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AIRIONIZATION DISPLAY DEVICE

CROSS-REFERENCE TO RELATED APPLICATION

This disclosure is a national phase of international application No. PCT/CN2021/072084
which claims priority to Chinese Patent Application Nos. 202010057978.7, 202020125167.1,
202010048268.8, 202020099626.3, 202010049368.2 and 202020125100.8 filed on January
16, 2020 by ANHUI EASPEED TECHNOLOGY CO., LTD. and titled with “Air lonization
Display Device”.

TECHNICAL FIELD

The disclosure relates to the field of air ionization technologies, and in particular, to an

air ionization display device.

BACKGROUND

An air ionization imaging system employs a lens to converge light beams to ionize air at
a focal point of the lens to form light spots during an imaging process. Since a light power
threshold per unit area, of pulses required for air ionization, is high, a number of converged
points formed at each ionization point by alight field modulated by a spatial light modul ator
islimited by a pulse power, that is, pixels of adisplay screen are subject to a size of the pulse
power. If the pixels of the display screen are to be increased, the pulse power output by the
light source needs to be increased. However, it is difficult to greatly increase the pulse power
output by the light source in the related art, which makes it difficult to increase the pixels of

the display screen of the air ionization system.

SUMMARY

The air ionization display device provided in embodiments of the disclosure may
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include: a pulse-light-source module configured to generate a plurality of synchronous pulse
light beams; and a light field control module, the pluraity of pulse light beams being
projected to the light field control module and the light field control module being configured
to adjust and converge the plurality of pulse light beams and ionize air in a display area to

form a holographic real image.

Additional aspects and advantages of the disclosure will be set forth in part in the following
description which follows, and some will become obvious from the following description or

learned through practice of the disclosure.

BRIEF DESCRIPTION OF DRAWINGS

The above and/or additional aspects and advantages of the disclosure will become
apparent and readily appreciated from the following description of embodiments, taken in
conjunction with the accompanying drawings, in which:

FIG. 1isablock diagram of an air ionization display device according to an embodiment
of the disclosure.

FIG. 2 is aschematic diagram of an air ionization display device with a dual-light source
according to an embodiment of the disclosure.

FIG. 3 is a schematic diagram of an air ionization display device with a three-light
source according to an embodiment of the disclosure.

FIG. 4 is a schematic diagram of an air ionization display device with two sub-beams
according to an embodiment of the disclosure.

FIG. 5 is a schematic diagram of an air ionization display device according to an
embodiment of the disclosure.

FIG. 6 is a schematic diagram of a pulse light source according to an embodiment of the
disclosure.

Reference numerals:

air ionization display device 100;

pulse-light-source module 1, light field control module 2;
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first pulse-repetition-frequency adjustment component 3, first pulse delay monitor
4, first delay line, display area 200;

pulse light source 10, first beam combiner 11, first beam splitter 12, second beam
splitter 13, first reflecting mirror 14;

first photodetector 32, first frequency reference source 32, first servo controller,
controller 42;

first pulse light source 101, second pulse light source 102, photodetector 311,
photodetector 312, photodetector 313, first upper beam splitter 123, first middle beam splitter
121, first lower beam splitter 122, beam combiner 111, beam combiner 112, first reflecting
mirror 71, second reflecting mirror 72, first delay line 5 includes delay line 61, delay line 62
and delay line 63;

second beam combiner 4-1, second delay line 2-12, second reflecting mirror 3-1,
water-cooled radiator 8-1, pulse-light-source housing 10-1, computer 9-1, controller 7-1;

second pulse-repetition-frequency adjustment 20, controller 52, third beam splitter
17, second photodetector 21, second frequency reference source 22, second servo controller
23, pulse generator 011, light field regulator 012, imaging area 40, second pulse delay monitor
8, third delay line 9, fourth beam splitter 18, third beam combiner 19, third reflecting mirror
34, front fourth beam splitter 181, rear fourth beam splitter 182.

DESCRIPTION OF EMBODIMENTS

Descriptions will now be made in detail to embodiments of the disclosure, examples of
which are illustrated in the drawings. The following description refers to the drawings in
which the same or similar reference numerals indicate the same or similar elements or
elements with the same or similar functions throughout. The embodiments described below
with reference to the drawings are exemplary, and are only used to explain the disclosure, and
should not be construed as limiting the disclosure.

Hereinafter, an air ionization display device according to some embodiments of the
disclosure will be described with reference to the drawings.

FIG. 1lisablock diagram of an air ionization display device according to an embodiment
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of the disclosure. Asillustrated in FIG. 1, the air ionization display device 100 according to an
embodiment of the disclosure may include a pulse-light-source module 1 and a light field
control module 2.

The pulse-light-source module 1 is configured to generate a pluraity of synchronous
pulse light beams. For example, the pulse-light-source module 1 may emit the plurality of
pulse light beams simultaneously and simultaneously providing the plurality of pulse light
beams may increase the light-source energy. The pluraity of pulse light beams may be
projected to the light field control module 2. The light field control module 2 is configured to
adjust and converge the plurality of pulse light beams and ionize air in a display areato form
aholographic real image.

The light field control module 2 may change directions of light beams and employ alens
to focus light beams. The energy of light beams may be converged at the focal point, which
may ionize the air. Positions of ionization points may change as directions of light beams
swing and the holographic real image may further be formed.

The air ionization display device in the related art employs a single pulse light source.
Due to a limited power of the pulse light source, pixels of a display screen may not meet
user's requirements. It is necessary to increase the pulse power output by the pulse light
source if the pixels of the display screen need to increase and the sharpness of the image
needs to increase.

Therefore, the air ionization display device 100 provided in embodiments of the
disclosure may provide the plurality of synchronous pulse light beams by increasing the
number of pulse power sources to increase the pulse-light-source energy, that is, to increase
the light-source output pulse power. Therefore, the number of converged points formed by
adjusting and converging of the light field control module 2 may increase, thereby increasing
the pixels of the display screen and increasing the sharpness of the display screen.

In some embodiments of the disclosure, there are many ways for a pulse power module 1
to generate the plurality of synchronous pulse light beams, which will be described in
different embodiments below.

In some embodiments, the pulse-light-source module 1 includes a plurality of pulse light

sources and a beam combiner. The ar ionization display device based on the
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pul se-light-source module 1 will be described below with reference to FIGS. 2 and 3.

As illustrated in FIG. 2, the pulse-light-source module 1 includes a pluradity of pulse
light sources 10 and a first beam combiner 11. The plurality of pulse light sources 10 are
configured to generate the plurality of pulse light beams, respectively. The plurality of pulse
light beams generated by the plurality of pulse light sources are al projected on the first beam
combiner 11 to be combined into one light beam and the combined light beam is projected to
the light field control module 2.

According to the air ionization display device 100 of embodiments of the disclosure, by
increasing the number of the pulse light sources 10, that is, by providing the plurality of pulse
light beams, and by using the first beam combiner 11 to combine the pulse light beams of the
plurality of pulse light sources 10, it may be ensured that the pulse light beams output by the
plurality of pulse light sources 10 may appear at the same position and at the same time in the
display area 200 and ionize the air, which may solve the problem of space synchronization
and time synchronization among the plurality of pulse light beams output by the plurality of
pulse light sources 10, multiply the pixels of the air ionization display screen, improve the
sharpness of the display screen and bring the good user experience.

In some embodiments, asillustrated in FIG. 2, the display device 100 further includes a
first pulse-repetition-frequency adjustment component 3. The pulse-repetition-frequency
adjustment component 3 may be arranged between the plurality of pulse light sources 10 and
the first beam combiner 11 and configured to adjust pulse repetition frequencies of the
plurality of pulse light sources 10. The first pulse-repetition-frequency adjustment component
3 is signally coupled to the pluraity of pulse light sources 10 and receives
pulse-repetition-frequency signals of light beams projected by the plurality of pulse light
sources 10 and adjusts the plurality of pulse light sources 10 based on the received
pul se-repetition-frequency signals.

The pulse repetition frequency of the pulse light source 10 refers to the number of light
pulses output by the pulse light source per second. The pluraity of pulse repetition
frequencies of the plurality of pulses of the plurality of pulse light sources 10 may be adjusted
by the first pulse-repetition-frequency adjustment component 3.

The display device requires the pulse light sources 10 with the same pulse repetition
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frequency. Nevertheless, the pulse output by each pulse light source will produce different
pulse repetition frequency jitters due to the influence of the internal and externa factors of the
laser. The pulse repetition frequency of the pulse output by each pulse light source 10 is
locked to the same value through the first pul se-repetition-frequency adjustment component 3.

According to the air ionization display device of embodiments of the disclosure, as
illustrated in FIG. 3, the first pulse-repetition-frequency adjustment component 3 includes a
pluraity of first photodetectors 31, a first frequency reference source 32 and a first servo
controller 33.

The plurality of first photodetectors 31 are arranged one by one between the plurality of
pulse light sources 10 and the first beam combiner 11 and configured to detect the pulse
repetition frequencies of the plurality of pulse light sources 10. The number of first
photodetectors 31 is the same as the number of pulse light sources 10. Asillustrated in FIG. 2,
in some embodiments, there are two pulse light sources 10 and two first photodetectors 31.
The two pulse light sources 10 are a first pulse light source 101 and a second pulse light
source 102. The two first photodetectors 31 are a photodetector 311 and a photodetector 312.
The photodetector 311 is correspondingly arranged between the first pulse light source 101
and the first beam combiner 11 for detecting the pulse repetition frequency of the first pulse
light source 101. The photodetector 312 is correspondingly arranged between the second
pulse light source 102 and the first beam combiner 11 for detecting the pulse repetition
frequency of the second pulse light source 102.

The first servo controller 33 is signally coupled to the plurality of first photodetectors 31,
the first frequency reference source 32 and the plurality of pulse light sources 10. The first
frequency reference source 32 is configured to provide a frequency reference standard for the
first servo controller 33.

The first servo controller 33 is coupled to the photodetector 311, the first frequency
reference source 32, the first pulse light source 101, the photodetector 312 and the second
pulse light source 102. The light beam may be irradiated on the first photodetector 31
corresponding to the pulse light source 10 to generate a pul se-repetition-frequency signal. The
first servo controller 33 is configured to control the pulse repetition frequency output by the

pulse light source 10 based on the feedback signal of the first photodetector 31 and the
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reference frequency signal of the first frequency reference source 32.

In detail, after the first servo controller 33 receives the pulse repetition frequency
parameter of the first pulse light source 101, fed back by the photodetector 311, it is compared
with the frequency parameter provided by the first frequency reference source 32. If the pulse
output by the first pulse light source 101 may not meet the parameter requirements, the first
pulse light source 101 is adjusted until the pulse output by the first pulse light source 101
meets the requirements. Similarly, the first servo controller 33 adjusts based on the first
frequency reference source 32 and the photodetector 312, the pulse output by the second pulse
light source 102. Thus, the pulse repetition frequencies of the plurality of pulse light sources
10 may be locked at the same value and the frequency jitter is reduced.

In some embodiments, as illustrated in FIGS. 2 and 3, a plurality of first beam splitters
12 are provided between the plurality of pulse light sources 10 and the first beam combiner 11.
The plurality of first beam splitters 12 are configured to reflect partial light beams of the
plurality of pulse light sources 10 to the plurality of first photodetectors 31 one by one. There
may be the pluraity of first beam splitters 12. The plurality of first beam splitters 12
correspond to the plurality of pulse light sources 10 one by one. For example, asillustrated in
FIG. 2, there may be two first beam splitters 12, namely, afirst middle beam splitter 121 and a
first lower beam splitter 122. The light beam generated by the first pulse light source 101 may
be split into two light beams through the first middle beam splitter 121. One beam is projected
on the first photodetector 311 for detecting the pulse repetition frequency of the first pulse
light source 101 and another beam is projected on the first beam combiner 11. Similarly, the
light beam generated by the second pulse light source 102 passes through the first lower beam
splitter 122 and may be split into two light beams. One beam is projected on the photodetector
312 for detecting the pulse repetition frequency of the second pulse light source 102 and
anther beam is projected on the first beam combiner 11. The first servo controller 33 adjusts
actual pulse repetition frequency parameters of the first pulse light source 101 and the second
pulse light source 102 based on the feedback signals of the photodetector 311 and the
photodetector 312.

Asillustrated in in FIG. 3, in some embodiments, there are three first beam splitters 12,

namely, afirst upper beam splitter 123, afirst middle beam splitter 121 and afirst lower beam



10

15

20

25

30

splitter 122. There are three pulse light sources 10, namely, a first pulse light source 101, a
second pulse light source 102 and a third pulse light source 103. There are three first
photodetectors 31, namely, a photodetector 311, a photodetector 312 and a photodetector 313.
The first middle beam splitter 121 reflects part of the light beam generated by the first pulse
light source 101 to the photodetector 311. The first lower beam splitter 122 reflects part of the
light beam generated by the second pulse light source 102 to the photodetector 312. The first
upper beam splitter123 reflects part of the light beam generated by the third pulse light source
103 to the photodetector 313.

In some embodiments, a transmittance of the first beam splitter 12 is A1 and 99%=A1
= 99.5%; and a reflectance of the first beam splitter 12 is A2 and 0.5%<<A2<1%. The light
beam generated by the pulse light source 10 passes through the first beam splitter 12, in which
a part is reflected through the first beam splitter 12 on the first photodetector 31 for detecting
the pulse repetition frequency parameter of the light beam and the other part is projected on
the first beam combiner 11 by transmitting through the first beam splitter 12. When the first
photodetector 31 detects the pulse repetition frequency parameter of the light beam, the
energy requirement of the detected light beam is low and a small part of the light may
complete the detection of the pulse repetition frequency. Therefore, the transmittance and
reflectance of the first beam splitter 12 may be set within the above ranges, which may be
ensured that the first photodetector 31 may detect the pulse repetition frequency of the light
beam stably and accurately and may increase the proportion of the energy of the light beam
irradiated on the first beam combiner 11. Most of the light beam may be irradiated on the first
beam combiner 11 by transmitting through the first beam splitter 12 and then irradiated on the
light field control module 2 for imaging, which is conducive to further improving the pixels of
the holographic real image.

Asiillustrated in FIGS.,, in some embodiments, the display device 100 further includes a
first pulse delay monitor 4 and at least one first delay line 5.

The first pulse delay monitor 4 is arranged between the first beam combiner 11 and the
light field control module 2 and configured to monitor a pulse delay signa of the light beam
emitted by the first beam combiner 11. Paths that the light beams generated by different pulse

light sources 10 reach the first beam combiner 11 may be different. For example, the light
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beam generated by the second pulse light source 102 may be irradiated to the first beam
combiner 11 directly and the light beam generated by the first pulse light source 101 may be
irradiated to the first beam combiner 11 after one reflection. Therefore, the light beams
generated by the two pulse light sources 10 have the pulse delay after being combined. The
first delay line 5 is arranged between the pulse light source 10 and the first beam combiner 11
and signally coupled to the first pulse delay monitor 4, for example, which may include a
delay line 61, adelay line 62 and adelay line 63 in FIGS. The pulse delay for the light beam
generated by the first pulse light source 101, which is caused by the light path difference, the
low pulse repetition frequency and frequency jitter, is compensated based on the feedback
signal of the first pulse delay monitor 4. Therefore, it may make the two pulses synchronized
in time after the beams are combined.

Asillustrated in FIGS., according to some embodiments of the disclosure, when the light
beams generated by the plurality of pulse light sources 10 pass through the first beam
combiner 11 to form alight beam, the light beam generated by one pulse light source 10 may
pass through the first beam combiner 11 and the light beams generated by the remaining pulse
light sources 10 are reflected and combine with the light beam passing through the first beam
combiner 11. Therefore, the light beam passing through the first beam combiner 11 may be
used as areference to adjust the light beams after reflection for merging.

At this time, the number of light beams through the reflection is one less than the number
of pulse light sources 10, so the number of first delay lines 5 is one less than the number of
pulse light sources 10 and the first delay lines 5 correspond to the same number of pulse light
sources 10 one by one. Each first delay line 5 controls the pulse delay in the light beam
generated by one pulse light source 10, so that the light beams generated by the plurality of
pulse light sources 10 may be combined into a pulse light beam when passing through the first
beam combiner 11 and it may make the pulse time synchronic, to avoid the situation that the
air may not be ionized due to the pulse delay after the beams are combined.

As illustrated in FIGS. 2 or 3, according to some embodiments of the disclosure, a
second beam splitter 13 is provided between the first beam combiner 11 and the light field
control module 2. The second beam splitter 13 may split the light beam generated by the first

beam combiner 11into two parts. One part is projected on the light field control module 2 by
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transmitting through the second beam splitter 13 and the air is ionized by the light field
control module 2 to form a pattern required by the user. The other part is reflected to the first
pulse delay monitor 4 through the second beam splitter 13 and the first pulse delay monitor 4
feeds back information to the controller 42 and the first delay line 5 to control the pulse delay
of the output light beam of the pulse light source 10. The second beam splitter 13 may provide
convenience for the first pulse delay monitor 4 to obtain the combined pulse delay
information. The structure is simple and it is easy to implement.

According to some embodiments of the disclosure, a transmittance of the second beam
splitter 13 is A3 and 98%=A3=99.5%, and a reflectance of the second beam splitter 13 is
A4 and 0.5%<A4<2%.When the first pulse delay monitor 4 detects the delay parameter of
the light beam, the energy requirement of the detected light beam is low and a small part of
the light may complete the pulse delay detection. Therefore, the transmittance and reflectance
of the second beam splitter 13 may be set within the above ranges, which may be ensured that
the pulse delay monitor may detect the delay information of the light beam stably and
accurately and may increase the proportion of the energy of the light beam irradiated on the
first beam combiner 11. Most of the light may pass through the second beam splitter 13 to
irradiate on the light field control module 2 for imaging, which is beneficial to further
enhance the pixels of the holographic real image.

In some embodiments, there are a plurality of first beam combiners 11. Asiillustrated in
FIG. 3, there are two first beam combiners 11, namely, a beam combiner 111 and a beam
combiner 112. The number of the first beam combiners 11 may be one less than the number of
the pulse light sources 10. The plurality of first beam combiners 11 are arranged at intervals
along a light beam emitted by one of the plurality of pulse light sources 10 and light beams
emitted by remaining pulse light sources 10 are projected on the plurality of first beam
combiners 11 one by one. Light beams emitted by the plurality of pulse light sources 10 are
combined into one light beam by the plurality of first beam combiners 11.

Asiillustrated in FIGS.,, the pluraity of first beam combiners 11 are arranged parallel to
each other. The light beam generated by one of the plurality of pulse light sources 10 passes
through the plurality of first beam combiners 11 in turn for irradiating. The light beams
generated by the other pulse light sources may be irradiated on the plurality of first beam
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combiners 11 one by one and may be combined with the light beam passing through the first
beam combiners 11 under the reflection of the first beam combiners 11.

By providing the plurality of first beam combiners 11, the merging method of the
plurality of pulse light sources 10 may be simplified, thereby simplifying the structural design
of the air ionization display device and reducing the loss caused by the beam merging process.

As illustrated in FIGS. 2 or 3, according to some embodiments of the disclosure, the air
ionization display device 100 further includes a plurality of first reflecting mirrors 14. The
plurality of first reflecting mirrors 14 are arranged between the plurality of pulse light sources
10 and the first beam combiner 11 and configured to reflect light beams to the first beam
combiner 11 for merging. By setting the plurality of first reflecting mirrors 14, the pluraity of
paralel light beams may be reflected to the first beam combiner 11 and provides convenience
for the arrangement of the plurality of light sources 10. Furthermore, distances among the
pluraity of pulse light sources 10 may be reduced, which is beneficial to reduce the overall
structure of the air ionization display device.

Furthermore, as illustrated in FIG. 3, the number of the first reflecting mirrors 14 is one
less than the number of the pulse light sources 10. For example, in FIG. 2, there is one first
reflecting mirror 14. In FIG. 3, there are two first reflecting mirrors 14, namely, afirst 71 of
the first reflecting mirrors and a second 72 of the first reflecting mirrors. In the plurality of
pulse light sources 10, the light beam generated by one pulse light source 10 passes through
the first beam combiner 11 and the light beams generated by the other pulse light sources 10
pass through the reflection of the first beam combiner 11 and are combined with the light
beam passing through the first beam combiner 11. The light beam passing through the first
beam combiner 11 may not need a reflection structure and be directly irradiated on the first
beam combiner 11. The light beams generated by the other pulse light sources 10 may be
irradiated on the first beam combiner 11 by the reflection of the first beam combiner 11.
Therefore, one first reflecting mirror 14 may be reduced and the structural design of the air
ionization display device 100 may be further smplified.

In some embodiments, pulse repetition frequencies of the plurality of pulse light sources
10 are the same, pulse widths of the plurality of pulse light sources 10 are within 50fs-100ns,

pulse energies of the plurality of pulse light sources 10 are within 20pJ-10mJ, and the pulse
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repetition frequencies of the plurality of pulse light sources 10 are within 500Hz-10MHz. This
may improve the imaging effect and pixels of the holographic real image.

According to the air ionization display device 100 of embodiments of the disclosure, the
light field control module 2 includes a galvanometer assembly, a lens assembly and a spatid
light modulator. The output light beam of the first beam combiner 11 is projected on the
galvanometer assembly. The galvanometer assembly may include two sets of reflecting
mirrors arranged vertically. The two sets of reflecting mirrors swing in the front-rear direction
and in the left-right direction respectively, so as to control the irradiation path of the light
beam. The light beam emitted from the galvanometer assembly is projected on the lens
assembly and the lens assembly focuses the beam. After the beam is concentrated at the focal
position of the lens assembly, the power density increases, reaching the ionization power
threshold. The high-power laser ionizes air molecules to form highlights finally and to form
the real image that the user needs.

The gpatial light modulator is arranged between the first beam combiner 11 and the
gavanometer assembly and achieves the purpose of light wave modulation by modulating
amplitude, phase, polarization state and other parameters of the light. The light beam passes
through the spatial light modulator to modulate the light field to form a plurality of focus
points, thus increasing the pixels of the display screen.

The lens assembly may include a zoom lens and aflat field focusing lens. The zoom lens
is arranged between the flat field focusing lens and the galvanometer assembly. The laser
pulse output by the high-power pulse light source may be modulated for the light field by the
spatia light modulator and then is reflected to the galvanometer assembly to adjust its
emission direction. The light beam passes through the zoom lens and the flat field focusing
lens and then focuses to a designated point in the air ionization area. Finally, the high-power
laser ionizes the air molecules to form the bright spots.

The zoom lens may adjust the distance between the focus and the zoom lens based on the
imaging requirements. The real image of the three-dimensional structure may be produced by
adjusting the focus position. The use of the flat field focus lens and the zoom lens may
prevent the real image from bending and deformation during the imaging process. The

controller 42 actively controls the spatia light modulator, the galvanometer assembly and the

12



10

15

20

25

30

lens assembly, and adjusts the position of the laser ionization point and the pixels of the
displayed image based on the image to be displayed.

In other embodiments, the pulse-light-source module 1 generates a plurality of
synchronous pulse light beams through light splitting and combining with the beam combiner.
The air ionization display device based on the pulse-light-source module 1 will be described
below with referenceto FIG. 4.

As illustrated in FIG. 4, the air ionization display device 100 of embodiments of the
disclosure includes a pulse seed source 1-1, a light splitting coupler 1-2, a second beam
combiner 4-1, alight field control module 2, a plurality of pulses amplification modules and a
plurality of second delay lines 2-12.

In detail, the pulse seed source 1-1 may generate a pulse light beam. The light splitting
coupler 1-2 may be arranged along an optical path of the pulse light beam and adjacent to the
pulse seed source 1-1 and split the pulse light beam into a plurality of sub-beams. The pulse
light beam is irradiated on the light splitting coupler 1-2 and divided into the plurality of
sub-beams. The energy of the plurality of sub-beams may be evenly distributed.

The plurality of sub-beams are all projected on the second beam combiner 4-1 after
transmission and reflection and combined into one beam. The light beam combined by the
second beam combiner 4-1 may be projected on the light field control module 2. The light
field control module 2 adjusts and converges the light beam and ionizes the air in the display
area 6-1 to form areal image.

The light field control module 2 may change directions of light beams and employ alens
to focus light beams. The energy of light beams may be converged at the focal point, which
may ionize the air. Positions of ionization points may change as directions of light beams
swing and the holographic real image may further be formed.

The air ionization display device in the related art employs a scheme of direct ionization
of the pulse light beam output by the pulse seed source 1-1 without splitting. Due to a limited
power of the pulse light source, pixels of a display screen may not meet user's requirements. It
IS necessary to increase the pulse power output by the pulse light source if the pixels of the
display screen need to increase and the sharpness of the image needs to increase. Because in

therelated art it is difficult to greatly increase the pulse power of the pulse light source in the
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case of the single beam output by the pulse light source, it is difficult to increase the pixels of
the display screen of the air ionization display device.

Therefore, according to the air ionization display device 100 of embodiments of the
disclosure, the pulse light beam generated by the pulse seed source 1-1 is divided into the
plurality of sub-beams by the light splitting coupler 1-2. The second beam combiner 4-1 is
configured to combine the plurality of sub-beams. It may be ensured that the plurality of
pulses in the plurality of sub-beams may appear at the same position and at the same time in
the display area 6-1 and ionize the air, which solves the problem of space synchronization and
time synchronization among the plurality of pulses in the plurality of sub-beams. The pixels
of the air ionization display screen may be multiplied, which may bring the good user
experience.

According to the air ionization display device 100 of embodiments of the disclosure, the
pluraity of pulse amplification modules are arranged along optical paths of the plurality of
sub-beams one by one and configured to amplify pulses of the plurality of sub-beams and
arranged between the second beam combiner 4-1 and the light splitting coupler 1-2. By
setting the pulse amplification modules, the pulse energy of the sub-beams may be increased
and the imaging quality and brightness during imaging may be improved.

According to an embodiment of the disclosure, as illustrated in FIG. 4, the plurality of
second delay lines 2-12 are arranged along optical paths of the plurality of sub-beams one by
one. The plurality of second delay lines 2-12 are arranged between the plurality of pulse
amplification modules and the second beam combiner 4-1 and configured to adjust pulse time
positions of the plurality of sub-beams so that a plurality of pulses in the plurality of
sub-beams coincide in time after the plurality of sub-beams pass through the second beam
combiner 4-1.

As illustrated in FIG. 4, in some embodiments, there are a plurality of second beam
combiners 4-1. The number of the second beam combiners 4-1 is one less than the number of
the sub-beams. The plurality of second beam combiners 4-1 are arranged at intervals along
one of the plurality of sub-beams and this beam pass through the plurality of second beam
combiners 4-1 in turn and may be irradiated out. The remaining sub-beams are projected on

the plurality of second beam combiners 4-1 one by one and combined with the sub-beam
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passing through the second beam combiner 4-1 into a light beam under the reflection of the
second beam combiners 4-1.

By arranging the plurality of second beam combiners 4-1, the manner of merging the
plurality of sub-beams may be simplified, thereby simplifying the structural design of the air
ionization display device 100 and reducing the loss caused by the beam merging process at
the sametime.

Asillustrated in FIG. 4, according to an embodiment of the disclosure, the air ionization
display device 100 further includes a plurality of second reflecting mirrors 3-1. The plurality
of second reflecting mirrors 3-1 are arranged between the plurality of second delay lines 2-12
and the plurality of second beam combiners 4-1 one by one and configured to reflect the
plurality of sub-beams to the plurality of second beam combiners 4-1 for merging. By
providing the second reflecting mirrors 3-1, the plurality of sub-beams arranged in pardle
may be reflected to the second beam combiners 4-1, which is beneficial to reduce the overall
structure of the air ionization display device 100.

Furthermore, as illustrated in FIG. 4, the number of the second reflecting mirrors 3-1 is
the same as the number of the sub-beams. In the plurality of sub-beams, one of the sub-beams
passes through the second beam combiners 4-1 and the other sub-beams pass through the
reflection of the second beam combiners 4-1 and combined with the light beam passing
through the second beam combiners 4-1. The light beam passing through the second beam
combiners 4-1 may not require a reflection structure and may be directly irradiated on the
second beam combiners 4-1. The remaining sub-beams are irradiated on the second beam
combiners 4-1 through the reflection of the second reflecting mirrors 3-1. As a result, one
second reflecting mirror 3-1 may be reduced and the structural design of the air ionization
display device 100 may be further simplified.

According to an embodiment of the disclosure, the air ionization display device 100
further includes a plurality of pulse compression devices. The plurality of pulse compression
devices are arranged along the optical paths of the plurality of sub-beams one by one. The
plurality of pulse compression devices are arranged between the plurality of pulse
amplification modules and the plurality of second delay lines 2-12. That is, in the forward

direction of the sub-beams, the pulse compression devices are arranged between the pulse
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amplification modules and the second delay lines 2-12. The pulse compression device is
configured to compress the pulse width of the sub-beam to increase the pulse light peak
power of the sub-beam.

As illustrated in FIG. 4, there are two pulse compression devices, namely, a first pulse
compression device 1-4-1 and a second pulse compression device 1-4-2. The first pulse
compression device 1-4-1 is arranged on the first sub-beam. The second pulse compression
device 1-4-2 is arranged on the second sub-beam. By arranging the pulse compression devices
on the sub-beams, pulse light peak powers of the sub-beams may be increased and then the
pulse peak power after the beam is focused may be increased, which is beneficia to improve
the imaging effect.

According to an embodiment of the disclosure, the air ionization display device 100
further includes a plurality of beam collimating devices. The plurality of beam collimating
devices are arranged along optical paths of the pluraity of sub-beams one by one. The
plurality of beam collimating devices are arranged between the plurality of pulse compression
devices and the plurality of second delay lines 2-12 and configured to adjust the plurality of
sub-beams into a plurality of collimated beams that satisfy an ionization threshold. In other
words, the optical path of each sub-beam is provided with one beam collimating device. In the
forward direction of the sub-beams, the beam collimating devices are arranged between the
pulse compression devices and the second delay lines 2-12 on the optical path of the
sub-beams. After the sub-beams pass through the beam collimation devices, it may be
adjusted to collimated beams that meets the ionization threshold.

As illustrated in FIG. 4, there are two beam collimating devices, namely, a first beam
collimating device 1-5-1 and a second beam collimating device 1-5-2. The first beam
collimating device 1-5-1 is set on the first sub-beam. The second beam collimator 1-5-2 is set
on the second sub-beam. By arranging the beam collimating device on the sub-beam, the
beam collimating device may be configured to adjust beam parameters of the sub-beam to
ensure that the sub-beam meets the ionization threshold requirement, thereby improving the
ionization imaging effect.

According to an embodiment of the disclosure, the air ionization display device 100

further includes a water-cooled radiator 8-1. The water-cooled radiator 8-1 is connected to the
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pulse seed source 1-1, the light splitting coupler 1-2, the pulse amplification modules, the
pulse compression devices, and the beam collimating devices and configured to dissipate heat
for the pulse seed source 1-1, the light splitting coupler 1-2, the pulse amplification modules,
the pulse compression devices, and the beam collimating devices.

Since the pulse seed source 1-1 generates a high-energy pulse light source, and this light
beam passes through the light splitting coupler 1-2, the pulse amplification modules, the pulse
compression devices, and the beam collimating devices in sequence, the pulse seed source 1-1,
beam splitter 1- 2, the pulse seed source 1-1, the light splitting coupler 1-2, the pulse
amplification modules, the pulse compression devices, and the beam collimating devices may
produce heat when working. By setting the water-cooled radiator 8-1, the heat may be
dissipated for the pulse seed source 1-1, the light splitting coupler 1-2, the pulse amplification
modules, the pulse compression devices, and the beam collimating devices. It may prevent the
excessive concentration of heat on the pulse seed source 1-1, the light splitting coupler 1-2,
the pulse amplification modules, the pulse compression devices, and the beam collimating
devices from causing damage to the device. In addition, the water-cooling radiator 8-1 may
adjust the heat dissipation area by adjusting the flow direction of the water path, which has
strong controllability and may dissipate heat for devices at the same time. The cost of water
cooling is low, the effect is good and it may meet the heat dissipation requirement of the air
ionization display device.

According to an embodiment of the disclosure, the air ionization display device 100
further includes a pul se-light-source housing 10-1, a temperature sensor and a controller 7-1.

The pulse seed source 1-1, the light splitting coupler 1-2, the pulse amplification
modules, the pulse compression devices, and the beam collimating devices are al arranged in
the pulse-light-source housing 10-1. The pulse-light-source housing 10-1 is provided with a
pluraity of light exit ports for the plurality of sub-beams to pass through. That is, the outer
covers of the pulse seed source 1-1, the light splitting coupler 1-2, the pulse amplification
modules, the pulse compression devices, and the beam collimating devices are provided with
the pulse-light-source housing 10-1. The outer covers of the pulse seed source 1-1, the light
splitting coupler 1-2, the pulse amplification modules, the pulse compression devices, and the

beam collimating devices are sheathed with the pulse-light-source housing 10-1 and the
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pulse-light-source housing 10-1 is provided with the light exit ports. The pulse-light-source
housing 10-1 is configured to protect the pulse seed source 1-1, the light splitting coupler 1-2,
the pulse amplification modules, the pulse compression devices, and the beam collimating
devices from damage and the structure is simple and may not affect the beam norma
transmission.

The temperature sensor is arranged in the pulse-light-source housing 10-1 and
configured to detect temperature inside the pulse-light-source housing 10-1. The controller
7-1 is signaly coupled to the temperature sensor and the water-cooled radiator 8-1 and
configured to control the temperature inside the pul se-light-source housing 10-1.

By setting the temperature sensor in the pulse-light-source housing 10-1, the temperature
sensor may be configured to detect the temperature of the pulse-light-source housing 10-1 and
feed the temperature information back to the controller 7-1. The controller 7-1 controls the
water-cooled radiator 8-1 to dissipate for the devices in the pulse light source housing 10-1 to
provide a stable and good working environment for the devices in the pulse light source
housing 10-1.

According to an embodiment of the disclosure, the controller 7-1 is coupled signally to
the pulse seed source 1-1, the light splitting coupler 1-2, the pulse amplification modules, the
pulse compression devices, and the beam collimating devices and configured to control output
parameters of the plurality of sub-beams. That is, the controller 7-1 may also control the pulse
seed source 1-1, the light splitting coupler 1-2, the pulse amplification modules, the pulse
compression devices, and the beam collimating devices and adjust the output parameters of
the sub-beams based on the working status of the pulse seed source 1-1, the light splitting
coupler 1-2, the pulse amplification modules, the pulse compression devices, and the beam
collimating devices to ensure that the sub-beams meets the ionization imaging requirements.

According to an embodiment of the disclosure, the air ionization display device 100
further includes a computer 9-1, which is signally coupled to the second delay lines 2-12, the
light field control module 2 and the controller 7-1 and configured to control the working
status of each module of the air ionization display device 100 in time to provide a guarantee
for the stable operation of the device.

According to an embodiment of the disclosure, the pulse amplification module includes a
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pre-amplification module and a main amplification module, and the pre-amplification module
is located between the main amplification module and the light splitting coupler 1-2. In other
words, the pulse amplification module consists the pre-amplification module and the main
amplification module. The sub-beam first passes through the pre-amplification module and
then passes through the main amplification module, which may improve the amplification
effect of the pulse amplification module on the sub-beam.

According to an embodiment of the disclosure, pulse widths of the plurality of
sub-beams are within 10 fs-100 ns, pulse energies of the plurality of sub-beams are within 10
uJ-100 mJ, and pulse repetition frequencies of the plurality of sub-beams are within 50 Hz-10
MHz.

According to the air ionization display device 100 of embodiments of the disclosure, the
light field control module 2 includes a galvanometer assembly, a lens assembly and a spatia
light modulator. The output light beam of the second beam combiner 4-1 is projected on the
galvanometer assembly. The galvanometer assembly may include two sets of reflecting
mirrors arranged vertically. The two sets of reflecting mirrors swing in the front-rear direction
and in the left-right direction respectively, so as to control the irradiation path of the light
beam. The light beam emitted from the galvanometer assembly is projected on the lens
assembly and the lens assembly focuses the beam. After the beam is concentrated at the focal
position of the lens assembly, the power density increases, reaching the ionization power
threshold. The high-power laser ionizes air molecules to form highlights finally and to form
the real image that the user needs.

The spatia light modulator is arranged between the second beam combiner 4-1 and the
gavanometer assembly and achieves the purpose of light wave modulation by modulating
amplitude, phase, polarization state and other parameters of the light. The light beam passes
through the spatial light modulator to modulate the light field to form a plurality of focus
points, thus increasing the pixels of the display screen.

The lens assembly may include a zoom lens and aflat field focusing lens. The zoom lens
is arranged between the flat field focusing lens and the galvanometer assembly. The laser
pulse output by the high-power pulse light source may be modulated for the light field by the
spatia light modulator and then is reflected to the galvanometer assembly to adjust its
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emission direction. The light beam passes through the zoom lens and the flat field focusing
lens and then focuses to a designated point in the air ionization area. Finally, the high-power
laser ionizes the air molecules to form the bright spots.

The zoom lens may adjust the distance between the focus and the zoom lens based on the
imaging requirements. The real image of the three-dimensional structure may be produced by
adjusting the focus position. The use of the flat field focus lens and the zoom lens may
prevent the real image from bending and deformation during the imaging process. The
computer 9-1 actively controls the spatial light modulator, the galvanometer assembly and the
lens assembly, and adjusts the position of the laser ionization point and the pixels of the
displayed image based on the image to be displayed.

In other embodiments of the disclosure, the pulse-light-source module 1 uses the
plurality of pulse light sources and defines the pulse energy of the pulse light sources. The air
ionization display device 100 based on the pulse-light-source module 1 of the disclosure will
be described below with reference to FIGS. 5 and 6.

The air ionization display device 100 according to an embodiment of the disclosure
includes a plurality of pulse light sources 10. A pulse energy of each of the plurality of pulse
light sources 10 is less than an air ionization threshold and a sum of the pulse energy of each
of the plurality of pulse light sources 10 is greater than the air ionization threshold. Most of
the light beams generated by the light sources 10 are projected to the light field control
module 2 and the light field control module 2 adjusts and converges the plurality of pulse
light beams and ionizes the air at a designated position in the display area to form a
holographic real image.

The pulse power density of each pulse light source 10 isrelatively small and less than the
air ionization threshold. The single beam generated by the pulse light source 10 may not
ionize the surrounding air during the projection process and the plurality of low-power pulse
light sources 10 are matched with each other to irradiate on the same point. The laser power
density at the intersection of the plurality of light beams may be superimposed to exceed the
air ionization threshold. The air at the intersection isionized to form a holographic real image.

Therefore, according to the air ionization display device 100 of embodiments of the

disclosure, the plurality of pulse light sources 10 are used to increase the laser power density
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at the beam intersection point and then the air may be ionized at the beam intersection point to
form a holographic real image, which may reduce the specification requirements of the single
pulse light source 10, greatly reduce the manufacturing cost of the air ionization display
device 100, eiminate the lens assembly in the conventional air ionization display device 100
and also simplify the structure design of the air ionization display device 100.

As illustrated in FIG. 5, in some embodiments, the air ionization display device 100
further includes a second pulse-repetition-frequency adjustment component 20. The second
pulse-repetition-frequency adjustment component 20 is arranged between the plurality of
pulse light sources 10 and the display area and configured to adjust pulse repetition
frequencies of the plurality of pulse light sources 10. The second pulse-repetition-frequency
adjustment component 20 is signally coupled to the plurality of pulse light sources 10 and
may receive the pulse-repetition-frequency signals of the light beams projected by the
plurality of pulse light sources 10 and adjust the plurality of pulse light sources 10 based on
the received pul se-repetition-frequency signals.

The pulse repetition frequency of the pulse light source 10 refers to the number of trigger
pulses generated by the pulse light source 10 per second. The plurality of pulse repetition
frequencies of the plurality of light beams emitted by the plurality of pulse light sources 10
may be adjusted by the second pul se-repetition-frequency adjustment component 20.

According to the air ionization display device 100 of embodiments of the disclosure, the
second pulse-repetition-frequency adjustment component 20 includes a plurality of second
photodetectors 21, a second frequency reference source 22 and a second servo controller 23.

There are the pluraity of second photodetectors 21. The number of the second
photodetectors 21 is the same as the number of the pulse light sources 10. The plurality of
second photodetectors 21 are arranged one by one between the plurality of pulse light sources
10 and the display area and configured to detect the pulse repetition frequencies of the
plurality of pulse light sources 10. As illustrated in FIG. 5, in some embodiments, there are
two pulse light sources 10 and two second photodetectors 21. The two pulse light sources 10
are afirst pulse light source 15 and a second pulse light source 16. The first of the second
photodetectors 21 is correspondingly arranged between the first pulse light source 15 and the
display area for detecting the pulse repetition frequency of the output light beam of the first
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pulse light source 15. The second of the second photodetectors 21 is correspondingly arranged
between the second pulse light source 16 and the display area for detecting the pulse
repetition frequency of the output light beam of the second pulse light source 16.

The second servo controller 23 is signally coupled to the plurality of second
photodetectors 21, the second frequency reference source 22 and the plurality of pulse light
sources 10. The second frequency reference source 22 is configured to provide a frequency
reference standard for the second servo controller 23. The frequency standard parameter of
the required frequency is set in the second frequency reference source 22 in advance. After the
device is started, the frequency parameter output by the second frequency reference source 22
is used as the frequency standard for the second servo controller 23.

The second servo controller 23 is signally coupled to the first of the second
photodetectors, the second frequency reference source 22, the first pulse light source 15, the
second of the second photodetectors and the second pulse light source 16. The light beam is
irradiated on the second photodetector 21 corresponding to the pulse light source 10 and may
generate feedback information. The second servo controller 23 is configured to control the
pulse repetition frequencies of the plurality of pulse light sources 10 based on feedback
information of the plurality of second photodetectors 21 and feedback information of the
second frequency reference source 22.

In detail, after the second servo controller 23 receives the pulse repetition frequency
parameter of the light beam emitted by the first pulse light source 15, fed back by the first
second photodetector 21, it is compared with the frequency parameter provided by the second
frequency reference source 22. If the output light beam of the first pulse light source 15 does
not meet the parameter requirements, the first pulse light source 15 is adjusted until the output
light beam of the first pulse light source 15 meets the requirements. Similarly, the second
servo controller 23 may adjust the pulse repetition frequency parameter of the light beam
output by the second pulse light source 16 based on the second frequency reference source 22
and the second photodetector 21.

As illustrated in FIG. 6, a plurality of third beam splitters 17 are provided between the
plurality of pulse light sources 10 and the display area and configured to reflect partia light
beams of the plurality of pulse light sources 10 to the plurality of second photodetectors 21
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one by one. The third beam splitter 17 correspondingly reflects part of the light beam of the
first pulse light source 15 to the first second photodetector 21. The light beam generated by
the first pulse light source 15 may be split into two beams through the third beam splitter 17.
One beam is projected on the second photodetector 21 to detect the pul se repetition frequency
of the light beam generated by the first pulse light source 15 and the other beam is projected
on the display area for ionization imaging. Similarly, the light beam generated by the second
pulse light source 16 may be split into two beams through the third beam splitter 17. One
beam is projected on the second photodetector 21 for detecting the pulse repetition frequency
of the light beam generated by the second pulse light source 16 and the other beam is
projected on the display area for ionization imaging. The second servo controller 23 adjusts
the pulse repetition frequency parameters of the first pulse light source 15 and the second
pulse light source 16 based on the feedback information of the first of the second
photodetectors 21 and the second of the second photodetectors 21.

In some embodiments, a transmittance of the third beam splitter 17 is A1 and 99%=A1
=99.5%. A reflectance of the third beam splitter 17 is A2 and 0.5%=A2=1%. The light
beam generated by the pulse light source 10 passes through the third beam splitter 17. One
part is used for the photodetector for detecting frequency parameters. The other part is used
for imaging. When the second photodetector 21 detects the pulse repetition frequency
parameter of the light beam, the pulse repetition frequency detection may be completed with
the less-energy light beam. Therefore, setting the transmittance and reflectance of the third
beam splitter 17 within the above range may ensure that the photodetector may detect the
pulse repetition frequency of the light beam stably and accurately and increase the proportion
of the pulse energy used for imaging to the total pulse energy, so that most of the light beams
passes through the beam splitter for imaging.

According to some embodiments of the disclosure, each pulse light source 10 includes a
pulse generator 011. The pulse generator 011 is configured to generate a pulse light beam. The
plurality of pulse light sources 10 generate the plurality of pulse light beams synchronously.
The light field control module 2 may include a plurality of light field regulators 012
corresponding to the plurality of pulse light sources 10 one by one. The light field regulator
012 is arranged between the corresponding pulse light source 011 and the display area. The
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pulse light beam generated by the pulse generator 011 is irradiated on the light field regulator
012 and is projected on the display area through the light field regulator. The third beam
splitter 17 is arranged between the corresponding pulse generator 011 and light field regulator
012.

The light beam generated by the pulse generator 011 passes through the light field
regulator 012. The light field regulator 012 regulates the light beam generated by the pulse
generator 011 and then may control the direction of the light beam, thereby controlling the
light beams generated by the plurality of pulse generators 011 to converge in the imaging area
40 and ionize the air at the junction to form a real image, which is used to form a holographic
real image at a specific position as required.

The third beam splitter 17 is arranged between the pulse generator 011 and the light field
regulator 012. Since the direction of the light beam emitted from the pulse generator 011 to
the light field regulator 012 isfixed, it may provide the convenience for the third beam splitter
17 to separate the light beam, preventing the projection direction of the light beam from
swinging to affect the light splitting effect and ensuring that the second photodetector 21 may
always detect the light beam.

According to some embodiments of the disclosure, the pulse-light-source module 1
further includes a second pulse delay monitor 8 and third delay lines 9. The second pulse
delay monitor 8 is arranged between the plurality of pulse light sources 10 and the display
area. The second pulse delay monitor 8 is configured to monitor pulse delay signals of the
pluraity of pulse light sources 10. The second pulse delay monitor 8 inputs the monitored
pulse delay signals to the controller 52 to drive the third delay lines 9 to control the pulse
delays generated by the plurality of pulse light sources 10. Therefore, the plurality of pulse
lights may be simultaneously projected to the display area.

The third delay lines 9 are arranged between the plurality of pulse generators 011 and the
plurality of light field regulators 012 and signally coupled to the second pulse delay monitor 8
and configured to compensate pulse delays of light beams emitted by the plurality of pulse
light sources 10 based on feedback information of the second pulse delay monitor 8.

The output pulse delay information of the pulse light source 10 may be monitored and

adjusted by setting the second pulse delay monitor 8 and the third delay line 9, so as to ensure
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that the pulses generated by the pulse light sources 10 are synchronized in time at the
intersection and the air ionization display device 100 completes air imaging.

According to some embodiments of the disclosure, the number of the third delay lines 9
is the same as the number of the pulse light sources 10. The plurality of third delay lines are
corresponding to the plurality of pulse light sources 10 one by one. By setting the plurality of
third delay lines 9, the time compensation may be performed on the output pulse of each pulse
light source 10 to prevent the pulses generated by the pulse light sources 10 from being
inconsistent in delays to cause the air molecules at the intersection of the pulses to fail to
reach the ionization threshold and fail to ionize.

Asillustrated in FIG. 5, according to some embodiments of the disclosure, a fourth beam
splitter 18 is provided between the third beam splitter 17 and the second photodetector 21.
The fourth beam splitter 18 reflects part of the reflected light beam from the third beam
splitter 17 on the second pulse delay monitor 8. In other words, the light beam generated by
the pulse light source 10 first passes through the third beam splitter 17. A part of the beam
passes through the third beam splitter 17 and is projected on the imaging area 40 for imaging.
The other part of the beam may be irradiated on the second photodetector 21. The beam
irradiated on the second photodetector 21 passes through the fourth beam splitter 18. A part of
the beam passes through the fourth beam splitter 18 and is irradiated on the second
photodetector 21 for detecting the pulse repetition frequency signal and the other part is
irradiated on the second pulse delay monitor 8 for monitoring the delay information of the
pulse. Therefore, various parameters of the pulse light source 10 may be accurately detected.

According to some embodiments of the disclosure, there are a plurality of fourth beam
splitters 18. A third beam combiner 19 is provided between one fourth beam splitter 18 and
the second pulse delay monitor 8. Third reflecting mirrors 34 may be provided between the
remaining fourth beam splitters 18 and the third beam combiner 19. The third reflecting
mirror 34 is configured to reflect the light beam reflected by the fourth beam splitter 18 to the
third beam combiner 19.

As illustrated in FIG. 5, there are two fourth beam splitters 18, which are a front fourth
beam splitter 181 and a rear fourth beam splitter 182, respectively. The third beam combiner

19 is provided between the front fourth beam splitter 181 and the second pulse delay monitor
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8. The third reflecting mirror 34 is provided between the third beam combiner 19 and the rear
fourth beam splitter 182. The third reflecting mirror 34 is configured to irradiate the light
beam separated by the rear fourth beam splitter 182 to the third beam combiner 19. The third
beam combiner 19 is configured to combine the light beams separated by the front fourth
beam splitter 181 and the rear fourth beam splitter 182 and send them to the second pulse
delay monitor 8.

In some embodiments, there are three fourth beam splitters 18, namely, a front fourth
beam splitter, amiddle fourth beam splitter and a rear fourth beam splitter. There are two third
reflecting mirrors 34, namely, afirst of the third reflecting mirrors and a second of the third
reflecting mirrors. A third beam combiner 19 is provided between the front fourth beam
splitter and the second pulse delay monitor 8. The first of the third reflecting mirrors is
provided between the middle fourth beam splitter and the third beam combiner 19. The first of
the third reflecting mirrors is configured to irradiate the light beam separated by the middle
fourth beam splitter to the third beam combiner 19. The second of the third reflecting mirrors
is provided between the rear fourth beam splitter and the third beam splitter 19. The second of
the third reflecting mirrors is configured to irradiate the light beam separated by the rear
fourth beam splitter to the third beam combiner 19. The third beam combiner 19 combines the
light beams separated by the front fourth beam splitter 18, the middle fourth beam splitter 18
and the rear fourth beam splitter 18 and sends them to the second pulse delay monitor 8.

By arranging the third beam combiners 19 and the third mirrors 34, one second pulse
delay monitor 8 may be used to monitor the delay information of the plurality of light beams
and the working efficiency of the second pulse delay monitor 8 may be improved. The
structural design of the air ionization display device 100 is simplified.

In some embodiments, pulse repetition frequencies of the plurality of pulse light sources
10 are the same, pulse widths of the plurality of pulse light sources 10 are within 50fs-100ns,
pulse energies of the plurality of pulse light sources 10 are within 20pJ-10mJ, and the pulse
repetition frequencies of the plurality of pulse light sources 10 are within 500Hz-10MHz.

In the description of the disclosure, “a first feature” and “a second feature” may include
one or more of these features.

In the description of the disclosure, "plurality” means two or more.
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In the description of the disclosure, a first feature "above" or "below" a second feature,
which may include the first feature and the second features in direct contact, or not in direct
contact but through another feature contact between them.

In the description of the disclosure, afirst feature “on,” “above,” or “on top of” a second
feature may include an embodiment in which the first feature is right “on,” “above,” or “on
top of” the second feature, and may aso include an embodiment in which the first feature is
not right “on,” “above,” or “on top of” the second feature, or just means that the first feature
isat aheight higher than that of the second feature.

Reference throughout this specification to “an embodiment,” “some embodiments,” “one
embodiment”, “another example,” “an example,” “a specific example,” or “some examples,”
means that a particular feature, structure, material, or characteristic described in connection
with the embodiments or examplesisincluded in at |east one embodiments or examples of the
disclosure. Thus, the appearances of the phrases such as “in some embodiments,” “in one
embodiment”, “in an embodiment”, “in another example,” “in an example,” “in a specific
example,” or “in some examples,” in various places throughout this specification are not
necessarily referring to the same embodiments or examples of the disclosure. Furthermore,
the particular features, structures, materials, or characteristics may be combined in any
suitable manner in one or more embodiments or examples.

Although explanatory embodiments have been illustrated and described, it would be
appreciated by those skilled in the art that the above embodiments cannot be construed to
limit the disclosure, and changes, aternatives, and modifications can be made in the

embodi ments without departing from spirit, principles and scope of the disclosure.
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CLAIMS

1. An air ionization display device, comprising:

a pulse-light-source module configured to generate a plurality of synchronous pulse light
beams, and

alight field control module, the plurality of pulse light beams being projected to the light
field control module and the light field control module being configured to adjust and converge
the plurality of pulse light beams and ionize air in a display area to form a holographic real

image,

wherein the pul se-light-source modul e comprises:
a plurality of pulse light sources configured to generate the plurality of pulse light
beams, respectively; and
afirst beam combiner, the plurality of pulse light beams generated by the plurality
of pulse light sources being projected on the first beam combiner to combined into one light

beam and the combined light beam being projected to the light field control module,

wherein the device further comprises a first pulse-repetition-frequency adjustment
component, arranged between the plurality of pulse light sources and the first beam combiner
and configured to adjust pulse repetition frequencies of the plurality of pulse light sources so

astolock the pulse repetition frequencies of the plurality of pulselight sources at asame value.

2. The device as clamed in claim 1, wherein the first pulse-repetition-frequency
adjustment component comprises.

aplurality of first photodetectors, arranged one by one between the plurality of pulselight
sources and the first beam combiner and configured to detect the pul se repetition frequencies
of the plurality of pulse light sources;

afirst frequency reference source configured to provide a frequency reference standard;
and

afirst servo controller, signally coupled to the plurality of first photodetectors, the first
frequency reference source and the plurality of pulse light sources and configured to control
the pul se repetition frequencies of the plurality of pul selight sources based on pul se-repetition-
frequency signalsreceived by the plurality of first photodetectors and areference frequency of

the first frequency reference source.
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3. Thedeviceasclamedinclaim 2, wherein aplurality of first beam splitters are provided
between the plurality of pulse light sources and the first beam combiner and configured to
reflect partial light beams of the plurality of pulse light sources to the plurality of first

photodetectors one by one.

4. The device as claimed in claim 1, further comprising:

afirst pulse delay monitor, arranged between the first beam combiner and the light field
control module and configured to monitor a pulse delay signal of the beam emitted by the first
beam combiner; and

at least one first delay line, arranged between the plurality of pulse light sources and the
first beam combiner, signally coupled to the first pulse delay monitor and configured to
compensate pulse delays of beams output from the plurality of pulse light sources based on
feedback information of thefirst pulse delay monitor.

5. The device as claimed in claim 4, wherein a number of the at least one first delay line
is one less than a number of the plurality of pulse light sources and the at least one first delay

lineis corresponding to the same number of pulse light sources one by one.

6. The device as claimed in claim 5, wherein a second beam splitter is provided between
the first beam combiner and the light field control module and configured to reflect partial light
beam emitted by the first beam combiner to the first pulse delay monitor.

7. The device as claimed in any one of claims 1 to 6, wherein there are a plurality of first
beam combiners, a number of the plurality of first beam combiners is one less than a number
of the plurality of pulse light sources, the plurality of first beam combiners are arranged at
intervals along a light beam emitted by one of the plurality of pulse light sources, light beams
emitted by remaining pulse light sources are projected on the plurality of first beam combiners
one by one, and light beams emitted by the plurality of pulse light sources are combined into

one light beam.

8. The device as claimed in any one of claims 1 to 6, further comprising:
aplurality of first reflecting mirrors, arranged between the plurality of pulse light sources
and the first beam combiner and configured to reflect light beams transmitted by the plurality

of pulse light sources to the first beam combiner.

9. The device as claimed in claim 1, wherein the pul se-light-source module comprises:
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a pulse seed source configured to generate a pulse light beam;

a light splitting coupler, arranged along an optical path of the pulse light beam and
configured to split the pulse light beam into a plurality of sub-beamsto generate a plurality of
pulse light beams; and

a second beam combiner, the plurality of sub-beams being projected on the second beam
combiner to combine into one light beam and the combined light beam being projected to the

light field control module.

10. The device as claimed in claim 9, further comprising:
aplurality of pulse amplification modules, arranged along optical paths of the plurality of
sub-beams one by one, configured to amplify pulses of the plurality of sub-beams and arranged

between the light splitting coupler and the second beam combiner.

11. The device as claimed in claim 9, further comprising:

aplurality of second delay lines, arranged along optical paths of the plurality of sub-beams
one by one, between the pluraity of pulse amplification modules and the second beam
combiner, and configured to adjust pulse time positions of the plurality of sub-beams so that a
plurality of pulsetime in the beam coincide after the plurality of sub-beams pass through the

second beam combiner.

12. The device as claimed in claim 11, further comprising:

aplurality of pulse compression devices, arranged along the optical paths of the plurality
of sub-beams one by one, between the plurality of pulse amplification modules and the
plurality of second delay lines, and configured to compress pul se widths of the plurality of sub-
beams to increase pulse light peak powers of the plurality of sub-beams.

13. The device as claimed in claim 12, further comprising:

aplurality of beam collimating devices, arranged along the optical paths of the plurality
of sub-beams one by one, between the plurality of pulse compression devices and the plurality
of second delay lines, and configured to adjust the plurality of sub-beams into a plurality of
collimated beams that satisfy an ionization threshold after being converged.

14. The device as claimed in any one of claims 9 to 13, wherein there are a plurality of
second beam combiners, a number of the plurality of second beam combinersis one less than
anumber of the plurality of sub-beams, the plurality of second beam combiners are arranged
at intervals aong one of the plurality of sub-beams, remaining sub-beams are projected on the
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plurality of second beam combiners one by one, and the plurality of sub-beams are combined
into one light beam.

15. The device as claimed in any one of claims 9 to 13, further comprising:

a plurality of second reflecting mirrors, wherein a number of the plurality of second
reflecting mirrors is the same as a number of the plurality of second beam combiners, and the
plurality of second reflecting mirrors are arranged between the plurality of second delay lines
and the plurality of second beam combiners one by one and configured to reflect the plurality

of sub-beamsto the plurality of second beam combiners.

16. The device as claimed in claim 1, wherein the pul se-light-source modul e comprises:

aplurality of pulselight sources configured to generate the plurality of pulse light beams,
respectively;

wherein a pulse energy of each of the plurality of pulse light sources is less than an air
ionization threshold and asum of the pulse energy of each of the plurality of pulselight sources
is greater than the air ionization threshold.

17. The device as claimed in claim 16, further comprising:

a second pulse-repetition-frequency adjustment component, arranged between the
plurality of pulse light sources and the display area and configured to adjust pulse repetition
frequencies of the plurality of pulse light sources.

18. The device as claimed in clam 17, wherein the second pul se-repetition-frequency
adjustment component comprises:

aplurality of second photodetectors, arranged one by one between the plurality of pulse
light sources and the display area and configured to detect the pulse repetition frequencies of
the plurality of pulse light sources,

asecond frequency reference source configured to provide afrequency reference standard;
and

a second servo controller, signally coupled to the plurality of second photodetectors, the
second frequency reference source and the plurality of pulse light sources and configured to
control the pul se repetition frequencies of the plurality of pulselight sources based on feedback
information of the plurality of second photodetectors and feedback information of the second

frequency reference source.
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