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OPTICAI -AXIS ALIGNMENT METHOD, OPTICAT ~AXIS ALI GNMENT |

DEVICE I§SPEC1" 1ION METHOD OF OPTICAL DEVICES. INSPECTION

DEVICE OF OPTICAL DEVICES. METHOD OF PRODUCING OPTICAL

MODULE., AND APPARATUS OF PRODUCING OPTICAL MODULE

DESCRIPTION

This invention relates to an optical axis-alignment method and an optical
axis-alignment device fhat are cardinal in combining various optical parts, e.g.
semiconductor lasers, photodetectors, optical waveguides, and so on for optical
comniunication and optical measurement with optical fibers, or their arrays, and
further relates to an inspection fnethod and an inspection device utilizing the said axis-
alignment method, and furthermore relates to a method of producing an optical

module and an apparatus of producing an optical module utilizing the said axis-

alignment method.

This invention claims the priority based on Japanese Patent Application
No.237745/1995, filed August 22, 1995.

Optical axis-alignment means that each optical axis of optical parts, e.g. a -
light emitting device, a photodetector, an optical waveguide and so oh, is aligned with

each optical axis of a lens and an optical fiber on a direct line. First of all, the necessity
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Semiconductor lasers, photodetectors or optical waveguides used for

of optical axis-alignment will be explained.

optical communication are capable of fulfilling their functions only by coupling them
with an optical fiber with high efficiency. If the coupling efficiency between an optical
part and an optical fiber is low, many disadvantages occur. Low coupling efficiency
causes, for example, an extremely high loss of optical energy, a short transmission
distance and a low signal/noise ratio (S/N ratio). To surmount these impediments,
conventionally each optical part is aligned to an optical fiber at a place which maximizes
the coupling efficiency.

Further, when the properties of optical devices are examined, the coupling
efficiency between each optical device and an optical fiber and the light wavelength
which the device emits at the most suitable position are inspected. High-accurate
optical axis-alignment is indispensable in any case.

Conventional optical axis-alignment techniques, and their disadvantages will
be explained by citing a semiconductor laser as an example.

A typical structure of a semiconductor laser will be explained according to
Figl. A sémiconductor laser chip (1) and a monitoring photodiode (2) are putin
positions on a straight line in .a package of the semiconductor laser. When the light
having a 1.3 » m wavelength is, for example, used for optical communication, the laser
chip (1) having a light emitting layer made of InGaAsP is used. The semiconductor

laser chip (1) is, for example, fixed to a side surface of a protrusion (23) of a metallic
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header (3) made of Fe (iron), Fe-Ni (iron-nickel) alloy and so forth, wherein a
submount (7) made of AIN is sandwiched between the laser chip (1) and the
protrusion (23).

Further, the monitoring photodiode (2) is equipped behind the laser chip
(1) in order to keep output of the laser constant. The photodiode chip (2) is fixed to
the slanting bottom surface of the header (3) via the ceramic sub-mount (8) made of

alumina (Al,O3). Each of the laser chip (1) and the photodiode (2) is connected to

some one of a plurality of lead pins (4) respectively wit_h gold wires. The photodiode
(2) and the laser chip (1) are able to be electrically connected to outer circuits through
the lead pins (4). A cylindrical eap (5) equipped with a spherical lens (6) is fixed on an
upper surface of the header (3) with laser welding. The semiconductor laser (1), the
photodiode (2) and the head parts of the lead pins (4) are sealed in vacuum by the cap

(5). The interior of the cap (5) is filled with an inert gas as to increase the reliability of

" the devices. The spherical lens (6) installed in the cap (5) plays the role of enhancing

the coupling efficiency. In this case, the cap (5) and the spherical lens are unified in
oﬁe body, but there is another example that a header is sealed in vacuum by a cap
equipped with a window of a flat glass board, and a lens is positioned the outside of
the window without unifying the cap and the lens. The laser diode (1) emits light by
supplying an electric current to the laser chip through the lead pins (4). The light
output of the laser diode (1) is monitored by the monitoring photodiede (2). The

output of the photodiode (2) is in proportion to the light output. The driving current
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of the laser diode is controlled as retaining the output of the photodiode at a constant
value. An optical fiber (9) is placed ét the outside of the semiconductor laser body,
and an end of the optical fiber (9) is opposite to the spherical lens (6) with a little
space. Each axis of the semiconductor laser chip (1), the bhotodiode (2) and the
spherical lens (6) has already been aligned at the time of producing the device. Here,
the optical device groﬁp including the semiconductor laser chip (1), the photodiode
(2) and the spherical lens (6) is a first optical device, and the optical fiber (9) isa -
second optical device. The optical axis-alignment proposed by the present invention is
identical with aligning the axis of the first device with the axis of the second device
(optical fiber). Since the first device can focus light by the spherical lens, the intensity
of the light entering the optical fiber (5) is maximized by disposing the end surface of
the optical fiber right at the focal point. The alignment is carried out by moving the
optical fiber relatively not only in the directions orthogonal to the optical axis (X-Y
plane) but also in the directions parallel to the optical axis (Z-axis direction).

An ordinary method of optical axis-alignment will be summarized by

referring to Fig.2. An optical fiber (9) is opposite to a light emitting device

" (semiconductor laser) (16) with a built-in laser diode (1). The laser emits light by

supplying an electric current from a driving electric power source (10). The laser chip
(1) emits light at a constant opﬁcal power by controlling the driving current by a
monitoring photodiode (2). Anend of an optical fiber (9) is opposite to the light

emitting device (16). The end part of the optical fiber (9) is supported by an XYZ
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driving system (14). The other end of the optical fiber (9) is connected to a light
power meter (11) that is connected to a controller (12). The controller (12) gives a
controlling signal (13) to the XYZ driving system (14). The semiconductor laser (16)
emits light at a constant output, and the optical power passing through the optical
fiber (9) is monitored by the light power meter (11). The XYZ driving system (14)
makes the optical fiber (14) move in X and Y directions vertical to the optical axis (XY
plane) and in Z direction parallel to the optical axis, and seeks the position where the
coupling light intensity Pf is the largest. It is feasible to obtain the coupling light
intensity Pf at an arbitrary position of the optical fiber (14) due to the combination of
the light power meter (11), the controller (12) and the XYZ driving system (14). The
coupling light intensity Pf is maximized at the point where the laser light is focused by
the lens. When the position where Pf is the largest is found out, the end part of the
optical fiber is maintained at the position. Inspection data are obtained by measuring
the output power and the wavelength from the fiber. These procedures mean optical
axis-alignment for inspecting a semiconductor laser and so forth.

Other purpose of an axis-alignments is a step of production. There is a pig-
tail type laser module, which is produced by fixing a ferrule of a fiber to a housing of a
semiconductor laser at the position of maximizing Pf (the most suitable coupling
position). This is an axis-alignment for accomplishing the most effective coupling
between a light emitting device and an optical fiber. Otherwise, when a high output is

not necessary or is troublesome, an end part of the optical fiber is intentionally shifted
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from the position where Pf is maximized, whereby a predetermined intensity of light is
possible to enter the optical fiber. The properties of th_e laser module can be
inspected, or the laser module is fixed at the shifted position.

As explained above, when optical devices are examined or optical devices are
coupled with aﬁ optical fiber, the most suitable coupling position (the position of
maximizing Pf) is firstly sought by moving the optical fiber in X and Y directions
orthogonal to the optical axis and in Z direction parallel to the optical axis. Hence,
finding out the most suitable coupling position is a primarily necessary operation.
There is, however, a difficulty qf wasting so much time for seeking the most suitable
coupling position. The reasons why it takes much time to 'find,out the most suitable
coupling position will be explained.

One reason is that both a spot size Q of laser light focused by the lens and
a core size W of an optical fiber receiving the light are small. The largest power of
incident light accrues from the coincidence between the focus point Q and the optical
fiber core W. Since such the small focus point Q is sought by moving the small core W,
the distance to the most suitable coupling position would be extremely long from the
starting point of search. For example, when the semiconductor laserofa 1.3 4 m
wavelength is focused, its spot size becomes several 4« m. In the case of a quartz-type
single mode fiber, its core diameter is about 10 # m, which is absolutely small.
Consequently, the optical fiber must be aligned with a high-accuracy in # m order,

because the optical fiber must be put in the position where the coupling efficiency of
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the light focused by the lens is maximized. This procedure is extremely difficult.

Fig.3 and Fig.4 are graphs for explaining an example of the alignment
tolerance between the semiconductor laser and the optical fiber. Fig.3 is a graph
showing the change of light power received by the optical fiber in the case of moving
the optical fiber to the axial direction (Z-direction) from the most suitable coupling
position. The abscissa indicates the distance in Z-direction from the most suitable
coupling position. Z = 0 means the most suitable position. As the position of the
optical fiber separates from the most suitable coupling position, Z showing the
distance moves to the right direction on the abscissa. As shown in Fig.3, the range of
Pf from 0 dB to -0.5 dB extends to about 160 # m in length. It is proved that the
tolerance in Z-direction is large, so that the axis- alignment in Z-direction is easy to
passable.

Fig.4 is a graph showing the change of the light power received by the optical
fiber while the optical fiber moves in X-direction or in Y-direction from the most
suitable coupling position. The abscissa indicates the distance in X-direction or in Y-
direction from the most suitable coupling position. The most suitable coupling
position is represented by X = 0 and Y = 0. The range of Pf from 0 dB to - 0.5 dB
has a short length of +£2.5 4 m. Hence, the axis-alignment in X and Y directions
needs a high accuracy of a tolerance less than 5« m. It is known that the axis-
alignment in X and Y directions is extremely difficult.

Second reason is that the positional accuracy in fabricating devices, e.g.
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measuring device, and the optical fiber is arranged at the position that seems to be
nearly just above the lens, the deviation from the most suitable coupling position of

the optical fiber is about plus or minus several hundreds of 4 m square, that indicates

" an initial gap (deviation) between the set-position of the semiconductor laser and the

initial position of the optical fiber. In addition to this gap, there exists another
deviation of the chip in the package of the semiconductor laser. The gap, that is
generated between the ihitial position of the optical fiber and the most suitable
coupling position, is so large that the axis-alignment requires high accuracy. Actual
axis-alignment procedure becomes a hard operation, because the most suitable
coupling position of less than a 1 z m round must be searched in a square of several
hundreds of # m. Here, a "search region" is defined to be the region of moving the
optical fiber for seeking the most suitable coupling position. The search region
expands in a several hundreds of x m square. It takes an enormous time to examine

the whole search region from corner to corner. Therefore, some improvements were

proposed in order to shorten the searching time.
Fig.5 shows a conventional method of searching the most suitable coupling

position. An initial position (Ag) of the optical fiber is set up as the focus point (A,

point) of the semiconductor laser certainly exists anywhere in the whole search region

(30) of, for examp_le, a 500 # m square whose center is the initial position (Ag). The

~ region capable of sensing a non-zero amount of laser light is called "scanning region
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(3D)". The end part of the optical fiber is held to move freely. The optical fiber is

positioned at Ag point at the beginning. The sensing end of the optical fiber is moved

by the XYZ driving system (14), keeping watch on the incoming light from the optical
fiber by the light power meter (11) installed in another end of the optical fiber. The

movement of the optical fiber starts from the center point Ag of the search region

(30), and proceeds along the routes (33), (34), (35), and (36) of a square type helical
line. As long as the incident light to the optical fiber is almost zero, the optical fiber

continues to move along the helical line, increasing the distance between the point Ag

and the route little by little. It is assumed that the non-zero light power enters the

optical fiber at the moment of passing through a certain point A; of the scanning

region (31). The helical movement of the optical fiber is finished, and the optical fiber
runs in the direction of increasing light power, taking a zigzag course (37) and
changing a direction of the movement slightly. Since the movement in the scanning
region (31) is guided by the controller, observing the incident light power Pf, it fs

feasible to reach the most suitable coupling point A, in a short time. The maximum
incident light power Pf,4 is detected at the point A,. The helical movement in the

period of detecting no light is called a "rough axis-alignment", and the zigzag

movement, that is carried out after non-zero light power is detected at point Ay, is

called a fine axis-alignment.

Fig.6 is a graph showing the relation between the incident light power and
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the seeking time. There exists a period where the incident light power is zero at the
beginning. This period is correspondent to the term of the helical movement of the

optical fiber. AtT; time from the beginning of the axis-alignment, the limited light

power Pfj is firstly detected, which corresponds to point A;. T4 indicates the time of

rough axis-alignment. After that, the optical fiber rises the light power gradient, so

that the light power is rapidly increased. At the time of (T;-+T3), the end of the
optical fiber arrived at the most suitable coupling position point A, where Pf equals to
Pfna, i.6. Pf = Pfy . The axis-alignment explained by referring to Fig.5 is limited in

XY plane. Actually, it is necessary to practice the axis-alignment in Z direction. There
exists an axis-alignment method of aligning in three directions X, Y and Z at the same
time. Further, another axis-alignment method is proposed in which the alignment in

Z direction is done after the search of the most suitable coupling position in XY plane

has finished. In these systems, it takes one or two minutes for the time T; of rough

axis-alignment. The time T, for the fine axis-alignment is 30 seconds to 60 seconds.
For increasing the throughput of producing semiconductor lasers, the time (T{+T2)

for the axis-alignment is required to be more shorter. It is necessary to shorten the
time of axis-alignment and to reduce expenditures.

There is another serious obstacle. A few semiconductor lasers incapable of
emitting light are sometimes mixed in the products. These defects must be excluded.

The judgement whether a semiconductor laser is defective or not cannot be done in
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the period T; of rough axis-alignment, because no light enters. As mentioned before,

the optical fiber travels along the helical routes, however, even if the helical route from

Ao becomes much longer, no light can be detected by the defective laser. Hence, the
rough axis-alignment time Ty becomes excessively long for the defective ones. When
the light from the semiconductor laser is not detected even if it takes a certain time Ty

for the rough axis-alignr_nent, the semiconductor laser is judgéd to be rejected.
Therefore, the axis-alignment comes to an end. In this method, the scanning begins
from the no light condition, so that the detection of defective products requires an
excessive long time. A new method, in which defective products are immediately
detected and the axis-alignment procedures are eliminated for the ﬁseless products, is
strongly desired. Visible light lasers suffer from the same problems as mentioned
above. When a visible light semiconductor laser is used, an initial position can be set by
an operator watching the light of the visible light semiconductor laser. Further, it is
feasible to detect non-light devices. When an infrared light laser ( emits the light with
a wavelength of more than 0.9z m) is, however, used, it is not easy to set the laser at
an initial position. When semiconductor lasers emitting light with a wavelength of 1.3
« m and a wavelength of 1.5 x m are used, an initial position can not be established by
observing with the eye.

To achieve the foregoing objects and in accordance with the purpose of the
invention, embodiments will be broadly described herein.

Itisan obJect of the present mventlon to provide an optlcal axis-alignment
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apparatus capable of aligning a semiconductor laser to an optical fiber, aligning a light
emitting device to a photodetector, and aligning a light emitting device to a waveguide
in a short time.

Another object of the present invention is to provide a method of optical
axis-alignment enjoying a speedy adjustment.

A further object of the present invention is to provide a device capable of
detecting and excluding defective light emitting devices promptly.

A further object of the present invention is to provide an inspection method
of optical devices capable of inspect:ing.,r properties of the optical devices in a short time
by aligning each optical axis of the optical devices immediately.

| A further object of the present invention is to provide an apparatus of
inspecting optical devices capable of inspecting characteristics of the optical devices in
a short time by aligning each optical axis of the optical devices immediately.

A further object of the present invention is to provide an apparatus of
producing a light emitting device module wherein the module is made by aligning each
axis of a laser diode and an optical fiber rapidly at the most suitable position.

A still further object of the present invention is to provide a method of
producing a light emitting device module wherein the module is made by aligning each
axis of a laser diode and an optical fiber rapidly at the most suitable position.

The reasons why the prior axis-alignment between the semiconductor laser

'~ and the optical fiber needs much time is already explained in the above head. Another
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prior method of improving this defect is further explained so far. In this method, the -
moving end of the optical fiber can search the most suitable coupling point by its
helical movement, whereby the time of the axis-alignment is decréased slightly. Such
an improvement is, however, not sufficient. The procedures of aligning each axis
should be finishgd in still a shorter time. This requirement is strongly desired.
Inventors of the present invention deliberated on a method of shorting the time of
axis-alignment. In Fig.6, the operation of searching lighf at the b.eginning iscalleda

“rough axis-alignment(Ty)", and the operation of sensing a part of light and searching
the center point of light is called a "fine axis-alignment(T5)" as a matter of

convenience. Most of the time of axis-alignment is dissipated for the rough axis-
alignment. The time of the rough axis-alignment occupies about 2 /3 of the entire
time. Therefore, it is effective to shorten the time of the rough axis-alignment. As
mentioned before, the rough axis-alignment is the movemént of discovering the range
of non-zero light. The end of the optical fiber is scanned as to seeking for light from
the dark region where no light exists. Fundamentally, when the fiber finds out light is
a statistical matter. Therefore, it is not easy to reduce the rough axis-alignment time.
To solve this difficulty, such a statistical matter should be excluded from the movement
of finding out light. Inventors envisioned that if the scanning region shown in Fig.5
were found out in a moment, the time for the rough axis-alignment would be mostly
eliminated. After the scanning region has been discovered, the end -of the optical fiber

is moved to the scanning region, and is scanned toward the direction of increasing
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light power.

This invention proposes a method of alignment having the steps of
preparing a two-dimensional position sensitive device having a wide light receiving
area, supporting an end part of an optical fiber by a three-dimensional driving system,
discovering a point maximizing the light power (corresponding to the most suitable
coupling position) in a moment by the two-dimensional position sensitive device,
moving the end part of the optical fiber, and executing a fine axis-alignment. Since the
scanning region is sobn discovered by the two-dimensioﬁal pos;'tion sensitive device, -
the conventional, time-consuining rough axis-alignment is not required. After the
discovery of scanning region, the fine axis-alignment is qa_rried out without delay. Asa

result, the time T, of rough axis-alignment is greatly shortened. The two-dimensional

position sensitive device is simply called a PSD (positior_l sensitive device). This device
is used for the rough axis—alignmeﬁt. The two-dimensional position sensitive device
has a large square of a light receiving surface on the front surface of the device, four
side electrodes positiqned along four sides of the front surface respectively, and an
electrode on the bottom surface of the device. A reverse bias voltage is applied
between each side electrode and the rear side electrode. As soon as light enters the
light receiving surface, a photocurrent flows into each electrode in accordance with the
coordinates of incident light point, and the two-dimensional position sensitive device
sensors the two-dimensional position of the incidence of light from the ratio of

photocurrents flowing from four electrodes. The position sensitive device is a
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semiconductor device having a wide light receiving surface, so that there exist only
PSDs made of Si (silicon).

An ordinary semiconductor photodetecting device has two electrodes in
both sides of a pn-junction, and the pn-junction is reversely biased. Electron-hole pairs
generated by the incidence of light flow toward the electrodes, which is a
photocurrent. The semiconductor photodetecting device is capable of sensing the
incidence of light by the photocurrent. In this case, since the semiconductor
photodetecting device aims at the detection of incident light and its light power, the
light receiving region is formed to be narrow. The narrower the light receiving region
becomes, the faster the response becomes. Therefore, an extrg:mely narrov;' light
receiving region is usually produced. -Si (silicon) photodiodes are most generally used
asa photo_diode. It is feasible for silicon photodiodes to form both a narrow liéht
receiving region and a wide light receiving region. Silié:on can, however, detecf only
visible light because of its wide bandgap. Ge photodiodes and InGaAs photodiodes
are sensitive to infrared light, because these materials have a narrower bandgap than
silicon. Since a Ge photodiode consists of a single material, it is feasible to make a
device having a comparatively wide light receiving surface. Ge photodiodes with a
diameter of 10 mm can be made at the present time, but Ge phOtod_iodes have the
defects of a big dark current and a large temperature dependency. InGaAs

photodiodes have a small dark-current, but it is impossible to make an InGaAs

photodiode with a large diameter.
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At the present time, the semiconductor two-dimensional position sensitive
devices cannot be made except for Si semiconductor. Obtainable one is only a Si ' !
semiconductor position sensitive device for visible light. For example, a wide p-'type
region is made on an n-type substrate, whereby a wide pn-junction is formed. An n-
side electrode is formed in a reverse surface of the substrate, and four p-side
electrodes are formed along four sides of the p-type ;egion. Reverse bias volta_ge_is.
applied between the n-side electrode and each p-side electrode independently. Ratios

of the currents flowing into four electrodes are varied by the incident light position on

the light receiving surface. Therefore, it is possible to determine the incidex_lt light
position from the ratios. This PSD is, for example, utilized for a distance measuring
equipment. An image of an object is focused on a position sensitive device (PSD) by a
lens, and angles between the axes and the line directed to the object are obtained by .
measuring the deviations of the image from the center. The distance to the object can
be calculated by the trigonometrical survey. Further, this PSD is used for retaining a
pair of photodiode and al light emitting device as rigorously beiﬁg opposite to each
other in the optical communication between two distanced movable vehicles, e.g. ships
and so on.

A Si position sensitive device is available for the axis-alignment of
semiconductor lasers for visible light, but can not detect the semiconductor laser light
having a longer wavelenéth of 1.3 m or 1.55 x m which is utilized for optical

communication. There exists no semiconductor position sensitive device for infrared
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light. The Inventors of the present invention propose a novel two-dimensional
position sensitive device for infrared light.

A semiconductor position sensitive device is an indispensable component
element of this invention. A Si position sensitive device for visible light has already
been produced. A position sensitive device for infrared light has never been produced
yet. This invention proposes a position sensitive device for infrared light. First of all,
how to detect the incident position of infrared laser light will be explained, and then a
structure of the position sensitive device for infrared light and a method of producing _

same will be described. Further, an optical axis-alignment of the present invention,

“which is a main object, will be specified.

The present invention searches a focus point of the first optical device by
the position sensitive device in a moment, moves the optical fiber to the focus point,
and further moves the fiber in the direction of increasing the light power in order to
discover the most suitable coupling position. After tﬁat, the inspection of the
semiconductor laser is carried out, or a laser module coupling a semiconductor laser
with an optical fiber is produced. The time expended for axis-alignment procedures is
extremely reduced. The inspection of optical devices and the production processes
can be decreased, so that costs can be cut down. The present invention has three
novelties, D the use of a position sensitive device for the rough axis-alignment, @ the

axis-alignment utilized for infrared light lasers, and ® the new position sensitive device

for infrared light.
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Three novelties will be explained in detail.
@ The present invention makes use of the 'semiconductor'position sensitive
device (PSD). The position sensitive device can search a focus point of light entering
everywhere in a wide light receiving surface. Therefore, it is feasibie to calculate the
posi_tion of focus point in a moment as long as the PSD is set to allow the light to enter
the light receiving surface. Further, since the PSD is a semiconductor device, it is
compact and light, and its speed of response is so fast. The position sensitive device is
suitable for coupling with an optical fiber which is light and thin. Sincé the PSDisa
small sized device, it is easily installed to the optical fiber alignment device only by
enlarging the head slightly. Si position sensitive devices for visible light have already
been on the market. A Si position sensitive device has a light receiving region of from
several mm square to 10 mm square, which is sufficiently wide, and has a sufficient
resolution of 10 x m. Once a part of light enters the light receiving surface by moving
the optical fiber in front of the PSD, such high resolution can carry out a fine axis-
alignment at once. Otherwise it would be possible to search the focus position by
using TV cameras, e.g. image tubes, CCD cameras instead of the PSD, because the
measurement requires only two dimensional coordinates of the focus point. The
camera has, however, a large size and a heavy weight. The inertia of camera is also
large. Therefore, it would be impossible to carry out the axis-alignment in XYZ
directions by moving the heavy camera that is fixed to the same supporting stand as

the fiber. The balance between the TV camera and the optical fiber is bad. A camera
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requires the image processing for determining the position of a point in a screen.
Processing circuits would be complicated and highly expensive. The present invention,
which adopts the position sensitive device capable of keeping a balance with the optical
fiber in size and weight, succeeds in a speedy and precise axis-alignment by using the
cheap device.

@ The present invention is the most suitable for the axis-alignment of laser
emitting invisible infrared light. This invention can discover a focus point of infrared
light in a moment by combining the infrared position sensitive device with the dptical
fiber. In the case of infrared light, the axis-alignment has been more difficult in the
prior method, because the forward focus point is not sensed by eye. In the present
invention, however, there is no problem in finding the forward focus point due to the
position sensitive device. When the infrared lasér is used, it is impossible to discover
whether light is emitted or not by eye sight. The position sensitive device can easily
sense whether the light is emitted or not. The lack of light power is further sensed

® The present invention has the novelty of developing and using an infrared
position sensitive device having an InGaAs light receiving surface having a sufficient
sensitivity in the wavelength bands, for example, 134 m, 1484 m,1.554 m,1.65u m
and so on, which are preferably used for the oﬁtical communication. Si position
sensitive devices have already been on the market, but an infrared position sensitive
device has never been produced or put on the market. Ge photodiodes have been

utilized for infrared light as a photodiode. Ge allows to produce a device having a
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wide light receiving surface, but is incapable of giving a sufficient position resolution to
weak light because of its large dark current. There has been InGaAs photodiodes
sensitive to infrared light. Since the InGaAs semiconductor is a mixed crystal, it has
been difficult to make a large-sized InGaAs crystal excellent in uniformity without
defects. The Inventors of the present invention have succeeded in producing an
InGaAs position sensitive device .having a light receiving layer. This is shown by Fig.13.
The area of the light receiving region is 3.5 mm X 3.5 mm, which is extremely large.
The position of a light point and the photocurrents are iinéar in the range within a 2
mm diameter. Such an infrared light device has never been existed till the Inventors
‘have made it. This InGaAs semiconductor position sensitive device is novel itself and
the use of it is also novel.

The invention will be more fully understood from the following description
given by way of example only with reference to the several figures of the accompanying
drawings in which;

Fig.1 is a sectional view showing the relation between a semiconductor laser
and an optical fiber.

Fig.2 is a schematic structural view demonstrating a conventional optical
axis-alignment method.

Fig.3 is a graph showing the relation between a deviation in Z-direction
from the most suitable coupling position and an incident light power into an optical

fiber in the coupling of a semiconductor laser with an optical fiber, where the abscissa
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indicates a distance ( # m) from the most suitable coupling position, and thel‘ordinate
indicates an attenuation (dB) of light power from the maximum light power at the
most suitable coupling pqsition.

Fig.4 is a graph showing the relation between a deviation inXandY
directions (XY plane) from the most suitable coupling position and the incident light
power into an optical fiber in the coupling of the semiconductor laser with the optical
fiber, where the abscissa indicates a distance ( # m) from the most suitable coupling
position, and the ordinate indicates an attenuation (dB) of light power. from the
maximum light power at the most suitable coupling position.

Fig.5 is an explanatory figure for a conventional axis-alfgnment methbd
wherein an end part of an optical fiber moves on helical routes and discovers weak
light from a'semicond-uctor laser, turns in the direction of increasing light power, goes
ahead in a zigzag course, and finally finds out the most suitable coupliﬁg position.

Fig.6 is a graph showing the relation between the time expended and the
incident light power entering an optical fiber before discovering the most suitable
coupling position.

Fig.7 is a schematic perspective view for explaining the relationship between
a position sensitive device and a semiconductor laser.

Fig.S is an operation circuit for computing X and Y coordinates of an

incident light point by obtaining a difference (X; —X;) and a sum (X; +X3) of

photocurrent signals from four electrodes.
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Fig.9 is a graph showing the relationship between an X coordinate of input

light and (X; —X3)/(X;1 +X3).

Fig.10 is a schematic structural view showing the principle of the axis-
alignment méthod of the present invention.

Fig.11 is a bottom view of a sensor supporting plate for explaining the
relative position among a position sensitive dev_ice, an optical .fiber and the senéor
supporting plate.

Figl2isa loﬁgitudinal sectional view of the sensor supporting plate for
explaining the relative position among the position sensitive device, the optical fiber,
the sensor supporting plate and a semiconductor laser. |

Fig.13 is a sectional view of an InGaAs position sensitive device that is
produced and is used in the present invention for the first time.

Fig.14 is a perspective view showing the disposition of four electrodes
formed on four sides of a light receiving surfacel.

Fig.15 is a partial vertically sectioned view of a position sensitive device
mounted in a package.

Fig.16 is a vertically sectional view showing an example of the
sgmiconductor lasér module coupling a semiconductor laser with an optical fiber.

Fig.17 is a sectional view of a laser module showing the felationship among a
semiconductor laser, an optical fiber and a position sensitive device in the case of

applying the present invention to the mount of the semiconductor laser module.
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Fig.18isa sectio_nal view for explaining the axis-alignment operation between

an optical fiber and an optical waveguide.

Fig.iQ is a sectional view for explaining the axis-alignment operation between
a semiconductor array and an optical fiber array.

Fig.20 is a a sectional view for explaining the axis-alignment operation
between a semiconductor laser array and an optical waveguide.

F1g7 shows the relationship between the position of a semiconductor
position sensitive device and the position of a semiconductor laser. The position
sensitive device (PSD device) (39) is set in the vicinity of the position where the light
from the semiconductor laser (16) is converged. The PSD device (39) has a square
semiconductor layer (40). Four independent linear electrodes (41), (42), (43) and
(44) are installed along four sides of a first conductive type layer (p-type or n-type)

(40) respectively. X electrode (41) and X; electrode (42) are formed along two sides
parallel to y-axis. Y; electrode (43) and Y, electrode (44) are formed along two sides

parallel to x-axis. Four electrodes (41), (42), (43) and (44) are in an ohmic contact

with the semiconductor layer (40). Four electrodes are independent each other. A

light receiving region (45) is surrounded by four linear electrodes positioned along

four sides of the semiconductor layer (40). Now, it is assumed that a two-dimensional
coordinate XY has an origin at the center of the light receiving region (45). The whole
of the bottom of the semiconductor (40) is a second conductive type layer (n-type or

p-type) reverse to the light receiving region (45). A planar electrode (46) is formed on

This Sheet Has Bee.

T )



10

15

20

the reverse surface of the semiconductor (40). The pn-junction is formed here as well
as an ordinary photodiode, and a reverse;bias is applied between the bottom electrode
and the four front electrodes. If light enters the light receiving region (45), electron-
hole pairs are generated at an incident point (47), and induce photoéurrents, wherein
the first type carriers flow to the bottom electrode aﬁd the second type carriers flow to
all of the front four electrodes (41) to (44). A larger nufnber of phofocurrents flow
to nearer electrodes, while a smaller number of éufrents flow to faﬂher electrodes. X
coordinate of the incident point 47) is obtaiﬁed by the c_lifference or the ratio of the

photocurrents between X electrode (41) and X; electrode (42). Y-coordinate of the

incident light point (47) is obtained by the difference or the ratio of the photocurrents

between Y electrode (43) and Y electrode (44)._

Fig.8 shows an example of a position computing circuit. The photocurrents
from four electrodes (41) to (44) are inputs. A subtracter (51) calculates the

difference (X; —Xz) of the photocurrents between X; electrode and X; electrode, and
an adder (52) calculates the sum (X; +X3) of the photocurrents from X electrode

and X; electrode. Further, a ratio of (X; — X3) / (X1 +X3) is obtained by another

~ circuit (53) where the difference of (X; — X3) is divided by the sum of (X; +X3) for

determining the incident position independent of the amount of incident light.

Fig.9 is a graph showing the relation between a ratio of (X; —Xp)/(X1 +X3)

and x coordinate of the incident light point. When the incident light point is equal to
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the origin, the ratio (X; —X3)/(X; +X3) is zero. Therefore, x coordinate is in
proportion to the ratio (X; —Xp)/(X1 +X3).

Y coordinate of incident light point can be also obtained, because (%, v)
coordinates of the incident light point are precisely obtained by measuring the
photocurrents of four electrodes of (41) to (44). If there is a converging point in the
light receiving surface, its position is able to be calculated. Hence, as long as the initial
preset of a laser is suitable with respect to PSD, a precise converging point could be
easily detected. Therefore, the wider the linear range between the photocurrents and
the position coordinates becomes, the better the position sensitive device becomes.
This invention proposes a novel position sensitive device having an InGaAs light
receiving layer for infrared light. In this device, the linear range between the
photocurrents and the position coordi-naf-:es has a diameter of 2 mm. In Fig.5, the
whole searching region was defined to be'500 # m X 500 z m. Therefore, it is possible
to preset initially an end part of the optical fiber within the similar range of the
searching region by some machinery setting. If there is a big position sensitive device
(PSD) having a light receiving surface wider than 500 x« m X 500 4 m, the PSD can
receive the light from the semiconductor laser, and then can obtain the coordinates of
a converging point on the light receiving region. An ordinary Si position sensitive
device is allowable for visible light photodio.des, but can not be utilized for infrared
light photodiodes because of no sensitivity._ A position sensitive device for infrared

light has never been in existence yet.
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The present invention provides an absolutely new position sensitive device
sensitive to 1.3 # m light, 1.55 # m, 1.48 # m and so on that are near infrared light. Ge

photodiodes and InGaAs photodiodes are well known as photodiodes for infrared

light. Generally, a position sensitive dev_ice needs a far wider light receiving surfa;:e
than a photodiode. Ge (germanium) is likely to bé a suitable material from this point
of view, but Ge induces a large amount of dark current that is mostly fluctuated by
temperature. As mentioned above, the (%, y) coordinatés of incident light poiﬁt are
reckoned from the ratios of the differences of the photocurrents flowing to pairing
electrodes to the sums of the photocurrents flowing to pairing electrodes. Since the
differences of photocurrents are divided by the sums of photocurrents, it seems that l
the influence of dark current would be excluded. But it is not true. The dark current

would be surely eliminated from the difference (X; —Xj3), but would be included in the
sum (X +X3), even if identical dark currents flow in the pairing electrodes. This fact

results in the occurrence of errors in sensing incident light position, because the dark

currents decrease the absolute value of (X; —X3)/(X; +X3). To eliminate the

influence of dark currents, the temperature of the device must be rigorously
controlled. It would be possible to control the temperature by combining a Peltier
device with a thermocouple. It is, however more desirable to make a device enjoying a !
small fluctuation by temperature.

In the case of an InGaAs photodiode, the dark current is so small, and the

fluctuation by temperature is little. Howevef, it was infeasible to produce a wide
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InGaAs photodiode because of the difficulty of making uniforfn binary or ternary
compound semiconductors. Recent technology succeeded in producing an InGaAs
photodiode having a large 1i§ht receiving region with a 3 mm diameter with great
difficulty. Of course, this InGaAs device is only a simple photodiode.

The Inventors of the present invention farther succeeded in producing an
InGaAs position sensitive device which must be useful for making use of the optical
axis-alignment to the near infrared light.

Fig.13, Fig.14 and Fig.15 are figures for explaining the new InGaAs positidn .

sensitive device proposed as one of the embodiments of this invention. Fig.13isa

vertically sectional view of the PSD chip, Fig.14 is a perspective view of an array of

electrodes positioned on the top surface of the PSD chip and, Fig.15 is a vertically
sectional view of a PSD device mounting the PSD chip in a package. A method of
producing the PSD chip (60) will be explained in accordance with Fig.13.

An n-InGaAs buffer layer (62) with a 2 x m thickness is grown on an n-type
InP wafer sﬁbstrate (61) by an epitaxial growth method. Further, an n-InGaAs light
receiving layer (63) with a 4 4 m thickness is grown on the n-InP buffer layer (62).
Furthermore, an n-InP window layer (64) with a2 w m thickness is formed on the n-
InGaAs light receiving layer (63). The circumferences of units are covered with a
mask. Zinc (Zn) is thermally diffused from an upper surface into the wafer. Since
zinc (Zn) is a p-type impurity, Zn-diffusfon makes a p-type region (Zn diffusion

region (65)) till the middle depth of the n-InGaAs receiving layer (63). The thermal
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diffusion region expands from the central part of the InP window layer (64) to the

middle depth of the InGaAs light receiving layer (63). Four independent p-electrodes

'(7 1) to (74) are formed on the p-region (65). The reverse surface of the n-InP

substrate (61) is in an ohmic contact with an n-electrode (66). The n-electrode (66) is
made of an AuGeNi type alloy. The border between the Zn diffusion region and the
n-InGaAs light receiving layer becomes a pn-junction (67). An antireflection film (68)
is formed in the center part of the top surface of _the unit. This film (68) made of
SiON works as an antireflection film for the light of 2 1.3 » m wavelength. A
passivation layer (69) is formed on the parts of the top surface surrounding the p-
electrodes. The pn-junction is protected by covering it with the passivation layer (69),
for example, a SiN layer. |

The n-type InP buffer layer (62) prevents the defects of the InP substrate

from pervading to the light receiving layer (63). Owing to the InP buffer layer (62), the

_ light receiving layer (63) enjoying few defects can be produced. The InP window layer

(64) prevents a leakage current (dark current) from flowing through the pn-junction.
Depressing the dark current ensures the measurement stable to the fluctuation of
temperature. It is possible to function as a photodiode, even if there are no InP
buffer layer (63) and no window layer (64). These layers can be surely excluded from a
PSD. Therefore, a PSD without a buffer layer and a window layer can be produced. If
the dark current can be depressed by another means, réliable measurement is carried

out by minimizing the influence of noises. The chip is shaped like a square, and four
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long aﬁd slender p-type electrodes (71), (72), (73) and (74) are formed in ohmic
contact with the p-type region. The p-type electrodes are AuZn type electrodes. The
materials for the p-type electrodes are well known. A light receiving surface (75) is
surrounded by four p-type electrodes. Infrared light (70) enters the light receiving

5 surface (75). In this embodiment, the light receiving surface (75) is a 3.5 mm square.
X coordinate of the incident light point is calculated by the current ratio or the current

difference of Xy electrode (71) to X; electrode (72) stretching in y-direction. Y

coordinate of the same incident light point (76) is also reckoned from the currents of

Y electrode (73) and Y, eléctrode (74). The(x, ¥) coordinates of the incident light .

10 point can be calculated with high accuracy by relative ratios of photocurrents, which is
similar to the Si position sensitive device explained in Fig.7. The above menﬁoned
processes are for one chip, but in the actual manufacturing, a lot of effective position
sensitive device chips are simultaneously produced from a wafer. Chips are made by
cutting a wafer unit by unit.

15 Fig.15 shows a position sensitive device (PSD) (77) that is made by
mounting th¢ position sensitive device chip (60) into a package. A submount (78)

made of alumina (Al,O,) is fixed on an upper surface of a header (79) by an AuSn

solder. All of six surfaces of the submount (78) have been metallized. The header
(79) is a FeNi type package. Thisisa TO-5 type 5 pin package having five lead pins

20 (80), (81), (82), (83) and (84) extending downward. An insulath (87) insulates the
lead pins from the case, and Supports them to the case. The PSD chip (60) is
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electrodes) (71) to (74) are connected to the lead pins respectively with Au wires (88)

having a diameter of 25 4 m. A ground electrode (66) (n-electrode) is connected to a
ground pin through the metallized submount. After the mounting has been finished,
a cylindrical cap (85) having a glass window (86) at the center is coupled to the header
(79) by electric welding in a nitrogen atmosphere. The _inner part of the cap (85) is
sealed airtightly. It i_s possible to produce an InGaAs position seﬁsitive device (77)
having a large light receiving area of a 3.5 mm square. Properties of the InGaAs
position sensitive device (77) afe measured. When the applied voltage is 5V, the
sensitivity is more than 0.9A/W, and the dark current is less than 100 nA. These
results c;onfirm the PSD (77) is excellent in the properties. The resolution of the
InGaAs position sensitive device is =20z m to =30« m at the center region of a 2
mm diameter. The PSD has been explained in detail so far.

In the axis-alignment of optical devices, e.g. a semiconductor laser and an
optical fiber, the present invention determines a beam position in a moment at the
beginning by the position sensitive device, and moves an end part of the optical f_iber to
the beam position, whereby a part of light enters the optical fiber from a starting point.
In a conventional position sensitive device, an end of thé optical fiber began to move
from non-light position, and sought for the light. This time consuming procedure is
shortened by displacing the position sensitive device.

An outline of the optical axis-alignment device of the present invention will
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be explained according to Fig.10.

The optical devices to be aligned are a semiconductor laser (16) and an
optical fiber (9). A laser mount (90) supports a socket (91) on an upper surface,
allowing the socket (91) to slide on the laser mount (90) freely in xy directions -
(horizontal direction). A semiconductor laser (16) is retained to the socket (91) by
inserting pins into the socket (91). A laser driving electric power source (10) is
connécted to the laser mount (90) by a cord (93). The electric power source (10)
supplies a driving current to the semiconductor laser (16), and makes the
semiconductor laser (16) radiate. A sensor supporl':ing"plate (94) retains the position
sensitive device (77) and an end of the optical fiber (9) side by side at the same height
in the vicinity of a focus point of the light from the semiconductor laser. The sensor
supporting plate (94) is fixed to a moving-arm (96) by a cross joist (95). The moving-
arm (96) is capable of moving in X, Y and Z directions freely by an XY Z driving system
(14) which is controlled_by a controller (12). Electric signals generated by the PSD
(77) fixed to the sensor supporting plate (94) are sent to a position computing device
(99), passing through a cord (98). Optical signals generated by the optical fiber (9)
fixed to the sensor supporting plate (94) are divided into two light beams by a bisector
(100). One light beam travels to a light power meter (11), passing through the optical

fiber (101). The other light beam goesto a waveléngth measuring instrument (103),

20 passing through the optical fiber (102).

One of the most important compositions is that the position sensitive device
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(77) and the end (9) of the optical fiber are fixed side by side at the same height on the
sensor supporting plate. An arrangement of the position sensitive device (77) and the
optical fiber (9) will be explained in detail according to Fig.11 and Fig.12. Fig.llisa
bottom view of the sensor supporting plate (94). In Fig.11, thereisa large hole (105)
on the left. The PSD (77) is inserted into the hole (105). A small hole is formed on

the right, and a stainless pipe (106) holding the end (9) of the optical fiber is inserted

© therein. In this example, the single-mode optical fiber has a core of a 10 4 m diameter.

The outer diameter of the PSD is 10mm. The light receiving square isa 3.5 mm
square, and has a linearity in the range of a 2mm diameter. The sensor supporting

plate (94) is made of stainless, and is 3_0 mm X 20 mm in area. The distance between

| the center of the PSD (77) and the center of the optical fiber is 15 mm. As mentioned

above, the light receiving surface of the position sensitive device (77) and the end of
the optical fiber are arranged to be at the same height. It is assumed that the
center(M) of the light receiving surface is away at a distance (L) in X-direction from
the center (R) of the optical fiber end. Y coordinates of (M) and (R) are assumed to

be equal. In this case, it is possible to move the center (R) of the optical fiber end to
the position where the center (M) of the light receiving surface has occupied just
before by moving the sensor supporting plate by the distance (L) in X-direction by the
XYZ driving system. The sensor supporting plate (94) is preset to stop at a standard
position at the beginning of measurement. When the sensor supporting plate (94)

stays at the standard position, the light from the semiconductor laser is strictly
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planned to enter the region having a 2mm diameter where the PSD (77) displays a
high resolving power. Further, the position of a focus point on the light receiving
surface of the PSD (77) is calculated, and the end of the optical fiber is moved to the
focus point position. A practical procedure with regard to this axis-alignment Will be
explained in detail.

| When the sensor supporting plate (94) is preset at the standard position
with respect to three-dimensional coordinates defined to the XYZ driving system, two
dimensional coordinates of the center (M) of the light‘receiving surface.are

represented by (Xp, Yp), and two dimensional coordinates of the center (R) of the
optical fiber are represented by (Pg, Qp). The semiconductor laser radiates light at the

standard position. (S) is a focus point of the light receiving surface. It is assumed

that the coordinates of S are ( A Xy, AY)) in the two dimensional coordinates on the

light receiving surface having the origin of (M). As mentioned before, relative gaps A

Xo and AY of the focus point are obtained from the current values of four

electrodes of the PSD with a considerable degree of accuracy. A vector of the
difference between the focus point S and the center (R) of the optical fiber is

represented by (Xo+ AXo—Pg, Yo+ AYg—Qyg). The controller (12) can calculate this

difference vector, and can give the XYZ driving system such a signal that the sensor
supporting plate (94) is moved by the difference vector. The XYZ driving system
makes the sensor supporting plate (94) move by the vector value in 2a moment. Asa
result, the focus point (S) on the light recelvmg surface nearly commdes with the
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center (R) of the optical fiber end. Through these procedures, the optical fiber end is
guided to the scanning region (31) shown in Fig.5 at a stroke. The light having a
certain degree of power enters the optical fiber. The rough axis-alignment has
finished. After that, the optical fiber is further minutely movéd by the controller as
searching for a direction: where light power becomes higher successively. At last, the

optical fiber is capable of finding out the most suitable point A; where light power is

the largest. The most suitable point on XY plane can be discovered thereby.
Furthermore, the optical fiber can find out the most suitable point in Z direction by
moving the sensor supporting plate up and down. Method of the fine axis-alignment
is similar to the conventional one.

Someone may suppose that S = R is likely to be established by only the PSD
axis-alignment. But it is not true, because there exist errors, for example, a detection
error of the position sensitive device, and a feed error of the sensor supporting plate
caused by the inertia of the XYZ driving system. These errors are, however, smaller
than the size of the scanning region. Therefore, it is always possible to move the
optical fiber end (R) into the scanning region for practicing the fine axis-alignment.

In this example, the position sensitive device and the optical fiber are
movable, and the semiconductor Iaser is at rest. Conversely, it is allowable that the
semiconductor laser are movable, and the position sensitive d'elvice and the optical
fiber are at rest. Hence, there is no problem in this matter as long as the relative

movement of the laser can be performed to the position sensitive device and optical
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fiber.

When the conventional method shown by Fig.2 is used, it takes 1.5 minutes
from the beginning to the ending to align a semiconducfor laser with an optical fiber.
In the method of the present invention, the axis-alignment spends 40 seconds. Such a
short axis-alignment time is based on one of the adva{ltages of the present invention,
that is, a focus point of the semiconductor laser is quickly discovered by the position
sensitive device. Hence, it is feasible to cut down almost éll time expencied for the
rough-alignment. As a result, this inVention takes only less than a half of the time
expended for the i)rior axis-alignment. This is not all this invention has brought about.
The present invention can find out and exclude defe;:tive semiconductor lasersin a
moment. This is another merit of this invention. There exist some malfunctioned
semiconductor lasers included in the semiconductor laser products. Here, the
defective semiconductor lasers méan non-luminous or poorly luminous
semiconductor lasers. When the conventional method is used, searching procedure

starts from the state of ﬁon—h’ght, so that it is impossible to judge from the fact that
light does not enter the optical fiber whether the semiconductor laser is broken or the
optical fiber is still away from the place where the laser light exists. Therefore, it
results in expending a long time to judge whether the semiconductor laser does work
or not. In the present invention, since the light from the semiconductor laser is

detected by the position sensitive device having a large light receiving surface, troubles

of the semiconductor laser of itself can be found out in 2 moment. Further, this
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invention can discover malfunctioned semiconductor lasers having an optical power of
less than a predetermined light power at once. All defective semiconductor lasers are
completely excluded beforehand, and the axis-alignment procedures are not practiced
for them. Consequently, the time necessary for the axis-alignment procedures is

eliminated. Only the semiconductor lasers, which are judged to be good, experience

‘the axis-alignment procedures. In the apparatus shown in Fig.10, an emission

wavelength of light is measured besides the axis-alignment. A part of the light from
the semiconductor laser is guided jnto the emission wavelength measuring device
(103) by the bisector (100), énd the inspection of wavelength is carried out.

The axis-alignment apparatus and the axis-alignment method of the present
invention have been explained by referring to Fig.10. Objects of the axis-alignment are
light emitting devices, e.g. semiconductor lasers and so on, and optical transmission
lines, e.g. optical fibers, optical waveguides and so on. Further, the axis-alignment is
allowable for connecting two types of optical transmission lines, for example, an optical

fiber and an optical waveguide. In this case, a light emitting device must be connected

to the optical transmission lines for introducing the light from the light emitting device
to any one of the light transmission linés. One semiconductor Iaser or a plurality of-
semiconductor lasers are available. Here, the two devices to be aligned relatively are
called a first optical device and a second optical device. In Fig.10, the first optical
device is a semiconductor laser, and the second optical device is an optical fiber. Fig.10

shows only the functions necessary for the axis-alignment briefly, and only the
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procedures necessary for the axis-alignment have been described. But the axis-
alignment is not the last purpose of itself. The final object exists at some other place.
One object is to produce optical devices or modules including the first optical device
and the second optical device which are coupled with high efficiency. In this case,
after the axié-alignment has been finished, the relation of positions therebetween is
fixed. Another object of the axis-alignment is for the inspection of the first optical
device, that is, the light power and wavelength qf the first emissive optical device are
inspected by installing a light powér meter, a spectroscope and so on, in the end ﬁart
of the second optical device. After the inspection, the first optical device is separated
from the second optical device. Several embodiments of the axis-alignment, for
example, the inspection of semiconductor laser, the production of modqle in which
the semiconductor laser is coupled with the optical fiber, and the coupling of a
plurality of optical f;'bers, will be explained as follows.

[Embodiment 1: Axis-alignment applied to the inspection of a semiconductor laser]

Embody 1 employs the composition shown by Fig.10 as it is. An object

semiconductor laser (16) is inserted into the socket (91), and a driving current is
supplied by the laser driving electric power source (10). The position sensitive device

(77) is positioned just above the semiconductor laser (16). (Po, Qo) is the coordinates
of the end of the optical fiber with respect to a static coordinate system. (Xo, Yo) is

the coordinates of the center of the position sensitive device to the static coordinate

system. The socket (9) and the PSD (77) are arranged to guide the laser light into the
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region of an effective light receiving diameter of the PSD (77). The position sensitive
device (PSD) senses the light from the semiconductor laser, and obtains the

coordinates (A Xo, AYp) of the center of beams on the light receiving surface from

the photocurrents flowing into the four electrodes. The sensor supporting plate (94)

is moved by (Xo+ AXo—Pg, Yo+ AYo—Qp). Some degree of light certainly enters a

narrow core of the optical fiber, and is inspected by the :light power meter. Moreover,
the sensor supporting plate (94) is finely displaced in X and Y directions which allow
the maximum amount of light to enfer the core of the optical fiber. Furfher, the |
sensor supporting plate (94) is moved in Z direction for seeking the maximum poWer
point.. Finally, the sensor supporting plate (94) locateé fhe point where the incoming

light becomes maximum. Only about 40 seconds are required for this axis-alignment

procedure. The optical fiber is fixed at the optimum point of the maximum light power

three-dimensionally. Properties of the semiconductor laser, e.g. output power,
wavelength, and so on, are investigated. This is an example of the applications of the
present invention as an inspection deyice.
[Embodiment 2: Axis-alignment applied to the aligning of a semiconductor laser
module with an optical fiber]

The present invention is surely utilized for mounting processes for
préducing devices. Fig.16 is a sectional view of a semiconductor laser module (109). A

header (110) shaped like a disc has several pins (111). A protrusion (112) is formed

on an upper surface of the header (110). A semiconductor chip (113) is fixed on an

eet Has Been Replaced

) T



10

15

20

upper end of the protrusion of the header (110) with a light emitting region in parallel
with the axial direction of the header (110). A monitor photodiode is not Shown in
Fig.16, but is installed on the surface of the header (110). A cap (115) equipped with a
lens (114) as a window is fixed to the front surface of the header (1 10). The
semiconductor laser chip (113) is sealed in vacuum by the cap (115). The cénter of the
lens (114) is aligned with the center of the laser by another means, and the cap (115) is

fixed to the header (110). A cylindrical sleeve (117) is fixed to the headér (110) by

- electric welding as surrounding the cap (115). The header (110), the cap (115) and

the sleeve (117) are unified in a body. A tip part of an oﬁtical fiber (120) is fixed to a
center hole of a ferrule (118). A bottom surface (121) of the ferrule (118) and the tip
of the optical fiber are slantingly polished for preventing return-light from entering
the semiconductor laser. The ferrule (118) is inserted into a ferrule holder (119). The -
ferrule (118) is not fixed thereto. Thé ferrule (118) can relativély move in Z direction
in the ferrule holder (119). A bottom surface of the ferrule (118) is not fixed to an

upper surface of the sleeve (117). The bottom surface of the ferrule (118) and the

upper surface of the sleeve (117) are positioned face to face with each other. Here,

.the axis-alignment is to search the most suitable position in XY plane by arranging the

attachment between the ferrule holder bottom surface and the sleeve upper surface.
Welding positions are four points of (a), (b), (¢) and (d) in Fig.16.
The structure of a sensor supporting body will be explained according to

Fig.17. In mounting processes, the sleeve (117) is fixed by a certain means that is not
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shown in Fig.17. The ferrule holder (119) is sandwiched by supporters (122) and
(123) and are sustained thereto. The position sensitive device (77) is fixed to the
supporter (123). Since the sieeve (117) is supported by the supporters (122) and
(123), the relative position between the position sensof device (77) and the ferrule

holder (119) is determined. Firstly, the position sensor device (PSD)(77) is placed just

above the semiconductor laser module (109) at position (A). In this station, a current

is supplied to the semiconductor laser, whereby the semiconductor laser emits light. A
focus point of the light is searched by the position sensor device. In the next stage,
the supporters (122) and (123) are moved for aligning the tip of the optical fiber with

the focus point. This is point (B). The displacement is (Xg+ AXo—Pg, Yo+ AYp—
Qo). InFig.17, two semiconductor laser modules (109) are shown, but actually the

semiconductor laser module is only one and is fixed. The supporters (122) and (123)
are movable. Two semiconductor lasers are shown in order to indicate the situations
of before and after the movement. Position (A) is the state before the movement of
the supporters, where the semiconductor laser is opposite to the position sensor
device (77). Position (B) is the state after the movement of the supporters where, the
semiconductor laser is opposite to the optical fiber, and the position sensor device_
(77) is deviated to left. The supporters are finely moved at position (B) in order to
search the maximum point of light power. This means the most suitable point. Since
the most suitable position in XY plane has been found, .the ferrule (118) is relatively

moved up and down to the ferrule holder (119). As a result, the maximum point of
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light in Z direction is sought. After that, the ferrule holder (119) is fixed to the sleeve
(117) by welding points (a) and (b). Further, the ferrule (118) is fixed to the ferrule
holder (119) by welding points (c) and (d). The laser mo,dule. (109), the ferrule (118)
and the ferrule holder (119) can be unified in a body. This is an example -of‘ the
present invention applicable for the mounting of the semiconductor laser. In the
above method, the supporters (122) and (123) are .moved to the left, but alternatively
it is allowable that the supporters (122) and (123) are at rest, and the body supporting
the semiconductor laser module (109) is ﬁoved to right, which strictly corresponds

with the location shown by Fig.17. The displacement is (—Xg— AXo+Pg, —Yo— AYp
+Qp). It took three minutes to carry out the mounting procedures including the axis-

alignment and the welding in the conventional method which moves the optical fiber
helically for seeking for light from the starting place where no light exists. The present
invention takes only one minutes to practice the mounting procedures of the same
device. The time expended for the mounting procedures is shortened to about 1/3.
This fact shows this invention is suitable for the axis-alignment.

The axis-alignment between the semiconductor laser and the optical fiber
has been explained hitherto. This invention exhibits a great effect on the mounting in
the combination of a semiconductor laser and an optical fiber. This invention has,

however, other applications for the axis-alignment in various combinations. For

20 example, this invention is utilized for coupling a semiconductor laser with an optical

waveguide, and further is suitable for the coupling between an optical fiber leading
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laser light and the lens system of an optical waveguide.
[Embodiment 3: Axis-alignment applied to the coupling between an opﬁcal fiber and
an optical waveguide]

The coupling between an optical fiber and an optical waveguide Wili be
explained in accordance with Fig.18. Light from a semiconduc;tor laser is guided by the
optical fiber, is got out of an end of the optical fiber, and is focused by a lens. After an
optical axis of the optical waveguide is aligned with the optical fiber, the optical fiber
and the optical waveguide are coupled with each other.

The light from the semiconductor laéer is introduced into an end of an
optical fiber (130). A lens holder (131) is placed at the other end of the optical fiber
(130). The end part of the optical fiber (130) is inserfed into an opening (132)
perforated at the bottom of the lens holder (131). A lens (1335 is fixed above the end
of the optical fiber. The light propégating in the optical fiber (130) is got out of the
end of the optical fiber, and is focused at a focus point (135) by the lens (133).
According to the idea of this invention, a position sensitive device (PSD) (134) is

placed opposite the optical fiber in order to sense the light from the optical fiber. The

" position sensitive device has four individual electrodes along four sides on its light

receiving surface, but these electrodes are not shown in Fig.18. The object to be
coupled is a second optical device (140) including an optical waveguide. The optical
device is made by forming optical waveguides (142), (143) and (144) having a higher

refractive index on an optical waveguide substrate (141). Size of the waveguide is
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nearly equal to a core diameter of a single mode fiber. Therefore, a precise axis-
alignment is crucial. In Fig.18, a Y-branch is formed by three optical waveguides, so
that there are two output optical fibers (145) and (146). A waveguide holder (147)
supports the optical waveguide substrate (141). A light receiving surface (134) of the
position sensitive device and the waveguide holder (147) are combined by a supporting
stand (not shown) as a body. The supporting stand makes the PSD and the .
waveguide holder (147) move by an equal distance at the same time. The center o_f the

light receiving surface is represented by (X, Yo), and the center of the optical
waveguide (141) is represented by (P, Q). The difference (Pg~Xo, Qo— Yo)

therebetween is constant. These relations are the same as the relations shown by
Fig.10 and Fig.11. The position sensitive device (134) is opposite to the optical fiber,
and the focus point (135) shown by (AX, AY) on the light receiving surface is
searched. In the next stage, the entire body constructing the PSD (134) and the

optical waveguide holder (147) is moved in parallel by KXo+ AXo—Po, Yo+ AYo—
Qo). Reversely, it is allowable that the PSD (134) and the optical waveguide holder

(147) are kept at a certain position, and the lens holder (131) is moved in parallel by (

—Xo— AXog+Pg, —Yo— AYo+Qp). A partof light from the semiconductor laser is

input into the optical waveguides. Either of the holder (131) or the holder (147) is
finely moved for the axis-alignment as measuring the light power propagating through
the optical fibers (145) and (146). Contact surfaces (148) and (149) between the

holder (131) and the holder (147) are fixed ata pomt where l1ght power is the greatest
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by YAG laser welding. It is feasible to couple the optical waveguide with the most

suitable coupling position.

[Embodiment 4: Axis-alignment applied to the coupling between a semiconductor laser:

array and an optical fiber array]

The coupling of two optical devices having a plurality of equivalent units will
be explained according to Fig.19. One optical device is -a semiconductor laser array
that is constructed by arrangihg a plurality of semiconductor lasers one-dimensionally
or two-dimensionally, and installing a lens in front of each senﬁcénductqr laser. The
other optical deyice is an optical fiber array that is constructed by arranging a plurality
of optical fibers one-dimensionally or two-dimensionally. As shown in Fig.19, a
semiconductor laser array (150) is formed by lining up a plurality of semiconductor
lasers in parallel with each other one;dimensionally (1 XM) or two-dimensionally (N X
M). The pitch therebetween is strictly regulated. As many lenses as the
semiconductor lasers are lined up in front of the semico_nductor lasers, and each lens
focuses the light got out of each semiconductor laser. The pitch of lenses is surely
equal to that of semiconductor laser. Every optical axis is in parallel. All focus points
are arraﬁged in line at equal intervals. Every distance betweeﬁ the focus point and the
lens is, of course, arranged to be equal. The array (150) of the semiconductor array
and an array (151) of the lenses are fixed to a lens holder (1.52). In the array of optical
fibers to be coupled with the laser array, 'c_111 optical fibers are arranged ih line at equal

pitches one-dimensionally or two-dimensionally. The optical fiber array (158) is
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supported by a fiber holder (159). Both the fiber holder (159) and the positioﬁ
sensitive device are supported by a supporting stand in order to align and couple the
laser array with the optical fiber array. Firstly, the light receiving surface (155) of the
PSD is opposite to the semiconductor laser array. Only two semiconductor lasers

5 positioned at both ends are excited. A focus point Py is formed on the PSD light
receiving surface by the left end semiconductor laser. A focus point P, is formed on

the PSD light receiving surface by the right end semiconductor laser. If both of the
end semiconductor lasers were excited at the same time, fhe photocurrents induced by
two lasers would be mixed, and coordinates of focus points wduld not be obtained.

10 Therefore, the leftest laser and the rightest laser shall emit light at different times.
The position sensitive device (PSD) is capable of calculating two dimensional

coordinates of Py and P, thereby.

The position sensitive device and the optical fiber array are moved toward
the laser array as a body for equalizing the core of the leftest optical fiber with the

15 focus point Py of the leftest laser and for equalizing the core of the rightest optical
fiber with the focus point P, of the rightest laser. Further, the leftest and rightest

optical fibers are coupled with the counterpart semiconductor lasers at the most

suitable coupling position by the fine axis-alignment. The most suitable coupling

positions for the leftest and rightest optical fibers and lasers give the bést coupling
20 positions for other semiconductor lasers and optical fibers. This results from the fact

~ that the pitch of semiconductor lasers is in correspondence with the pitch of optical
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fibers from the beginning.

In the case of inspecting the semic_onductor lasers in the array, their
properties are obtafned by driving the lasers and measuring light.powcr from the
fibers by a light power meter without fixing the laser holder to the optical fiber holder.
The wavelengths of the lasers are certainly .measured. Itis pdssible to establish the

axis-alignment between the semiconductor laser array and the optical fiber array.

When the lens array and the semiconductor_laser array should be fixed as to make a

module, an end surface (154) of the lens holder shall be welded with an end surface
(160) of the fiber holder by a YAG laser.

[Embodiment 5: Axis-alignment applied to the coupling between an optical fiber array
and an optical waveguide]

The above-explained embodiments have converging optics, e.g. lenses, in the
devices emitting light. The present invention is, however, effective for the devices
having no converging optics, for example, a fiber array (161) is directly coupled with an
optical waveguide (162) as shown by Fig.20. Generally, an aperture angle from a
single mode fiber is at most about 10 degrees. If the distance between the fiber and
the PSD light receiving surface (163) is, for example, 200 4 m, the width of a flux of
light (corresponding to a spot diameter of beam) is at most about 40 # m, so that the
spot size is too small for the axis-élignment carried out by the fiber. The PSD is,
however, capable of sensing the most suitable coui)ling position with a sufficient

accuracy. Consequently, it is feasible to practice the present invention by the PSD in
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such a composition as shown in Fig.20. The explanation of the axis-alignment
procedures is now omitted, because they are absolutely identical to the prior

embodiment having lenses.
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1. An method of aligning a first optical device having an optical axis for
generating light converging at a focus point with a second optical device having an
optical axis provided with a narrow light receiving area comprising the steps of:-
supporting the second optical device ana a semiconductor position sensitive
device having a wide light receiving surface by a supporting plate as the optical axis of
the second optical device is in parallel with the optical axis of the semiconductor

position sensitive device, and a light receiving area of the second optical device and the

light receiving surface of the semiconductor position sensitive device are arranged to

--be nearly equal in height;

placing the first optical device and the semiconductor position sensitive
device face to face;

focusing light emitted from the first optical device on the light receiving
surface of the semiconductor position sensitive device;

sensing a focus point of the light from the first optical device by the
semiconductor position sensitive device;

calculating two-dimensional differences in position between the focus point
and the second optical device;

moving the second optical device and the semiconductor position sensitive

device as a body relatively to the first optical device by the two-dimensional differences;
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placing the second optical device as being opposite to the focus point of thé
first optical device; and

aligning the optical axis of the first optical device with the optical axis of the
second optical device by finely moving the sécond optical device in direction of
increasing light power relatively to the first optical device.

| 2. An optical axis-alignment method as claimed in claim 1, wherein the first
optical device is a semiconductor laser provided with a focus lens.

3. An optical axis-alignment method as claimed in cl.aim 1, wherein the first
optical device is an optical fiber module being provided with a focus lens in an end of
the first optical device, and forming a focus point of the light introduced from the
other end of the first optical device by the lens. |

4. An optical axis-alignment method as claimed in claim 1, 2 or 3 wherein the
second optical device is an optical fiber.

5. An optical axis-alignment method as claimed in claim 1, 2 or 3 wherein the
second optical device is an optical waveguide.

6. An optical axis-alignment method as claimed in claim 1, wherein the first
optical device is a semiconductor laser array consisting of a plurality of semiconductor
lasers and focus lenses; the second optical device is an optical fiber array consisting of
the same number of optical fibers as semiconductor lasers and being arranged in an

identical disposition with the semiconductor lasers; one of the semiconductor lasers

~ constituting the array of the first optical device is driven to emit light and a position of
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the focus point of the light is sensed by the semiconductor position sensitive device
being opposite to the semiconductor laser array; another semiconductor laser of the
semiconductor laser array is drivén to emit light and a position of the focus point of
the light is sensed by the same semiconductor position sensitive device; the
semiconductor laser array and the optical fiber array are relatively moved according to
the position information of two semiconductor lasers and two fibers, whereby each
semiconductor laser is opposite to each corresponding fiber; and a fine axis-alignment
between the semiconductor laser array and the optical fiber array is carried out.

7. An optical axis-alignment method as claimed in any on of claims 1 to 6,
wherein a wavelength of light emitted from the ;first optical device is more than 0.9 z m.

8. An apparatus of aligning a first optical device for generating light
converging at a point with a second optical device provided with a narrow l;'ght incident
area comprising :

a semiconductor position sensitive device having a light receiving surface

and a plurality of pairing electrodes placed on the light receiving surface, and being

- capable of obtaining coordinates of incident light by measuring photocurrents flowing

to each electrode;
a sensor supporting plate supporting the second optical device and the
semiconductor position sensitive device in a body;

an XYZ driving system of driving the sensor supporting plate and the first

optical device in XYZ directions relatively;
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a driving electric power source of driving the first optical device;

a light power meter of detecting an intensiﬁf of the light entering the second
optical device;

a position computing apparatus of computing the incident light point at the
light receiving surface of the .position sensitive device; and

a controller of driving the XYZ driving system in order to move the second
optical device to a focus point of the first optical device by calculating differences in
position between the incident light point and the second optical device, and of moving
the second optical device in direction of increasing the light power by the signals from
the light power meter.

9. An optical axis-alignment apparatus as claimed in claim 8, wherein the
position sensitive device is a two-dimensional semiconductor position sensitive device.

10. An optical axis-alignment apparatus as claimed in claim 9, wherein the
semiconductor position sensitive device chip is composed of a first conductive type
semiconductor substrate, a first conductive type epitaxial growth layer formed on the

semiconductor substrate, a first electrode formed in a reverse surface of the substrate,
a second conductive type region selectively formed on a part of the epitaxial growth
layer, a second, third, forth and fifth electrodes formed on four places of the second
conductive typé region, a protection layer formed on ends of a pn-junction of the
epitaxial growth layer, and an anti-reflection layer formed on a surface of the second

-

conductive region as a light receiving layer.

"his Sheet Has Been Replaced

i

51 . |



10

15

20

AR

11. An optical axis-alignment apparatus as claimed in claim 10, wherein a
wax./elength of light emitted from the first optical device rar_iges from09umtol. 74 m l
, the first conductive substrate of the position sensitive device is an n-type InP
substrate, the first conductive type epitaxial growth layer consists of an n-type InP
buffer layer, an n-type InGaAs light receiving layer, an n-type InP window layer, a p-
type region is formed by Zn diffusion on the n-type InGaAs light receiving layer and

the n-type InP window layer on the center part of a chip, four electrodes are formed in §

. four sides of the p-type region, and X-coordinate of an incident point of light is

obtained by calculating (X; —X3)/(X1+X;) and Y-coordinate is obtained by calculating
(Y1—Y2)/(Y1+Y2) where X;, X5, Y1 and Y7 are photocurrents flowing between each

p-type electrode and an n-type electrode formed the bottom surface.

12. A method of inspecting optical properties of a first optical device for
generating light focussing at a point comprising the steps of:

supporting a second optical device and a semiconductor position sensitive
device by a supporting plate as their optical axes are in parallel with each other and
their bottoms are arranged to be nearly equal in height wherein the second optical
device has two end surfaces, one narrow incident end surface and the other end
surface connected with a light power meter;

placing the first optical device and the position sensitive device face to face;

focussing the light from the first optical device on a light receiving surface of
the position sensitive device;
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sensing a focus point of the first optical device by the position sensitive
device;

calculating differences in position between the focus point and the second
sensitive device;

moving the second optical device and the position sensitive device in a body
relatively to the first optical dévice;

placing the focus point of the first optical device and the second optical
device face to face;

practicing a fine optical axis-alignment by rhoving the second optical device
to the first optical device in direction of increasing light pbwer; and

inspecting light power of the first optical device at the most suitable position
where a maximum amount of light from the first optical device enters the second
optical device.

13. An inspection method as claimed in claim 12, wherein the first optical
device is a semiconductor laser provided with a focussing lens.

14. An inspection method as claimed in clairﬁ 13, wherein the fir_st optical
device is an optical fiber module provided with a focussing lens at an end and a light
power source at the other end of the optical fiber module, and a focus point is formed
in front of the focussing lens by introducing light from the light power source into the
end of the fiber module.

15. An inspection method as claimed in claim 12, wherein the first optical
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device is a semiconductor laser array consisting of a plurality of semiconductor lasers
and lenses; the second optical device is an optical array consistiné of the same number
of optical fibers as the semiconductor lasers and being arranged in an identical
disposition with the semiconductor lasers; one of the semiconductor lasers
constituting the array of the first optical device is driven and a focus position of the
driven semiconductor laser is sensed by the semiconductor position sensitive device
being Qpposite to the laser array; another semiconductor laser of the semiconductor
laser array is excited and a focus position of the driven semiconductor laser is sensed
by the same semiconductor position sensitive device; the semiconductorllaser array
and the optical fiber array are relatively moved according to the position information
of two semiconductor lasers obtained by the semiconductor position sensitive device,
whereby each semiconductor laser is opposite to each corresponding fiber; fine axis-
alignment between the semiconductor laser array and the optical fiber array is carried
out; and light power of the lasers in the arrays is inspected at the most suitable
position by the light power meter set on the end of the fiber in the fiber array.

16. An inspection method as claimed in any claim of claims 12 to 25, wherein
a light wavelength of the first optical device is measured b_esides the light power of light
of the first optical device.

17. An inspection apparatus of inspecting optical properties of a first
optical device for generating light focussing at one point comprising:

a second optical device provided with a narrow incident area that is aligned
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with the first optical device;

a semiconductor position sensitive device provided with a light receiving
surface, a plurality of pairing electrodes formed on the light receiving surface, and a
bottom electrode for obtaining coordinates of an incident point by measuring
photocurrents flowing from the bottom electrode to each electrode;

a sensor supporting plate of supporting the second optical device and the
semiconductor position sensitive device in a body;

an XYZ driving system of driving the sensor supporting plate relatively to
the first optical device in XYZ direcﬁons;

a driving power source of driving the first optical device;

a light power meter of sensing an intensity of light entering the second
oj;)tical device;

a position computing apparatus of computing the incident point of light on
the light receiving surface of the position sensitive device; and

)

a controller of driving the XYZ driving system in order to move the second

optical device to a focus point of the first optical device by differences in position
between the incident point and the second optical device, and of moving the fine
second optical device iﬁ direction of increasing light power.

18. An inspection apparatus as claimed in claim 17, wherein the position
sensitive device is a two-dimensional semiconductor position sensitive device.

19. An inspection apparatus as claimed in claim 18, wherein the
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semiconductor position sensitive device chip is cofnposed of a first conductive type
semiconductor substrate, a first conductive type epitaxial growth layer formed on the
semiconductor substrate, a first electrode formed on a reverse surface 'of the
substrate, a second conductive type region selectively formed on a part of the epitaxial
growth layer, a second, third, forth and fifth electrodes formed on four places of the
second conductive type region, a protection layer formed on ends of a pn-junction of
the epitaxial growth layer, and an anti-reflection layer formed on a surface of the
second conductive region as a light receiving layer.

20. An inspection apparatus as claimed in claim 19, wherein a wavelength of
light emitted from the first optical device ranges from 0.9 # to 1.7 # m, and wherein
the first conductive substrate of the position sénsitive device is an n-type InP substrate,
the first conductive type epitaxial growth layer consists of an n-type InP buffer layer, an
n-type InGaAs light receiving layer, an n-type InP window layer, a p-type region is
formed by Zn diffusion on a central part of the n-type InGaAs light ;eceiving layer and

the n-type InP window layer, four electrodes are formed on four sides of the p-type

region, and an X-coordinate is obtained by calculating (X; 4X2)/ (X;+Xy)anda Y-
coordinate is obtained by calculating (Y1 —Y,)/(Y1+7Y3) where Xy, X3, Y; and Y; are

photocurrents flowing between each p-type electrode and the n-type electrode formed

the bottom surface.
21. A method of producing an optical module having an axis-alignment

between a first optical device for generating light focussing at a point and a second
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optical device provided with a narrow incident area comprising the steps of:

supporting a second optical device and a semiconductor position sensitive
device by a supporting plate as their optical axes are in parallel with each other and
their end surfaces are arranged to be nearly equal in height wherein the second optical
device has two end surfaces, one narrow incident end surface and the other end
surface connected with a light power meter;

placing the first optical device and the position sensitive device face to face;

focussing the light from the first optical device on a light receiving surface of
the position sensitive device;

sensing a focus point of the first optical device by the position sensitive
device;

calculating differences in position between the focus point of the first optical
device and the second optical device;

moving the second optical device and the position sensitive device in a body
relatively to the first optical device by the differences;

placing the second optical device face to face with the focus point of the first
optical device;

practicing a fine optical axis-alignment by moving the second optical device
in direction of increasing light power relatively to the first optical device; and

coupling the first optical device with the second optical device at the most

suitable position where a maximum amount of light from the first optical device enters
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the second optical device. .

22. A method of producing an optical module as claimed in claim 21,
wherein the first optical device is a semicondﬁctor laser provided with a focussing lens.

23. A method of producing an optical module as claimed in claim 21,
wherein the first optical device is an optical fiber module provided with a focus lens in
an end, and a focus point is formed by an inéident light introduced from the other
end.

24. A method of producing an optical module as claimed in claim 21, 22 or
23, wherein the second optical device is an optical fiber.

25. A method of producing an optical module as claimed in claim 21,
wherein the second optical device is an optical waveguide.

26. A method of producing an optical module as claimed in claim 21,
wherein the first optical device is a semiconductor laser array consisting of a plurality

of semiconductor lasers and lenses; the second optical device is an optical fiber array

~ consisting of the same number of optical fibers as the semiconductor lasers and being

arranged in an identical disposition with the semiconductor lasers; one of the
semiconductor lasers constituting the laser array is driven and a position of the light of
the laser is sensed by the semiconductor position sensitive device being opposite to the
semiconductor laser array; another semiconductor laser in the semiconductor laser
array is driven and a position of the light of the laser is sensed by the same

semiconductor position sensitive device; the semiconductor laser array and the optical
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fiber array are relatively moved according to the position information of the
semiconductor laser obtained by the semiconductor position sensitive device, whereby
each semiconductor laser iS opposite to each corresponding fiber; and a fine optical
axis-alignment between the semiconductor laser array and the optical fiber array is
carried out. |

27. A method of producing an optical module as claiméd in any of claims 21
to 26, wherein a wavelength of light emitted from the first optical device is longer than
094 m.

28. An apparatus of producing an optical module having a first optical
device generating light focussing at one point and a second optical device provided
with a narrow incident area comprising:

a semiéonductor position sensitive device provided with a light receiving
surface, a plurality éf electrodes formed on the light receiving surface, and a bottom
electrode for obtaining coordinates of an incident point of light by measuring
photocurrents flowing from the bottom electrode to each electrode;

a sensor supporting plate supporting the second optical device and the
semiconductor position sensitive device in a body;

an XYZ driving system for driving the sensor supporting plate relatively to
the first optical device in XYZ directions;

a driving power source of driving the first optical device;

a light power meter of sensing an intensity of light entering the second
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optical device;

a position computing apparatus of computing the incident point of light on
the light receiving surface of the position sensitive device;

a controller of driving the XYZ driving systém in order to move the second
optical device to a focus point of the first optical device by the calculated difference

between the incident point and the second optical device, and of moving the second

optical device in direction of increasing light power by signals from the light power

meter; and

a welding apparatus of welding the first optical device to the second optical
device at an optimum position of axis-alignment therebetween.
29. An apparatus of producing an optical module as claimed in claim 28,

wherein the position sensitive device is a two-dimensional semiconductor position

- sensitive device.

30. An apparatus of producing an optical module as claimed in claim in
claim 29, wherein the semiconductor position sensitive device chip is composed of a
first conductive type semiconductor substrate,.a first conductive type epitaxial growth
layer formed on the semiconductor substrate, a first electrode formed on a reverse
surface of the substrate, a second conductive type region selectively formed on a part
of the epitaxial growth layer, a second, third, forth and fifth electrodes formed on four
places of the second conductive type region, a protection layer formed on ends of a

pn-junction of the epitaxial growth layer, and an anti-reflection layer formed on a
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surface of the second conductive type region as a light receiving layer.

31. An apparatus of producing an optical module as claimed in claim in
claim 30, wherein a wavelength of light emitted from the first optical device ranges
from 0.9 # m to 1.7 # m, wherein the first conductive type substrate of the position
sensitive device is an n-type InP substrate, the first conductive type 'epitaxia.l growth
layer consists of an n-type InP buffer layer, an n-type InGaAs light receiving layer, an
n-type InP window layer, a p-type region is formed by Zn diffusion on a central part of
the n-type InGaAs light receiving layer and the n-type InP window layer, four
electrodes are formed on four sides of the p-type region, and an X-coordinate is

obtained by calculating (X; —X,)/(X; +X3) and a Y-coordinate is obtained by
calculating (Y1 —Y2)/(Y1+Y2) where X;, X3, Y1 and Y are photocurrents flowing

between each p-type electrode and the n-type electrode formed the bottom surface.
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