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County (TW) A projection apparatus including an illumination system, a
light valve, and an imaging system is provided. The illumi-
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beam for converting the illumination beam into an image
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trically tunable focusing lens is disposed on the transmission
path of the image beam. The electrically tunable focusing lens
changes a focal length thereof by electricity but not by a
mechanism moving positions of lenses.
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PROJECTION APPARATUS

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] Theinvention generally relates to a displaying appa-
ratus and, in particular, to a projection apparatus.

[0003] 2. Description of Related Art

[0004] Along with the development of the optical and elec-
tronic technology, displaying apparatuses including projec-
tion apparatuses are made smaller and smaller.

[0005] As such, projection apparatuses can be combined
into portable electronic devices, such as cell phones, digital
cameras, notebook computer, tablet computers, personal
digital assistants, and so on. When a portable electronic
device is combined with a micro-projector, the display frame
is no more limited by the small surface area of the portable
electronic device. Instead, the micro-projector projects a
larger display frame onto a screen or wall. As a result,
although the portable electronic device is small, a larger dis-
play frame is still achieved to share with more viewers.
[0006] Conventional micro-projectors adopt manual pro-
jection lenses to focus the display frame. Specifically, a con-
ventional manual projection lens includes a plurality of
lenses, and a user adjusts amechanism, e.g. rotating an adjust-
ment ring, to adjust the distances between the lenses or the
positions of the lenses, so as to change the focal length of the
manual projection lens. As a result, the display frame is
focused.

[0007] Ifamotorisusedto drivethe lenses of the projection
lens to certain positions for focusing the display frame, the
motor increases the power consumption of the micro-projec-
tor, the mechanism becomes complex and fragile, and the
overall volume of the micro-projector is increased. For a
portable electronic device, the above drawbacks are vital and
limit the applicability of the portable electronic device.

SUMMARY OF THE INVENTION

[0008] Accordingly, the invention is directed to a projec-
tion apparatus.

[0009] An embodiment of the invention provides a projec-
tion apparatus including an illumination system, a light valve,
and an imaging system. The illumination system is for emit-
ting an illumination beam. The light valve is disposed on a
transmission path of the illumination beam for converting the
illumination beam into an image beam. The imaging system
includes a projection lens and an electrically tunable focusing
lens. The projection lens is disposed on the transmission path
of the image beam. The electrically tunable focusing lens is
disposed on the transmission path of the image beam. The
electrically tunable focusing lens changes a focal length
thereof by electricity but not by a mechanism moving posi-
tions of lenses.

[0010] Intheprojection apparatus according to the embodi-
ment of the invention, since the electrically tunable focusing
lens changes the focal length thereof by electricity but not by
a mechanism moving positions of lenses, the overall volume
ofthe projection apparatus can be reduced, the structure of the
projection apparatus is simple, and the power consumption of
the imaging system is reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings are included to pro-
vide a further understanding of the invention, and are incor-
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porated in and constitute a part of this specification. The
drawings illustrate embodiments of the invention and,
together with the description, serve to explain the principles
of the invention.

[0012] FIG. 1 is a schematic structural view of a projection
apparatus according to an embodiment of the invention.
[0013] FIGS. 2A and 2B are schematic structural views of
the electrically tunable focusing lens in FIG. 1 respectively on
a voltage-off state and a voltage-on state.

[0014] FIG. 3 shows that the focal length of the electrically
tunable focusing lens in FIG. 1 changes with the voltage
applied to the electrically tunable focusing lens.

[0015] FIG. 4 shows that the image distance changes with
the voltage applied to the electrically tunable focusing lens in
FIG.1.

[0016] FIG. 5 is a schematic structural view of a projection
apparatus according to another embodiment of the invention.
[0017] FIG. 6 is a schematic structural view of a projection
apparatus according to yet another embodiment of the inven-
tion.

DESCRIPTION OF THE EMBODIMENTS

[0018] Reference will now be made in detail to the present
embodiments of the invention, examples of which are illus-
trated in the accompanying drawings. Wherever possible, the
same reference numbers are used in the drawings and the
description to refer to the same or like parts.

[0019] FIG. 1 is a schematic structural view of a projection
apparatus according to an embodiment of the invention.
Referring to FIG. 1, the projection apparatus 100 of this
embodiment includes an illumination system 110, a light
valve 120, and an imaging system 130. The illumination
system 110 is for emitting an illumination beam 111. In this
embodiment, the illumination system 110 includes a light
emitting device 112, alens 114, and a polarizer 116. The light
emitting device 112 is, for example, a light emitting diode
(LED) which is adapted to emit the illumination beam 111.
However, in other embodiments, the light emitting device 112
may also be an ultra high pressure (UHP) lamp or another
light source. The lens 114 and the polarizer 116 are disposed
on the transmission path of the illumination beam 111.
[0020] The light valve 120 is disposed on a transmission
path of the illumination beam 111 for converting the illumi-
nation beam 111 into an image beam 121. In this embodi-
ment, the light valve 120 is, for example, a liquid-crystal-on-
silicon (LCOS) panel. However, in other embodiments, the
light valve 120 may also be a digital micro-mirror device
(DMD). The imaging system 130 is disposed on the transmis-
sion path of the image beam 121. Specifically, in this embodi-
ment, the projection apparatus 100 further includes a beam
splitter 180 disposed on both the transmission paths of the
illumination beam 111 and the image beam 121. The beam
splitter 180 transmits the illumination beam 111 from the
illumination system 110 to the light valve 120, and transmits
the image beam 121 from the light valve to the imaging
system 130. In this embodiment, the beam splitter 180 is a
polarizing beam splitter (PBS) which reflects an s-polarized
portion of the illumination beam 111 to the light valve 120
and allows a p-polarized portion of the image beam 121 to
pass through and be transmitted to the imaging system 130. In
other embodiment, the PBS may allows the p-polarized por-
tion of the illumination beam 111 from the illumination sys-
tem 110 to pass through and be transmitted to the light valve
120 and reflects the s-polarized portion of the image beam
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121 from the light valve 120 to the imaging system 130.
Moreover, in other embodiments, the beam splitter 180 may
be a total internal reflection (TIR) prism or another type of
beam splitter.

[0021] The imaging system 130 includes a projection lens
140 and an electrically tunable focusing lens 150. The pro-
jection lens 140 is disposed on the transmission path of the
image beam 121. The electrically tunable focusing lens 150 is
disposed on the transmission path of the image beam 121. The
electrically tunable focusing lens 150 changes a focal length
thereof by electricity but not by a mechanism moving posi-
tions of lenses. In this embodiment, the electrically tunable
focusing lens 150 is a liquid crystal lens. The electrically
tunable focusing lens 150 changes the focal length thereof for
imaging the image beam 121 onto a screen, so as to form an
image frame on the screen. That is to say, the electrically
tunable focusing lens 150 changes its focal length to focus.
However, in other embodiments, the electrically tunable
focusing lens 150 may also be a liquid lens.

[0022] In this embodiment, the projection lens 140 is dis-
posed between the light valve 120 and the electrically tunable
focusing lens 150. Moreover, in this embodiment, the projec-
tion apparatus 100 further includes a control unit 160 electri-
cally connected to the electrically tunable focusing lens 150
for changing the focal length of the electrically tunable focus-
ing lens 150. The control unit 160 applies voltage to the
electrically tunable focusing lens 150 and changes the focal
length of the electrically tunable focusing lens 150 by adjust-
ing the voltage applied to the electrically tunable focusing
lens 150. Specifically, referring to FIGS. 2A and 2B which are
schematic structural views of the electrically tunable focus-
ing lens 150 in FIG. 1 respectively on a voltage-off state and
a voltage-on state, in this embodiment, the electrically tun-
able focusing lens 150 includes a substrate 310, a transparent
electrode 320, a liquid crystal layer 330, a substrate 340, a
transparent electrode 350, an optical adhesive layer 360, a
electrode 370, and a substrate 380 disposed in sequence on
the transmission path of the image beam 121. A voltage V, is
applied between the transparent electrode 350 and the trans-
parent electrode 320, a voltage V,, is applied between the
transparent electrode 370 and the transparent electrode 320,
and AVeV -V, In this embodiment, when AV=0, i.e. the
control unit 160 not applying voltage to the electrically tun-
able focusing lens 150, the liquid crystal molecules of the
liquid crystal layer 330 lie down and are parallel to the trans-
parent electrodes 320, 350, and 370. In this state, the electri-
cally tunable focusing lens 150 acts as a transparent plate and
the focal length thereof is infinite, as shown in FIG. 3 which
shows that the focal length of the electrically tunable focusing
lens 150 changes with the voltage applied to the electrically
tunable focusing lens 150.

[0023] On the other hand, when AV=0, i.e. the control unit
160 applying voltage to the electrically tunable focusing lens
150, since the electrode 350 has a hole to generate a non-
uniform electrical field, at least a part of the liquid crystal
molecules in the liquid crystal layer 330 stand up and the
orientations of the liquid crystal molecules are non-uniform.
In this state, the electrically tunable focusing lens 150 acts as
a convex lens. Moreover, the more AV is, the less the focal
length of the electrically tunable focusing lens 150 is. Since
the focal length of the electrically tunable focusing lens 150
can be changed, the image frame projected by the projection
apparatus 100 can be clearly formed on the screen 50 at
different image distances s', wherein the image distance s' is
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defined as a distance from the imaging system 130 to the
screen 50. FIG. 4 shows that the image distance s', where the
image frame is clear, changes with AV. The more AV is, the
less the image distance s' is. The experiment data of FIGS. 3
and 4 prove that the electrically tunable focusing lens 150
does achieve focusing. If a alternating current (AC) is applied
to the electrically tunable focusing lens 150, AV in FIGS. 3
and 4 is referred to a root-mean-square value.

[0024] In the projection apparatus 100 according to this
embodiment, since the electrically tunable focusing lens 150
changes the focal length thereof by electricity but not by a
mechanism moving positions of lenses, the overall volume of
the projection apparatus 100 can be reduced, the structure of
the projection is simple, and the power consumption of the
imaging system is reduced. This is because the electrically
tunable focusing lens 150 may not need to use a complex
mechanism to change the position of the lenses so as to
change a focal length. As a result, the applicability of the
projection apparatus 100 is increased. For example, the pro-
jection apparatus 100 may be combined into a portable elec-
tronic device, such as a cell phone, a digital cameras, a note-
book computer, a tablet computer, a personal digital assistant,
and so on, and does not occupy large space in the portable
electronic device, and does also not consume large power of
the portable electronic device.

[0025] In this embodiment, the control unit 160 may
change the focal length of the electrically tunable focusing
lens 150 step by step discontinuously. That is, the control unit
160 is adapted to apply a plurality of discontinuous voltages
one by one to the electrically tunable focusing lens 150 so as
to change the focal length discontinuously. However, in other
embodiment, the control unit 160 may change the focal length
of the electrically tunable focusing lens 150 gradually and
continuously. That is to say, the control unit 160 may adjust
the voltage applied to the electrically tunable focusing lens
150 continvously and gradually, so as to change the focal
length gradually and continuously.

[0026] In this embodiment, the projection apparatus 100
further includes a rangefinder 170 electrically connected to
the control unit 160 for determining a distance between the
projection apparatus 100 and the screen 50, and the control
unit 160 changes the focal length of the electrically tunable
focusing lens 150 according to the distance determined by the
rangefinder 170. That is to say, the imaging system 130 may
focus automatically. In this embodiment, the rangefinder 170
is an infrared rangefinder or a microwave rangefinder. How-
ever, in other embodiments, the rangefinder 170 may be
replaced by an optical detector electrically connected to the
control unit 160 for detecting an image on the screen pro-
duced by the image beam, and the control unit 160 adjusts the
focal length of the electrically tunable focusing lens 150 to a
value where contrast of the image is substantially maximum.
As a result, the imaging system can also focus automatically.
[0027] However, in other embodiment, the imaging system
130 may also focus manually. A knob, button, or other user’s
interfaces may be electrically connected to the control unit
160, and a user can change the focal length of the electrically
tunable focusing lens 150 by operate the knob, button, or
user’s interfaces.

[0028] FIG. 5 is a schematic structural view of a projection
apparatus according to another embodiment of the invention.
Referring to FIG. 5, the projection apparatus 100a of this
embodiment is similar to the projection apparatus 100 in FIG.
1, and the difference therebetween is as follows. In the pro-
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jection apparatus 100a, the electrically tunable focusing lens
150 is disposed between the light valve 120 and the projection
lens 140. The advantages and effects of the projection appa-
ratus 100a are the same as those of the above projection
apparatus 100, and are not repeated herein.

[0029] FIG. 6 is a schematic structural view of a projection
apparatus according to vet another embodiment of the inven-
tion. Referring to FIG. 6, the projection apparatus 1005 of this
embodiment is similar to the projection apparatus 100 in FIG.
1, and the difference therebetween is as follows. In the pro-
jection apparatus 1005, the electrically tunable focusing lens
150 is disposed within the projection lens 140. In this embodi-
ment, the electrically tunable focusing lens 150 is disposed
between the lenses of the projection lens 140. The advantages
and effects of the projection apparatus 1005 are the same as
those of the above projection apparatus 100, and are not
repeated herein.

[0030] In view of the above, in the projection apparatus
according to the embodiments of the invention, since the
electrically tunable focusing lens changes the focal length
thereof by electricity but not by a mechanism moving posi-
tions of lenses, the overall volume of the projection apparatus
can be reduced, the structure of the projection apparatus is
simple, and the power consumption of the imaging systeni is
reduced. This is because the electrically tunable focusing lens
may not need to use a complex mechanism to change the
position of the lenses so as to change a focal length. As a
result, the applicability of the projection apparatus is
increased. For example, the projection apparatus according to
the embodiments of the invention may be combined into a
portable electronic device, such as a cell phone, a digital
cameras, a notebook computer, a tablet computer, a personal
digital assistant, and so on, and does not occupy large space in
the portable electronic device, and does also not consume
large power of the portable electronic device.

[0031] It will be apparent to those skilled in the art that
various modifications and variations can be made to the struc-
ture of the invention without departing from the scope or spirit
of the invention. In view of the foregoing, it is intended that
the invention cover modifications and variations of this inven-
tion provided they fall within the scope of the following
claims and their equivalents.

What is claimed is:
1. A projection apparatus comprising:
an illumination system for emitting an illumination beam;
alight valve disposed on a transmission path of the illumi-
nation beam for converting the illumination beam into
an image beam; and
an imaging system comprising:
a projection lens disposed on the transmission path of
the image beam; and
an electrically tunable focusing lens disposed on the
transmission path of the image beam, wherein the
electrically tunable focusing lens changes a focal
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length thereof by electricity but not by a mechanism
moving positions of lenses.

2. The projection apparatus according to claim 1, wherein
the electrically tunable focusing lens changes the focal length
thereof for imaging the image beam onto a screen.

3. The projection apparatus according to claim 1, wherein
the electrically tunable focusing lens is a liquid crystal lens or
a liquid lens.

4. The projection apparatus according to claim 3, wherein
the projection lens is disposed between the light valve and the
electrically tunable focusing lens.

5. The projection apparatus according to claim 3, wherein
the electrically tunable focusing lens is disposed between the
light valve and the projection lens.

6. The projection apparatus according to claim 3, wherein
the electrically tunable focusing lens is disposed within the
projection lens.

7. The projection apparatus according to claim 1 further
comprising a control unit electrically connected to the elec-
trically tunable focusing lens for changing the focal length of
the electrically tunable focusing lens.

8. The projection apparatus according to claim 7, wherein
the control unit applies voltage to the electrically tunable
focusing lens and changes the focal length of the electrically
tunable focusing lens by adjusting the voltage applied to the
electrically tunable focusing lens.

9. The projection apparatus according to claim 8, wherein
the control unit changes the focal length of the electrically
tunable focusing lens step by step discontinuously.

10. The projection apparatus according to claim 8, wherein
the control unit changes the focal length of the electrically
tunable focusing lens gradually and continuously.

11. The projection apparatus according to claim 7, wherein
the imaging system is adapted to project the image beam onto
a screen, the projection apparatus further comprises a
rangefinder electrically connected to the control unit for
determining a distance between the projection apparatus and
the screen, and the control unit changes the focal length of the
electrically tunable focusing lens according to the distance
determined by the rangefinder.

12. The projection apparatus according to claim 11,
wherein the rangefinder is an infrared rangefinder or a micro-
wave rangefinder.

13. The projection apparatus according to claim 7, wherein
the imaging system is adapted to project the image beam onto
to a screen, the projection apparatus further comprises an
optical detector electrically connected to the control unit for
detecting an image on the screen produced by the image
beam, and the control unit adjusts the focal length of the
electrically tunable focusing lens to a value where contrast of
the image is substantially maximum.

14. The projection apparatus according to claim 1, wherein
the light valve is a liquid-crystal-on-silicon panel or a digital
micro-mirror device.



