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assembly provides an optical device (3) and a holder (1) including a
sleeve (10), a skirt (20), and a lens (30). The sleeve has a bore (11), into
which an external optical fiber (2a) is set to couple with the optical
device, providing a target surface (13) in an end thereof. The target sur-
face includes an aiming index(16) to indicate the axis (L) of the lens.
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DESCRIPTION

Title of Invention _

OPTICAL ASSEMBLY AND METHOD FOR PRODUCING THE
SAME

Technical Field

[0001] An embodiment of the present invention relates to an optical
assembly, in particular, relates to an optical assembly including an
optical device and a holder integrating a receptacle, a skirt and a lens.
An embodiment of the invention further relates to a method to produce
the optical assembly. |

Background Art

[0002] A recent communicating system has continuously requested the
higher speed and the greater capacity. An optical assembly that includes a
semiconductor optical device, such as a laser diode (LD) for emitting light
or a photodiode (PD) for receiving light, and a mechanism to couple the
semiconductor optical device with an external optical fiber is widely applied
in the optical communication system. The optical device often has, what is
called, a CAN package, while, the coupling mechanism includes a sleeve to
receive the external optical fiber, a skirt to receive the CAN package and a
lens integrally formed with the sleeve and the skirt.

[0003] A Japanese Patent Application published as JP-2010-107692A
has disclosed an optical éssembly having the optical device and the coupling
mechanism. Fig. 15 schematically illustrates, in a cross section thereof, the
optical assembly disclosed in the prior art above. The optical assembly
100 includes a holder 110 and an optical device 102 that installs a
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semiconductor optical device 103 therein. The holder 110 includes a
sleeve 112, a lens 113, and a skirt 114. Another Japanese Patten
Application published as JP-2007-155973A has disclosed a method to
produce an optical assembly, where the semiconductor optical device
practically emits light in a process to align the holder with the optical device.
Sliding the semiconductor optical device in a plane perpendicular to the
optical axis of the device and monitoring the light provided from a tip end of
the optical fiber, the optical device is assembled with the holder at a center
of the symmetrical distribution of the field pattern of the light.

[0004] In order to obtain a desired coupling efficiency between the
optical device and the external optical fiber for the optical assembly
disclosed in the former prior art, the semiconductor device 103 is preferably
positioned on the focal point of the lens 113.  Specifically, the
semiconductor device 103 is necessary to be positioned around the focal
point of the lens 113 within about 10 pm in a case where the external optical
fiber is, what is called, a multi-mode fiber. However, the installation of the
optical device 103 within the optical device 102 inherently shows alignment
tolerance comparable to or greater than the limitation above.

[0005] The method to produce the optical assembly disclosed in the
latter prior art is not only necessary to activate the semiconductor device
practically and to prepare an apparatus to monitor the amplitude of the light,
but the method takes a long time to determine the optimal position.
Embodiments of the present invention are to provide an improved
arrangerhent of the holder and a method to produce the optical assembly.

Summary of Invention

[0006] One aspect of the present invention relates to an optical
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assembly that couples with an external optical fiber. The optical assembly
may comprise an optical device and a holder. The optical device may
install a semiconductor optical device therein; while, the holder may include
a sleeve with a first bore to receive the external optical fiber, a skirt to be
fixed to the optical device, and a lens put between the sleeve and the skirt.
A feature of the optical assembly according to an embodiment of the
invention is that the first bore of the sleeve may provide a target surface in
an end thereof that includes an aiming index to indicate an axis of the lens.
[0007] The first bore may further provide a step between the target
surface and an opening through which the external optical fiber is inserted,
the step abutting against a ferrule that secures a tip end of the external
optical fiber. The sleeve may further include a second bore with a diameter
smaller than that of the first bore to form the step between the first and
second bores. The step may provide a function of the aiming index to
indicate the center of the axis.

[0008] When the semiconductor optical device is a light-emitting
device and has an active area from which light is emitted, the lens may
generate a focused image of the active area on a virtual plane including the
target surface for a wavelength of the light emitted from the semiconductor
optical device, and a center of the focused image of the active area may be
aligned with the center of the lens. On the other hand, when the
semiconductor optical device is a light-receiving device and has an active
area to which the light provided from the external optical fiber enters, the
lens may generate a focused image of the active area on a virtual plane
including the target surface for a wavelength of the light provided from the

external optical fiber, and a center of the focused image of the active area
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may be aligned with the center of the lens. Alternatively, the lens may
generate a focused image of the active area of the semiconductor optical
device on a virtual plane for light attributed to the optical device, where the
virtual plane may be offset from the target surface along the axis of the lens.
In still another. embodiment of the invention, the lens may generate a
focused image of the active area of the semiconductor optical device on a
virtual plane including the step for light attributed to the semiconductor
optical device.

[0009] The target surface may provide at least two aimiﬁg indices each
having a reference edge to indicate the axis of the lens, where each of the
reference edges is located between an inner contour of the image of the
active area focused on the target surface by the lens and an outer contour of
a virtual image four times broader than the image of the active area focused
on the virtual plane.

[0010] Another aspect of the present invention relates to a process to
manufacture an optical assembly that includes an optical device installing a
semiconductor optical device with an active area and a holder having a
sleeve to receive the external optical fiber, a skirt to receive the optical
device, and a lens put between the sleeve and the skirt, where the sleeve, the
skirt, and the lens may be integrally formed with each other. The process
of an embodiment may comprise steps of: (a) aligning the optical device in a
pléne perpendicular to an axis of the lens as inspecting an image of the
active area of the semiconductor optical device which is projected on a
target surface formed in a deep end of the sleeve; and (b) fixing the optical
device with the skirt of the holder. A feature of the process according to an

“embodiment is that the target surface may include at least two aiming
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indices to indicate the axis of the lens. Aligning the center of the image
focused on the target surface with the axis of lens, the optical alignment
between the optical device and the holder in a plane perpendicular to the
axis of the lens may be precisely and easily preformed.

Brief Description of Drawings

[0011] Non-limiting and non-exhaustive embodiments of the present
invention will be described with reference to the following figures, wherein
like reference numerals refer to like parts throughout the various figures
unless otherwise specified. '

[0012] Fig. 1 shows a cross section of an optical assembly according to
an embodiment of the invention; v
[0013] Fig. 2 is a plan view of a semiconductor optical device installed
in the optical assembly shown in Fig. 1; |
[0014] Fig. 3 shows a cross section of a holder according to an
embodiment of the invention; |
v[0015] Fig. 4A shows cross section of an example of an aiming index,
and Fig. 4B is a plan view showing a relation between the aiming index and
an image focused on the target surface;

[0016] Fig. S shows a cross section of the holder including a ray tracing
for light with the first wavelength from the semiconductor optical device to
a virtual plane including the step in the bore of the sleeve;

[0017] Fig. 6 shows cross section of the holder including aﬁother ray
tracing for light with the second wavelength shorter than the first
wavelength in fig. §;

[0018] Fig. 7 shows a flow chart to manufacture the optical assembly
providing the holder with the aiming index in the target surface;
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[0019] Fig. 8 shows a process to align the optical device with the
holder by using an image device inspecting the target surface of the sleeve;
[0020] Fig. 9 shows a process, subsequent to the process shoWn in Fig.
8, to align the optical device with the holder;

[0021]  Fig. 10 shows a process, subsequent to the process shown in Fig.
9, to fix the holder with the optical device;

[0022] Fig. 11 schematically illustrates the images inspected by the
image device applied in the process shown in Figs. 9 and 10;

[0023] Fig. 12 shows a cross section of a modified holder where the
axis of the lens is offset from the axis of the sleeve to enter the light from the
semiconductor optical device in the tip of the external optical fiber in an
inclined angle;

[0024] Fig. 13A is a side view of a modified aiming index on the target
surface, and Fig. 13B is a plan view thereof;

[0025] Fig. 14A is a side view of still modified aiming index on the
térget surface, and Fig. 14B is a side view thereof; and

[0026] Fig. 15 shows a cross section of an optical assembly with a
conventional holder without any aiming index on the target surface.
Description of Embodiments

[0027] Next, some preferred embodiments according to the present
invention will be described as referring to drawings. In the description of
the drawings, the same numerals or symbols will refer to the same or like
elements without overlapping explanations.

[0028] Fig. 1 shows a cross section of an optical assembly 90
implementing with a holder 1. The optical assembly 90 includes an optical

device 3 that installs a semiconductor optical device 4 therein. The optical
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device 3 includes a cap 3a and a base 3b for mounting the semiconductor
optical device 4 thereon. The holder 1 receives in an end thereof an
external optical fiber 2a with a ferrule 2b for securing a tip end of the optical
fiber. The holder 1 may couple the semiconductor device 4 optically with
the external optical fiber 2a. The external optical fiber 2a may be, what is
called, a multi-mode fiber.

[0029] The semiconductor optical device 4 may be, for instance, a laser
diode (D), or a photodiode (PD). The embodiment shown in the figures
installs an LD 4L generally called as the vertical cavity surface emitting
laser diode (VCSEL) that emits light with a Wavelength of, for instance, 850
nm. Fig. 2 is a plan view of the VCSEL 4L. The VCSEL 4L provides an
active area 4b in a corner of the primary surface 4a thereof, from which the
light is emitted. The active area 4b is surrounded by the electrodes 4¢ with
a ringed shape to distinguish the active area 4b easily. The electrode 4c
extends a pad 4d in another comer of the primary surface to which an
conductive wire is bonded. When a PD is installed as the semiconductor
optical device 4, the PD may provide a light-receiving area as the active area
to receive light provided from the external optical fiber 2a. When an
edge-emitting LD, which emits light from an edge, or an end facet thereof,
is installed in the optical device as the semiconductor optical device 4, the
active area thereof, which exists in the end facet, may be distinguishable by
forming projections in the end facet.

[0030] The holder 1 according to an embodiment will be described as
referring to Fig. 3. Fig. 3 shows a cross section of the holder 1, which
includes a sleeve 10, a skirt 20, and a lens 30. The lens 30, which has an
optical axis L, is mor})olit}ﬁcéily and integrally formed with the sleeve 10
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and the skirt 20. The axis L coincides with the center of a bore 11 in the
sleeve 10. The holder 10 thus formed may be made of optically
transparent resin such as polyetherimide (PEI), polycarbonate (PC),
polymethyl methacrylate (PMMA), and so on. The injection molding of
such a resin may form the holder 1.

[0031] The skirt 20 receives the optical device 3 as shown in Fig. 1.
That is, the skirt 20 includes a bottom 21 and a bore 22. The bore 22 may
receive the cap 3a, while, the bottom 21 abuts against a periphery of the
base 3b of the optical device 3. Fixing the bottom 21 with the base 3b, the
optical device 3 may be assembled with the holder 1. |

[0032] The sleeve 10 includes the bore 11, a target surface 13, and a
step 14. The bore 11, which extends along the axis L, provides an opening
12 in an end thereof to receive the ferrule 2b securing the end of the external
optical fiber 2a. The target surface 13 and the step 14 make substantially a
right angle with respect to the axis L and are located in a deep end of the
bore. The target surface 13 provides an aiming index to indicate the
position of the axis L. Details of the aiming index will be described later.
The step 14, which is located between the opening 12 of the bore 11 and the
target surface 13, accompanies therewith the second bore 15 whose
diameter D2 is greater than a diameter of the external optical fiber 2a, which
is typically 125 pum, but less than a diameter of the first bore 11. The
diameter of the second bore is preferably about 600 pum in the present
embodiment. The; diameter of the target surface 13 is substantially equal to
the diameter D2 of the second bore. While, the diameter D3 of the step 14
is substantially equal to the diameter of the first bore 11, which is slightly
greater than a diameter of vthe ferrule 2b and also greater than the diameter
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D2 of the second bore 15 to form the step therebetween.

[0033] Details of the aiming index 16 formed on the target surface 13
will be described. Fig. 4A shows a cross section, while, Fig. 4B is a plan
view of the aiming index 16 in the target surface 13. The aiming index 16
indicates the position of the axis L of the lens 30 to align the VCSEL 4L
with respect to the axis L. Specifically, viewing the deep end of the bore
11 from the opening 12 of the sleeve 10, and bringing the center of the
active area 4b of the VCSEL 4L, an image of which is focused or projected
on the target surface 13, close to the axis L indicated by the aiming index 16;
the VCSEL 4L may be alignéd with the axis L. The size of the image of
the active area 4b projected on the target surface 13 substantially becomes a
diameter D1 of the active area 4b multiplied by the magniﬁcation power of
the lens 30.

[0034] The aiming index 16 may be, for instance, a circular hollow or
terrace with a diameter of 10 to 30 um, or a cross-shaped mark. Fig. 4
shows the aiming index 16 with the circular hollow formed in the target
surface 13, where the hollow has a diameter D4 of about 20 um and a depth
A0 of about 10 um from the top of the target surface 16 to the bottom 16b
thereof. The target surface 13 has an aiming area 17 put between two
contours, 17a and 17b. The inner contour 17a, which has the center
aligned with the axis L of the lens 30, is a silhouette of the active area 4b
projected on the target surface 13; while, the outer contour 17b, the center of
which is also aligned with the axis L of the lens, has an area four times |
broader than an area of the active area of the VCSEL 4L, namely, the outer
contour 17b has a diameter twice larger than the diarheter of the active area

4b. The aiming area 17 covers the reference edge 16a of the aiming index
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16. The reference edge 16a indicates the outline of the area within which
the image of the active area 4b projected on the target surface 13 is fully
covered. The embodiment shown in the figure has the reference edge 16a
having a circular shape whose center is aligned with the axis L of the lens
30.

[0035] The aiming index 16, in particular, the reference edge 16a
thereof, is preferably formed outside of the inner contour 17a in order to
prevent light emitted from the VCSEL 4L, or the external optical fiber 2a,
from scattering. Further, the reference edge 16a is also preferably formed
inside the outer contour 17b in order to align the image of the active arca 4b
precisely with the axis L of the lens 30 on the target surface 13. Moreover,
the reference edge 16a preferably has an area of, the diameter D1 of the
active area 4b multiplied by the magnification pdwer of the lens 30, that is,
the size of the active area 4b projected on the target surface 13 multiplied by
one to two. For instance, the area surrounded by the reference edge 16a
has a diameter of 10 to 30 um.

[0036] Next, the lens 30 will be described in detail as referring to Figs.
Sand 6. Fig. S shows a cross section of the holder 10, in particular, Fig. 5
includes lay traces of light with a preset wavelength, namely, the
wavelength of the light generating in the VCSEL 4L and output from the
active area 4b thereof. When the semiconductor optical device 4 is ‘a PD,
the wavelength above described is the wavelength of the light provided
from the external optical fiber 2a and entering the PD. The preset
wavelength may be selected from, for instance, 800 nm, 850 nm, 1300 nm,
and 1490 nm.

[0037] As shown in Fig. 5, the lens 30 has the first focal point F1, or a

10
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beam waist, assuming the active area 4b as the object point. The first focal
point F1 is within a virtual surface 14a including the step 14 within a range
of the depth of focus. Specifically, assuming the active area 4b of the

" VCSEL 4L as the object point, the first focal point F1, which is the image

point, is set on the virtual plane of the step, which is equivalently the end
surface of the external optical fiber 2a. The first focal point F1 may shift
from the virtual surface 14a along the axis L of the lens 30 to another virtual
surface offset from the original one 14a.

[0038] Fig. 6 shows a cross section of the holder 10 with another lay
trace of light whose wavelength is shorter than the wavelength of the light
shown in Fig. 5. The wavelength, which may be called as the inspecting
wavelength, is in the visible range, preferably shorter than 600 nm. The
embodiment shown in Fig. 6 uses the wavelength of 555 nm for the
inspection. The lens 30 has the second focal point F2, or the position of
the beam waist, for the light with the wavelength of 555 nm, which overlaps
with the virtual plane 14b including the target surface 13 within the focal
depth. |
[0039] Specific structures of the lens 30 having the focal points, F1 and
F2, under the condition where the wavelength of the light from the VCSEL
4L is 850 nm, that for inspection is 550 nm, and the holder 1 is made of PEI,
have a curved surface 31 as shown in Figs. 5 and 6, with a radius of the
curvature of, for instance, 0.689 mm around the crown thereof. The PEI
constituting the holder 1 has the refractive index of 1.67 at the wavelength
of 850 nm; while, the refractive index thereof becomes 1.65 for the
wavelength of 550 nm. Although the structure of the lens 30 above

described assumes the spherical curvature, the lens 30 preferably has

11
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aspheric strﬁctures to correct the aberration thereof.

[0040] Assuming a virtual plane 32 extending in parallel to the target
surface 13 and including the crown of the curved surface 31 of the lens 30, a
distance Al from the active area 4b of the VCSEL 4L to this virtual plane
32 is set to be, for instance, 2.2 mm,; a distance from the virtual plane 32 to
the target surface 13 is set to be, for instance, 3.146 mm; and a distance A3
from the target surface 13 to the step 14, which is the depth of the second
bore 15, is set to be, for instance, 0.137 mm. A transparent resin generally
shows smaller refractive index thereof as the wavelength becomes shorter.
Accordingly, the depth A3 of the second bore 15 is preferably set to be
greater when the wavelength of the inspecting light is set shorter in order to
avoid the interference between the inspecting light and the light emitted
from the VCSEL 4L.

[0041] Next, a method to produce the optical assembly 90
implementing with the holder 1 will be described as referring to Figs. 7 to
10. Fig. 7 shows a flow chart to manufacture the optical assembly 90;
while, Figs. 8 to 10 show processes to form the optical assembly 90. The
method to manufacture the optical assembly 90 inspects misalignment of
the active area 4b of the VCSEL 4L with respect to the optical axis L by
viewing the target surface 13 from the opening 12 of the sleeve 10; then, the
holder 1 may be valigned with respect to the optical device 3 to set the
misalignment above within a preset range, and fixed thereto. Figs. 8 to 10
accompany therewith the Cartesian coordinates whose Z-axis is in parallel
to the optical axis L of the lens 30.

[0042] Referring to Fig. 8, step S100 prepares the holder 1; and step
S101 fixes the optical device 3 on the XY stage 51 of the alignment

12
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apparatus. The XY stage may slide the optical device 3 along the X or Y
directions in a plane parallel to the virtual plane 14a including the abutting
step 14.

[0043]  Step S102, which may be called as the Z-alignment, assembles a’
tool 52 with the holder 1. The tool 52 may provide an image device 53,
typically a camera, and a chuck 54. The tool 52 is an equipment to couple
the image device 53 with the holder 1. The image device 53 may inspect
an image of the active area 4b projected on the target surface 13. The

image device 53 preferably implements therewith a lens having a smaller

F-number, which is one of indices of a lens determined by the focal length
divided by the effective aperture NA, and a shallow depth of focus. The
chuck 54 may assemble the image device 53 with the holder 1 by inserting
the holder 1 therein. The chuck 54 has a length such that the focus F3 of
the image device 53 may overlap the target surface 13 when the chuck 54
supports the holder in a preset position.

[0044] Although the embodiment shown in Fig. 8 assembles the image
device 53 with the chuck 54, these members may be independently prepared.
An arrangement where the image device 53 may inspect the target surface
13 of the holder 1 is the only one condition required in the image device 53
and the chuck 54, specifically, a condition where the focus of the image
device 53 is set on the virtual plane including the target surface 13.

[0045] Referring to Fig. 9, step S103 optically aligns the VCSEL 4L
along Z-direction. In this process, the image device 53 first inspects the
target surface 13. Because the focus F3 of the image device 53 is set on
the virtual plane including the target surface 13, the aiming index 16
provided on the target surface 13 may be clearly distinguished in a center of

13
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the visual field. Then, the alignment along the Z-direction may be carried

- out by adjusting a relative distance between the holder 1 and the optical

device 3 by forming the image of the active area 4b projected on the target
surface 13 by sliding the tool S2 along the Z-direction. Thus, by projecting

the active area 4b on the target surface 13, two images of thevprojected

active area 4b and the aiming index 16 may be clearly distinguishable on the

target surface 13, and the Z-alignment may be completed at a position where

two images on the target surface 13 is clearly inspected by the image device

53.

[0046] The inspecting light used in step S103, where the inspecting

light is emitted from the image device 53 and reflected by the target surface

13, is preferably monochromatic light with the wavelength of, for instance,

550 nm to facilitate the precise Z-alignment. Moreover, in order to adjust

the optical coupling efficiency between the external optical fiber 2a and the

VCSEL 4L within a preset range, or to enhance the positional tolerance of
the external optical fiber 2a to the optical device 3, further Z-alignment to

offset the holder 1 from the optical device 3 along the Z-direction may be

carried out after the aiming index 16 and the projected image of the active

area 4b are clearly distinguished by the image device 53.

[0047] . Referring to Fig. 10, step S104 may align the VCSEL 4L in a

plane parallel to the target surface 13, namely, the XY-plane. Fig. 11

.schematically illustrates the images inspected by the image device 53.

When the center 4d of the active area 4b is offset from the optical axis L of
the lens, which is indirectly distinguished by the aiming index 16, in the
inspected images by the image device 53, the process to bring the center 4d

of the projected image close to the axis L may be carried out by adjusting

14
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the XY-stage 51. Even when the center 4d of the image of the active area

4b is offset from the axis.L distinguished by the aiming index 16, the

XY-stage 51 may easily bring the center 4d in a position substantially
aligned with the axis L. Thus, the XY-alignment between the holder 1 and
the optical device 3 may be completed where the center 4d of the projected
image of the active area 4b substantially coincides with the axis L.

[0048] Referring to Fig. 10 again, step S105 fixes the bottom of the
skirt 20 of the holder with the base 3b of the optical device 3. Then, the
optical assembly 90 showing excellent coupling efficiency between the
semiconductor optical device 4L and the external optical fiber 2a may be
obtained.

[0049] The holder 1 according to an embodiment of the invention
includes the sleeve 10 with the opening 11. Inserting the ferrule 2b
securing a tip end of the external finer 2a into the bore 11, the holder 1 may
couple with the external optical fiber 2a. The holder 1 may further provide
the skirt 20 fixed to the optical device 3; accordingly, the semiconductor
optical device 4L installed within the optical device 3 may be coupled with
the external optical fiber 2a via the holder 1. The lens 30 formed between
the sleeve 10 and the skirt 30 may enhance the optical coupling efficiency
between the semiconductor optical device 4L and the external bptical fiber
2a.

[0050] Moreover, the sleeve 10 provides the target surface 13 with the
aiming index 16 that is able to indicate the axis L of the lens 30.
Accordingly, the XY-alignment of the semiconductor optical device 4L may
be carried out as visually inspecting two images of the projected active area

4b of the device 4L and the optical axis L, and bringing the projected image

15
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of the active area 4b close to the axis L. Thus, according to the optical
assembly 90 providing the holder 1 of the embodiment, the optical
alignment of the semiconductor optical device 4L with the external optical
fiber 2a may be carried out easily and in a short time without practically
activating the semiconductor optical device 4L.

[0051] According to an embodiment of the present invention, the
sleeve 10 provides the abutting step 14 between the opening 12 and the
target surface 13, which may precisely determine the end position of the
external optical fiber 2a. The abutting step 14 accompanies therewith the
second bore 15 whose bottom coincides with the target surface 13 and the
diameter thereof is set to be greater than the diameter of the external optical
fiber 2a, which enables that the position of the tip end of the external optical
fiber 2a may be automatically and precisely determined by abutting the
ferrule 2b against the abutting step 14 and enables the tip end of the fiber 2a
to be effectively protected from breakage.

[0052] The lens 30 may be characterized in that it provides the focal
point F1 for the light with the preset wavelength on the virtual plane 14a
including the abutting surface 14. The tip end of the external optical fiber
2a may be positioned on this virtual plane 14a by abutting the ferrule 2b
against the abutting step 14. This arrangement enables light emitted from
the semiconductor optical device 4L to be effectively concentrated in the
external optical fiber 2a. The focal point F1 may be offset from the virtual
plane along the optical axis L, which may not only adjust the optical
coupling efficiency between the semiconductor optical device 4L and the
external optical fiber 2a but also increase the alignment tolerance between

the external optical fiber 2a and the optical axis L in the XY-plane.
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[0053] The embodiment of the optical assembly 90 provides the

reference edge 16a of the aiming index 16, which clearly defines the outer

range of the area where the projected image of the active area 4b should be

involved and facilitates the alignment to bring the center of the projected

image of the active area 4b close to the optical axis L of the lens 30.

Moreover, the reference edge 16a is formed outside the inner contour 17a of
the projected image of the active area 4b, which may prevent light emitted

from the semiconductor optical device 4L, from being scattered by the

reference edge 16a. Still further, the reference edge 16a is formed inside

the outer contour 17b surrounding an area four times wider than the area

surrounded by the inner contour 17a; that is, the reference edge 16a may be

formed in a position relatively close to the optical axis L to determine the

position of the axis L precisely and detect the offset or the misalignment of
the projected image of the active area 4b with respect to the optical axis L

precisely.

[0054] The lens 30 has another focal point F2 for the light with the

inspecting wavelength. The other focal point F2 is on the target surface 13,

which may project the active area 4b on the target surface 13.

[0055] The embodiments above described concentrate on a condition

where the axis L exists in the center of the lens 30. However, the optical
axis L is unnecessary to coincide with the center of the lens 30. For

instance, when the active area 4b is offset from the center of the lens 30 as

shown in Fig. 12, the optical axis L becomes inclined to the center axis of
the lens 30. Even in such an arrangement, the lens 30 may be designed to

set the focal point F1 for the image of the active area 4b on the end facet of
the external optical fiber 2a, or on the center of the ferrule 2b. The light
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emitted from the semiconductor optical device 4L enters the end facet of the
external optical fiber 2a with a substantial angle with respect to the axis of
the external optical fiber 2a, but light reflected by the end facet of the
external optical fiber 2a may be prevented from returning the semiconductor
optical device 4L, which may operate the device 4L in further stable.

[0056] Although the present invention has been fully described in
conjunction with the preferred embodiment thereof with reference to the
accompanying drawings, it is to be understood thatv various changes and
modifications may be apparent to those skilled in the art. For instance, the
aiming index 16 may have various shapes as long as the position of the axis
L is easily indicated. Figs. 13A and 13B show modified aiming index 16A,
where Fig. 13A is a side view, while, Fig. 13B is a plan view of the
modified aiming index 16A. Referring to Figs. 13A and 13B, the aiming
index 16A includes a plurality of projections 16b each extending radially
from the position of the axis L and having respective reference edges 16¢
showing the function same as the reference edge 16a of the embodiment
above described. The edges 16¢ are preferably formed between the outer
and inner contours, 17a and 17b. Moreover, the number of projections
16D is not restricted to the arrangement of Fig. 13B. More than two (2)
projections making an angle to recognize their intersection easily may be
applicable as the aiming index 16A.

[0057] Figs. 14A and 14B show still further modified arrangement of
the aiming index 16B. The aiming index 16B has a ribbed ring 16e in a
plan view thereof. The inner wall 16d of the ring 16e shows the function
same as the reference edge 16a of the former embodiment. The inner wall

16d is also preferably formed in the aiming area 17 between the inner and
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upper contours, 17a and 17b.

[0058] Moreover, embodiments above described provide the aiming
index 16 formed in the target surface 13. However, the edge 15a of the
second bore 15 appeared in the abutting surface 14 may be used as the index
to indicate the position of the optical axis L. The abutting surface 14 is
apart by the depth of the second bore 15 from the target surface 13 along the
Z-direction, which makes the image obtained by the image device 53
indistinct. However, some picture processing carried out on the edge 15a
may clear the contour to identify the optical axis L. Then, the alignment of
the projected image of the active area 4b of the device 4L with the axis L
may be carried out. Therefore, it is intended that the present invention
not be limited to the particular embodiments disclosed, but that the
invention include all embodiments falling within the scope of the

appended claims.
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CLAIMS

1. An optical assembly optically coupled with an external
optical fiber, comprising:

an optical device that installs a semiconductor optical device
therein; and

a holder including a sleeve with a first bore configured to
receive the external optical fiber therein, a skirt configured to be fixed
with the optical device, and a lens put between the sleeve and the skirt,

wherein the first bore provides a target surface in an end
thereof, the target surface including an aiming index to indicate an axis

of the lens.

2. The optical assembly of claim 1,

wherein the first bore further provides a step between the

target surface and an opening of the first bore through which the

external optical fiber is inserted, the step abutting against a ferrule that

secures a tip end of the external optical fiber.

3. The optical assembly of claim 2,
wherein the sleeve includes a second bore configured to
form the step in a boundary to the first bore, the second bore including

the target surface in a bottom thereof.
4. The optical assembly of claim 3,

wherein the first bore has a diameter greater than a diameter

of the second bore.
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5. The optical assembly of claim 3,
wherein the second bore has a diameter greater than a

diameter of the external optical fiber.

6. The optical assembly of claim 1,

wherein the semiconductor optical device includes an active
area, and

wherein the lens generates a focused image of the active area
on a virtual plane including the step for light with a wavelength

attributed to the semiconductor optical device.

7. The optical assembly of claim 6,
wherein the wavelength is a wavelength of light emitted
from the semiconductor optical device in a case where the

semiconductor optical device is a light-emitting device.

8. The optical assembly of claim 6,

wherein the wavelength is a wavelength of light provided

~from the external optical fiber in a case where the semiconductor optical

~device is a light-receiving device.

9. The optical assembly of claim 6,

wherein the wavelength is longer than 800 nm.

10. The optical assembly of claim 1,
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wherein the lens generates a focused image of the active area
on a virtual plane offset from the target surface along the axis of the lens

at a wavelength attributed to the semiconductor optical device.

11. The optical assembly of claim 1,

wherein the semiconductor optical device includes an active
area projected on a virtual plane including the target surface, and

wherein the target surface providés at least two aiming
indices each having a reference edge surrounding an image of the active

area projected on the target surface.

12. The optical assembly of claim 1,

wherein the semiconductor optical device includes an active
area projected on a virtual plane including the target surface, and

wherein the target surface provides at least two aiming
indices each having a reference edge located between an inner contour
of an image of the active area projected on the virtual plane and an outer
contour of a virtual image four times broader than the image of the

active area projected on the virtual plane.

13. The optical assembly of claim 1,

wherein the semiconductor optical device includes an active
area,

wherein the lens generates a focused image of the active area
on a virtual plane including the target surface for visible light with an

inspecting wavelength.
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14. The optical assembly of claim 13,

wherein the inspecting wavélength is shorter than 600 nm.

15. The optical assembly of claim 1,

wherein the holder integrally forms the sleeve, the lens and
the skirt, and is made of at least one of polyetherimide (PEI),
polycarbonate (PC), and polymethyl methacrylate (PMMA).

16. A process for manufacturing an optical assembly
including an optical device that installs a semiconductor optical device
with an active area and a holder having a sleeve configured to receive
an external optical fiber, a skirt configured to receive the optical device,
and a lens put between the sleeve and the skirt, the sleeve, the skirt and
the lens being integrally formed with each other, the process comprising
steps of:

aligning the optical device in a plane perpendicular to an
axis of the lens as inspecting an image of the active area of the
semiconductor optical device projected on a target surface formed in a
deep end of the sleeve; and

fixing the optical device with the skirt of the holder.

17. The process of claim 16,
wherein the target surface includes aiming indices to indicate
the axis of the lens, and |

wherein the step of aligning the optical device includes a
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step of aligning a center of the image of the active area focused on the
target surface by the lens with the axis of the lens indicated by the

aiming indices.

- 18. The process of claim 17, |

wherein the sleeve provides a step positioned between the
target surface and an opening through which the external optical fiber is
set, the step abutting against a ferrule for securing a tip end of the
external optical fiber set in the sleeve,

wherein the step for aligning the optical device further
includes a step of focusing an image of the active area of the optical
device by the lens on a virtual surface including the step for a

wavelength attributed to the semiconductor optical device.

19. The process of claim 17,

wherein the sleeve provides a step positioned between the
target surface and an opening through which the external optical fiber is
set, the step abutting against a ferrule for securing a tip end of the
external optical fiber set in the sleeve,

wherein the step for aligning the optical device further
includes a step of focusing an image of the active area of the optical
device by the lens on a virtual surface offset from the step for a

wavelength attributed to the semiconductor optical device.

20. The process of claim 16,

wherein the step of aligning the optical device includes a
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step of focusing an image of the active area of the optical device by the

lens on a virtual surface including the target surface for visible light.

21. The process of claim 20, ‘
wherein the step of aligning the optical device further
includes a step of de-focusing the image of the active area of the optical

device along the optical axis.
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