided in a ?ber stab. To this optical 
transmitter, a plug ferrule having the multimode optical ?ber 
is connected for making optical transmission. 

[0011] By using these optical ?bers, mode conditioner, 
and optical transmitter With mode conditioner, the light 
passing through the single mode optical ?ber enters the 
multimode optical ?ber by evading a dimple-like portion 
loW in refractive index formed in the central area as shoWn 
in FIG. 19B. Hence, suppressing abnormal dispersion of 
modes, data can be transmitted ef?ciently. 

SUMMARY OF THE INVENTION 

[0012] In the conventional con?guration, hoWever, When 
the transmission speed becomes faster and the transmission 
distance becomes longer, abnormal dispersion of modes 
cannot be suppressed suf?ciently. For example, in the case 
of Ethernet having transmission speed of up to 1 gigabit, 
abnormal dispersion of modes hardly occurs in the conven 
tional con?guration. But in the 10-megabit Ethernet, at 
transmission distance of 550 m, some of the modes of 
incident light are dispersed. As a result, various signals 
interfere With each other, and accurate signal cannot be 
received in the receiver. 

[0013] It is hence an object of the present invention to 
provide an optical ?ber connected body capable of suppress 
ing abnormal dispersion of modes and transferring signals 
ef?ciently, event at faster transmission speed and longer 
transmission distance. 

[0014] According to the present invention, an optical ?ber 
connected body comprises: 

[0015] 
[0016] a second optical ?ber having a core and a clad, With 
its end connected optically to an end of the ?rst optical ?ber, 

[0017] Wherein the core center of the ?rst optical ?ber and 
the core center of the second optical ?ber are mutually 
deviated at the interface of the ?rst optical ?ber and the 
second optical ?ber, and 

[0018] a light beam entering the second optical ?ber from 
the ?rst optical ?ber is inclined to the central axis of the 
second optical ?ber. 

a ?rst optical ?ber having a core and a clad, and 

[0019] Preferably, the ?rst optical ?ber is a single mode 
optical ?ber and the second optical ?ber is a multimode 
optical ?ber. Since the core center of the ?rst optical ?ber 
and the core center of the second optical ?ber are eccentric, 
and the light enters obliquely in the axial direction of the 
second optical ?ber, abnormal dispersion of modes is less 
likely to occur than in the prior art, and signals do not 
interfere With each other, and signals can be transmitted 
ef?ciently. 

[0020] The distance betWeen the core center of the ?rst 
optical ?ber and the core center of the second optical ?ber 
is preferred to be 5 to 30 pm, or more preferably 5 to 25 pm. 
The light beam entering the second optical ?ber from the 
?rst optical ?ber is preferred to be inclined by 3 to 25 
degrees to the central axis of the second optical ?ber. 
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[0021] Supposing the direction linking the core center of 
the ?rst optical ?ber and the core center of the second optical 
?ber to be X-aXis, the central aXis direction of the second 
optical ?ber to be Z-aXis, and the direction at right angle to 
X-aXis and Z-aXis to be Y-aXis, and further 

[0022] supposing the aXis by deviating the Y-aXis by the 
portion of the distance betWeen the core center of the ?rst 
optical ?ber and the core center of the second optical ?ber 
in the X-direction to be Y‘-aXis, and the aXis by deviating the 
Z-aXis by the portion of the distance betWeen the core center 
of the ?rst optical ?ber and the core center of the second 
optical ?ber in the X-direction to be Z‘-aXis, 

[0023] the light beam entering the second optical ?ber 
from the ?rst optical ?ber is preferred to be present inside of 
a plane formed by the Y‘-aXis and Z‘-aXis. 

[0024] The optical ?ber connected body of the invention 
can be applied in optical connector, mode conditioner, 
optical transmitter, etc. 

[0025] An optical ?ber connector of the present invention 
comprises: 

[0026] a ?rst ?Xing member for ?xing a ?rst optical ?ber, 
and 

[0027] a second ?Xing member for ?Xing a second optical 
?ber, 
[0028] Wherein the core center of the ?rst optical ?ber and 
the core center of the second optical ?ber are mutually 
deviated at the interface of the ?rst optical ?ber and the 
second optical ?ber, and the ?rst ?Xing member and the 
second ?Xing member are connected so that the light beam 
entering the second optical ?ber from the ?rst optical ?ber 
is inclined to the central aXis of the second optical ?ber. 

[0029] A mode conditioner of the present invention com 
prises a connector betWeen a single mode optical ?ber and 
a multimode optical ?ber, 

[0030] Wherein the core center of the single mode optical 
?ber and the core center of the multimode optical ?ber are 
mutually deviated at the interface of the single mode optical 
?ber and the multimode optical ?ber, and 

[0031] the light beam entering the multimode optical ?ber 
from the single mode optical ?ber is inclined to the central 
aXis of the multimode optical ?ber. 

[0032] An optical transmitter of the present invention 
comprises: 

[0033] 
[0034] a ?ber stab for holding a ?rst optical ?ber in a 
through-hole, and 

[0035] a sleeve for inserting a plug ferrule, Which holds a 
second optical ?ber in a through-hole, from outside, the 
sleeve being ?tted into the ?ber stab, 

a laser diode, 

[0036] Wherein, When the plug ferrule is inserted, the ?rst 
optical ?ber in the ?ber stab and the second optical ?ber in 
the plug ferrule are optically connected, 

[0037] the core center of the ?rst optical ?ber and the core 
center of the second optical ?ber are mutually deviated at the 
interface of the ?rst optical ?ber and the second optical ?ber, 
and 
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[0038] the light beam entering the second optical ?ber 
from the ?rst optical ?ber is inclined to the central aXis of the 
optical ?ber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0039] FIG. 1A is a sectional vieW of an optical connector 
in embodiment 1. 

[0040] FIG. 1B is a partially magni?ed sectional vieW of 
connecting portion of optical ?bers of the optical connector 
in FIG. 1A. 

[0041] FIG. 2 is a schematic diagram shoWing an incident 
direction of a light beam into the second optical ?ber. 

[0042] FIG. 3 is a schematic diagram shoWing an incident 
direction of a light beam into the second optical ?ber. 

[0043] FIG. 4A is a schematic diagram of a mode condi 
tioner in embodiment 2. 

[0044] FIG. 4B is a partially magni?ed sectional vieW of 
connecting portion of optical ?bers of the mode conditioner 
in FIG. 4A. 

[0045] FIG. 5A is a sectional vieW of an optical transmit 
ter in embodiment 3. 

[0046] FIG. 5B is a partially magni?ed sectional vieW of 
connecting portion of optical ?bers of the optical transmitter 
in FIG. 5A. 

[0047] FIG. 6 is a partially magni?ed sectional vieW 
shoWing other eXample of connecting portion of optical 
?bers. 

[0048] FIG. 7 is a partially magni?ed sectional vieW 
shoWing other eXample of connecting portion of optical 
?bers. 

[0049] FIG. 8 is a partially magni?ed sectional vieW 
shoWing other eXample of connecting portion of optical 
?bers. 

[0050] FIG. 9 is a partially magni?ed sectional vieW 
shoWing other eXample of connecting portion of optical 
?bers. 

[0051] FIG. 10 is a partially magni?ed sectional vieW 
shoWing other eXample of connecting portion of optical 
?bers. 

[0052] FIG. 11 is a sectional vieW of a single mode optical 
?ber having eliminating means of a clad mode light, and a 
schematic diagram shoWing refractive indeX distribution 
corresponding to this section. 

[0053] FIG. 12 is a sectional vieW of a single mode optical 
?ber having eliminating means of a clad mode light in other 
eXample, and a schematic diagram shoWing refractive indeX 
distribution corresponding to this section. 

[0054] FIG. 13 is a sectional vieW of a single mode optical 
?ber having eliminating means of a clad mode light in other 
eXample, and a schematic diagram shoWing refractive indeX 
distribution corresponding to this section. 

[0055] FIG. 14 is a sectional vieW of a single mode optical 
?ber having eliminating means of a clad mode light in other 
eXample, and a schematic diagram shoWing refractive indeX 
distribution corresponding to this section. 
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[0056] FIG. 15 is a partially magni?ed sectional vieW 
showing an example of connecting portion of optical ?bers. 

[0057] FIG. 16 is a partially magni?ed sectional vieW 
shoWing other example of connecting portion of optical 
?bers. 

[0058] FIG. 17 is a schematic diagram of a measuring 
system of transmission distance in example 1. 

[0059] FIG. 18 is a schematic diagram of a measuring 
system of transmission distance in example 2. 

[0060] FIG. 19A is a schematic diagram of refractive 
index distribution in an ideal multimode ?ber. 

[0061] FIG. 19B is a schematic diagram of refractive 
index distribution in an actual multimode ?ber. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment 1 

[0062] In this embodiment, the invention is applied in an 
optical connector. The optical connector of the embodiment 
is an optical connector for connecting both ends of a pair of 
optical ?bers, in Which the optical ?bers are connected so 
that the core centers of the optical ?bers are mutually 
deviated, and that an incident beam from one optical ?ber 
enters at an inclination to the axial center of other optical 
?ber. 

[0063] According to the optical connector of the embodi 
ment, When a single mode optical ?ber is connected to a 
multimode optical ?ber, abnormal dispersion occurring in 
the multimode optical ?ber can be suppressed. Therefore, 
even at fast transmission speed and long transmission dis 
tance, abnormal dispersion of modes is suppressed, and 
signals can be transferred at high efficiency. Dispersion 
occurring in the multimode optical ?ber is speci?cally 
described beloW. 

[0064] The multimode optical ?ber of graded index type 
(called multimode optical ?ber hereinafter) is designed and 
manufactured so that refractive index distribution of core 
may decline from the center to outside in an accurate 
quadratic curve as shoWn in FIG. 19A in order to suppress 
band deterioration (mode dispersion) due to delay difference 
betWeen modes. In the multimode optical ?ber, hoWever, a 
dimple-like portion loW in refractive index may be formed 
in the central area as shoWn in FIG. 19B. Accordingly, some 
of the modes of the incident light may be dispersed, and 
various signals may interfere With each other. FIGS. 19A 
and 19B are refractive index distribution diagrams of the 
multimode optical ?ber having abnormal loW refractive 
index in the core center, in Which the axis of abscissas 
represents the distance from the core central axis, and the 
axis of ordinates represents the refractive index. 

[0065] Such refractive index distribution may lead to 
deterioration of transmission performance. Generally, the 
multimode optical ?ber is used in optical transmission at 
hundreds of Mb/s or less, and the LED is mainly used in the 
light source for optical transmission, and the problem has 
not been serious so far. Recently, hoWever, the existing 
multimode optical ?ber is demanded to be used in very fast 
optical transmission of Gb/s class. It is hence an urgent 
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problem hoW to suppress transmission deterioration While 
using the optical ?ber having refractive index distribution as 
shoWn in FIG. 19B. 

[0066] In the multtimode optical ?ber having refractive 
index distribution as shoWn in FIG. 19B, since the refractive 
index is small in the core center, and the light propagating 
through the core center is faster than the light propagating 
through the core peripheral part. Therefore, light pulses are 
transmitted, the pulses are dispersed due to delay difference 
betWeen the light passing through the core center and the 
light passing through the core peripheral part. Such delay 
causing dispersion is called differential mode delay (DMD). 
Such phenomenon is likely to occur When light of high 
degree of parallelism is concentrated in the central area of 
optical ?ber core. 

[0067] In the optical transmitter, if the transmission speed 
is the same, the speci?cation may be different depending on 
the type of conforming optical ?ber or Wavelength of light 
source. In the case of optical transmission of Gb/s class by 
the multimode optical ?ber, LD is more bene?cial than LED 
from the vieWpoint of response speed of element. Also from 
the vieWpoint of dispersion, the LD of longer Wavelength 
(1300 nm band) is superior to the LD of shorter Wavelength 
(for example, about 850 nm band), and the transmission 
distance can be extended further. 

[0068] In particular, When long Wavelength LD is used, 
output light easily enters the core center of the multimode 
optical ?ber in a state of high degree of parallelism, and 
hence it is important to suppress the DMD of the multimode 
optical ?ber. 

[0069] FIG. 1A is a sectional vieW of optical connector 10 
of the embodiment. 

[0070] An example of FC type optical connector is 
explained. A pair of optical ?ber ?xing tools 3, 3‘ are ?tted 
against each other. The optical ?ber ?xing tools 3, 3‘ 
comprise (a) ferrules 1, 1‘ having axial holes 1a, 1a‘ for 
inserting and ?xing optical ?bers 11, 11‘, and (b) ferrule 
supports 2, 2‘ having recesses 2a, 2a‘ to be engaged With 
ferrules 1, 1‘, and through-holes 2b, 2b‘ communicating With 
the recesses 2a, 2a‘ and coaxial With the axial holes 1a, 1a‘ 
of the ferrules 1, 1‘. Optical ?bers 11, 11‘ are inserted into 
axial holes 1a, 1a‘ of the ferrules 1, 1‘, and through-holes 2b, 
2b‘ of the ferrule supports 2, 2‘ are ?lled With an adhesive 3, 
so that the optical ?bers 11, 11‘ are ?xed. 

[0071] The pair of ferrules 1, 1‘ are held by a bent sleeve 
14. An adapter coupling 15 having threads at both ends is 
disposed on the outer circumference of the sleeve 14. 
Coupling nuts 16 are ?tted to the threads at both ends of the 
adapter coupling 15. The ferrule support 2 is disposed in 
each coupling nut 16, and a spring 17 is disposed betWeen 
the inner Wall of the coupling nut 16 and the ?ange-like 
protrusion of the ferrule support 2. By the pressing force of 
the spring 17 disposed betWeen the coupling nut 16 and 
ferrule support 2, the leading ends of the ferrules 1, 1‘ of the 
optical ?ber ?xing tools 3, 3‘ are ?tted to each other. As a 
result, the optical ?bers 11, 11‘ are optically connected to 
each other. 

[0072] FIG. 1B is a magni?ed vieW of abutting portion of 
optical ?ber 11 and optical ?ber 11‘. Herein, the optical ?ber 
11 is supposed to be a single mode optical ?ber, and the 
optical ?ber 11‘ is a multimode optical ?ber. The incident 


















