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(57) ABSTRACT 

An optical communication device includes a light source 
that emits a light beam and an optical ?ber having a core and 
a cladding. The optical ?ber has a light entrance face having 
a core region and a cladding region. The light beam emitted 
by the light source is converged by a converging lens on the 
core region and is transmitted through the optical ?ber. The 
entrance face is con?gured to generate a light intensity 
distribution in light re?ected by the light entrance face 
depending on a position Where the light beam is incident on 
the entrance face, a converging lens arranged betWeen the 
light source and the optical ?ber. 
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OPTICAL COMMUNICATION DEVICE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an optical commu 
nication device for data communication by transmitting a 
laser beam, Which is modulated in accordance With data to 
be transmitted, through an optical ?ber. 

[0002] An optical communication device generally 
includes a laser diode and a converging lens. The laser diode 
emits a laser beam Which is modulated in accordance With 
data to be transferred. The modulated laser beam is con 
verged by the converging lens on an entrance face of an 
optical ?ber that is connected to the optical communication 
device. In particular, in the optical communication device 
knoWn as an ONU (Optical NetWork Unit), a single optical 
?ber is used for tWo-Way communication. For this purpose, 
a light receiving element and a WDM (Wavelength Division 
Multiplex) ?lter for separating light having different Wave 
lengths are provided. 

[0003] In order to ef?ciently transmit the laser beam 
through the optical ?ber in such an optical communication 
device, the laser beam should be converged on the center of 
the core of the entrance face of the optical ?ber. This 
requires very precise positioning of the laser diode and the 
converging lens against the optical ?ber. 

[0004] An eXample of a conventional method for position 
ing the laser diode and the converging lens against the 
optical ?ber is disclosed in Japanese Patent Provisional 
Publication No. HEI 6-94947. According to the method 
disclosed in the publication, the light amount of the laser 
beam passed through the optical ?ber is detected at an 
emerging end. The optical ?ber is moved relative to the laser 
beam until the detected light amount eXceeds a predeter 
mined threshold value. When the detected light amount 
eXceeds the predetermined threshold value (preferably, the 
light amount becomes its maXimum value), it is determined 
that the laser beam emitted from the laser diode impinges on 
the center of the core of the optical ?ber. 

[0005] HoWever, since it is dif?cult to visually distinguish 
the core of the entrance face of the optical ?ber from the 
cladding, the position of the laser diode relative to the 
optical ?ber must be ?rst adjusted by trial and error until the 
laser beam enters the core of the optical ?ber and can be 
detected on the other end of the optical ?ber. This process is 
troublesome and time consuming. 

[0006] When the positioning of the laser diode and the 
converging lens With respect to the optical ?ber is achieved, 
the laser diode and the converging lens are ?Xed in the 
optical communication device by an adhesive, for eXample. 
HoWever, since the adhesive contracts during a hardening 
process thereof, the proper alignment of the laser diode, the 
converging lens, and the optical ?ber may be lost due to the 
contraction of the adhesive, Which may Worsen the posi 
tional relationship of the laser diode and/or the converging 
lens With respect to the optical ?ber. Further, there is also a 
possibility that the positional relationship of the laser diode 
and/or the converging lens With respect to the optical ?ber 
may change With time. 

[0007] In the conventional optical communication device, 
hoWever, once the laser diode and the converging lens are 
?Xed to the device, it is impossible to re-adjust the positions 
thereof. 
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SUMMARY OF THE INVENTION 

[0008] The present invention is advantageous in that an 
improved optical communication device that is free from the 
above defects. 

[0009] According to an aspect of the invention, there is 
provided an optical communication device, Which includes 
a light source that emits a light beam and an optical ?ber 
having a core and a cladding. The optical ?ber has a light 
entrance face having a core region and a cladding region. 
The light beam emitted by the light source is converged by 
a converging lens on the core region and is transmitted 
through the optical ?ber. The entrance face is con?gured to 
generate a light intensity distribution in light re?ected by the 
light entrance face depending on a position Where the light 
beam is incident on the entrance face, a converging lens 
arranged betWeen the light source and the optical ?ber. 

[0010] The optical communication device further includes 
a light receiving device, Which has a light receiving surface 
that receives the re?ected light that is a re?ection of the light 
beam emitted by the light source and re?ected by the 
entrance face of the optical ?ber. The light receiving device 
outputs a signal corresponding to the light intensity distri 
bution. The optical communication device further includes a 
beam spot moving structure that is controlled to move the 
beam spot on the entrance face, and a controller that controls 
the beam spot moving structure to move the beam spot on 
the entrance face such that the output signal of the light 
receiving device corresponds to a reference intensity distri 
bution Which is the intensity distribution When the incident 
position of the light beam is adjusted. 

[0011] Optionally, the entrance face has a stepped struc 
ture in Which the core region is formed to be stepped by a 
predetermined amount With respect to the cladding region. 
With this stepped structure, the re?ected light is diffracted 
and a diffraction pattern is formed on the light receiving 
surface of the light receiving device. 

[0012] According to the embodiments of the invention, a 
diameter of the beam spot formed on the light entrance face 
is greater than a diameter of a core region and smaller than 
a diameter of the cladding region. 

[0013] Optionally, the light receiving device according to 
the embodiments is con?gured to output a signal corre 
sponding to the light intensity distribution in a ?rst direction 
and another signal corresponding to the light intensity 
distribution in a second direction that is different from the 
?rst direction. 

[0014] Further optionally, the beam spot moving structure 
is capable of moving the beam spot on the entrance face of 
the optical ?ber in a third direction and in a fourth direction 
Which is different from the third direction, separately. 

[0015] In a particular case, the ?rst direction corresponds 
to the third direction, and the second direction corresponds 
to the fourth direction. 

[0016] Alternatively, the ?rst direction is different from 
each of the third and fourth directions, and the second 
direction is different from each of the third and fourth dir 
ctions. 

[0017] According to embodiments of the invention, the 
light receiving surface may include a plurality of light 



US 2006/0013535 A1 

receiving areas, each of the light receiving areas being 
capable of detecting a light amount of light incident thereon. 
Further, the controller may include a determining system 
that determines Whether the intensity distribution of the light 
incident on the light receiving surface of the light receiving 
device equals to the reference intensity distribution in accor 
dance With the light amounts detected by the plurality of 
light receiving areas. 

[0018] Optionally, the plurality of light receiving areas 
may include N><M areas arranged in matrix, Where each of 
N and M is an integer greater than one. 

[0019] Further optionally, at least one of N and M may be 
greater than 2, and Wherein only four light receiving areas 
arranged in a 2x2 matrix are used from among the N><M 
light receiving areas. 

[0020] In some embodiments, the beam spot moving 
structure is capable of moving the beam spot on the entrance 
face of the optical ?ber in tWo different directions, sepa 
rately, and directions in Which the light receiving areas are 
arranged substantially coincide With the directions Where the 
beam spot moving structure moves the beam spot. 

[0021] In some embodiments, the beam spot moving 
structure is capable of moving the beam spot on the entrance 
face of the optical ?ber in tWo different directions, sepa 
rately, and directions in Which the light receiving areas are 
arranged are different from the directions Where the beam 
spot moving structure moves the beam spot. 

[0022] In a particular case, the core region is protruded 
toWard the light source With respect to the cladding region. 

[0023] Optionally, the core region is protruded With 
respect to the cladding region by an amount less than k/(4n), 
Where 7» is a Wavelength of the light beam emitted by the 
light source and n is a refractive index of medium in Which 
the light beam proceeds. 
[0024] In a particular case, the core region is protruded 
With respect to the cladding region by an amount substan 
tially equal to )M/(SII). 
[0025] In some embodiments, the core region is parallel 
With the cladding region. 
[0026] In some embodiments, the entrance face is sub 
stantially perpendicular to the optical axis of the optical 
communication device. 

[0027] Alternatively, the entrance face is inclined With 
respect to a plane perpendicular to the optical axis of the 
optical communication device. 

[0028] Optionally, the optical communication device may 
further include a beam splitter that alloWs at least a part of 
the light beam emitted by the light source toWard the 
entrance face, the beam splitter directing at least a part of the 
re?ected light toWard the light receiving device. 
[0029] Since the re?ection light is used for adjusting the 
position of the beam spot on the entrance face of the optical 
?ber, the controller can control the beam spot moving 
structure to move the beam spot even When data is being 
transmitted. 

BRIEF DESCRIPTION OF THE 
ACCOMPANYING DRAWINGS 

[0030] FIG. 1 schematically shoWs a con?guration of an 
optical communication device according to a ?rst embodi 
ment of the invention; 
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[0031] FIG. 2 shoWs an enlarged side vieW of the optical 
?ber at a light entrance face thereof; 

[0032] FIG. 3 schematically shoWs a front vieW of a photo 
detector; 
[0033] FIGS. 4A-4C shoW a relationship betWeen posi 
tions on Which a beam is incident on the end face of the 
optical ?ber and intensity distribution of re?ected beams; 

[0034] FIG. 5 is a graph illustrating a relationship 
betWeen a light amount and a displacement of the beam on 
the end face of the optical ?ber; 

[0035] FIG. 6 shoWs a relationship betWeen positions on 
Which a beam is incident on the end face of the optical ?ber 
and intensity distribution of re?ected beams; 

[0036] FIG. 7 shoWs an alternative arrangement of the 
photo detector; 
[0037] FIG. 8 shoWs an optical communication device 
according to a second embodiment; 

[0038] FIG. 9 shoWs an optical communication device 
according to a third embodiment; 

[0039] FIG. 10 shoWs an optical communication device 
according to a fourth embodiment; 

[0040] FIG. 11 shoWs an optical communication device 
according to a ?fth embodiment; 

[0041] FIG. 12 shoWs an optical communication device 
according to a sixth embodiment; and 

[0042] FIG. 13 shoWs an example of a variable angle 
prism employed in the optical communication device shoWn 
in FIG. 12. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0043] Hereinafter, optical communication devices 
according to embodiments of the present invention Will be 
described With reference to the accompanying draWings. 

[0044] FIG. 1 schematically illustrates a con?guration of 
an optical communication device 10 according to a ?rst 
embodiment of the invention. The optical communication 
device 10 according to the present embodiment can be 
utiliZed, for example, as an optical netWork unit (ONU) that 
connects a terminal such as a subscriber’s computer With an 
optical ?ber netWork. The optical communication device 10 
is designed With a Wavelength division multiplexing 
(WDM) technology that transports bi-directional signal over 
a single optical ?ber. The optical communication device 10 
utiliZes light of Which Wavelength is 1.3 pm for transmitting 
data and light of Which Wavelength is 1.5 pm for receiving 
data. 

[0045] As shoWn in FIG. 1, the optical communication 
device 10 is provided With a laser diode LD, a converging 
lens 2, a photo detector 4, a controller 5 and an actuator 6. 

[0046] FIG. 2 shoWs an enlarged side vieW of a beam 
incident end portion of the optical ?ber 3 employed in the 
optical communication device 10. As shoWn in FIG. 2, the 
optical ?ber 3 has a core 31 and a cladding 32, and the 
entrance face (i.e., the end face of the portion Where the laser 
beam is incident) 3a has a core region 3c and a cladding 
region 3b respectively corresponding to the core 31 and the 
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cladding 32 and have a circular shape. According to the 
embodiment, the core region 3c is protruded With respect to 
a plane of the cladding region 3b by an amount of )M/(Sl'l) 
(Where, 7» is a Wavelength of the laser beam emitted by the 
laser diode LD, and n is a refractive indeX of medium Where 
the light proceeds) in a direction perpendicular to the plane 
of the cladding region 3b. Since the light proceeds in the air, 
n can be considered as one, and thus the protruded amount 
is M8 in this embodiment. The plane of the core region 3c 
and the plane of the cladding region 3b are parallel With each 
other. This stepped structure can be formed With use of 
photolithography technology. 

[0047] The laser diode LD emits a laser beam that is 
modulated in accordance With data to be transmitted through 
an optical ?ber 3, Which is connected to the optical com 
munication device 10. 

[0048] The converging lens 2 is placed in the optical path 
of the laser beam emitted from the laser diode LD, and 
converges the laser beam on the entrance face 3a of the 
optical ?ber 3 to form a beam spot thereon. Apart of the laser 
beam incident on the entrance face 3a transmits through the 
optical ?ber 3, While a remaining part of the laser beam is 
re?ected by the entrance face 3 and enters the photo detector 
4. It should be noted that, for the sake of illustration, the 
incident angle of the laser beam With respect to the entrance 
face 3a is exaggerated, and it is preferable that the incident 
angle is as small as possible, With alloWing the re?ection 
light to impinge on the photo detector 4. 

[0049] The converging lens 2 is con?gured to be movable 
in a ?rst direction (X‘ direction in FIG. 1) Which is perpen 
dicular to the optical aXis of the converging lens 2 and on a 
plane including the optical aXes of the converging lens 2 and 
the optical communication device 10, and in a second 
direction (Y‘ direction) Which is perpendicular to the optical 
aXis of the optical communication device 10 and perpen 
dicular to the ?rst direction by the actuator 6. The controller 
5 controls the actuator 6 to move the converging lens in 
accordance With the output of the photo detector 4, Which 
Will be described in detail later. In accordance With the 
movement of the converging lens 2 in the X‘ direction and 
in the Y‘ direction, the beam spot moves on the entrance face 
3a in the X direction and the Y direction, respectively. The 
X and Y directions are parallel With the entrance face 3a and 
perpendicular to each other. 

[0050] As shoWn in FIG. 2, the beam spot formed on the 
entrance face 3a has a diameter r1 slightly larger than a 
diameter r2 of the core region 3a. Therefore, When the center 
of the beam spot coincides With the center of the core region 
3c, a peripheral portion of the beam spot is incident on the 
cladding region 3b. 

[0051] With this con?guration, When the laser beam is 
incident on the core region 3c and the cladding region 3b 
simultaneously, a diffraction pattern is formed by the 
re?ected light on the photo detector 4. It should be noted that 
the protruded amount of the core region 3c With respect to 
the cladding region 3b is set to less than k/(4n), Where n is 
a refractive indeX of medium. When the medium is air, n is 
considered to be one. In the present embodiment, the pro 
truded amount is set to M8. 

[0052] Generally, a beam spot siZe of the laser beam is 
de?ned as an area having an intensity greater than l/e2 of the 
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peak intensity thereof (e being a base of natural logarithm). 
It is preferable that the diffraction pattern is formed With 
light having a relatively strong intensity. When the beam 
spot siZe is large, the diffraction pattern formed on the photo 
detector 4 is clear. HoWever, even a portion of a beam having 
the intensity of l/e2 or loWer With respect to the peak 
intensity, the diffraction pattern is formed on the photo 
detector 4. 

[0053] When the beam spot formed on the entrance face 
3a is larger, the pattern formed on the photo detector 4 
becomes clearer, hoWever the coupling ef?ciency becomes 
Worse. When the beam spot is smaller, the pattern on the 
photo detector 4 becomes faint, While the coupling ef?ciency 
is improved. In the above embodiment, considering the 
balance betWeen the diffraction pattern and the coupling 
ef?ciency, the diameter of the beam spot on the entrance face 
3a is slightly greater than the diameter of the core region 3c. 
For example, the diameter of the beam spot is 11 pm and the 
diameter of the core region 3c is 10 pm. The invention is not 
limited to this con?guration, and even through the beam spot 
siZe is smaller than the siZe of the core region 3c, the 
diffraction pattern may be formed on the photo detector 4, 
and thus, the beam spot position on the entrance face 3a can 
be adjusted. 

[0054] According to the ?rst embodiment, in order to 
make the laser beam re?ected by the entrance face 3a of the 
optical ?ber 3 directly impinge on the photo detector 4, the 
optical communication device 10 is con?gured such that the 
laser beam is incident on the entrance face 3a at an incident 
angle other than 0°. 

[0055] FIG. 3 schematically shoWs a front vieW of the 
photo detector 4. The photo detector 4 has a light receiving 
surface 4a. The light receiving surface 4a is divided into four 
light receiving areas A, B, C and D, Which are divided by 
?rst and second boundary lines 4b and 4c, crossing at a 
center O of the light receiving area 4a. The directions in 
Which the ?rst and second boundary lines 4b and 4c divide 
the light receiving area (i.e., the directions in Which 4c and 
4b eXtend) Will be referred to as an X“ direction and a Y“ 
direction, respectively. 
[0056] In the ?rst embodiment, the photo detector 4 is 
arranged such that, When the converging lens 2 is moved in 
the X‘ direction and the beam spot shifts on the entrance face 
3a in the X direction, the intensity distribution on the light 
receiving area 4a changes in the X“ direction, and When the 
converging lens 2 is moved in the Y‘ direction and the beam 
spot shifts on the entrance face 3a in the Y direction, the 
intensity distribution on the light receiving area 4a changes 
in the Y“ direction. Each of the light receiving areas A, B, 
C and D, outputs a voltage corresponding to the received 
amount of light, Which is input to the controller 5. In FIG. 
3, a circle draWn With broken lines represents an outline of 
the beam spot formed by the re?ected light. 

[0057] In this speci?cation, directions are de?ned With 
reference to the X and Y directions in Which the beam spot 
formed on the entrance face 3a moves. In FIG. 1, When the 
entrance face 3a of the optical ?ber 3 is vieWed from the 
laser diode LD side, the left-hand direction is de?ned as a 
positive X direction (indicated as X(+)), the right-hand 
direction is de?ned as a negative X direction (indicated as 
X(—)), an upper direction is a positive Y direction (indicated 
as Y(+)), and a loWer direction is a negative Y direction 

(indicated as Y(—)). 
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[0058] According to the embodiment, a diffraction pattern 
is formed on the photo detector 4. The intensity distribution 
across the diffraction pattern varies depending on a position 
of a beam spot on the entrance face 3a of the optical ?ber 3. 
Speci?cally, based on the intensity distribution in the X 
direction, displacement of the beam spot on the entrance 
face 3a in the X direction can be knoWn, and based on the 
intensity distribution in the Y direction, displacement of the 
beam spot on the entrance face 3a in the Y direction can be 
knoWn. If the intensity distributions in X and Y directions 
When the center of the beam spot coincide With the center of 
the core 31 are knoWn in advance, by moving the beam spot 
so that the intensity distributions in the X and Y directions 
coincide With the knoWn distributions, the position of the 
beam spot can be adjusted. 

[0059] FIGS. 4A-4C shoWs a relationship betWeen posi 
tions (in the X direction) on Which a beam is incident on the 
entrance face 3a of the optical ?ber and intensity distribution 
of re?ected beams on the light receiving area 4a of the photo 
detector 4 (in the X“ direction). 

[0060] It is assumed that When the beam spot is incident on 
the entrance face 3a of the optical ?ber 3 such that the center 
of the beam spot coincides With the center of the core region 
3c, the intensity distribution is substantially symmetrical 
With respect to the center O of the photo detector 4 as shoWn 
in FIG. 4B. The intensity distribution When the center of the 
beam spot coincides With the center of the core region 3c 
Will be referred to as a reference distribution. 

[0061] When the beam spot incident on the entrance face 
3a of the optical ?ber 3 is shifted in X(—) direction, the 
intensity distribution of the diffraction pattern deforms as 
shoWn in FIG. 4A. When the beam spot incident on the 
entrance face 3a of the optical ?ber 3 is shifted in X(+) 
direction, the intensity distribution of the diffraction pattern 
deforms as shoWn in FIG. 4C. When the intensity distribu 
tion has the form as shoWn in FIG. 4A or FIG. 4C, by 
shifting the beam spot incident on the entrance face 3a of the 
optical ?ber 3 so that the intensity distribution coincides 
With the reference distribution, the center of the beam spot 
coincides With the center of the core region 3c. 

[0062] According to the embodiment, the position of the 
beam spot on the entrance face 3a of the optical ?ber 3 is 
controlled by making use of the above relationship of the 
position of the beam spot on the entrance face and the 
intensity distribution of the diffraction pattern on the light 
receiving area 4a of the photo detector 4. 

[0063] Practically, the control of the position of the beam 
spot is performed as folloWs. As described above, the photo 
detector 4 has four light receiving areas A, B, C and D (see 
FIG. 3), each detects the amount of light incident thereon. 
An integration value of the intensity distribution is consid 
ered to be an amount of light. 

[0064] In the eXample shoWn in FIGS. 4A-4C, Whether 
the intensity distribution coincides With the reference dis 
tribution can be determined by comparing the amount of 
light detected by the X“(—) side light receiving areas B and 
C With the amount of light detected by the X“(+) side light 
receiving areas A and D. That is, if the amount of light 
detected by the X“(—) side light receiving areas B and C is 
greater than the amount of light detected by the X“(+) side 
light receiving area A and D, it is considered that the beam 
spot is displaced on the X(—) side as shoWn in FIG. 4A. 
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[0065] If the amount of light detected by the X“(—) side 
light receiving areas B and C is smaller than the amount of 
light detected by the X“(+) side light receiving areaA and D, 
it is considered that the beam spot is displaced on the X(+) 
side as shoWn in FIG. 4C. Generally, from a difference 
betWeen the light amounts detected by the X“(—) side 
sensors and the light amounts detected by the X“(+) side 
sensors, Whether the beam spot is shifted on the X(—) side or 
the X(+) side is knoWn. FIG. 5 is a graph shoWing a 
relationship of the difference betWeen the light amounts 
detected by the X“(—) side sensors and detected by the X“(+) 
sensors and the shifting amount of the beam spot in the X 
direction. 

[0066] A similar discussion applies With respect to the 
relationship of the beam spot position in the Y direction. 
FIG. 6 is a chart shoWing the shift of the beam spot on the 
entrance face 3a of the optical ?ber 3 in the X and the Y 
directions, and the corresponding intensity distributions on 
light receiving surface 4a of the photo detector 4 and outputs 
of the light receiving areas to be compared. 

[0067] For eXample, in a case of the loWer-right cell of 
FIG. 6, the graphs (curves) shoW that the beam spot is 
displaced on the X(+) side and on the Y(—) side as indicated 
in the upper-right title cell and in the loWer-left title cell. 
This judgment is made by comparing the outputs of the light 
receiving areas (B+C) With the outputs of the light receiving 
areas (A+D) for the shift in the X direction, and by com 
paring the outputs of the light receiving areas (A+B) With the 
outputs of the light receiving areas (C+D) for the shift in the 
Y direction. Please note that, for the sake of brevity, the 
value representing the detected light amount is denoted by 
the name of the light receiving area (e.g., the value detected 
by the light receiving area A is also represented as “A”). 

[0068] In the eXample shoWn in FIG. 6, When the center 
of the beam spot coincides With the center of the core region 
3c, the intensity distributions on the X“(—) side and on the 
X“(+) side are the same, and the intensity distributions on 
the Y“(—) side and on the Y“(+) side are the same. Therefore, 
B+C=A+D, and A+B=C+D. In other cases, i.e., the com 
parison results shoWs some difference betWeen the detected 
light amounts, the controller 5 controls the actuator 6 so that 
the difference becomes Zero. 

[0069] It should be noted that, since the re?ected light is 
used for adjusting the position of the beam spot on the 
entrance face 3a of the optical ?ber 3, the controller 5 
repeatedly or continuously eXecutes the above-described 
position adjusting procedure even When the optical data is 
being transmitted. 

[0070] In the above-described embodiment, the X direc 
tion is perpendicular to the Y direction. The photo detector 
4 is arranged such that the differences betWeen the light 
amounts corresponding to the intensity distributions in the X 
direction and in the Y direction are output (the boundary 
lines 4b and 4c eXtend in Y and X directions, respectively). 
Then, the controller 5 controls the actuator 6 to move the 
converging lens 2 in the X direction and Y direction. 

[0071] The invention need not be limited to the above 
structure. The X and Y directions may form another angle 
other than 90 degrees. The boundary lines 4b and 4c need 
not be perpendicular to each other. Further, the orientation of 
the boundary lines 4b and 4c may different from the X and 
Y directions. 
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[0072] FIG. 7 shows an alternative arrangement of the 
photo detector 4. The photo detector 4 is oriented such that 
the Y“ and X“ directions (i.e., the boundary lines 4b and 4c) 
are rotated clockwise by 45 degrees at the center thereof. 
When the photo detector 4 is oriented in this Way, the outputs 
A and C are compared to examine the intensity distributions 
for adjusting the position of the beam spot in the X direction, 
and the outputs B and D are compared to examine the 
intensity distributions for adjusting the position of the beam 
spot in the Y direction. 

[0073] FIG. 8 shoWs an optical communication device 11 
according to a second embodiment. In the optical commu 
nication device 11, an optical ?ber 3‘ is used, Which is 
con?gured such that the entrance face is inclined With 
respect to the central axis of the optical ?ber 3‘. Speci?cally, 
the laser diode LD, the converging lens 2 and the optical 
?ber 3‘ are arranged so that the chief ray of the beam incident 
on the core of the optical ?ber 3‘ proceeds substantially 
along the central axis of the optical ?ber 3‘. With this 
arrangement, a coupling ef?ciency betWeen the laser diode 
LD and the converging lens 2 With respect to the optical ?ber 
3 is improved. 

[0074] FIG. 9 shoWs an optical communication device 12 
according to a third embodiment. In this embodiment, the 
laser diode LD, the converging lens 2 and the optical ?ber 
3 have a common optical axis (When the laser beam is 
incident on the core of the optical ?ber 3). With this 
con?guration, the light re?ected on the entrance face 3a of 
the optical ?ber returns the same optical path of the incident 
beam. 

[0075] For directing the re?ected light toWard the photo 
detector 4, a de?ector having a polariZation beam splitter 8 
and M4 plate 7 is inserted betWeen the entrance face 3a of 
the optical ?ber 3 and the converging lens 2. Generally, the 
laser beam emitted by the laser diode is linearly polariZed. 
An axis of polariZation of the polariZation beam splitter 8 is 
adjusted so that the beam emitted by the laser diode LD 
passes through the polariZation beam splitter 8. Since the M4 
plate 7 is provided on the optical ?ber side of the polariZa 
tion beam splitter 8, the beam passed through the de?ector 
is incident on the entrance face 3a of the optical ?ber as a 
circular polariZed beam. The re?ected beam then passes 
through the M4 plate 7 again and enters the polariZation 
beam splitter 8 as the linearly polariZed beam. It should be 
noted that the axis of the polariZation of the beam re?ected 
by the entrance face 3a and passed through the M4 plate 7 
is perpendicular to the axis of the polariZation emitted by the 
laser diode LD, and thus the re?ected beam is de?ected by 
the polariZation beam splitter 8 toWard the photo detector 4. 

[0076] Detection of the light amounts corresponding to the 
intensity distributions and adjustment of the incident posi 
tion of the beam on the entrance face 3a is similar to the 
above-described embodiments. 

[0077] FIG. 10 shoWs an optical communication device 
13 according to a fourth embodiment. The optical commu 
nication device 13 is similar to the optical communication 
device 12 except that the de?ector (i.e., the polariZation 
beam splitter 8 and the M4 plate 7) is arranged betWeen the 
laser diode LD and the converging lens 2. Due to this 
arrangement, the laser beam re?ected on the entrance face 
3a of the optical ?ber 3 passes through the converging lens 
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2, and is once converged and then incident on the photo 
detector 4 as a diverging beam to project the diffraction 
pattern. 

[0078] FIG. 11 shoWs an optical communication device 
14 according to a ?fth embodiment. In the optical commu 
nication device 14, a collimating lens 9 is employed. The 
laser beam emitted by the laser diode LD is collimated by 
the collimating lens 9, and then converged by the converging 
lens 2 on the entrance face 3a of the optical ?ber 3. In this 
embodiment, the de?ector including the polariZation beam 
splitter 8 and the M4 plate 7 is arranged betWeen the 
collimating lens 9 and the converging lens 2. Except for the 
above differences, the con?guration of the optical commu 
nication device 14 is similar to the con?guration of the third 
or fourth embodiment. It should be noted that the collimat 
ing lens 9 is sometimes provided integrally With the laser 
diode LD, and in such a case, the con?guration of the ?fth 
embodiment is particularly applicable. It should be noted 
that, similar to the third or forth embodiment, the de?ector 
may be arranged betWeen the laser diode LD and the 
collimating lens 9, or betWeen the converging lens 2 and the 
optical ?ber 3. 

[0079] In the above-described embodiments, it is assumed 
that When the center of the beam spot on the entrance face 
3a coincides With the center of the core region 3c, the 
intensity distribution of the diffraction pattern formed by the 
re?ected light exhibits a symmetrical distribution both in the 
X“ direction and in the Y“ direction (or the directions Where 
the intensity distribution changes as the converging lens 2 
moves) With respect to the center O of the photo detector 4 
(see FIGS. 3 and 4B). 

[0080] In practice, due to individual differences, the inten 
sity distribution may deviate from the state shoWn in FIG. 
4B. Further, due to variation over time, the intensity distri 
bution may also deviate. In such a case, for example, even 
if a difference betWeen (B+C) and (A+D) is Zero, the center 
of the beam spot may not coincide With the center of the core 
region 3c. 

[0081] The above problem can be overcome by increasing 
or decreasing the outputs of the light receiving areas in 
accordance With the deviation. For example, in the X“ 
direction, (B+C) or (A+D) may be increased by a predeter 
mined amount. Practically, this means that the difference 
betWeen (B+C) and (A+D) equals the predetermined 
amount. Therefore, in order to deal With the deviation of the 
intensity distribution as described above, the controller 5 
controls the actuator 6 so that the difference betWeen the 
light amount on the positive side (X“(+) or Y“(+) direction) 
and the light amount of the negative side (X“(—) or Y“(—) 
direction) becomes the predetermined amount. 

[0082] In the above-described embodiments, the photo 
detector 4 having four light receiving areas A-D is 
employed. The invention need not be limited to the con 
?guration, and a photo detector having a plurality of light 
receiving areas may be employed. For example, N><M light 
receiving areas (each of N and M being an integer greater 
than one) may be arranged in a matrix (to form a grid 
pattern). In particular, When N and M are greater than tWo, 
even if the center of the diffraction pattern shifts due to 
individual differences and/or variation over time, appropri 
ate four light receiving areas (arranged in 2x2) a center of 
Which coincides With or is close to the center of the 
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diffraction pattern formed by the re?ected light can be 
selected, and the adjusting the beam position can be per 
formed precisely. 

[0083] In the above embodiment, the converging lens 2 is 
moved to adjust the incident position of the laser beam on 
the entrance face 3a of the optical ?ber 3. It should be noted 
that the invention is not limited to such a con?guration, and 
any other suitable measure can be used, Which Will be 
described With reference to FIG. 12. 

[0084] FIG. 12 shoWs an optical communication device 
15 according to a siXth embodiment of the invention. The 
optical communication device 15 is similar to the optical 
communication device 10 shoWn in FIG. 1 eXcept that the 
converging lens 2 is not movable, that an transmission type 
de?ector K is provided on the optical path from the laser 
diode LD to the entrance face 3a of the optical ?ber 3, and 
that an actuator 6K for driving the de?ector K is provided 
instead of the actuator 6. 

[0085] In the con?guration shoWn in FIG. 12, the de?ec 
tor K is arranged betWeen the converging lens 2 and the 
entrance face 3a of the optical ?ber 3. The de?ector K is a 
single or plurality of optical elements capable of varying the 
optical path of the laser beam passed therethrough so that a 
position of the beam spot formed on the entrance face 3a can 
be controlled. 

[0086] FIG. 13 shoWs a cross sectional vieW of a variable 
angle prism 20 Which is used for the transmission type 
de?ector K. 

[0087] The variable angle prism 20 has tWo glass plates 21 
and 22, and an accordion-foldable elastic cover 23 connect 
ing the glass plate 21 and 22. Each of the glass plates 21 and 
22 has a suf?cient siZe (area) so that the laser beam to be 
converged on the entrance face 3a can pass therethrough. 
The glass plates 21 and 22 and the cover 23 enclose colorless 
liquid having a certain refractive indeX (e.g., Silicon oil). 
The glass plates 21 and 22 are held by glass holders 24a, 
24b, 24c and 24d. 

[0088] A distance betWeen the glass holders 24b and 24a' 
is maintained With a plurality of spacers 24e disposed 
therebetWeen. The glass holder 24c is secured to an angle 
adjusting unit 27, While the glass holder 24a is movably held 
by the angle adjusting unit 27. Speci?cally, the glass holder 
24a engages With a lead screW 26 of the angle adjusting unit 
27. The lead screW is can be rotated by the motor 25 through 
a gear train. As the motor 25 is driven to rotate the lead screW 
26, the glass holder 24a moves in the direction of the 
rotational aXis of the lead screW, thereby an angle 0 formed 
betWeen the glass plates 21 and 22 on a plane, is parallel 
With the rotation aXis of the lead screW and perpendicular to 
the surfaces of the glass plates 21 and 22. The plane along 
Which the angel 0 is de?ned Will be referred to an aXis of the 
variable angle. 

[0089] As the de?ector K (see FIG. 12), a pair of variable 
angle prisms 20 may be employed With the orientation of the 
aXes of variable angles differentiated from each other. For 
eXample, one of the aXes of the variable angle is parallel With 
the X direction and the other parallel With the Y direction. 
With such a con?guration, Without moving the converging 
lens 2, and only by changing the angle 0 of each variable 
angle prism 20, the beam position on the entrance face 3a 
can be changed arbitrarily. Such a con?guration Which does 
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not move the converging lens is particularly convenient 
When the converging lens cannot be moved (e.g., When the 
converging lens is formed integrally With the laser diode). 
When the pair of variable angle prisms 20 are employed, 
both prisms may be located on the same side (e.g., on the LD 
side or on the optical ?ber side 1). Alternatively, one of the 
variable angle prisms 20 may be arranged betWeen the laser 
diode and the converging lens 2, While the other may be 
located betWeen the converging lens 2 and the optical ?ber 
3. 

[0090] The above-described structure of the variable angle 
prism is only an exemplary one of such a prism and various 
types of variable angle prism can be used as the de?ector K. 

[0091] It should be noted that, in FIG. 13, the variable 
angle prism 20 has only one aXis of variable angle. It is 
possible to employ one variable angle prism having tWo aXes 
of variable angles as the de?ector K instead of tWo one-aXis 
variable angle prisms. 

[0092] Alternatively, the optical communication device 
may be con?gured such that the converging lens 2 and 
one-aXis variable angle prism 20 are movably arranged to 
adjust the position of the beam spot on the entrance face 3a 
of the optical ?ber 3. 

[0093] The present disclosure relates to the subject matters 
contained in Japanese Patent Application No. 2002-326610 
?led on Nov. 11, 2003, and Japanese Patent Application No. 
2002-323494 ?led on Nov. 7, 2003, Which are expressly 
incorporated herein by reference in their 

1. An optical communication device, comprising: 

a light source that emits a light beam; 

an optical ?ber having a core and a cladding, said optical 
?ber having a light entrance face having a core region 
and a cladding region, the light beam emitted by said 
light source being incident on the core region and being 
transmitted through said optical ?ber, the entrance face 
being con?gured to generate a light intensity distribu 
tion in light re?ected by said light entrance face 
depending on a position Where the light beam is inci 
dent on the entrance face; 

a converging lens arranged betWeen the light source and 
the optical ?ber, said converging lens converging the 
light beam emitted by said light source to form a beam 
spot on the entrance face of said optical ?ber; 

a light receiving device having a light receiving surface 
that receives the re?ected light that is a re?ection of the 
light beam emitted by said light source and re?ected by 
the entrance face of said optical ?ber, said light receiv 
ing device outputting a signal corresponding to the light 
intensity distribution; 

a beam spot moving structure that is controlled to move 
the beam spot on the entrance face; and 

a controller that controls the beam spot moving structure 
to move the beam spot on the entrance face such that 
the output signal of said light receiving device corre 
sponds to a reference intensity distribution Which is the 
intensity distribution When the incident position of the 
light beam is adjusted, 
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the entrance face having a stepped structure in Which the 
core region is stepped by a predetermined height With 
respect to the cladding region, the re?ected light being 
diffracted by the stepped structure, a diffraction pattern 
being formed on said light receiving surface of said 
light receiving device by the re?ected light. 

2. (canceled) 
3. The optical communication device according to claim 

1, Wherein a diameter of the beam spot formed on said light 
entrance face is greater than a diameter of a core region and 
smaller than a diameter of the cladding region. 

4. The optical communication device according to claim 
3, Wherein said light receiving device is con?gured to output 
a signal corresponding to the light intensity distribution in a 
?rst direction and another signal corresponding to the light 
intensity distribution in a second direction that is different 
from the ?rst direction. 

5. The optical communication device according to claim 
4, Wherein said beam spot moving structure is con?gured to 
move the beam spot on the entrance face of said optical ?ber 
in a third direction and in a fourth direction Which is 
different from the third direction, separately. 

6. The optical communication device according to claim 
5, Wherein the ?rst direction corresponds to the third direc 
tion, and Wherein the second direction corresponds to the 
fourth direction. 

7. The optical communication device according to claim 
5, Wherein the ?rst direction is different from each of the 
third and fourth directions, and wherein the second direction 
is different from each of the third and fourth directions. 

8. The optical communication device according to claim 
3, 

Wherein said light receiving surface includes a plurality of 
light receiving areas, each of said light receiving areas 
being capable of detecting an amount of light incident 
thereon, and 

Wherein said controller includes a determining system that 
determines Whether the intensity distribution of the 
light incident on the light receiving surface of said light 
receiving device equals the reference intensity distri 
bution in accordance With the light amounts detected by 
said plurality of light receiving areas. 

9. The optical communication device according to claim 
8, Wherein said plurality of light receiving areas includes 
N><M areas arranged in matrix, Where each of N and M is an 
integer greater than one. 

10. The optical communication device according to claim 
9, Wherein at least one of N and M is greater than 2, and 
Wherein only four light receiving areas arranged in a 2x2 
matrix are used from among the N><M light receiving areas. 

11. The optical communication device according to claim 
9, 

Wherein said beam spot moving structure is con?gured to 
move the beam spot on the entrance face of said optical 
?ber in tWo different directions, separately, and 

Wherein directions in Which said light receiving areas are 
arranged substantially coincide With the directions in 
Which the beam spot moving structure moves the beam 
spot. 

12. The optical communication device according to claim 
9, 
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Wherein said beam spot moving structure is con?gured to 
the beam spot on the entrance face of said optical ?ber 
in tWo different directions, separately, and 

Wherein directions in Which said light receiving areas are 
arranged are different from the directions in Which the 
beam spot moving structure moves the beam spot. 

13. The optical communication device according to claim 
3, Wherein said core region protrudes toWard said light 
source With respect to said cladding region. 

14. The optical communication device according to claim 
13, Wherein said core region protrudes With respect to said 
cladding region by an amount less than k/(4n), Where 7» is a 
Wavelength of the light beam emitted by said light source 
and n is a refractive indeX of medium in Which the light 
beam proceeds. 

15. The optical communication device according to claim 
14, Wherein said core region protrudes With respect to said 
cladding region by an amount substantially equal to k/(Sn). 

16. The optical communication device according to claim 
3, Wherein said core region is parallel With said cladding 
region. 

17. The optical communication device according to claim 
16, Wherein said entrance face is substantially perpendicular 
to the optical aXis of the optical communication device. 

18. The optical communication device according to claim 
16, Wherein said entrance face is inclined With respect to a 
plane perpendicular to the optical aXis of the optical com 
munication device. 

19. The optical communication device according to claim 
18, further including a beam splitter that directs at least a 
part of the light beam emitted by said light source toWard 
said entrance face, said beam splitter directing at least a part 
of the re?ected light toWard said light receiving device. 

20. The optical communication device according to claim 
1, Wherein said controller controls said beam spot moving 
structure to move the beam spot even When data is being 
transmitted. 

21. An optical communication device, comprising: 

an optical ?ber having a core and a cladding, said optical 
?ber having a light entrance face having a core region 
and a cladding region, a beam spot being incident on 
the core region and being transmitted through said 
optical ?ber, the entrance face being con?gured to 
generate a light intensity distribution in light re?ected 
by said light entrance face depending on a position 
Where the light spot is incident on the entrance face; 

a light receiving device having a light receiving surface 
that receives re?ected light that is a re?ection of the 
light spot re?ected by the entrance face of said optical 
?ber, said light receiving device outputting a signal 
corresponding to the light intensity distribution; 

a beam spot moving structure that is controlled to move 
the beam spot on the entrance face; and 

a controller that controls the beam spot moving structure 
to move the beam spot on the entrance face such that 
the output signal of said light receiving device corre 
sponds to a reference intensity distribution Which is the 
intensity distribution When the incident position of the 
light beam is adjusted, 
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the entrance face having a stepped structure in Which the being formed on said light receiving surface of said 
core region is stepped by a predetermined height With light receiving device by the re?ected light. 
respect to the cladding region, the re?ected light being 
diffracted by the stepped structure, a diffraction pattern * * * * * 


