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LASER ARRAY DEVICE AND LASER ARRAY 
CONTROL METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a US. continuation application 
Which is ?led under 35 USC lll(a) and claims the bene?t 
under 35 USC 120 and 365(c) of International Application 
No. PCT/ JP02/ 031 15, ?led on Mar. 28, 2002, the entire con 
tents of Which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention generally relates to a laser 
array device and laser array control method, and more par 
ticularly to a laser array device and laser array control method 
Which detects independently respective optical outputs of 
lasers of a laser array and controls the laser array driving. 
[0004] 2. Description of the Related Art 
[0005] In recent years, With the progress of optical-com 
munication technology, the information processing devices 
are connected together by the optical ?ber cables, and the 
communication betWeen the information processing devices 
has come to be performed by transmitting and receiving the 
optical signals via the optical ?ber cables. 
[0006] The laser array device is used to output the laser 
beam from the laser light source to the optical ?ber cable 
according to transmission information. The laser array device 
is usually equipped With a laser safety circuit. This laser 
safety circuit is provided to control the output of the laser 
array so that the intensity of the laser beam outputted from the 
laser array device satis?es the requirements of the laser safety 
standards. 
[0007] FIG. 1 shoWs the composition of a conventional 
laser array device. As shoWn in FIG. 1, the conventional laser 
array device comprises the laser array driver IC 100, the laser 
array 300, the monitor photodiode MD1, and the monitor 
photodiode MD2. 
[0008] The laser array driver IC 100 and the monitor pho 
todiode MD1 constitute the ?rst detection and control loop of 
the laser safety circuit, and the laser array driver IC 100 and 
the monitor photodiode MD2 constitute the second detection 
and control loop of the laser safety circuit. 
[0009] The laser array 300 comprises the communication 
laser array 310, the monitoring laser 301, and the output 
control laser 302. 
[0010] The monitor photodiode MD1 detects the laser 
beam outputted from the monitoring laser 3 01, and feeds back 
the detected information to the laser array driver IC 100. 
[0011] The monitor photodiode MD2 detects the laser 
beam outputted from the output control laser 302, and feeds 
back the detected information to the laser array driver IC 100. 
[0012] In the example of FIG. 1, the communication laser 
array 310 is provided to output the laserbeams of six channels 
(or six bits) for the sake of convenience of description. In the 
conventional laser array device, the communication laser 
array 310 is controlled by carrying out the monitoring of the 
laser beams outputted from the monitoring laser 301 and the 
output control laser 302 by means of the ?rst and second 
detection and control loops. 
[0013] The laser array driver IC 100 controls the intensity 
of each of the six-channel laser beams outputted from the 
communication laser array 310. That is, the input data of the 
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six channels according to transmission information Which 
should be transmitted is inputted into the laser array driver IC 
100, and the laser array driver IC 100 drives each of the lasers 
of the communication laser array 310 according to the input 
data of the six channels. The laser beams outputted from the 
lasers of the communication laser array 310 are outputted to 
the six optical ?ber cables, respectively. 
[0014] In the case of the conventional laser array device, 
When the performance of the monitoring laser 301 degrades 
or the laser output ef?ciency thereof falls, the control infor 
mation to increase the intensity of each of the laser beams 
outputted from the communication laser array 310 is sent 
from the monitor photodiode MD1 to the laser array driver IC. 
In such a case, the laser output of the communication laser 
array 3 1 0, Which operates normally, may exceed the reference 
level of the laser-beam intensity of the laser safety standards. 
[0015] In order to prevent this problem, the second detec 
tion and control loop, Which comprises the monitor photo 
diode MD2 and the output control laser 302, is provided, and, 
When the intensity of the output laser beam of the output 
control laser 302 Which is detected by the monitor photodiode 
MD2 exceeds the reference level, the laser array driver IC 100 
detects the excessive laser-beam intensity, and performs the 
control of stopping the laser output of the communication 
laser array 310. 
[0016] HoWever, When both the monitoring laser 301 and 
the output control laser 302 break doWn, the control function 
to stop the laser output exceeding the reference level does not 
Work in the conventional laser array device. That is, in this 
case, the excessive laser beam may be outputted from the 
communication laser array 310. 
[0017] As described above, the conventional laser array 
device is con?gured so that the monitoring laser 301 and the 
output control laser 302 separate from the communication 
laser array 310 are arranged, and the monitor photodiodes 
MD1 and MD2 corresponding to these exclusive-use lasers 
are arranged. For this reason, if any of the exclusive-use lasers 
301 and 302 and the photodiodes MD1 and MD2 break doWn, 
suf?cient countermeasures against that case are not taken. 
[0018] Moreover, When any of the exclusive-use lasers 301 
and 302 and the photodiodes MD1 and MD2 break doWn, the 
oscillation of all the lasers of the communication laser array 
310 may be stopped by the control information so that the 
Whole system carrying the laser array device stops, even if the 
lasers of the communication laser array 310 are not out of 
order. 

SUMMARY OF THE INVENTION 

[0019] An object of the present invention is to provide an 
improved laser array device in Which the above-described 
problems are eliminated. 
[0020] Another object of the present invention is to provide 
a laser array device and laser array control method Which 
provides increased safety for the laser output by detecting and 
controlling respective optical outputs of the lasers of the laser 
array independently of each other. 
[0021] Another object of the present invention is to provide 
an information processing device equipped With the laser 
array device Which provides increased safety for the laser 
output by detecting and controlling the respective optical 
outputs of the lasers of the laser array independently of each 
other. 
[0022] The above-mentioned objects of the present inven 
tion are achieved by a laser array device comprising: a trans 
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mitting unit having a plurality of lasers outputting laser beams 
carrying transmission data Which are sent to an external 
device; a receiving unit having a plurality of optical detectors 
detecting laser beams carrying data Which are received from 
an external device; and a control unit having a plurality of 
laser control circuits Which respectively drive the lasers of the 
transmitting unit in accordance With the transmission data, 
Wherein the plurality of lasers and the plurality of optical 
detectors are formed adjacent to each other into a plurality of 
unit modules, each of the plurality of unit modules containing 
one of the lasers of the transmitting unit, one of the optical 
detectors of the receiving unit, Which adjoin to each other, and 
one of the laser control circuits of the control unit, and 
Wherein each unit module is con?gured to re?ect a part of 
laser beam outputted from the laser concerned to input the 
part of the laser beam into the optical detector concerned, to 
detect an intensity of the laser beam outputted from the laser 
concerned based on a detection signal outputted from the 
optical detector concerned, and to stop the laser output of the 
laser concerned When the detected laser-beam intensity 
exceeds a predetermined reference level. 

[0023] The above-mentioned objects of the invention are 
achieved by an information processing device in Which a laser 
array device is incorporated, the information processing 
device transmitting an optical signal to and receiving an opti 
cal signal from an external information processing device 
through an optical ?ber cable, the laser array device compris 
ing: a transmitting unit having a plurality of lasers outputting 
laser beams carrying transmission data Which are sent to an 
external device; a receiving unit having a plurality of optical 
detectors detecting laser beams carrying data Which are 
received from an external device; and a control unit having a 
plurality of laser control circuits Which respectively drive the 
lasers of the transmitting unit in accordance With the trans 
mission data, Wherein the plurality of lasers and the plurality 
of optical detectors are formed adjacent to each other into a 
plurality of unit modules, each of the plurality of unit modules 
containing one of the lasers of the transmitting unit, one of the 
optical detectors of the receiving unit, Which adjoin to each 
other, and one of the laser control circuits of the control unit, 
and Wherein each unit module is con?gured to re?ect a part of 
laser beam outputted from the laser concerned to input the 
part of the laser beam into the optical detector concerned, to 
detect an intensity of the laser beam outputted from the laser 
concerned based on a detection signal outputted from the 
optical detector concerned, and to stop the laser output of the 
laser concerned When the detected laser-beam intensity 
exceeds a predetermined reference level. 

[0024] The above-mentioned objects of the invention are 
achieved by a of controlling a laser array device Which com 
prises a transmitting unit having a plurality of lasers output 
ting laser beams carrying transmission data Which are sent to 
an external device, a receiving unit having a plurality of 
optical detectors detecting laser beams carrying data Which 
are received from an external device, and a control unit having 
a plurality of laser control circuits Which respectively drive 
the lasers of the transmitting unit in accordance With the 
transmission data, Wherein the plurality of lasers and the 
plurality of optical detectors are formed adjacent to each 
other into a plurality of unit modules, each of the plurality of 
unit modules containing one of the lasers of the transmitting 
unit, one of the optical detectors of the receiving unit, Which 
adjoin to each other, and one of the laser control circuits of the 
control unit, the method comprising the steps of: re?ecting a 
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part of laser beam outputted from the laser concerned of each 
unit module When the laser output of the laser concerned is in 
progress, so that the part of the laser beam is inputted into the 
optical detector concerned; detecting an intensity of the laser 
beam outputted from the laser concerned based on a detection 
signal outputted from the optical detector concerned; and 
stopping the laser output of the laser concerned When the 
detected laser-beam intensity exceeds a predetermined refer 
ence level. 

[0025] According to the laser array device and the laser 
array control method of the present invention, a part of the 
optical output from each of the respective laser light sources 
of the communication laser array is detected independently 
and the feedback control of the detected information is car 
ried out. Even if a failure occurs in each laser light source, the 
optical output of the Whole laser array device does not stop. 
The problem that a failure of the monitoring laser leads to the 
system-Wide failure as in the conventional laser array device 
is eliminated according to the present invention. 
[0026] For example, When one of the laser light sources in 
the communication unit breaks doWn, the breakdown only 
affects only one bit of the transmission data according to the 
present invention. By using the parity check function etc., the 
occurrence of system-Wide failure can be avoided. 
[0027] Moreover, according to the laser array device and 
the information processing device of the present invention, 
the optical detector of the receiving unit is utiliZed as the 
detection and control loop of the laser safety circuit. When 
compared With the conventional laser array device Wherein 
the additional monitoring detectors must be arranged sepa 
rately according to the corresponding number of the lasers of 
the transmitting laser array of the transmitting unit, it is not 
necessary for the present invention to provide an additional 
monitoring photodetector, and reduction of the manufactur 
ing cost can be attained. 
[0028] Other objects, features and advantages of the 
present invention Will be apparent from the folloWing detailed 
description When read in conjunction With the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 is a diagram shoWing the composition of the 
conventional laser array device. 
[0030] FIG. 2A and FIG. 2B are diagrams shoWing the 
fundamental composition of the laser array device of the 
present invention. 
[0031] FIG. 3 is a ?oWchart for explaining the laser array 
control process Which is performed by the laser array device 
of the present invention. 
[0032] FIG. 4A and FIG. 4B are diagrams shoWing the 
composition of the laser array device in the ?rst preferred 
embodiment of the present invention. 
[0033] FIG. 5A is a diagram shoWing the substrate in Which 
the laser array device of FIG. 4B is incorporated. 
[0034] FIG. 5B is a diagram shoWing the composition of 
the parallel optical transceiver Which utiliZes the substrate 
shoWn in FIG. 5A. 
[0035] FIG. 5C is a diagram shoWing the bottom of the 
optical connector shoWn in FIG. 5B. 
[0036] FIG. 6A and FIG. 6B are diagrams shoWing an 
example of the multi-CPU information processing device in 
Which the laser array device of the present invention is 
embodied. 
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[0037] FIG. 7 is a diagram showing the composition of the 
laser array device in the second preferred embodiment of the 
present invention. 
[0038] FIG. 8 is a diagram showing the composition of the 
laser array device in the third preferred embodiment of the 
present invention. 
[0039] FIG. 9A and FIG. 9B are diagrams for explaining a 
method of producing the optical Waveguide of the laser array 
device shoWn in FIG. 4B. 
[0040] FIG. 10A and FIG. 10B are diagrams for explaining 
the method of producing the optical Waveguide of the laser 
array device shoWn in FIG. 4B. 
[0041] FIG. 11A and FIG. 11B are diagrams for explaining 
the method of producing the optical Waveguide of the laser 
array device shoWn in FIG. 4B. 
[0042] FIG. 12A and FIG. 12B are diagrams for explaining 
the method of producing the optical Waveguide of the laser 
array device shoWn in FIG. 4B. 
[0043] FIG. 13A and FIG. 13B are diagrams for explaining 
the method of producing the optical Waveguide of the laser 
array device shoWn in FIG. 4B. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0044] A description Will noW be given of preferred 
embodiments of the present invention With reference to the 
accompanying draWings. 
[0045] FIG. 2A and FIG. 2B shoW the fundamental com 
position of the laser array device of the present invention. 
[0046] As shoWn in FIG. 2A, in the laser array device of this 
embodiment, the pairs of the receiving photodetector array 20 
and the transmitting laser array 30 are arranged in parallel so 
that the photodetector array 20 and the laser array 30 are 
adjacent to each other. The number of the pairs of the photo 
detector array 20 and the laser array 30 in the laser array 
device may be one or plural. 
[0047] In the receiving photodetector array 20, the plurality 
of photodetectors (optical detectors) are arranged in a roW, 
and each photodetector is formed to detect the laser beam 
carrying data transmitted from an external device, and to have 
the optical detection function Which outputs the detected 
optical signal. 
[0048] The receiving photodetector array 20 having the 
plurality of photodetectors operates as a receiving unit Which 
inputs the optical signal sent from the information processing 
device of the sending node via the optical ?ber cable. 
[0049] In the transmitting laser array 30, the plurality of 
lasers are arranged in a roW, and each laser is formed to 
function as a laser light source Which outputs the laser beam 
carrying transmission data being sent to an external device. 
[0050] The transmitting laser array 30 having the plurality 
of laser light sources operates as a transmitting unit Which 
outputs the optical signal Which is transmitted to the infor 
mation processing device of the second node via the optical 
?ber cable. 
[0051] In the folloWing, unit block containing the pair of 
one laser of the transmitting laser array 30 and one photode 
tector of the receiving photodetector array 20, Which are 
adjacent to each other, Will be called unit module 40. More 
over, the laser array device according to the present invention 
comprises the plurality of unit modules 40, and there is no 
need to contain an additional monitoring laser or additional 
monitoring photodetector in order to provide increased safety 
for the laser output. 
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[0052] As shoWn in FIG. 2B, the laser array driver IC 10-1 
(laser control circuit) is provided in the laser array device of 
the present invention. It is possible that this laser array driver 
IC is provided corresponding to each of the plurality of unit 
modules 40. Alternatively, it is possible that a single IC form 
ing the plurality of laser control circuits corresponding to the 
plurality of unit modules 40 is provided in the laser array 
device of the present invention. 
[0053] The input data according to transmission informa 
tion Which should be transmitted are inputted into the laser 
array driver IC 10-1, and the laser array driver IC drives the 
transmitting laser 30-1 according to a corresponding bit of the 
input data. 
[0054] The laser array driver IC 10-1 is connected to the 
receiving photodetector 20-1 by the signal line, and the laser 
array driver IC 10-1 receives the laser output information of 
the transmitting laser 30-1 fed back from the photodetector 
20-1. 

[0055] The laser array driver IC 10-1 controls the intensity 
of the laser beam outputted from the transmitting laser 30-1 
according to the received laser output information of the 
transmitting laser 30-1. 
[0056] The plurality of unit modules 40 of FIG. 2A are 
provided in the laser array device of the present invention. 
Each unit module 40 not only constitutes the transmitter/ 
receiver unit of the optical signal, but also constitutes the laser 
safety circuit for one laser of the transmitting laser array 30. 
[0057] As shoWn in FIG. 2B, each unit module 40 com 
prises the transmitting laser 30-1 (one laser of the transmit 
ting laser array 30), the receiving photodetector 20-1 (one 
photodetector of the receiving photodetector array 20), the 
?rst mirror 52, and the second mirror 54. 
[0058] The ?rst mirror 52 and the second mirror 54 re?ect 
a part of laser beam outputted from the transmitting laser 
30-1, and input the re?ected light into the receiving photode 
tector 20-1. 

[0059] The receiving photodetector 20-1 detects the 
received laser beam, and feeds back the detected information 
to the laser array driver IC 10-1. 

[0060] The laser array driver IC 10-1 controls the intensity 
of the laser beam outputted from the transmitting laser 30-1 
based on the detected information received from the photo 
detector 20-1. 

[0061] For example, When the detected information 
received from the photodetector 20-1 indicates a fall of the 
intensity of the output laser beam of the transmitting laser 
30-1, the laser array driver IC 10-1 performs the control 
Which increases the drive current supplied to the transmitting 
laser 30-1 from the laser array driver IC 10-1 in order to raise 
the intensity of the laser beam outputted from the transmitting 
laser 30-1. 

[0062] On the contrary, When the detected information 
received from the photodetector 20-1 indicates a rise of the 
intensity of the output laser beam of the transmitting laser 
30-1, the laser array driver IC 10-1 performs the control 
Which decreases the drive current supplied to the transmitting 
laser 30-1 from the laser array driver IC 10-1 in order to loWer 
the intensity of the laser beam outputted from the transmitting 
laser 30-1. 

[0063] Moreover, When it is detected from the received 
detected information that the intensity of the output laser 
beam of the transmitting laser 30-1 exceeds the reference 
level of the laser safety standards, the laser array driver IC 
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10-1 stops the supply of the drive current to the transmitting 
laser 30-1 so that the laser output of the transmitting laser 
30-1 is stopped. 
[0064] FIG. 3 is a ?owchart for explaining the laser array 
control processing Which is performed by the laser array 
driver IC of the laser array device of FIG. 2B. 

[0065] Execution of the laser array control processing 
shoWn in FIG. 3 is started upon poWer up of the laser array 
device, or at the time of detection of a reset action, or When 
needed. 

[0066] In the following, the laser array driver IC 10-1 of the 
laser array device Will be simply called the control unit, for 
the sake of convenience of explanation. 

[0067] Moreover, it is assumed that the laser array device of 
FIG. 2B is built in the information processing device of a ?rst 
node and it is provided so that transmission and reception of 
the optical signal to and from the information processing 
device of a second node through the optical ?ber cable is 
possible. In this case, it is assumed that, When one informa 
tion processing device transmits the optical signal to another 
information processing device, the half-duplex data commu 
nication is performed in Which the former only transmits the 
optical signal and the latter only receives the optical signal at 
a time. 

[0068] The laser array control processing of FIG. 3 is per 
formed as folloWs. 

[0069] At a start of the laser array control processing of 
FIG. 3, the control unit determines Whether it receives the 
end-of-transmission command from the second node’s infor 
mation processing device (S11). 
[0070] When it is determined at step S11 that the end-of 
transmission command is received, the control unit sets the 
laser output-control mode of the laser array device ON (S12). 
[0071] When it is determined at step S11 that the end-of 
transmission command is not received yet, the control is 
returned to step S11. 

[0072] After the step S12 is performed, the control unit 
starts the oscillation of each laser of the transmitting laser 
array 30 according to the information Which is to be trans 
mitted to the second node’s information processing device 
(S13). 
[0073] Next, the control unit determines Whether the trans 
mission of all the information Which is to be transmitted to the 
second node’s information processing device is completed 
(S14). 
[0074] When it is determined at step S14 that the transmis 
sion is completed, the control unit transmits the end-of-trans 
mission command to the second node’s information process 
ing device (S15). And the control unit stops operation of each 
laser (S16). 
[0075] After the step S16 is performed, the control unit sets 
the laser output-control mode of the laser array device OFF 
(S17). After the step S17 is performed, the control is returned 
to step S11. 

[0076] On the other hand, When it is determined at step S14 
that the transmission is still in progress, the control unit 
checks the existence of the electrical signal outputted from 
the receiving photodetector 20-1 in the same unit module 40 
(S18). In this case, a part of the laser beam outputted from the 
transmitting laser 30-1 is re?ected by the mirrors 52 and 54, 
and such re?ected laser beam is inputted to the receiving 
photodetector 20-1. If inputted, the receiving photodetector 
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20-1 converts the inputted laser beam into the electrical sig 
nal, and feeds back the electrical signal to the control unit (the 
laser array driver IC 10-1). 
[0077] Next, the control unit receives the electrical signal 
outputted from the receiving photodetector 20-1 in the same 
unit module 40, and detects the current value of the received 
electrical signal (S19). 
[0078] After the step S19 is performed, the control unit 
determines Whether the intensity of the output laser beam of 
the transmitting laser 30-1 declines based on the current value 
of the electrical signal received from the receiving photode 
tector 20-1 (S20). 
[0079] When it is determined at step S20 that the intensity 
of the output laser beam declines, the control unit performs 
control Which increases the drive current supplied to the 
transmitting laser 30-1 to increase the intensity of the laser 
beam outputted by the transmitting laser 3 0-1 (S21). After the 
step S21 is performed, the control unit progresses to the 
folloWing step S25. 
[0080] Moreover, When it is determined at step S20 that the 
intensity of the output laser beam does not declines, the 
control unit determines Whether the intensity of the output 
laser beam of the transmitting laser 30-1 increases based on 
the current value of the electrical signal received from the 
receiving photodetector 20-1 (S22). 
[0081] When it is determined at step S22 that the intensity 
of the output laser beam increases, the control unit performs 
control Which decreases the drive current supplied to the 
transmitting laser 30-1 to loWer the intensity of the laserbeam 
outputted by the transmitting laser 30-1 (S23). After the step 
S23 is performed, the control unit progresses to the folloWing 
step S25. 
[0082] On the other hand, When it is determined at step S22 
that the intensity of the output laser beam does not increase, 
the control unit does not change the drive current supplied to 
the transmitting laser 30-1 (S24). 
[0083] Moreover, after the step S21 or the step S23 is per 
formed, the control unit determines Whether the intensity of 
the output laser beam of the transmitting laser 30-1 exceeds 
the reference level based on the current value of the electrical 
signal received from the receiving photodetector 20-1 (S25). 
[0084] When it is determined at step S25 that it exceeds the 
reference level, the control unit stops the supply of the drive 
current to the transmitting laser, and suspends the laser out 
putting (S26). 
[0085] On the contrary, When it is determined at step S25 
that it does not exceed the reference level, the control is 
returned to the step S14. 

[0086] According to the laser array control method of the 
present invention, a part of the optical output from each of the 
respective laser light sources of the communication laser 
array 30 is detected independently and the feedback control 
of the detected information is carried out. Even if a failure 
occurs in any of the individual laser light sources, the optical 
outputting of the Whole laser array device does not stop. 
[0087] Therefore, the problem that a failure of the monitor 
ing laser or the monitoring photodetector leads to the system 
Wide failure as in the conventional laser array device is elimi 
nated according to the laser array control method of the 
present invention. 
[0088] FIG. 4A and FIG. 4B shoW the composition of the 
laser array device in the ?rst preferred embodiment of the 
present invention. 
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[0089] FIG. 4A depicts hoW the unit modules 40 in the laser 
array device of this embodiment are arranged in the optical 
Waveguide 60 formed by the core 14 and the clad 16. 
[0090] Each of the unit modules 40 comprises the transmit 
ting laser 30-1, the receiving photodetector 20-1, the ?rst 
mirror 52, and the second mirror 54. 
[0091] The laser 30-1 and the photodetector 20-1 are sepa 
rated by a predetermined interval and they are attached to the 
laser array attachment section and the photodetector attach 
ment section of the support part 12, respectively. 
[0092] The optical Waveguide 60 is provided on the support 
part 12, and the core 14 is formed With the transparent layer 
Which passes the light outputted from the laser 30-1 into the 
optical ?ber cable, and the transparent layer Which passes the 
light inputted from the optical ?ber cable into the photode 
tector 20-1. 

[0093] The ?rst mirror 52 is formed in the slope section of 
the clad 16, re?ects a part of laser beam outputted from the 
laser 30-1, and leads it to the second mirror 54. 
[0094] The second mirror 54 is formed in the slope section 
provided in the position Which counters the ?rst mirror 52 of 
the clad 16, re?ects the re?ected light from the ?rst mirror 52 
further, and inputs it into the photodetector 20-1. 
[0095] The photodetector 20-1 detects the received laser 
beam, and feeds back the detected information to the laser 
array driver IC (not shoWn). 
[0096] It is necessary to form With a su?iciently narroW 
Width the core portion Which interconnects the core 14 on the 
side of the laser and the core 14 on the side of the photode 
tector so that only the horizontal laser beam can pass through 
the core portion. This is needed to ensure that the light Which 
reaches from the outside to the photodetector 20-1 does not 
affect the laser 30-1. 
[0097] As shoWn in FIG. 4B, the plurality of the unit mod 
ules 40 of the laser array device of this embodiment are 
arranged along the longitudinal direction of the optical 
Waveguide 60 in one roW. 
[0098] Therefore, the laser 30-1 and the photodetector 20-1 
of each unit module 40 are similarly attached to the support 
part 12, and the transparent layer of the core 14 is formed in 
the optical Waveguide 60 With respect to each of the pairs of 
the laser 30-1 and the photodetector 20-1 corresponding to 
the unit modules 40. 
[0099] The ?rst mirror 52 and the second mirror 54 of each 
unit module 40 are formed in the respective slope sections of 
the clad 16 of the optical Waveguide 60 in the same arrange 
ment. 

[0100] FIG. 5A shoWs the composition of the substrate 18 
in Which the laser array device of FIG. 4B is mounted. 
[0101] The transmitting laser array 30 and the receiving 
photodetector array 20 Which are attached to the support part 
12 are mounted in the substrate 18. The optical Waveguide 60 
shoWn in FIG. 4B is attached to the support part 12. 
[0102] Moreover, one laser array driver IC 10 is mounted 
on the substrate 18 With respect to each of the plurality of unit 
modules 40, and the Wiring Which connects each laser of the 
transmitting laser array 30 and the corresponding laser array 
drivers IC 10, and the Wiring Which connects each photode 
tector of the receiving photodetector array 20 and the corre 
sponding laser array drivers IC 10 are formed on the substrate 
18. 
[0103] FIG. 5B shoWs the composition of the parallel light 
transceiver using the substrate 18 shoWn in FIG. 5A. FIG. 5C 
shoWs the optical connector shoWn in FIG. 5B. 
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[0104] As shoWn in FIG. 5B, the parallel light transceiver 
72 is built by accommodating the substrate 18 of FIG. 5 A in 
the housing 63. 
[0105] The connector 62 Which is connected to the optical 
?ber cable 66 is connected With the receptacle 64 Which is 
formed in the upper part of the housing 63. 
[0106] The optical ?ber cable 66 is accommodated in the 
guard 68, and the optical ?ber cable 66 is protected so that it 
may not be in?uenced by the external light from the outside. 
[0107] As shoWn in FIG. SC, in the bottom of the connector 
62, the plurality of ends of the optical ?ber cable 66 are 
arranged in tWo roWs. 

[0108] By connecting the connector 62 to the receptacle 64, 
the ends of the optical ?ber cable 66 arranged in one roW are 
coupled to the core 14 on the side of the lasers of the optical 
Waveguide 60, and the ends of the optical ?ber cable 66 
arranged in the other roW are coupled to the core 14 on the side 
of the photodetectors of the optical Waveguide 60. 
[0109] FIG. 6A and FIG. 6B shoW an example of the multi 
CPU information processing device in Which the laser array 
device of the present invention is embodied. 
[0110] FIG. 6A shoWs the CPU board 70 in Which the 
optical parallel transceiver 72 in FIG. 5B is mounted. 
[0111] A pair of the optical parallel transceivers 72, the 
CPU chip 74, and the other IC chips 76 are mounted in the 
CPU board 70. 
[0112] FIG. 6B shoWs the composition of the multi-CPU 
information processing device 80 in Which a plurality of the 
CPU boards 70 shoWn in FIG. 6A are mounted. 
[0113] In the multi-CPU information processing device 80, 
the CPU boards 70 Which are connected together by the 
parallel optical cable 78 are mounted on the mother board 84. 
[0114] In the housing of the multi-CPU information pro 
cessing device 80, the poWer supply 82 and the plurality of 
memory boards 86 are accommodated. 

[0115] By applying the laser array device of the present 
invention to this multi-CPU information processing device 
80, the safety in the case of transmitting and receiving the 
laser beam betWeen the respective information processing 
devices can be improved further. 
[0116] Next, FIG. 7 shoWs the composition of the laser 
array device in the second preferred embodiment of the 
present invention. 
[0117] In FIG. 7, the elements Which are essentially the 
same as the corresponding elements shoWn in FIG. 4A are 
designated by the same reference numerals, and a description 
thereof Will be omitted. 
[0118] Similar to the ?rst preferred embodiment mentioned 
above, the laser array device of the embodiment shoWn in 
FIG. 7 is provided so that the plurality of unit modules 40 are 
arranged along the longitudinal direction of the optical 
Waveguide 60 in one roW. 

[0119] The present embodiment differs from the embodi 
ment of FIG. 4A in that the core 14, the clad 16 and the ?rst 
mirror 52 are arranged in the optical Waveguide 60 included in 
one unit module 40 as shoWn in FIG. 7, and the other com 
position is the same as the embodiment of FIG. 4A. 

[0120] In the laser array device of this embodiment, a part 
of the laser beam outputted from the laser 30-1 in each unit 
module 40 is refracted in the border plane of the laser side 
core 14 and the clad 16, and the laser beam Which passes 
through this border plane is re?ected by the ?rst mirror 52. 
This re?ected light is horizontally led to the second mirror 54. 



US 2008/0181271A1 

[0121] The second mirror 54 re?ects the re?ected light 
further, and inputs it into the photodetector 20-1. For this 
reason, the ?rst mirror 52 is formed in the slope section 
provided in the border plane of the laser side clad 16 and the 
core 14. 

[0122] Similar to the embodiment of FIG. 4A, the core 
portion Which interconnects the core 14 on the side of the 
lasers and the core 14 on the side of the photodetectors is 
formed With a su?iciently narroW Width so that only the 
horizontal laser beam can pass through the core portion. 
[0123] Next, FIG. 8 shoWs the composition of the laser 
array device in the third preferred embodiment of the present 
invention. 
[0124] In FIG. 8, the elements Which are essentially the 
same as the corresponding elements shoWn in FIG. 4A are 
designated by the same reference numerals, and a description 
thereof Will be omitted. 
[0125] Similar to the ?rst preferred embodiment mentioned 
above, the laser array device of the embodiment shoWn in 
FIG. 8 is provided so that the plurality of unit modules 40 are 
arranged along the longitudinal direction of the optical 
Waveguide 60 in one roW. 
[0126] The present embodiment differs from the embodi 
ment of FIG. 4A in that, in this embodiment, the core 14 the 
clad 16, and the ?rst mirror 52 are arranged in the optical 
Waveguide 60 included in one unit module 40, and the lens 56 
is added over the transmitting laser 30-1 as shoWn in FIG. 8. 
The other composition is the same as that of the previous 
embodiment. 
[0127] In the laser array device of this embodiment, the 
laser beam outputted from the laser 30-1 in each unit module 
40 is refracted With the lens 56, and a part of the refraction 
light is re?ected by the ?rst mirror 52. This re?ected light is 
horizontally led to the second mirror 54. 
[0128] The second mirror 54 re?ects the re?ected light 
further, and inputs it into the photodetector 20-1. The optical 
Waveguide 60 of this embodiment forms the core 14 only in 
the upper part, and does not form the core 14 in the range 
Where the refraction light from the lens 56 passes. 
[0129] For this reason, the ?rst mirror 52 and the second 
mirror 54 are formed in the slope section of the laser side clad 
16 and the slope section of the photodetector side clad 16, 
respectively. 
[0130] Similar to the embodiment of FIG. 4A, the void 
portion Which interconnects the laser side and the photode 
tector side is formed With a su?iciently narroW Width so that 
only the horizontal laser beam can pass through the void 
portion. 
[0131] Next, FIG. 9A through FIG. 13B are diagrams for 
explaining the production method of the optical Waveguide 
60 of the laser array device shoWn in FIG. 4B. 
[0132] In order to produce the optical Waveguide 60 shoWn 
in FIG. 4B, the board material of a dielectric material Which 
have a suitable thickness is ?rst cut into pieces With the size of 
the optical Waveguide 60, and the clad 16-1 of the ?rst layer is 
prepared. 
[0133] The holes are formed in the position Where the trans 
parent layer Which passes the laser beam outputted from the 
laser to the exterior of the clad 16-1 is formed, and the posi 
tion Where the transparent layer Which passes the light input 
ted from the exterior into the photodetector is formed, respec 
tively. 
[0134] As shoWn in FIG. 9A and FIG. 9B, the core 14-1 is 
embedded in the tWo holes of the clad 16-1 of the ?rst layer. 
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[0135] In FIG. 9A and FIG. 9B, the left-hand side core 14-1 
is equivalent to the transparent layer Which passes the light 
inputted from the exterior into the photodetector, and the 
right-hand side core 14-1 is equivalent to the transparent layer 
Which passes the laser beam outputted from the laser to the 
exterior. 
[0136] Next, the clad 16-2 of the second layer is accumu 
lated on the clad 16-1 of the ?rst layer. 
[0137] This clad 16-2 of the second layer is formed in order 
to form the core portion Which interconnects the core on the 
side of the lasers and the core on the side of the photodetec 
tors, and it is formed from the board material of the same 
dielectric material With a su?iciently small thickness. 
[0138] The hole for forming the above core portion is 
formed in the clad 16-2 of the second layer, and the slope 
sections are formed in the clad 16-2 of the second layer on 
both the sides of the hole. 
[0139] The left-hand side slope section (photodetector 
side) is formed so that it is slanted by the angle of 45 degrees 
to the horizontal direction, and the right-hand side slope 
section is formed so that the re?ected light re?ected by the 
mirror is directed horizontally by taking into consideration 
the spread angle of the laser beam outputted from the laser. 
[0140] Next, as shoWn in FIG. 10A and FIG. 10B, the 
mirror 54 and the mirror 52 are formed in the slope sections 
Which are formed on the left and right sides of the hole section 
of the clad 16-2 of the second layer, respectively. 
[0141] In this embodiment, gold (Au) is used as a material 
of the mirrors, and the mirror 54 and the mirror 52 are formed 
by carrying out vacuum evaporation of gold to the slope 
sections. 

[0142] Next, as shoWn in FIG. 11A and FIG. 11B, the core 
14-2 is embedded in the hole section of the clad 16-2 of the 
second layer, and the additional hole is neWly formed in the 
part of the clad 16-2 of the second layer Which is equivalent to 
the transparent layer Which passes the laser beam outputted 
from the laser to the exterior. 

[0143] The core 14-2 serves as the transparent layer Which 
is extended horizontally to interconnect the core on the side of 
the lasers and the core on the side of the photodetectors. 

[0144] This transparent layer 14-2 is formed With a su?i 
ciently narroW Width as mentioned above, and only the 
re?ected light from the core on the side of the lasers to the core 
on the side of the photodetectors passes through, and thereby 
preventing the light inputted into the photodetectors from the 
exterior from affecting the lasers. 
[0145] Next, as shoWn in FIG. 12A and FIG. 12B, after the 
core is embedded in the second hole of the clad 16-2 of the 
second layer, the clad 16-3 of the third layer is accumulated 
on the clad 16-2 of the second layer. 

[0146] Furthermore, as shoWn in FIG. 13A and FIG. 13B, 
the holes are formed in the position of the third clad 16-3 
Where the transparent layer Which passes the laser beam out 
putted from the laser to the exterior is formed, and in the 
position of the third clad 16-3 Where the transparent layer 
Which passes the light inputted from the exterior into the 
photodetector is formed, respectively. Thus, the optical 
Waveguide 60 is produced by embedding the core in the 
respective holes. 
[0147] The present invention is not limited to the above 
described embodiments, and variations and modi?cations 
may be made Without departing from the scope of the present 
invention. 
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1. A laser array device comprising: 
a transmitting unit having a plurality of lasers outputting 

laser beams carrying transmission data Which are sent to 
an external device; 

a receiving unit having a plurality of optical detectors 
Which directly detect laser beams carrying data Which 
are received from an external device located directly 
above said optical detectors; and 

a control unit having a plurality of laser control circuits 
Which respectively drive the lasers of the transmitting 
unit in accordance With the transmission data, 

Wherein the plurality of lasers and the plurality of optical 
detectors are formed adjacent to each other into a plu 
rality of unit modules, each of the plurality of unit mod 
ules consisting of one of the lasers of the transmitting 
unit, one of the optical detectors of the receiving unit, 
Which adjoin to each other, and one of the laser control 
circuits of the control unit, and 

Wherein each unit module includes intermediate core open 
ing formed in an overlaying clad to interconnect a trans 
parent core opening formed above one of the lasers 
Within the unit module and a transparent core opening 
formed above one of the optical detectors Within the unit 
module, alloWing a horiZontally re?ected laser beam 
from said one of the lasers to pass through said interme 
diate core opening to said one of the optical detectors. 

2. The laser array device according to claim 1 Wherein each 
of the plurality of unit modules comprises a mirror Which 
re?ects a part of a laser beam outputted from the laser con 
cerned and inputs the part of the laser beam into the optical 
detector concerned. 

3. The laser array device according to claim 1 Wherein each 
of the plurality of unit modules is formed on an optical 
Waveguide Which is provided With a mirror Which re?ects a 
part of laser beam outputted from the laser concerned and 
inputs the part of the laser beam into the optical detector 
concerned. 

4. An information processing device in Which a laser array 
device is incorporated, the information processing device 
transmitting an optical signal to and receiving an optical 
signal from an external information processing device 
through an optical ?ber cable, the laser array device compris 
ing: 

a transmitting unit having a plurality of lasers outputting 
laser beams carrying transmission data Which are sent to 
an external device; 

a receiving unit having a plurality of optical detectors 
Which directly detect laser beams carrying data Which 
are received from an external device located directly 
above said optical detectors; and 

a control unit having a plurality of laser control circuits 
Which respectively drive the lasers of the transmitting 
unit in accordance With the transmission data, 

Wherein the plurality of lasers and the plurality of optical 
detectors are formed adjacent to each other into a plu 
rality of unit modules, each of the plurality of unit mod 
ules consisting of one of the lasers of the transmitting 
unit, one of the optical detectors of the receiving unit, 
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Which adjoin to each other, and one of the laser control 
circuits of the control unit, and 

Wherein each unit module includes intermediate core open 
ing formed in an overlaying clad to interconnect a trans 
parent core opening formed above one of the lasers 
Within the unit module and a transparent core opening 
formed above one of the optical detectors Within the unit 
module, alloWing a horiZontally re?ected laser beam 
from said one of the lasers to pass through said interme 
diate core opening to said one of the optical detectors. 

5. A method of controlling a laser array device Which 
comprises a transmitting unit having a plurality of lasers 
outputting laser beams carrying transmission data Which are 
sent to an external device, a receiving unit having a plurality 
of optical detectors Which directly detect laser beams carry 
ing data Which are received from an external device located 
directly above said optical detectors, and a control unit having 
a plurality of laser control circuits Which respectively drive 
the lasers of the transmitting unit in accordance With the 
transmission data, Wherein the plurality of lasers and the 
plurality of optical detectors are formed adjacent to each 
other into a plurality of unit modules, each of the plurality of 
unit modules consisting of one of the lasers of the transmitting 
unit, one of the optical detectors of the receiving unit, Which 
adjoin to each other, and one of the laser control circuits of the 
control unit, the method comprising the steps of: 

re?ecting a part of laser beam outputted from the laser 
concerned of each unit module When the laser output of 
the laser concerned is in progress, so that the part of the 
laser beam is inputted into the optical detector con 
cerned; 

detecting an intensity of the laser beam outputted from the 
laser concerned based on a detection signal outputted 
from the optical detector concerned; stopping the laser 
output of the laser concerned When the detected laser 
beam intensity exceeds a predetermined reference level, 
and 

Wherein each unit module includes intermediate core open 
ing formed in an overlaying clad to interconnect a trans 
parent core opening formed above one of the lasers 
Within the unit module and a transparent core opening 
formed above one of the optical detectors Within the unit 
module, alloWing a horiZontally re?ected laser beam 
from said one of the lasers to pass through said interme 
diate core opening to said one of the optical detectors. 

6. The laser array device according to claim 1, Wherein 
each of said lasers of the transmitting unit has a transparent 
core opening formed in an overlaying clad Which is distinct 
and separate from another transparent core opening formed in 
said clad over each of said optical detectors of the receiving 
unit Within said unit modules. 

7. The information processing device according to claim 4, 
Wherein each of said lasers of the transmitting unit has a 
transparent core opening formed in an overlaying clad Which 
is distinct and separate from another transparent core opening 
formed in said clad over each of said optical detectors of the 
receiving unit Within said unit modules. 

* * * * * 


