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Description
Title of Invention: OPTICAL DEVICE AND IMAGE

PROJECTION APPARATUS INCLUDING THE SAME

Technical Field

The present invention relates to an optical device and an image projection apparatus
including the same, and more particularly to a compact optical device that is capable of
achieving highly efficient light output and an image projection apparatus including the

same.

Background Art

An image projection apparatus is an apparatus that projects an image. In particular,
the image projection apparatus may project an image on a screen.

With the increase in resolution of an image, there is an increasing necessity for
achieving highly efficient light output at the time of projecting the image. To this end,
it is necessary to efficiently design an optical unit of the image projection apparatus.
Much research has been conducted into the optical unit of the image projection
apparatus.

Conventionally, lamps, such as a high intensity discharge (HID) lamp, a metal halide
lamp, and an ultra high pressure (UHP) lamp, have been used as a light source for high
power projection. However, it has been required to improve the conventional lamps
due to short life spans, environmental regulations, and low efficiencies of the lamps.
For this reason, research has been actively conducted on methods of using a high
power laser diode (D) as the light source.

For example, Japanese Patent Application Publication No. 2011-013313 discloses a
light source device that uses a blue light emitting diode and a phosphor wheel for
outputting a red light and a green light in addition to a blue light. In the disclosure,
however, optical paths for the blue light, the red light, and the green light are divided.
In order to divide the optical paths, at least four mirrors are used with the result that it

is difficult to provide a compact optical device.
Disclosure of Invention

Technical Problem

It is an object of the present invention to provide a compact optical device that is
capable of achieving highly efficient light output and an image projection apparatus
including the same.
Solution to Problem

In accordance with an aspect of the present invention, the above and other objects

can be accomplished by the provision of an optical device including a laser diode for
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outputting a laser light having a predetermined wavelength, a polarization separator for
transmitting a first polarized light of the laser light and reflecting a second polarized
light of the laser light, a wheel including a wavelength conversion unit for converting a
wavelength of the second polarized light of the laser light reflected by the polarization
separator such that the second polarized light of the laser light corresponds to one
selected from among a blue light, a green light, and a red light and a transmission unit
for transmitting the other lights, a polarization converter for converting the light
transmitted through the wheel into the first polarized light and outputting the converted
first polarized light to the wheel, and an optical output unit for outputting the first
polarized light from the polarization converter and the light converted in wavelength

and reflected by the wheel.
In accordance with another aspect of the present invention, there is provided an

image projection apparatus including a controller for outputting an image signal and an
image output unit for outputting an image to be projected based on the image signal
from the controller, wherein the image output unit includes an optical unit for
outputting a visible light, and the optical unit includes a laser diode for outputting a
laser light having a predetermined wavelength, a polarization separator for transmitting
a first polarized light of the laser light and reflecting a second polarized light of the
laser light, a wheel including a wavelength conversion unit for converting a
wavelength of the second polarized light of the laser light reflected by the polarization
separator such that the second polarized light of the laser light corresponds to one
selected from among a blue light, a green light, and a red light and a transmission unit
for transmitting the other lights, a polarization converter for converting the light
transmitted through the wheel into the first polarized light and outputting the converted
first polarized light to the wheel, and an optical output unit for outputting the first
polarized light from the polarization converter and the light converted in wavelength
and reflected by the wheel.
Advantageous Effects of Invention

An optical device according to an embodiment of the present invention and an image
projection apparatus including the same each include a laser diode for outputting a
laser light having a predetermined wavelength, a polarization separator for transmitting
a first polarized light of the laser light and reflecting a second polarized light of the
laser light, a wheel including a wavelength conversion unit for converting a
wavelength of the second polarized light of the laser light reflected by the polarization
separator such that the second polarized light of the laser light corresponds to one
selected from among a blue light, a green light, and a red light and a transmission unit

for transmitting the other lights, a polarization converter for converting the light
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transmitted through the wheel into the first polarized light and outputting the converted
first polarized light to the wheel, and an optical output unit for outputting the first
polarized light from the polarization converter and the light converted in wavelength
and reflected by the wheel. Consequently, it is possible to provide a compact optical

device that is capable of achieving highly efficient light output.
In particular, the polarization converter is used. As a result, it is possible to align

optical output paths of the blue light, the green light, and the red light from the wheel
and the optical output unit, whereby it is possible to provide a compact optical device
that is capable of achieving highly efficient light output.

Meanwhile, the polarization converter is disposed at the rear of the wheel. At the
time of outputting a high power light, therefore, only a specific light, e.g. a blue light,
is incident upon the polarization converter and is then output from the polarization
converter. Consequently, it is possible to improve reliability of the polarization
converter. In addition, it is possible to increase a degree of freedom in design for
optical lenses disposed between the wheel and the polarization separator or between
the polarization separator and the polarization converter.

In a case in which the transmission unit of the wheel has a diffusion part, on the other
hand, it is possible to prevent reduction of contrast in the vicinity of the diffusion part.

Meanwhile, a second wheel may be further provided between the optical output unit
and the polarization separator for outputting a high power red light, a high power blue

light, and a high power green light.

Brief Description of Drawings

The above and other objects, features and other advantages of the present invention
will be more clearly understood from the following detailed description taken in con-
junction with the accompanying drawings, in which:

FIG. 1 is a view showing the external appearance of an image projection apparatus
according to an embodiment of the present invention;

FIG. 2 is an internal block diagram showing an example of the image projection
apparatus of FIG. 1;

FIG. 3 is an internal block diagram showing an example of a controller of FIG. 2;

FIGS. 4 and 5 are views showing an example of the structure of an optical unit of
FIG. 2;

FIG. 6 is a view showing an example of the structure of a wheel of FIGS. 4 and 5;

FIG. 7 is a view showing another example of the structure of the wheel of FIGS. 4
and 5;

FIG. 8 is a view showing another example of the structure of the optical unit of FIG.
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2;

FIG. 9 is a view showing various examples of a prism of FIG. §;

FIG. 10 is a view showing a further example of the structure of the optical unit of
FIG. 2;

FIG. 11 is a view showing an optical unit related to the present invention.

Best Mode for Carrying out the Invention

Exemplary embodiments of the present invention will be described in more detail
with reference to the accompanying drawings.

The terms “module” and “unit,” when attached to the names of components are used
herein to help the understanding of the components and thus they should not be
considered as having specific meanings or roles. Accordingly, the terms “module” and
“unit” may be used interchangeably.

An optical device as described in this specification is a device that is capable of
outputting a visible light. The optical device may be applied to an image projection
apparatus. Alternatively, the optical device may be applied to a lighting apparatus.

Meanwhile, an image projection apparatus as described in this specification is an
apparatus that is capable of projecting an image to the outside. For example, the image
projection apparatus may be a projector.

On the other hand, the image projection apparatus as described in this specification
may be mounted in another apparatus as a component. For example, the image
projection apparatus may be mounted in a mobile terminal. Alternatively, the image
projection apparatus may be mounted in an electric home appliance, such as an air con-
ditioner, a refrigerator, a cooking apparatus, or a robot cleaner. In another example, the
image projection apparatus may be mounted in a vehicle, such as a car.

Hereinafter, such an image projection apparatus will be described in detail.

FIG. 1 is a view showing the external appearance of an image projection apparatus
according to an embodiment of the present invention.

Referring to the figure, an image projection apparatus 100 may project an image on a
screen 200.

In the figure, the screen 200 is shown as having a flat surface. Alternatively, the
screen may have a curved surface.

A user may view the image projected on the screen 200.

FIG. 2 is an internal block diagram showing an example of the image projection
apparatus of FIG. 1.

Referring to the figure, the image projection apparatus 100 may include a memory
120, a controller 170, a communication module 135, an image output unit 180, and a

power supply unit 190.
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The image output unit 180 may include a drive unit 185 and an optical unit 210.

The drive unit 185 may drive the optical unit 210. Specifically, the drive unit 185
may drive a light source mounted in the optical unit 210.

The optical unit 210 may include optical elements, such as a light source and a lens,
for light output, specifically visible light output.

Particularly, in this embodiment of the present invention, a compact optical unit that
is capable of achieving highly efficient light output, which will hereinafter be
described in detail with reference to FIG. 4 and subsequent figures.

The memory 120 may store a program for processing or control of the controller 170.
In addition, the memory 120 may temporarily store input or output data (e.g. still
pictures and motion pictures).

The communication module 135 functions as an interface with all external devices
connected to the image projection apparatus 100 in a wired or wireless fashion or a
network. The communication module 135 may transmit data or power from the
external devices to components in the image projection apparatus 100. In addition, the
communication module 135 may transmit data from the image projection apparatus
100 to the external devices.

In particular, the communication module 135 may receive a wireless signal from an
adjacent mobile terminal (not shown). The wireless signal may include a voice call
signal, a video communication call signal, or various types of data, such as text data
and image data.

To this end, the communication module 135 may include a short range commu-
nication module (not shown). Bluetooth, radio frequency identification (RFID),
infrared data association (IrDA), ultra wideband (UWB), ZigBee, or near field commu-
nication (NFC) may be used as short range communication technology.

The controller 170 may control overall operation of the image projection apparatus
100. Specifically, the controller 170 may control operations of the respective units in
the image projection apparatus 100.

The controller 170 may control a video stored in the memory 120 or a video received
from an external device through the communication module 135 to be projected to the
outside.

To this end, the controller 170 may control the drive unit 185 to drive the optical unit
210, which outputs a visible light including red (R), green (G), and blue (B) lights.
Specifically, R, G, and B signals corresponding to a video to be displayed may be
output to the drive unit 185.

The power supply unit 190 may supply external power or internal power to the re-
spective components of the image projection apparatus 100 under control of the

controller 170.
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[50] The power supply unit 190 may supply power to the respective components of the
image projection apparatus 100. Specifically, the power supply unit 190 may supply
power to the controller 170, which may be configured in the form of a system on chip
(SOC), the image output unit 180 for image display, and an audio output unit (not
shown) for audio output.

[51] FIG. 3 is an internal block diagram showing the controller of FIG. 2.

[52] Referring to the figure, the controller 170 according to the embodiment of the present
invention may include a demultiplexing unit 310, an image processing unit 320, a
processor 330, an on-screen display (OSD) generation unit 340, a mixer 345, a frame
rate converter 350, and a formatter 360. In addition, the controller 170 may further
include an audio processing unit (not shown) and a data processing unit (not shown).

[53] The demultiplexing unit 310 may demultiplex an input stream.

[54] The image processing unit 320 may process a demultiplexed image signal. To this
end, the image processing unit 320 may include an image decoder 325 and a scaler
335.

[55] The image decoder 325 may decode the demultiplexed image signal, and the scaler
335 may scale the resolution of the decoded image signal such that the image signal
can be output by the display unit 180. The image decoder 325 may include decoders
based on various standards.

[56] The processor 330 may control overall operation of the image projection apparatus
100 or overall operation of the controller 170. In addition, the processor 330 may
control operations of the demultiplexing unit 310, the image processing unit 320, and
the OSD generation unit 340 of the controller 170.

[57] The OSD generation unit 340 may generate an OSD signal according to a user input
or autonomously.

[58] The mixer 345 may mix the OSD signal generated by the OSD generation unit 340
with the decoded image signal processed by the image processing unit 320. The mixed
image signal may be provided to the frame rate converter 350.

[59] The frame rate converter (FRC) 350 may convert a frame rate of an input image. On
the other hand, the frame rate converter 350 may directly output an input image
without conversion of the frame rate of the input image.

[60] The formatter 360 may receive the signal mixed by the mixer 345, i.e. the OSD
signal and the decoded image signal, and perform signal conversion such that the
signal can be input to the image output unit 180. For example, the formatter 360 may
output a low voltage differential signal (LVDS).

[61] Meanwhile, the block diagram of the controller 170 shown in FIG. 3 is a view
showing the embodiment of the present invention. The respective components of the

block diagram may be combined, added, or omitted according to the specifications of
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the controller 170 which is actually configured.

In particular, the frame rate converter 350 and the formatter 360 may not be provided
in the controller 170 but may be separately provided. Alternatively, the frame rate
converter 350 and the formatter 360 may be provided as a single module.

FIGS. 4 and 5 are views showing an example of the structure of the optical unit of
FIG. 2.

Referring to the figures, an optical unit 210a may include a laser diode 410, a po-
larization separator 420, a wheel 430, a polarization converter 440, and an optical
output unit 450. In addition, the optical unit 210a may further include a mirror 446.
Furthermore, the optical unit 210a may further include optical lenses, such as
collimator lenses 461, 462, 463, 464, 465, 466, and 467.

In this embodiment of the present invention, the laser diode 410 is used as a light
source. The laser diode 410 may output a laser light.

The laser light may be incident upon the wheel 430 via the polarization separator
420. At this time, the laser light may be incident upon a phosphor applied to the wheel
as an excitation source such that light having another waveform can be output.

In order to provide a multicolored light source having high luminance, a plurality of
light emitting diodes (LED) may be used instead of the laser diode (LD).

Meanwhile, the laser diode 410 may output a UV light or a blue light.

The polarization separator 420 may transmit a first polarized light of the laser light
and reflect a second polarized light of the laser light.

The wheel 430 may include a wavelength conversion unit for converting a
wavelength of the second polarized light of the laser light reflected by the polarization
separator 420 such that the second polarized light of the laser light corresponds to one
selected from among a blue light, a green light, and a red light and a transmission unit
for transmitting the other lights.

The wheel 430 may be rotated by a wheel motor 431. The wavelength conversion
unit may be coated with a phosphor. For this reason, the wheel 430 may be referred to
as a phosphor wheel.

The polarization converter 440 may convert the second polarized light of the laser
light transmitted through the wheel 430 into the first polarized light and output the
converted first polarized light to the wheel 430.

The optical output unit 450 may output the first polarized light from the polarization
converter 440 and the light reflected by the wheel 430. In particular, the optical output
unit 450 may include a light tunnel for light condensation.

Meanwhile, the wheel 430 may transmit the first polarized light from the polarization
converter 440 and output the transmitted first polarized light to the polarization

separator 420. The polarization separator 420 may transmit the first polarized light
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from the wheel 430 and output the transmitted first polarized light to the optical output
unit 450. In addition, the polarization separator 420 may transmit the light reflected by
the wheel 430 and output the transmitted light to the optical output unit 450.

The mirror 446 may reflect the light reflected by the polarization converter 440 and
output the reflected light to the polarization converter 440.

A second wheel 460 may be disposed between the optical output unit 450 and the po-
larization separator 420 for sequentially transmitting the blue light, the green light, and
the red light from the polarization separator 420 to the optical output unit 450.

Since the polarization separator 420 reflects or transmits light based on polarization
of the light, the laser diode 410 may output an S-polarized blue light or a P-polarized
blue light.

Particularly, in a case in which the polarization separator 420 transmits a P-polarized
light and reflects an S-polarized light, the laser diode 410 may output an S-polarized
blue light.

The S-polarized blue light output by the laser diode 410 is collimated via the optical
lenses 461 and 462 and is then incident upon the polarization separator 420. At this
time, the light is refracted, i.e. reflected, and is then incident upon the wheel 430.

Meanwhile, in a case in which an S-polarized blue light is incident upon the
wavelength conversion unit of the wheel 430 during rotation of the wheel 430 in a state
in which a green phosphor and a red phosphor are applied to the wavelength
conversion unit of the wheel 430, the S-polarized blue light may be converted in
wavelength into a green light and a red light. As a result, the green light and the red
light may be reflected by upon the wavelength conversion unit of the wheel 430. On
the other hand, in a case in which an S-polarized blue light is incident upon the
transmission unit of the wheel 430, to which a plurality of phosphors is applied, the S-
polarized blue light may be transmitted through the transmission unit of the wheel 430
without change.

When the S-polarized blue light is incident upon the polarization converter 440, the
polarization converter 440 refracts the light to the mirror 446. When the light from the
mirror 446 is incident upon the polarization converter 440 again, the polarization
converter 440 refracts the light to the wheel 430.

For polarization conversion, the polarization converter 440 may include a quarter
wavelength plate (QWP) 442. When an S-polarized blue light is incident upon the
QWP, the QWP changes the phase of the light by 1/4 wavelength such that the light is
refracted to the mirror 446. When the light from the mirror is incident upon the QWP,
the QWP changes the phase of the light by 1/4 wavelength. As a result, the QWP
outputs the light converted in phase by 1/2 wavelength, i.e. a P-polarized blue light, to
the wheel 430.
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In a case in which the P-polarized blue light from the polarization converter 440 is
incident upon the transmission unit of the wheel 430, the light is transmitted through
the wheel 430 and then reaches the polarization separator 420. The light is transmitted
through the polarization separator 420 and then reaches the second wheel 460.

Meanwhile, the unpolarized green light and red light reflected by the wheel 430
reach the polarization separator 420. The lights are transmitted through the polarization
separator 420 and then reach the second wheel 460.

The second wheel 460 sequentially outputs the blue light, the green light, and the red
light from the polarization separator 420 to the optical output unit 450 during rotation
of the second wheel 460. The optical output unit 450 outputs the condensed blue light,
green light, and red light.

Meanwhile, a yellow phosphor, a green phosphor, and a red phosphor may be applied
to the wavelength conversion unit of the wheel 430.

In a case in which an S-polarized blue light is incident upon the wavelength
conversion unit of the wheel 430 during rotation of the wheel 430 in a state in which
the yellow phosphor, the green phosphor, and the red phosphor are applied to the
wavelength conversion unit of the wheel 430, the S-polarized blue light may be
converted in wavelength into a yellow light, a green light, and a red light, which may
be reflected. On the other hand, in a case in which an S-polarized blue light is incident
upon the transmission unit of the wheel 430, to which a plurality of phosphors is
applied, the S-polarized blue light may be transmitted through the transmission unit of
the wheel 430 without change.

Meanwhile, the unpolarized yellow light, green light, and red light converted in
wavelength and reflected by the wheel 430 reach the polarization separator 420. The
lights are transmitted through the polarization separator 420 and then reach the second
wheel 460.

The second wheel 460 sequentially outputs the yellow light, the blue light, the green
light, and the red light from the polarization separator 420 to the optical output unit
450 during rotation of the second wheel 460. The optical output unit 450 outputs the
condensed blue light, yellow light, green light, and red light.

Meanwhile, in the optical unit 210a of FIGS. 4 and 5, the polarization separator 420
reflects a P-polarized blue light and transmits an S-polarized blue light. To this end, the
polarization converter 440, the wheel 430, the polarization separator 420, and the
optical output unit 450 are arranged in a line.

The optical unit 210a may be referred to as a solid state illumination (SSI).

FIG. 6 is a view showing an example of the structure of the wheel of FIGS. 4 and 5.

Referring to the figure, a wheel 430 of FIG. 6 may include wavelength conversion
units 433a and 433b and transmission units 436a and 436b.
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A green phosphor and a red phosphor may be applied to the wavelength conversion
units 433a and 433b. As a result, light may be converted in wavelength into a green
light and a red light by the wavelength conversion units 433a and 433b.

Alternatively, a yellow phosphor, a green phosphor, and a red phosphor may be
applied to the wavelength conversion units 433a and 433b. As a result, light may be
converted in wavelength into a yellow light, a green light, and a red light by the
wavelength conversion units 433a and 433b.

The transmission units 436a and 436b may have apertures in a state in which no
phosphor is applied to the transmission units 436a and 436b. As a result, an S-
polarized blue light may be transmitted through the transmission units 436a and 436b
without change.

As described above, the optical unit 210a according to the embodiment of the present
invention includes the polarization converter 440. As a result, it is possible to align
optical output paths of the blue light, the green light, and the red light from the wheel
430 and the optical output unit 450, whereby it is possible to provide a compact optical
device that is capable of achieving highly efficient light output.

Meanwhile, the polarization converter 440 is disposed at the rear of the wheel 430.
At the time of outputting a high power light, therefore, only the blue light is incident
upon the polarization converter 440 and is then output from the polarization converter
440. Consequently, it is possible to increase the lifespan of components constituting
the polarization converter 440, thereby improving reliability of the optical device. In
addition, it is possible to increase a degree of freedom in design for the optical lenses
463, 464, 465, and 466 disposed between the wheel 430 and the polarization separator
420 or between the polarization separator 420 and the polarization converter 440.

FIG. 7 is a view showing another example of the structure of the wheel of FIGS. 4
and 5.

Referring to the figure, a wheel 430 in an optical unit 210b of FIG. 7 may include
wavelength conversion units 433a and 433b and transmission units 434a and 434b.

A green phosphor and a red phosphor may be applied to the wavelength conversion
units 433a and 433b. As a result, light may be converted in wavelength into a green
light and a red light by the wavelength conversion units 433a and 433b.

Alternatively, a yellow phosphor, a green phosphor, and a red phosphor may be
applied to the wavelength conversion units 433a and 433b. As a result, light may be
converted in wavelength into a yellow light, a green light, and a red light by the
wavelength conversion units 433a and 433b.

The transmission units 434a and 434b may have diffusion parts. The transmission
units 434a and 434b may transmit an S-polarized blue light without change. The S-
polarized blue light in the vicinity of the diffusion parts is diffused by the diffusion
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parts. As a result, it is possible to prevent reduction in contrast of the blue light.

FIG. 8 is a view showing another example of the structure of the optical unit of FIG.
2.

An optical unit 210c of FIG. 8 is similar to the optical unit 210b of FIGS. 4 and 5
except that the polarization converter 440 includes a prism 444 coated with a retarder
layer instead of the quarter wavelength plate (QWP) 442.

FIG. 9 is a view showing various examples of the prism of FIG. §

Referring first to FIG. 9(a), the prism 444 may include a retarder layer coating 910
applied to a first surface and a mirror coating 920 applied to a second surface in-
tersecting the first surface. In the structure of FIG. 9(a), an additional mirror 446 may
be omitted.

Referring now to FIG. 9(b), the retarder layer coating 910 is applied to the first
surface of the prism 444, but no mirror coating is applied to the second surface in-
tersecting the first surface. In this structure, an additional mirror 446 may be disposed
while being spaced apart from the prism 444.

FIG. 10 is a view showing a further example of the structure of the optical unit of
FIG. 2.

Referring to the figure, an optical unit 210d of FIG. 10 is similar to the optical units
of FIGS. 4 to 9 except that the optical unit 210d includes a polarization separator 425
for transmitting an S-polarized light and reflecting a P-polarized light.

As aresult, arrangement of the polarization converter 440, the wheel 430, the po-
larization separator 420, and the optical output unit 450 is changed as shown in the
figure.

That is, the polarization converter 440, the wheel 430, and the polarization separator
420 are arranged in a line, and the optical output unit 450 is arranged in a direction in-
tersecting a direction in which the polarization converter 440, the wheel 430, and the
polarization separator 420 are arranged.

In addition, red and green phosphors may be applied to the wheel. Alternatively,
green, red, and green phosphors may be applied to the wheel.

In addition, the wheel may have the same structure as the wheel of FIG. 6. Alter-
natively, the wheel may have the same structure as the wheel of FIG. 7.

In addition, the polarization converter 440 may include a prism 444 as shown in FIG.
8. Furthermore, various prisms 444 as shown in FIG. 9 may be used.

FIG. 11 is a view showing an optical unit related to the present invention.

FIG. 11 shows an optical unit 1000 different from the optical units according to the
present invention.

Referring to FIG. 11, a first polarized blue light from a blue light source 1010 is
reflected by a mirror 1011, is transmitted through an optical lens 1012, is reflected by a
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polarization separator 1020, and is incident upon a wheel 1030. The blue light is
transmitted through the wheel 1030, passes through a mirror 1013, an optical lens
1014, a mirror 1015, optical lenses 1016 and 1017, a mirror 1018, and an optical lens

1019, is reflected by the polarization separator 1020 again, and is output.
Meanwhile, a red light and a green light, excluding the blue light, are reflected by the

wheel 1030, are transmitted through the polarization separator 1020, and are output.

As shown in the figure, a path of the blue light denoted by reference symbol Path_a
extends through the mirrors 1013, 1015, and 1018. As a result, the optical unit may not
have a compact structure.

According to the present invention, however, as shown in FIGS. 4 to 10, the po-
larization converter 440 is provided. As a result, it is possible to align optical output
paths of the blue light, the green light, and the red light from the wheel 430 and the
optical output unit 450, whereby it is possible to provide a compact optical device that
is capable of achieving highly efficient light output.

In addition, the polarization converter 440 is disposed at the rear of the wheel 430. At
the time of outputting a high power light, therefore, only a specific light, e.g. a blue
light, is incident upon the polarization converter and is then output from the po-
larization converter. Consequently, it is possible to improve reliability of the po-
larization converter 440. In addition, it is possible to increase a degree of freedom in
design for the optical lenses disposed between the wheel 430 and the polarization
separator 420 or between the polarization separator 420 and the polarization converter
440.

The image projection apparatus according to the embodiment of the present
invention may not be limitedly applied to the construction and method of the em-
bodiments as previously described; however, all or some of the embodiments may be
selectively combined to achieve various modifications.

It will be apparent that, although the preferred embodiments have been shown and
described above, the present invention is not limited to the above-described specific
embodiments, and various modifications and variations can be made by those skilled in
the art without departing from the gist of the appended claims. Thus, it is intended that
the modifications and variations should not be understood independently of the

technical spirit or prospect of the present invention.
Mode for the Invention
Various embodiments have been described in the best mode for carrying out the
invention.
Industrial Applicability

An optical device according to an embodiment of the present invention and an image
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projection apparatus including the same each include a laser diode for outputting a
laser light having a predetermined wavelength, a polarization separator for transmitting
a first polarized light of the laser light and reflecting a second polarized light of the
laser light, a wheel including a wavelength conversion unit for converting a
wavelength of the second polarized light of the laser light reflected by the polarization
separator such that the second polarized light of the laser light corresponds to one
selected from among a blue light, a green light, and a red light and a transmission unit
for transmitting the other lights, a polarization converter for converting the light
transmitted through the wheel into the first polarized light and outputting the converted
first polarized light to the wheel, and an optical output unit for outputting the first
polarized light from the polarization converter and the light converted in wavelength
and reflected by the wheel, whereby it is possible to provide a compact optical device
that is capable of achieving highly efficient light output. Consequently, the present

invention has industrial applicability.
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Claims

An optical device comprising:

a laser diode for outputting a laser light having a predetermined
wavelength;

a polarization separator for transmitting a first polarized light of the
laser light and reflecting a second polarized light of the laser light;

a wheel comprising a wavelength conversion unit for converting a
wavelength of the second polarized light of the laser light reflected by
the polarization separator such that the second polarized light of the
laser light corresponds to one selected from among a blue light, a green
light, and a red light and a transmission unit for transmitting the other
lights;

a polarization converter for converting the light transmitted through the
wheel into the first polarized light and outputting the converted first
polarized light to the wheel; and

an optical output unit for outputting the first polarized light from the
polarization converter and the light converted in wavelength and
reflected by the wheel.

The optical device according to claim 1, wherein the transmission unit
has a diffusion part for diffusing the lights transmitted through the
transmission unit.

The optical device according to claim 1, wherein

the wheel transmits the first polarized light from the polarization
converter to the polarization separator, and

the polarization separator transmits the first polarized light from the
wheel to the optical output unit and transmits the light reflected by the
wheel to the optical output unit.

The optical device according to claim 1, wherein the polarization
converter comprises a quarter wavelength plate.

The optical device according to claim 1, wherein the polarization
converter comprises a prism coated with a retarder layer.

The optical device according to claim 4 or 5, further comprising a
mirror for reflecting the light reflected by the polarization converter
and outputting the reflected light to the polarization converter.

The optical device according to claim 1, further comprising a second
wheel disposed between the optical output unit and the polarization

separator for sequentially outputting the blue light, the green light, and
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the red light from the polarization separator to the optical output unit.
[Claim 8] The optical device according to any one of claims 1 to 7, wherein
the laser diode outputs a blue light,
the polarization separator transmits a first polarized light of the blue
light and reflects a second polarized light of the blue light, and
when the second polarized light of the blue light reflected by the po-
larization separator is incident upon the wheel, the wheel reflects a
green light and a red light and transmits the blue light.
[Claim 9] The optical device according to any one of claims 1 to 7, wherein
the laser diode outputs a blue light,
the polarization separator transmits a first polarized light of the blue
light and reflects a second polarized light of the blue light, and
when the second polarized light of the blue light reflected by the po-
larization separator is incident upon the wheel, the wheel reflects a
yellow light, a green light, and a red light and transmits the blue light.
[Claim 10] The optical device according to claim 1, wherein
the first polarized light is a P-polarized light, and the second polarized
light is an S-polarized light, and
the polarization converter, the wheel, the polarization separator, and the
optical output unit are arranged in a line.
[Claim 11] The optical device according to claim 1, wherein
the first polarized light is an S-polarized light, and the second polarized
light is a P-polarized light, and
the polarization converter, the wheel, and the polarization separator are
arranged in a line, and the optical output unit is arranged in a direction
intersecting a direction in which the polarization converter, the wheel,
and the polarization separator are arranged.
[Claim 12] An image projection apparatus comprising:
a controller for outputting an image signal; and
an image output unit for outputting an image to be projected based on
the image signal from the controller, wherein
the image output unit comprises an optical unit for outputting a visible
light, and
the optical unit comprises:
a laser diode for outputting a laser light having a predetermined
wavelength;
a polarization separator for transmitting a first polarized light of the

laser light and reflecting a second polarized light of the laser light;
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a wheel comprising a wavelength conversion unit for converting a
wavelength of the second polarized light of the laser light reflected by
the polarization separator such that the second polarized light of the
laser light corresponds to one selected from among a blue light, a green
light, and a red light and a transmission unit for transmitting the other
lights;

a polarization converter for converting the light transmitted through the
wheel into the first polarized light and outputting the converted first
polarized light to the wheel; and

an optical output unit for outputting the first polarized light from the
polarization converter and the light converted in wavelength and
reflected by the wheel.

The image projection apparatus according to claim 12, wherein the
optical unit further comprises a second wheel disposed between the
optical output unit and the polarization separator for sequentially
outputting the blue light, the green light, and the red light from the po-
larization separator to the optical output unit.

The image projection apparatus according to claim 12, wherein

the first polarized light is a P-polarized light, and the second polarized
light is an S-polarized light, and

the polarization converter, the wheel, the polarization separator, and the
optical output unit are arranged in a line.

The image projection apparatus according to claim 12, wherein

the first polarized light is an S-polarized light, and the second polarized
light is a P-polarized light, and

the polarization converter, the wheel, and the polarization separator are
arranged in a line, and the optical output unit is arranged in a direction
intersecting a direction in which the polarization converter, the wheel,

and the polarization separator are arranged.
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