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FIG. 3

ule comprises: a projection chip (301), having micro semiconductor light emitting devices thereon;
and a projection lens unit (302), wherein the micro semiconductor light emitting devices produce
projection light to create a projection image, and the projection lens unit receives the projection im-
age and projects it to a projection surface. The size of a projection module can be reduced.
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PROJECTION MODULE AND ELECTRONICS APPARATUS

FIELD OF THE INVENTION

The present invention relates to the technique field of projection display, and more

specifically, to a projection module and an electronics apparatus comprising the same.

BACKGROUND OF THE INVENTION

Digital light processing (DLP) is a display device based on optical
micro-electro-mechanical technology that uses a digital micro-mirror device. DLP is used in a
variety of display applications from traditional static displays to interactive displays and also
non-traditional embedded applications including medical, security, and industrial uses.

In a DLP projector, light is reflected by a mirror device and is projected to the display
screen (a projection surface). The image is created by microscopically small mirrors laid out in a
matrix on a semiconductor chip, known as a digital micro-mirror device (DMD). These mirrors
are of a few micrometer. Each mirror represents one or more pixel in a projected image. These
mirrors can be individually rotated rapidly to reflect light either through the lens or to a heat sink.
Rapidly toggling the mirror between these two orientations (essentially by switching on and off
of the device) produces gray-scales, which are controlled by the ratio of on-time to off-time.

The DLP system includes a light source, a DMD device, optical components to integrate,
align and project light beam, a DLP controller, a light source driver and heat sink.

Figure 1 shows a schematic diagram of a DLP projector. As shown in Figure 1, the DLP
projector includes a light source unit 101, a DMD device 102,a reflector 103 and a projection lens
unit 104. The light source unit 101 may include red, blue and green light sources. The light
produced by the light source 101 is reflected by the reflector 103 to the DMD device 102. The
DMD device 102 modulates the input light into a projection image. The projection image goes
through the reflector 103 and is projected on the projection surface 105 on which a display image
is formed.

Figure 2 shows a schematic diagram of a DMD device 202. As shown in Figure 2,

multiple micro-mirrors 203 are formed on the DMD device 202. They are
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micro-electro-mechanical devices and can be rotated under a control signal.
There is a demand in the art that a new solution for a projector shall be proposed to

address at least one of the problems in the prior art.

SUMMARY OF THE INVENTION

One object of this invention is to provide a new technical solution for a projector.

According to a first aspect of the present invention, there is provided a projection
module, comprising: a projection chip having micro semiconductor light emitting devices thereon;
and a projection lens unit, wherein the micro semiconductor light emitting devices produce
projection light to create a projection image, and the projection lens unit receives the projection
image and projects it to a projection surface.

Alternatively or optionally, the micro semiconductor light emitting devices are at least
one of micro light emitting diodes and micro laser diodes.

Alternatively or optionally, the micro semiconductor light emitting devices include red,
green and blue micro semiconductor light emitting devices.

Alternatively or optionally, the projection chip is movable to form the projection image
in a line scan manner.

Alternatively or optionally, the micro semiconductor light emitting devices of the
projection chip are movable to form the projection image in a line scan manner.

Alternatively or optionally, the projection lens unit is integrated with the projection chip
and includes multiple micro projection lens sub-units, and each micro projection lens sub-unit is
formed on the top of one micro semiconductor light emitting device.

Alternatively or optionally, the micro semiconductor light emitting devices include a
first array of red micro semiconductor light emitting devices which forms a red projection
sub-image, a second array of green micro semiconductor light emitting devices which forms a
green projection sub-image, a third array of blue micro semiconductor light emitting devices
which forms a blue projection sub-image, and the projection lens unit combines the red, green

and blue projection sub-images into one image.
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Alternatively or optionally, the micro semiconductor light emitting devices include a
first array of red micro semiconductor light emitting devices which forms a red projection
sub-image, a second array of green micro semiconductor light emitting devices which forms a
green projection sub-image, a third array of blue micro semiconductor light emitting devices
which forms a blue projection sub-image, and the first, second and third arrays are movable to
emit the red, green and blue projection sub-images to the projection lens unit in sequence to form
one image.

According to a second aspect of the present invention, there is provided an electronics
apparatus comprising a projection module according to the present invention, wherein the
electronics apparatus is one of a smart phone and a wearable device.

Alternatively or optionally, the electronics apparatus further comprises a camera to
capture an action on the projection image projected by the projection module, and the electronics
apparatus processes the action captured by the camera for interactive application and uses it as a
control signal for the electronics apparatus.

According to an embodiment of this invention, the size of a projection module can be
reduced.

Further features of the present invention and advantages thereof will become apparent
from the following detailed description of exemplary embodiments according to the present

invention with reference to the attached drawings.

BRIEF DISCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and constitute a part of the
specification, illustrate embodiments of the invention and, together with the description thereof,
serve to explain the principles of the invention.

Figure 1 is a schematic diagram of a prior art DLP projector.

Figure 2 is a schematic diagram of a DMD device.

Figure 3 is a schematic diagram of a projection module according to an embodiment of
the present invention.

Figure 4 is a schematic diagram of an arrangement of micro semiconductor light
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emitting devices in a projection chip according to an embodiment of the present invention.

Figure 5 is a schematic diagram of an arrangement of micro semiconductor light
emitting devices in a projection chip according to another embodiment of the present invention.

Figure 6 is a schematic diagram of a micro semiconductor light emitting device with a
micro projection lens sub-unit according to another embodiment of the present invention.

Figure 7 is a schematic diagram of a projection module according to another
embodiment of the present invention.

Figure 8 is a schematic diagram of an arrangement of micro semiconductor light
emitting device arrays in a projection chip according to another embodiment of the present
invention.

Figure 9 is a schematic diagram of an electronics apparatus according to an embodiment

of the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Various exemplary embodiments of the present invention will now be described in
detail with reference to the drawings. It should be noted that the relative arrangement of
the components and steps, the numerical expressions, and numerical values set forth in these
embodiments do not limit the scope of the present invention unless it is specifically stated
otherwise.

The following description of at least one exemplary embodiment is merely
illustrative in nature and is in no way intended to limit the invention, its application, or uses.

Techniques, methods and apparatus as known by one of ordinary skill in the
relevant art may not be discussed in detail but are intended to be part of the specification
where appropriate.

In all of the examples illustrated and discussed herein, any specific values should be
interpreted to be illustrative only and non-limiting. Thus, other examples of the exemplary
embodiments could have different values.

Notice that similar reference numerals and letters refer to similar items in the

following figures, and thus once an item is defined in one figure, it is possible that it need
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not be further discussed for following figures.

Embodiments and examples will be described with reference to the drawings below.

Figure 3 shows a schematic diagram of a projection module according to an embodiment
of the present invention.

As shown in Figure 3, the projection module comprises a projection chip 301 and a
projection lens unit 302.

The projection chip 301 has micro semiconductor light emitting devices thereon. The
micro semiconductor light emitting devices produce projection light to create a projection image.
For example, the micro semiconductor light emitting devices can be at least one of micro light
emitting diodes and micro laser diodes. The projection chip 301 may be formed on a single
substrate or include several substrates.

The projection lens unit 302 receives the projection image from the projection chip and
projects it to a projection surface 303. A display image will be formed on the projection surface
303.

Figure 4 shows a schematic diagram of an arrangement of micro semiconductor light
emitting devices in a projection chip according to an embodiment of the present invention.

As shown in Figure 4, the projection chip 401 comprises multiple micro semiconductor
light emitting devices, which include red micro semiconductor light emitting devices404r, green
micro semiconductor light emitting devices 404g and blue micro semiconductor light emitting
devices 404b.

For example, as shown in Figure 4, these micro semiconductor light emitting devices
can be grouped into multiple pixels, each of which includes a red micro semiconductor light
emitting device404r,a green micro semiconductor light emitting device 404g and a blue micro
semiconductor light emitting device 404b.

For example, these micro semiconductor light emitting devices are micro light emitting
diodes (micro-LEDs). These micro-LEDs are fabricated on AM-TFT (Active Matrix Thin Film
Transistor) backplane or PM-TFT (Passive Matrix Thin Film Transistor) backplane. The

backplane can be manufactured by a semiconductor substrate or a glass substrate.
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Figure 5 shows a schematic diagram of an arrangement of micro semiconductor light
emitting devices in a projection chip according to another embodiment of the present invention.

As shown in Figure 5, the projection chip 501 can just contain a few pixels, such as one
or more pixels. In this embodiment, the projection module can form a projection image in a line
scan manner. That is, the pixels of the micro semiconductor light emitting devices are less than
those of the projection image, and the projection image is formed by rotating the micro
semiconductor light emitting devices 2-dimensionally to project light beam in a line scan manner,
and to scan the image in a short time.

For example, the projection chip 501can be rotated in 2-dimension to form the projection
image in a line scan manner. In this regard, a micro actuator (not shown) may be used to rotate
the projection chip 501.

In another example, the micro semiconductor light emitting devices of the projection
chip 501 can be rotatable to form the projection image in a line scan manner. Here, the micro
semiconductor light emitting devices can be a micro-electro-mechanical system and can be
actuated under a control signal to scan the image.

By using the line scan manner, the size of the projection module may be reduced and the
quantity of the micro semiconductor light emitting devices may be lowered.

Figure 6 is a schematic diagram of a micro semiconductor light emitting device with a
micro projection lens sub-unit according to another embodiment of the present invention.

In this embodiment, the projection lens unit can be integrated with the projection chip.
The projection lens unit includes multiple micro projection lens sub-units 602. As shown in
Figure 6, each micro projection lens sub-unit 602 is formed on the top of one micro
semiconductor light emitting device 604.The light emitting device 604 is formed on a backplane
605.

In this way, the integration degree of the projection module may be improved.

Optionally, the size of the projection module may be further lowered.

Optionally, it is advantageous to use the micro semiconductor light emitting device of
Figure 6 in the embodiment of Figure 5, since the micro projection lens sub-unit 602 can be

moved as the movement of the light emitting device 604.
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In another embodiment of the present invention, the micro semiconductor light emitting
devices of different colors are formed on different substrate.

Figure 7 shows a schematic diagram of a projection module according to another
embodiment of the present invention.

As shown in Figure 7, the projection chip 701 includes multiple micro semiconductor
light emitting devices. The micro semiconductor light emitting devices include a first array 704r
of red micro semiconductor light emitting devices which forms a red projection sub-image, a
second array 704g of green micro semiconductor light emitting devices which forms a green
projection sub-image, a third array 704b of blue micro semiconductor light emitting devices
which forms a blue projection sub-image.

As shown in Figure 7, the projection lens unit 702can combine the red, green and blue
projection sub-images into one image. For example, the projection lens unit 702 includes a
reflection unit 706, which adjusts the light paths of the light from the first array 704r, the second
array 704g and the third array 704b and combines them into one light beam. The reflection unit
706 directs the combined light beam to the lens for projection.

Figure 8 shows a schematic diagram of an arrangement of micro semiconductor light
emitting device arrays in a projection chip according to another embodiment of the present
invention.

As shown in Figure 8,the projection chip 801 includes multiple micro semiconductor
light emitting devices. The micro semiconductor light emitting devices include a first array 804r
of red micro semiconductor light emitting devices which forms a red projection sub-image, a
second array 804g of green micro semiconductor light emitting devices which forms a green
projection sub-image, a third array 804b of blue micro semiconductor light emitting devices
which forms a blue projection sub-image.

The first, second and third arrays 804r, 804g, 804b are movable to emit the red, green
and blue projection sub-images to the projection lens unit (not shown) in sequence to form one
image. For example, the projection chip 801 can rotate and thus the first, second and third arrays

804r, 804g, 804b can be placed at a predetermined projection position in sequence. The
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predetermined projection position may be a position for the projection lens unit to receive the
projection image and projects it to the projection surface.

The arrangement of separate arrays of different color will benefit the manufacture of the
micro semiconductor light emitting device arrays. For example, it will simplify the transfers of
micro semiconductor light emitting device arrays of different colors from a grown substrate to a
receiving substrate (backplane).

Alternatively, this arrangement will reduce the influence of a transfer onto its previous
transfer. For example, generally, three transfers will be performed to transfer red, green and blue
light emitting device arrays onto the backplane. If the transfer of a green device array is
performed after the transfer of a red device array, it will harm the red devices which have already
placed on the backplane. By the arrangement of separate arrays, this influence will be reduced.

Figure 9 is a schematic diagram of an electronics apparatus according to an embodiment
of the present invention.

For example, Figure 9 shows a back side of an electronics apparatus 900. As shown in
Figure 9, the electronics apparatus 900 comprises a projection module 908 according to any of
the above embodiment. The electronics apparatus 900 may be one of a smart phone and a
wearable device. The wearable device may be a smart watch or smart band.

In an example, the electronics apparatus 900 may further comprises a camera 907. The
camera 907 may be used to capture an action on the projection image projected by the projection
module 908. The camera 907 and the projection module 908 may constitute a virtue control
device for the electronics apparatus 900.The electronics apparatus 900 may process the action
captured by the camera 907 as a control signal.

In the prior art, a DLP projector utilizes digital mirror devices as reflectors to
project light emission from a light source to a display screen. Normally, a pico DLP
projection system is in size of several centimeters. So, it is actually difficult to embed a DLP
system in a small electronics apparatus such as a smart phone or a wearable device
including a smart watch or smart band.

Furthermore, in a DLP projector, the light from light source is reflected by mirrors

on to a display screen, wherein unwanted light is reflected to a heat sink. The light reflected
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to the heat sink do not contribute to the projection but consumes energy. It produces energy
waste.

Besides, a higher quality of projection image requires a higher power of light
source and also a larger heat sink, which will hinder the decrease of the device size.

In addition, the response time of a DLP projection pixel is of a few microseconds,
which is longer than that of other projection systems such as a Liquid Crystal on Silicon
(LCoS) projection system. The relatively long response time will harm the quality of the
projection image.

Alternatively or optionally, as compared to the prior art DLP projection module, a
projection module according to an embodiment of the present invention uses a projection
chip in place of the light source and the DMD device. As such, the space for light source,
optical component to integrate and align R/G/B light beams in the DLP module can be saved.
This reduces the size of the projection module.

Alternatively or optionally, the shrink of the projection module is important for
embedding the projection module in a small apparatus such as a smart phone, a wearable
device, etc.

Alternatively or optionally, as compared to the prior art DLP projection module, the
response time of the pixel in the projection module according to an embodiment of the
present invention can be decrease from several microseconds to several nanoseconds. This
improves the quality of the projection image.

Alternatively or optionally, as compared to the prior art DLP projection module, the
unwanted light for the projection image can be eliminated by switching off the micro
semiconductor light emitting devices, instead of projecting it to a heat sink. This reduces the
energy waste of a projection module.

Although some specific embodiments of the present invention have been
demonstrated in detail with examples, it should be understood by a persons killed in the art
that the above examples are only intended to be illustrative but not to limit the scope of the

present invention.
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CLAIMS

What is claimed is:

1. A projection module, comprising:

a projection chip, having micro semiconductor light emitting devices thereon; and

a projection lens unit,

wherein the micro semiconductor light emitting devices produce projection light to
create a projection image, and the projection lens unit receives the projection image and projects

it to a projection surface.

2. The projection module according to claim 1, wherein the micro semiconductor light

emitting devices are at least one of micro light emitting diodes and micro laser diodes.

3. The projection module according to claim 1 or 2, wherein the micro semiconductor

light emitting devices include red, green and blue micro semiconductor light emitting devices.

4. The projection module according to any of claims 1-3, wherein the projection chip is

movable to form the projection image in a line scan manner.

5. The projection module according to any of claims 1-4, wherein the micro
semiconductor light emitting devices of the projection chip are movable to form the projection

image in a line scan manner.

6. The projection module according to claim 5, wherein the projection lens unit is
integrated with the projection chip and includes multiple micro projection lens sub-units, and
each micro projection lens sub-unit is formed on the top of one micro semiconductor light

emitting device.
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7. The projection module according to any of claims 1-6, wherein the micro
semiconductor light emitting devices include a first array of red micro semiconductor light
emitting devices which forms a red projection sub-image, a second array of green micro
semiconductor light emitting devices which forms a green projection sub-image, a third array of
blue micro semiconductor light emitting devices which forms a blue projection sub-image, and

the projection lens unit combines the red, green and blue projection sub-images into one image.

8. The projection module according to any of claims 1-7, wherein the micro
semiconductor light emitting devices include a first array of red micro semiconductor light
emitting devices which forms a red projection sub-image, a second array of green micro
semiconductor light emitting devices which forms a green projection sub-image, a third array of
blue micro semiconductor light emitting devices which forms a blue projection sub-image, and
the first, second and third arrays are movable to emit the red, green and blue projection

sub-images to the projection lens unit in sequence to form one image.

9. An electronics apparatus comprising a projection module according to any of claims

1-8, wherein the electronics apparatus is one of a smart phone and a wearable device.

10. The electronics apparatus according to claim 9, further comprising a camera to
capture an action on the projection image projected by the projection module, and the electronics
p proj £¢ proj y proj

apparatus processes the action captured by the camera for interactive application
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