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SHAPE-VARIABLE OPTICAL ELEMENT AND
OPTICAL READ/WRITE DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2013-0090240, filed with the Korean
Intellectual Property Office on Jul. 30, 2013, the disclosure of
which is incorporated herein by reference in its entirety.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to a shape-variable

optical element and an optical read/write device including the
shape-variable optical element.

[0004] 2. Background Art

[0005] Every optical disc drive (ODD), such as compact
disc (CD), digital versatile disc (DVD) and Blu-ray disc,
which are currently available in the markets, stores data in a
disc by varying transmittance and reflectance of light.
[0006] Generally, data are stored in the circular plate shape
of'disc, and laser beam converged through a lens is reflected,
refracted or penetrated on the surface of the disc, at which
time the disc drive reads the data by reading a variation in the
phase or polarization of the light that is changed on the sur-
face of'the disc. One of such traditional storage media is CD,
and the Blu-ray disc is developed recently to store a large
capacity by increasing the degree of integration in the storage
area. As more information can be inputted/outputted to and
from a single disc, there has been an increasing demand for
optical information device with faster input/output function-
ality.

[0007] In the case of currently commercialized optical
information devices, data is inputted or outputted using a
single lens, and thus the disc needs to be spun faster in order
to read and write the data faster. However, the revolving speed
of the disc cannot be increased infinitely, thereby hindering
the growth of large-capacity input/output technology.

SUMMARY

[0008] The present invention provides a shape-variable
optical element that can adjust the focus or focal distance.
[0009] The present invention also provides an optical read/
write device that has a fast input/output speed.

[0010] A shape-variable optical element in accordance
with an embodiment of the present invention includes: a
flexible shape-variable lens; and an electrode portion pro-
vided on the shape-variable lens, and a shape of the shape-
variable lens can be changed when voltage is applied to the
electrode.

[0011] A shape of the electrode portion can be changed
when voltage is applied to the electrode.

[0012] The electrode portion can be provided on a surface
of the shape-variable lens, and the electrode portion can be
provided on an entire surface of the shape-variable lens.
Meanwhile, the electrode portion can be provided inside the
shape-variable lens.

[0013] The electrode portion can be made of electroactive
polymer.
[0014] An optical read/write device in accordance with

another embodiment of the present invention includes a lens
portion configured to irradiate light emitted from a light
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source to an optical recording medium, and the lens portion
includes: a flexible shape-variable lens; and an electrode por-
tion provided on the shape-variable lens. The shape of the
shape-variable lens can be changed when voltage is applied to
the electrode.

[0015] The lens portion can include the shape-variable lens
in plurality, and each of the shape-variable lenses can include
at least one of the electrode.

[0016] The plurality of shape-variable lenses can form an
array structure, and the plurality of shape-variable lenses can
be individually controlled.

[0017] A shape of the electrode portion can be changed
when voltage is applied to the electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 shows a shape-variable optical element in
accordance with a first embodiment of the present invention.
[0019] FIG. 2 shows the case of external voltage supplied to
the shape-variable optical element shown in FIG. 1.

[0020] FIG. 3 shows a shape-variable optical element in
accordance with a second embodiment of the present inven-
tion.

[0021] FIG. 4 shows the case of external voltage supplied to
the shape-variable optical element shown in FIG. 3.

[0022] FIG. 5 shows an optical read/write device in accor-
dance with a third embodiment of the present invention.
[0023] FIG. 6 shows how a shape-variable lens operates in
the optical read/write device in accordance with the third
embodiment of the present invention.

DETAILED DESCRIPTION

[0024] Hereinafter, certain embodiments of the present
invention will be described in detail with reference to the
accompanying drawings. Any substantially identical ele-
ments in the description below and accompanying drawings
will be assigned with same reference numerals and will not be
redundantly described. Moreover, whenever it is deemed that
providing detailed description of any relevant known function
or element will inadvertently evade the gist of the present
invention, such description will be omitted.

[0025] When one element is described as being “con-
nected” or “accessed” to another element, it shall be con-
strued as being connected or accessed to the other element
directly but also as possibly having another element in
between. On the other hand, if one element is described as
being “directly connected” or “directly accessed” to another
element, it shall be construed that there is no other element in
between.

[0026] The terms used in the description are intended to
describe certain embodiments only, and shall by no means
restrict the present invention. Unless clearly used otherwise,
expressions in a singular form include a meaning of a plural
form. In the present description, an expression such as “com-
prising” or “including” is intended to designate a character-
istic, a number, a step, an operation, an element, a part or
combinations thereof, and shall not be construed to preclude
any presence or possibility of one or more other characteris-
tics, numbers, steps, operations, elements, parts or combina-
tions thereof.

[0027] FIG. 1 shows a shape-variable optical element in
accordance with a first embodiment of the present invention.
[0028] Referring to FIG. 1, the shape-variable optical ele-
ment 100 includes a shape-variable lens 110 and an electrode
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portion 120 provided thereon. The shape-variable lens 110
allows light to penetrate but can change the shape thereof. The
shape-variable lens 110 can be made of a transparent and
flexible material, for example, transparent electroactive poly-
mer (EAP).

[0029] Theelectrode portion 120 is provided on a surface of
the shape-variable lens 110 to surround the shape-variable
lens 110. An electrode portion can be constituted by having
electrodes coated or attached partially or entirely on a film.
The shape of the electrode portion 120 can be changed when
external voltage is supplied thereto. For example, the elec-
trode portion 120 can be made of electroactive polymer
(EAP).

[0030] EAP has been receiving much attention recently
because not only does it have a fast response speed, large
operation displacement and low driving power consumption
but its superb workability, which is inherent in a polymer
material, makes it possible to be lighter, thinner and smaller.

[0031] There are mainly two kinds of EAP according to the
operation method-ionic EAP, in which polymer is contrac-
tion-expansion deformed by movement and diffusion of ions,
and electronic EAP, in which deformation is made by polar-
ization.

[0032] Ionic EAP, which includes electrorheological fluids
(ERP), carbon nanotubes (CNT), conducting polymers (CP),
ionic polymer-metal composites (IPMC), ionic polymer gels
(IPG), etc., has various strengths such as a great operating
force, fast response speed, low applied voltage.

[0033] Electronic EAP, which includes liquid crystal elas-
tomers (LCE), electro-viscoelastic elastomers, electrostric-
tive polymer, electrostrictive graft elastomers, dielectric elas-
tomers, ferroelectric polymers, etc., has strengths such as a
fast response speed and precise displacement adjustment but
has a shortcoming of requiring a high applied voltage.

[0034] Once external voltage is applied to the electrode
portion 120, the shape of the electrode portion 120 is changed.
Here, since the electrode portion 120 is provided on the sur-
face of the shape-variable lens 110, which is made of a flex-
ible material, the shape of the shape-variable lens 110 is
changed as the shape of the electrode portion 120 is changed.

[0035] FIG. 2 shows the case of external voltage supplied to
the shape-variable optical element shown in FIG. 1.

[0036] As illustrated in FIG. 2, when the external voltage is
supplied to the electrode portion 120, the shape of the elec-
trode portion 120 is changed, and accordingly the shape of the
shape-variable lens 110 is changed. For example, the higher
the voltage applied to the electrode portion 120 is, the more
the electrode portion 120 can be elongated. Accordingly, the
shape of the electrode portion 120 can be controlled by the
voltage supplied thereto.

[0037] The change in the shape of the shape-variable lens
110 causes the direction of refraction of light passing through
the lens 110 to change. As a result, the focal point or the focal
distance of the shape-variable lens 110 is changed. As such,
according to the present embodiment, it is possible to adjust
the focal point or focal distance of the shape-variable lens 110
by as much as it is required.

[0038] Meanwhile, it is possible to provide the electrode
portion at a certain portion of the shape-variable lens, in
which case the shape of the shape-variable lens can be still
changed according to the deformation of the electrode por-
tion.
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[0039] FIG. 3 shows a shape-variable optical element in
accordance with a second embodiment of the present inven-
tion.

[0040] Referring to FIG. 3, the shape-variable optical ele-
ment 200 includes a shape-variable lens 210 and an electrode
portion 220 provided thereon.

[0041] The electrode portion 220 is provided inside the
shape-variable lens 210, and the electrode portion 220 is
made of a material that changes the shape thereof when exter-
nal voltage is applied.

[0042] FIG. 4 shows the case of external voltage supplied to
the shape-variable optical element shown in FIG. 3.

[0043] Asillustrated in FIG. 4, when the external voltage is
supplied to the electrode portion 220, one end of the electrode
portion 220 can be contracted and the other end thereof can be
expanded due to the applied voltage difference. Accordingly,
the shape of the shape-variable lens 210 is changed, which
causes the direction of refraction of light passing through the
lens 210 to change. Therefore, according to the present
embodiment, it is possible to adjust the focal point or focal
distance of the shape-variable lens 210.

[0044] The rest of the configurations and elements of the
second embodiment is identical or similar to those of the first
embodiment described above, and thus the detailed descrip-
tion thereabout will be omitted.

[0045] FIG. 5 shows an optical read/write device in accor-
dance with a third embodiment of the present invention.
[0046] Referring to FIG. 5, the optical read/write device
300 includes light source 310, lens portion 320 and controller
330.

[0047] The light source 310 emits light that is irradiated to
the optical recording medium D. For instance, the light source
310 can be a laser diode. The light source 310 can be provided
singularly or in plurality.

[0048] The optical recording medium D can be a compact
disc (CD), a digital versatile disc (DVD) or a Blu-ray disc,
which a medium that writes data optically.

[0049] The lens portion 320 irradiates the light emitted
from the light source 310 to the optical recording medium D.
The lens portion 320 forms an array structure that includes a
plurality of shape-variable lenses 321 and electrodes 323
provided thereon. Meanwhile, the plurality of shape-variable
lenses 321 and the electrodes 323 provided thereon can be
individually controlled.

[0050] The shape-variablelens 321 is alens that can change
the shape thereof. When voltage is applied to the electrode
portion 323, the shape of the shape-variable lens 321 is
changed. Accordingly, the focal point and the focal distance
of the shape-variable lens 321 can be changed. The shape-
variable lens 321 can be made of a flexible material, for
example, polymer.

[0051] The electrode portion 323 can be provided on a
surface or inside the shape-variable lens 321. The electrode
portion 323 can be made of a transparent, conductive mate-
rial. For example, the electrode portion 323 can be made of
electroactive polymer (EAP).

[0052] The shape-variable lens 321 and electrode portion
323 of the present embodiment are identical to the shape-
variable lens and electrode portion of the optical element in
accordance with the first embodiment of the present invention
that has been described above. However, the present invention
is not limited to this, and it is also possible that, if necessary,
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the shape-variable lens and electrode portion of the optical
element in accordance with the second embodiment of the
present invention are used.

[0053] The controller 330 controls the change of shape of
the shape-variable lens 321 through the electrode portion 323.
That is, the controller 330 adjusts the shape change of the
shape-variable lens 321 by adjusting external voltage applied
to the electrode portion 323.

[0054] FIG. 6 shows how the shape-variable lens operates
in the optical read/write device in accordance with the third
embodiment of the present invention.

[0055] Referring to FIG. 6, the optical recording medium D
is in the shape of a circular plate and thus has a plurality of
tracks formed in the direction of circumference. The lens
portion 320 has the shape-variable lenses 321 arranged
therein in the radial direction of or in the direction of the
tracks of the optical recording medium D. The shape-variable
lenses 321a, 3215, 321 ¢ arranged in the direction of the tracks
of the optical recording medium D can read successive data
by irradiating light to a corresponding track T.

[0056] However, since the track of the optical recording
medium D is formed along the direction of circumference, the
track may not be possibly aligned with the direction in which
the shape-variable lenses 321a,321b, 321 ¢ are arranged. That
is, in the case where the shape-variable lenses 321a, 3215,
321c are arranged linearly, there occurs a difference from the
curved shape of the track. In such a case, by modifying the
shape of the shape-variable lenses 321a, 3215, 321c, this
difference can be corrected by adjusting the focal distance
and the focal point to correspond to the curved shape of the
track.

[0057] Although certain embodiments ofthe present inven-
tion have been described, it shall be appreciated that there can
be a very large number of permutations and modification of
the present invention by those who are ordinarily skilled in the
art to which the present invention pertains without departing
from the technical ideas and boundaries of the present inven-
tion, which shall be defined by the claims appended below.
Accordingly, the technical ideas of the present invention shall
not be limited by the embodiments and the drawings dis-
closed herein.

[0058] It shall be also appreciated that many other embodi-
ments other than the embodiments described above are
included in the claims of the present invention.
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1. A shape-variable optical element comprising:

a flexible shape-variable lens; and

an electrode portion provided on the shape-variable lens,

wherein a shape of the shape-variable lens is changed when

voltage is applied to the electrode.

2. The shape-variable optical element of claim 1, wherein
a shape of the electrode portion is changed when voltage is
applied to the electrode.

3. The shape-variable optical element of claim 2, wherein
the electrode portion is provided on a surface of the shape-
variable lens.

4. The shape-variable optical element of claim 2, wherein
the electrode portion is provided on an entire surface of the
shape-variable lens.

5. The shape-variable optical element of claim 2, wherein
the electrode portion is provided inside the shape-variable
lens.

6. The shape-variable optical element of claim 1 wherein
the electrode portion is made of electroactive polymer.

7. An optical read/write device comprising a lens portion
configured to irradiate light emitted from a light source to an
optical recording medium,

wherein the lens portion comprises:

a flexible shape-variable lens; and

an electrode portion provided on the shape-variable lens,

wherein a shape of the shape-variable lens is changed when

voltage is applied to the electrode.

8. The optical read/write device of claim 7, wherein the lens
portion comprises the shape-variable lens in plurality, and

wherein each of the shape-variable lenses comprises at

least one of the electrode.

9. The optical read/write device of claim 8, wherein the
plurality of shape-variable lenses form an array structure.

10. The optical read/write device of claim 9, wherein the
plurality of shape-variable lenses are individually controlled.

11. The optical read/write device of claim 7, wherein a
shape of the electrode portion is changed when voltage is
applied to the electrode.

12. The shape-variable optical element of claim 2, wherein
the electrode portion is made of electroactive polymer.

13. The shape-variable optical element of claim 3, wherein
the electrode portion is made of electroactive polymer.

14. The shape-variable optical element of claim 4, wherein
the electrode portion is made of electroactive polymer.

15. The shape-variable optical element of claim 5, wherein
the electrode portion is made of electroactive polymer.
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