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MICRO OPTICAL PICKUP APPARATUS

FIELD

[0001] The present invention relates to a micro optical
pickup apparatus, and more particularly to a micro optical
pickup apparatus using an axial light splitting element and an
astigmatic mirror installed separately.

BACKGROUND

[0002] At present, optical disc drives are used extensively
in audio/video players and data storage devices, and thus is a
necessary computer peripheral. Since optical disc drives
become increasingly thinner, the design of an optical pickup
head is one of the key points. Optical pickup head is just like
the heart of an optical disc drive having a primary function of
producing sufficiently small focusing points on an optical
disc and generating a focus error signal and a track error
signal in order to access data stored in the optical disc accu-
rately and quickly. To reduce volume, some optical pickup
heads are made by integrated circuits, and the micro electro-
mechanical elements are coupled with each other by a micro
electro-mechanical system (MEMS) technology, and a sur-
face micro manufacturing technology is used for reducing the
size and weight of a system and showing a micro optical
bench and functions of a signal pickup head module of the
optical disc drives.

[0003] Referring to FIG. 1 for a schematic view of a con-
ventional micro optical pickup apparatus, the micro optical
pickup apparatus 1 is made of stacked micro optical elements.
The micro optical pickup apparatus 1 includes a laser LED
10, an optical detector 11, a holographic optical element
(HOE) 12, a collimating lens 13 and an object lens 14. The
laser diode 10 produces an incident light 16 for passing
through the holographic optical element 12 and a collimating
lens 13 to form parallel beams and then the incident light 16
passes through a object lens 14 for focusing onto an optical
disc 15. A reflected light 17 is reflected from the optical disc
15, passes through the holographic optical element 12, and
focuses on the optical detector 11.

[0004] In the design of a holographic optical element 12,
patterns with a deflected angle are etched to achieve one order
of the diffracted beams, produce a limited efficiency of opti-
cal paths and raise the level of difficulty for the lithographic
process. Furthermore, it is necessary to take the stress issue of
a thin film into consideration. In the area of micro optical
manufacturing processes, etching is one of the important
manufacturing processes. With the lithographic process, a
pattern is transferred to a photoresist on a thin film, and a
portion of the thin film covered and protected by the photo-
resist is removed by a chemical reaction or a physical action,
so as to complete the final purpose of transferring the pattern
onto the thin film.

[0005] Wet etching is the earliest etching technology used
for removing the uncovered portion of a thin film by a chemi-
cal reaction between the thin film and a specific solution. The
features of the wet etching include a simple manufacturing
process, a quick etching speed, and a wide range of different
materials. However, the chemical reaction comes with an
isotropic etching which is a non-directional etching using
corrosive radicals for oxidizing and bonding an etched mate-
rial, and an equal speed of etching the etched material down-
ward and sideway causes the formation of an undercut easily.
On the other hand, dry etching is an anisotropic etching
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technology used for removing a material by exposing the
material to a bombardment of ions, and the high-energy ions
go through a bias voltage attraction to accelerate bombarding
on a surface of the etched material and dislodge portions of
the material from the exposed surface, and thus dry etching
has an advantage of controlling a thin film etch profile. There-
fore, the fabrication of a holographic optical element 12
requires etching patterns on a thin film at a deflected angle and
comes with a narrow range of computation parameters and a
high level of difficulty for the control technically.

[0006] In addition, the conventional holographic optical
element 12 is a penetrating optical element that requires
spaces on both sides for the optical transmission and becomes
an unfavorable factor for minimizing the thickness of the
optical pickup apparatus.

[0007] In view of the shortcomings of the prior art, the
inventor of the present invention based on years of experience
in the related field to conduct extensive researches and experi-
ments, and finally developed a micro optical pickup apparatus
of the present invention to overcome the shortcomings of the
prior art.

SUMMARY

[0008] The primary objective of the present invention is to
provide a micro optical pickup apparatus to solve the problem
of having a too-narrow range of parameters for the manufac-
ture and design to lower the level of difficulty for the fabri-
cation of the integrated circuits by means of an axial light
splitting element and an astigmatic mirror.

[0009] With these and other objects, advantages, and fea-
tures of the invention that may become hereinafter apparent,
the nature of the invention may be more clearly understood by
reference to the detailed description of the invention, the
embodiments and to the several drawings herein.

[0010] To achieve the foregoing objective, the present
invention provides a micro optical pickup apparatus for pro-
viding an incident light to an optical recording medium,
receiving a reflected light from the optical recording medium,
and acessing the data of the optical recording medium. The
micro optical pickup apparatus comprises a light source gen-
erating element for generating the incident light, an axial light
splitting element, a polarization element, an astigmatic mirror
and an optical sensing element. The axial light splitting ele-
ment drives the incident light to pass through completely
according to the polarization directions of incident light and
the reflected light, and deflects the reflected light. The polar-
ization element is installed between the axial light splitting
element and the optical recording medium is capable of
changing the polarization directions of the incident light and
the reflected light from the optical recording medium. The
astigmatic mirror is provided for receiving, astigmatism
focusing and reflecting the reflected light from the axial light
splitting element. The optical sensing element is provided for
converting a reflected light from the astigmatic mirror into a
corresponding electric signal.

[0011] The polarization direction of the reflected light is
substantially perpendicular to the polarization direction of the
incident light.

[0012] The axial light splitting element is preferably a ser-
rated grating or a saw-tooth like grating.
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[0013] The astigmatic mirror is preferably a continuous
cambered surface structure is a binary optical structure or a
Fresnel structure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Theexemplary embodiment(s) of the present inven-
tion will be understood more fully from the detailed descrip-
tion given below and from the accompanying drawings of
various embodiments of the invention, which, however,
should not be taken to limit the invention to the specific
embodiments, but are for explanation and understanding
only.

[0015] FIG.1is aschematic view of a micro optical pickup
apparatus of a prior art;

[0016] FIG.2is a schematic view of a micro optical pickup
apparatus of the invention;

[0017] FIG.3 is aschematic view of a micro optical pickup
apparatus in accordance with a first preferred embodiment of
the invention;

[0018] FIG. 4is a schematic view of a micro optical pickup
apparatus in accordance with a second preferred embodiment
of the invention;

[0019] FIG. 5A shows an example of the shape of a light
spot focused on an optical detector of micro optical pickup
apparatus in accordance with the invention;

[0020] FIG. 5B shows another example of the shape of a
light spot focused on an optical detector of micro optical
pickup apparatus in accordance with the invention; and
[0021] FIG. 5C shows a further example of the shape of a
light spot focused on an optical detector of micro optical
pickup apparatus in accordance with the invention.

DETAILED DESCRIPTION

[0022] Exemplary embodiments of the present invention
are described herein in the context of a micro optical pickup
apparatus.

[0023] Those of ordinary skilled in the art will realize that
the following detailed description of the exemplary embodi-
ment(s) is illustrative only and is not intended to be in any way
limiting. Other embodiments will readily suggest themselves
to such skilled persons having the benefit of this disclosure.
Reference will now be made in detail to implementations of
the exemplary embodiment(s) as illustrated in the accompa-
nying drawings. The same reference indicators will be used
throughout the drawings and the following detailed descrip-
tion to refer to the same or like parts.

[0024] Referring to FIG. 2 for a schematic view of a micro
optical pickup apparatus of the invention, the micro optical
pickup apparatus 2 is used for reading data of an optical
recording medium 25 such as a VCD or DVD disc. The micro
optical pickup apparatus 2 comprises a light source generat-
ing element 20, a polarization element 24, an axial light
splitting element 23, an astigmatic mirror 22 and an optical
sensing element 21. The light source generating element 20 is
provided for producing an incident light 27 projected towards
the axial light splitting element 23. The light source generat-
ing element 20 is preferably a laser diode. The axial light
splitting element 23 is deflected or passed through directly
according to the polarity direction of the incident light 27. In
this embodiment, the incident light 27 is passed through the
axial light splitting element 23 and projected towards the
polarization element 24.
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[0025] The polarization element 24 is installed between the
axial light splitting element 23 and the optical recording
medium 25 is capable of changing the polarization direction
of the incident light 27. The incident light 27 is passed
through the polarization element 24 and projected to the
optical recording medium 25, and the incident light is
reflected to produce a reflected light 26 from the optical
recording medium 25 to the polarization element 24. With the
action of the polarization element 24, the polarization direc-
tions of the reflected light 26 and the incident light 27 are
different, so that the reflected light 26 is deflected towards the
astigmatic mirror 22 when the reflected light 26 is projected
onto the axial light splitting element 23.

[0026] The astigmatic mirror 22 astigmatism focuses and
reflects the reflected light 26 to the optical sensing element
21. The optical sensing element 21 includes a plurality of
independent sensing areas disposed on the optical path of the
astigmatic mirror 22 for receiving the reflected light 26 from
the astigmatic mirror 22 and detecting the intensity of the
reflected light 26 to generate a corresponding electric signal.
The reflected light 26 forms a light spot on the optical sensing
element 21, and the shape of the light spot varies with a
change of the position of the optical recording medium 25,
and thus all independent sensing areas of the optical sensing
element 21 can be used for sensing the light intensity signals
to compute a change of position of the optical recording
medium 25.

[0027] The incident light produced by the light source gen-
erating element 20 is projected towards the optical recording
medium 25. After the incident light is reflected from the
optical recording medium 25, the reflected light is astigma-
tism focused onto the optical sensing element 21 by the astig-
matic mirror 22 to form a light spot. The optical recording
medium 25 shakes vertically up and down due to its opera-
tion, such that the light spot produces an asymmetric struc-
tural change. The change of the light dot can be analyzed to
produce an error signal. The polarization element 24 is a
retarder such as a ¥4 phase delay wave-plate, a polarizer or
any optical element capable of rotating the polarization direc-
tion of the reflected light to provide a different polarization
direction of the incident light 27.

[0028] The axial light splitting element 23 is preferably an
optical element made of a combination of an isotropic mate-
rial and an anisotropic material, such as a serrated grating or
a saw-tooth like grating. In the manufacture of the grating, an
isotropic material is used to form a serrated element or a
step-shape tooth-like element, and then the anisotropic mate-
rial is covered onto the isotropic material to form the serrated
grating or the saw-tooth like grating. Since the refractive
index of the anisotropic material varies with the polarization
direction, therefore if the refractive indexes of the isotropic
material and the anisotropic material in the polarization direc-
tion of the incident light 27 are equal, the incident light 27 can
be passed directly. Ifthe polarization direction of the reflected
light 26 and the polarization direction of the incident light 27
are different due to the action of the polarization element 24
and the refractive indexes of the isotropic material and the
anisotropic material in the polarization direction of the
reflected light 26 are different, then the reflected light will be
deflected at the grating, and the deflection angle and the
grating cycle are related to the angle or slope of the serrated
groove of the grating.

[0029] The micro optical pickup apparatus 2 is preferably a
free space stacked optical sensing device, and includes a
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reflecting surface for deflecting the aforementioned optical
path. The astigmatic mirror 22 can be a continuous cambered
surface structure, a binary optical structure or a Fresnel struc-
ture. The Fresnel structure is a piecewise continuous struc-
ture, and the binary optical structure is a step-type structure,
with a thickness smaller than the conventional mirror struc-
ture for manufacturing any profile of'a non-spherical lens, but
the light emitting efficiency is lower. In addition, the astig-
matic mirror 22 can be axially symmetric or axially asym-
metric, and the cambered surface can be in a cylindrical
shape.

[0030] Since the micro optical pickup apparatus of the
invention uses the astigmatic mirror for the focusing function,
and the astigmatic mirror can be installed on another compo-
nent as needed, and the conventional penetrating holographic
optical element requires a space disposed on both sides for
optical transmissions. Obviously, the manufacturing process
of the invention is able to produce a relatively thinner optical
sensing element device.

[0031] Referring to FIG. 3 for a schematic view of a micro
optical pickup apparatus in accordance with a first preferred
embodiment of the present invention, the micro optical
pickup apparatus 3 is formed on a silicon-based silicon
nitride, and a chip packaging technology is used for stacking
and packaging, and a computer simulation is used for defining
the required specification of the optical element to form a
pattern of each optical element onto a mask, and finally a
lithography and an etch are used for transferring the pattern
onto the optical element to complete producing the free space
stacked micro optical pickup apparatus. The micro optical
pickup apparatus 3 comprises an optical recording medium
30, a laser LED 31, an optical sensing element 32, a first
reflecting surface 331, a second reflecting surface 332, an
astigmatic mirror 34, a serrated grating 35 and a % phase
delay wave-plate 36.

[0032] Theincident light 37 produced by the laser diode 31
is reflected from the first reflecting surface 331 and the second
reflecting surface 332 to the serrated grating 35. The serrated
grating 35 is made of an isotropic material 351 and an aniso-
tropic material 352. In this embodiment, the refractive
indexes of the isotropic material 351 and anisotropic material
352 in the polarization direction of the incident light 37 are
designed to be equal, and thus the incident light 37 can be
passed directly through the V4 phase delay wave-plate 36 and
projected towards the optical recording medium 30. The opti-
cal recording medium 30 is provided for reflecting the inci-
dent light 37 to generate a reflected light 38.

[0033] Since the polarization direction of the reflected light
38 is substantially perpendicular to the polarization direction
the incident light 37 after the reflected light 38 is passed
through the Y4 phase delay wave-plate 36 again, and the
refractive indexes of the isotropic material 351 and anisotro-
pic material 352 in the polarization direction of the incident
light 38 are designed to be different, so that the reflected light
38 at the interception of the isotropic material 351 and the
anisotropic material 352 is deflected and projected towards
the astigmatic mirror 34. The reflection angle of the reflected
light 38 is related to the cycle of the grating 35 and the angle
of the serrated groove of the grating 35. Designers of the
micro optical pickup apparatus can adjust the cycle of the
grating and the angle (or slope) of the serrated groove to
design the required deflection angle. The reflected light 38 is
received by the astigmatic mirror 34, and then astigmatism
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focused and reflected to the optical sensing element 32 to
produce an asymmetric varying light spot.

[0034] Referring to FIG. 4 for a schematic view of a micro
optical pickup apparatus in accordance with a second pre-
ferred embodiment of the present invention, the difference of
the micro optical pickup apparatus 4 from the micro optical
pickup apparatus 3 resides on that the micro optical pickup
apparatus 4 uses a saw-tooth like grating 45 as the axial light
splitting element, and the astigmatic mirror 34 is installed at
a different position for receiving the reflected light 39
deflected at the saw-tooth like grating 45. The saw-tooth like
grating 45 is made of a combination of an isotropic material
351 and an anisotropic material 352, and the isotropic mate-
rial 351 is in a step-shape, and the anisotropic material 352 is
covered onto the isotropic material 351. The principle for the
saw-tooth like grating 45 to deflect the reflected light 38 is the
same as that of the serrated grating 35, and the angle of
deflecting the reflected light 38 is related to the cycle of the
grating 35 and the slope of the step-shaped groove of the
grating 35. After the astigmatic mirror 34 is installed along
the deflected optical path of the reflected light 38, the
reflected light 38 is astigmatism focused and reflected to the
optical sensing element 32. Compared with the serrated grat-
ing 36, the saw-tooth like grating 45 requires a higher level of
difficulty of the manufacturing process and a lower cost, but
gives a lower light emitting efficiency of the serrated grating
36, and thus designers of the micro optical pickup apparatus
can select an appropriate axial light splitting element accord-
ing to the actual requirements.

[0035] In the two preferred embodiments, the axial light
splitting element is implemented by a grating made of a
combination of an isotropic material and an anisotropic mate-
rial, and both of the incident light incident from a side of the
anisotropic material to the grating and the reflected light
incident from a side of the isotropic material to the grating are
deflected in the grating. However, the invention is not limited
to these embodiments only, but any optical element having a
different deflection angle of the incident light varied with a
different polarization direction of the incident light is
intended to be covered by the scope of the present invention.
[0036] The design of the micro optical pickup apparatus in
accordance with the aforementioned embodiments of the
invention can be changed as needed. For instance, the axial
light splitting element can be adjusted to change the deflec-
tion angle of the axial light splitting element, the position of
the astigmatic mirror 34 or the structural form of the astig-
matic mirror 34. Further, designers can optimize the effi-
ciency and performance of the axial light splitting element
and the astigmatic mirror to improve the efficiency and per-
formance of the micro optical pickup apparatus. Compared
with the conventional holographic optical element, the design
of the present invention can adopt more flexible parameters
and improve the feasibility of the present invention.

[0037] Referring to FIGS. 5A to 5C for the schematic views
of the shape of a light spot focused on an optical detector
when the focus point is removed from a distant position to a
near position, the reflected light is astigmatism focused onto
the optical sensing element to form light spots 51~53 after the
reflected light is astigmatism focused by the astigmatic mir-
ror. The optical sensing element includes a plurality of sens-
ing areas 501~504 for detecting the light intensities of the
light spots 51~53 respectively, converting the light intensities
into corresponding electric signals, and using the light inten-
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sity signals outputted by the sensing areas 501~504 to com-
pute a change of position of the optical recording medium.
[0038] Forinstance, if the total light intensity at the sensing
area 502 and the sensing area 504 is greater than the total light
intensity of the sensing area 501 and the sensing area 503 and
exceeds a threshold value, or the shape of the light spot looks
very similar to the light spot 51, it means that the focus point
is too far. If the total light intensity at the sensing area 501 and
the sensing area 503 is greater than the total light intensity of
the sensing area 502 and the sensing area 504 and exceeds a
threshold value, or the shape of the light spot looks very
similar to the light spot 53, it means that the focus point is too
close. If the light intensities of the sensing areas 501~504 are
similar, the shape of the light spot looks very similar to the
light spot 52, and it means that the reflected light is focused on
optical sensing element.

[0039] Since the present invention uses an astigmatic mir-

ror for astigmatism focusing a reflected light, a light spot

formed on the optical sensing element is in a diamond-like
shape instead of the conventional oval shape. With the afore-
mentioned computation, the effect of determining a change of
the position of the optical recording medium can be achieved.

[0040] From the description above, the micro optical

pickup apparatus has the following advantages:

[0041] (1) Compared with the conventional holographic
optical element, the micro optical pickup apparatus of the
invention adopts separately installed axial light splitting
element and astigmatic mirror, and thus the level of diffi-
culty of manufacturing the integrated circuit element is
lower, and the manufacturing cost can be reduced accord-
ingly.

[0042] (2) The micro optical pickup apparatus of the inven-
tion can optimize the efficiency and performance of the
axial light splitting element and the astigmatic mirror to
improve the efficiency and performance of the micro opti-
cal pickup apparatus. Compared with the conventional
holographic optical element, the design and manufacture
of the invention can use more flexible parameters to
improve the feasibility of the invention.

[0043] (3) The micro optical pickup apparatus of the inven-
tion uses the astigmatic mirror for the focusing purpose.
Compared with a conventional penetrating holographic
optical element, the invention is more favorable to the
manufacture of a thin optical sensing element device.

[0044] In summation of the above description, the present

invention herein enhances the performance than the conven-

tional structure and further complies with the patent applica-
tion requirenments and is thus duly filed for patent application.

While the invention has been described by means of specific

embodiments, numerous modifications and variations could

be made thereto by those skilled in the art without departing
from the scope and spirit of the invention set forth in the
claims.

[0045] While particular embodiments of the present inven-

tion have been shown and described, it will be obvious to

those skilled in the art that, based upon the teachings herein,
changes and modifications may be made without departing
from this invention and its broader aspects. Therefore, the
appended claims are intended to encompass within their
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scope of all such changes and modifications as are within the
true spirit and scope of the exemplary embodiment(s) of the
present invention.

What is claimed is:

1. A micro optical pickup apparatus, for providing an inci-
dent light to an optical recording medium, receiving a
reflected light from the optical recording medium, and
thereby accessing data of the optical recording medium, the
micro optical pickup apparatus comprising:

a light source generating element producing the incident

light;

an axial light splitting element allowing the incident light
to pass through completely and deflecting the reflected
light according to polarization directions of the incident
light and the reflected light;

a polarization element, disposed between the axial light
splitting element and the optical recording medium,
capable of changing the polarization directions of the
incident light and the reflected light of the optical
recording medium;

an astigmatic mirror receiving, astigmatism focusing and
reflecting the reflected light from the axial light splitting
element; and

an optical sensing element receiving the reflected light
from the astigmatic mirror, and converting the reflected
light into a corresponding electric signal.

2. The micro optical pickup apparatus of claim 1, wherein
the polarization direction of the reflected light is substantially
perpendicular to the polarization direction of the incident
light.

3. The micro optical pickup apparatus of claim 1, wherein
the axial light splitting element is made of a combination of an
isotropic material and an anisotropic material.

4. The micro optical pickup apparatus of claim 1, wherein
the axial light splitting element is a serrated grating or a
saw-tooth like grating.

5. The micro optical pickup apparatus of claim 4, wherein
the reflected light is deflected at the axial light splitting ele-
ment with an angle related to the cycle of the grating and the
angle or slope of the serrated groove of the grating.

6. The micro optical pickup apparatus of claim 1, wherein
the astigmatic mirror is an axially symmetric structure or an
axially asymmetric structure.

7. The micro optical pickup apparatus of claim 1, wherein
the astigmatic mirror comes with a spherical surface, a cylin-
drical surface or a non-spherical surface.

8. The micro optical pickup apparatus of claim 1, wherein
the astigmatic mirror is a continuous cambered surface struc-
ture, a binary optical structure or a Fresnel structure.

9. The micro optical pickup apparatus of claim 1, wherein
the astigmatic mirror astigmatism focuses and reflects the
reflected light on the optical sensing element to form a light
spot, and the shape of the light spot varies according to the
position of the optical recording medium.

10. The micro optical pickup apparatus of claim 9, wherein
the optical sensing element includes a plurality of sensing
areas for sensing the intensity of the light spot.
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