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(54) ROTATING DISPLAY APPARATUS USING SEMICONDUCTOR LIGHT EMITTING DEVICE

(57) The present disclosure is applicable to a display
apparatus-related technology field, and relates to, for ex-
ample, a rotating display apparatus using a light emitting
diode (LED), which is a semiconductor light emitting de-
vice. According to the present disclosure, a rotating dis-
play apparatus using a light emitting device comprises:
a stationary part including a motor; a rotary part located
on the stationary part and rotated by the motor; a first
light source module which includes at least one
bar-shaped panel coupled to the rotary part and radially
arranged, and a first light emitting device array arranged
in the longitudinal direction on each panel; and a second
light source module including a center panel located on
the inner side of the first light source module, and a sec-
ond light emitting device array arranged on the center
panel, wherein the arrangement direction of the first light
emitting device array can be different from the arrange-
ment direction of the second light emitting device array.
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Description

TECHNICAL FIELD

[0001] The present disclosure is applicable to display-
device-related technical fields, and relates to a rotatable
display device using a light-emitting diode (LED), which
is a semiconductor light-emitting element.

BACKGROUND ART

[0002] Recently, in the field of display technology, dis-
play devices having excellent characteristics, such as
thinness and flexibility, have been developed. Mean-
while, currently commercialized major displays are rep-
resented by a liquid crystal display (LCD) and an organic
light-emitting diode (OLED).
[0003] However, the LCD has problems in which the
response time is slow and it is difficult to realize flexibility,
and the OLED has problems in which the lifespan thereof
is short and the production yield thereof is low.
[0004] Meanwhile, a light-emitting diode (LED), which
is a well-known semiconductor light-emitting element
that converts current into light, has been used as a light
source for displaying an image in electronic devices in-
cluding information communication devices together with
a GaP:N-based green LED, starting with commercializa-
tion of a red LED using a GaAsP compound semicon-
ductor in 1962. Therefore, a method of solving the above-
described problems by implementing a display using the
semiconductor light-emitting element may be proposed.
Such a light-emitting diode has various advantages, such
as a long lifespan, low power consumption, excellent in-
itial driving characteristics, and high vibration resistance,
compared to a filament-based light-emitting element.
[0005] Meanwhile, when a light-emitting module in
which light-emitting elements are arranged in one dimen-
sion is rotated and driven at a high speed according to
the angle thereof, various letters, graphics, and videos
may be recognized by a human due to an afterimage
effect.
[0006] In general, when still images are continuously
displayed at a rate of 24 or more sheets per second, a
viewer recognizes the same as a video. A conventional
image display device, such as a CRT, an LCD, or a PDP,
displays still images at a rate of 30 to 60 frames per sec-
ond, so a viewer is capable of recognizing the same as
a video. As the number of still images displayed per sec-
ond increases, a viewer may experience smoother video,
and as the number of still images displayed per second
decreases, it becomes difficult to implement smooth vid-
eo.
[0007] A rotatable display device includes a plurality
of light source modules, and it is necessary to secure
space having a certain size in order to mechanically as-
semble the light source modules.
[0008] This space may include space formed when at-
taching light sources (LED chips, LED packages, or the

like) to a panel. In addition, it is necessary to secure space
required for a task between the outer periphery of a print-
ed circuit board (panel) and light sources. That is, mini-
mum space required for mounting of LEDs onto the print-
ed circuit board is necessary. In addition, space may be
formed by assembly of the light source modules.
[0009] For this reason, a dead zone having a certain
size, in which no image is displayed, may be present at
the center point of the rotatable display device.
[0010] Even if a separate light source module is pro-
vided at the center in order to prevent the generation of
a dead zone at the center point, a dead zone may be
generated due to an inevitable gap between the light
source module provided at the center and the surround-
ing light source module.
[0011] Therefore, there is a need for a method of pre-
venting the generation of a dead zone in a rotatable dis-
play device.

DISCLOSURE

TECHNICAL TASK

[0012] A technical task of the present disclosure is to
provide a rotatable display device using a semiconductor
light-emitting element, which is capable of eliminating a
dead zone having a certain size, in which no image is
displayed.

TECHNICAL SOLUTIONS

[0013] In accordance with a first aspect for accomplish-
ing the above object, a rotatable display device using a
light-emitting element of the present disclosure may in-
clude a fixed unit including a motor, a rotary unit located
on the fixed unit and configured to be rotated by the motor,
a first light source module including one or more bar-
shaped panels coupled to the rotary unit and disposed
radially and first light-emitting element arrays respective-
ly disposed on the panels in the longitudinal direction of
the panels, and a second light source module including
a center panel located inwards further than the first light
source module and second light-emitting element arrays
disposed on the center panel. The first light-emitting el-
ement arrays may be disposed in different directions from
the second light-emitting element arrays.
[0014] In addition, each of the second light-emitting el-
ement arrays may be located between two adjacent ones
of the first light-emitting element arrays.
[0015] In addition, each of the second light-emitting el-
ement arrays may be located at a position corresponding
to half the angle between two adjacent ones of the first
light-emitting element arrays.
[0016] In addition, the second light-emitting element
arrays may be provided in a number corresponding to
the number of first light-emitting element arrays.
[0017] In addition, each of the second light-emitting el-
ement arrays may have a length corresponding to the
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distance between the center of the rotary unit and each
of the first light-emitting element arrays.
[0018] In addition, the fixed unit and the rotary unit may
be electrically connected to each other through a wireless
power transfer structure.
[0019] In addition, the wireless power transfer struc-
ture may include a wireless power transmitter provided
at the fixed unit, a transmission coil connected to the
wireless power transmitter, a reception coil located at a
position facing the transmission coil, and a wireless pow-
er receiver connected to the reception coil.
[0020] In addition, the first light source module and the
second light source module may include drivers config-
ured to drive the first light source module and the second
light source module.
[0021] In addition, the drivers may be provided on sur-
faces of the panels so as to be located opposite the first
light-emitting element arrays and the second light-emit-
ting element arrays.
[0022] In addition, an image processor configured to
transmit control signals to the drivers may be further in-
cluded.
[0023] In addition, the image processor may transmit
signals controlling the first light-emitting element arrays
and the second light-emitting element arrays to display
image data of a specific frame in a delayed manner.
[0024] In addition, the image processor may transmit
signals controlling the first light-emitting element arrays
and the second light-emitting element arrays to be se-
quentially driven.
[0025] In accordance with a first aspect for accomplish-
ing the above object, a rotatable display device using a
light-emitting element of the present disclosure may in-
clude a fixed unit including a motor, a rotary unit located
on the fixed unit and configured to be rotated by the motor,
a first light source module including one or more bar-
shaped panels coupled to the rotary unit and disposed
radially and first light-emitting element arrays respective-
ly disposed on the panels in the longitudinal direction of
the panels, and a second light source module including
a center panel located inwards further than the first light
source module and second light-emitting element arrays
disposed on the center panel. The second light-emitting
element arrays may be disposed so as to be misaligned
at a predetermined angle from the first light-emitting el-
ement arrays.
[0026] In addition, the predetermined angle may cor-
respond to half the angle between two adjacent ones of
the first light-emitting element arrays.

ADVANTAGEOUS EFFECTS

[0027] According to an embodiment of the present dis-
closure, the above-described problems may be solved.
[0028] That is, a dead zone having a certain size, in
which no image is displayed, may be eliminated from the
rotatable display device.
[0029] In addition, according to the present disclosure,

an additional light source module (the second light source
module) is disposed at the center of the rotatable display
device, and light sources are disposed in specific direc-
tions in this light source module, thereby preventing the
generation of a dead zone at the center of the light source
module and preventing disconnection between pixels at
a connection portion of the light source module.
[0030] Further, according to the present disclosure,
there are additional technical effects not mentioned here-
in, and those skilled in the art can understand the effects
through the specification and the drawings.

DESCRIPTION OF DRAWINGS

[0031]

FIG. 1 is a perspective view of a rotatable display
device according to a first embodiment of the present
disclosure.
FIG. 2 is a side sectional view of the rotatable display
device according to the first embodiment of the
present disclosure.
FIG. 3 is a perspective view showing the front surface
of a light source module according to the first em-
bodiment of the present disclosure.
FIG. 4 is a perspective view showing the rear surface
of the light source module according to the first em-
bodiment of the present disclosure.
FIG. 5 is an enlarged view of portion A in FIG. 3.
FIG. 6 is a cross-sectional view of the light source
module according to the first embodiment of the
present disclosure.
FIG. 7 is a block diagram of the rotatable display
device according to the first embodiment of the
present disclosure.
FIG. 8 is a plan view of a light source module of a
rotatable display device according to a second em-
bodiment of the present disclosure.
FIG. 9 is an enlarged view of portion B in FIG. 8.
FIG. 10 is a plan view of a light source module of a
rotatable display device according to a third embod-
iment of the present disclosure.
FIG. 11 is an enlarged view of the center portion in
FIG. 10.
FIG. 12 is a plan view of the light source module of
the rotatable display device according to the first em-
bodiment of the present disclosure.
FIG. 13 is a timing chart showing the timing at which
light-emitting modules are driven in the third embod-
iment of the present disclosure.
FIG. 14 is a timing chart showing the timing at which
light-emitting modules are driven in the first embod-
iment of the present disclosure.

BEST MODE FOR DISCLOSURE

[0032] Reference will now be made in detail to embod-
iments of the present disclosure, examples of which are
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illustrated in the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used through-
out the drawings to refer to the same or like parts, and a
redundant description thereof will be omitted. As used
herein, the suffixes "module" and "unit" are added or used
interchangeably to facilitate preparation of this specifica-
tion, and are not intended to suggest distinct meanings
or functions. In describing embodiments disclosed in this
specification, relevant well-known technologies may not
be described in detail in order to avoid obscuring the sub-
ject matter of the embodiments disclosed in this specifi-
cation. In addition, it should be noted that the accompa-
nying drawings are only for easy understanding of the
embodiments disclosed in the present specification, and
should not be construed as limiting the technical spirit
disclosed in the present specification.
[0033] Furthermore, although the drawings are sepa-
rately described for simplicity, embodiments implement-
ed by combining two or more drawings are also within
the scope of the present disclosure.
[0034] In addition, when an element such as a layer,
a region, or a substrate is described as being "on" another
element, it is to be understood that the element may be
directly on the other element, or there may be an inter-
mediate element between them.
[0035] The display device described herein conceptu-
ally includes all display devices that display information
with a unit pixel or a set of unit pixels. Therefore, the term
"display device" may be applied not only to finished prod-
ucts but also to parts. For example, a panel correspond-
ing to a part of a digital TV also independently corre-
sponds to the display device in the present specification.
Such finished products include a mobile phone, a smart-
phone, a laptop computer, a digital broadcasting termi-
nal, a personal digital assistant (PDA), a portable multi-
media player (PMP), a navigation system, a slate PC, a
tablet PC, an Ultrabook, a digital TV, a desktop computer,
and the like.
[0036] However, it will be readily apparent to those
skilled in the art that the configuration according to the
embodiments described herein is also applicable to new
products to be developed later as display devices.
[0037] In addition, the term "semiconductor light-emit-
ting element" mentioned in this specification conceptually
includes an LED, a micro LED, and the like, and may be
used interchangeably therewith.
[0038] FIG. 1 is a perspective view of a rotatable dis-
play device according to a first embodiment of the present
disclosure. In addition, FIG. 2 is a side sectional view of
the rotatable display device according to the first embod-
iment of the present disclosure.
[0039] FIG. 1 illustrates a rotatable display device in
which light-emitting element arrays 311, 321, 331, and
341 are respectively provided on blade-type panels 310,
320, 330, and 340 in the longitudinal direction of each of
the panels.
[0040] Such a rotatable display device may broadly in-
clude a fixed unit 100, which includes a motor 110, a

rotary unit 200, which is located on the fixed unit 100 and
is rotated by the motor 110, and a light source module
300, which is coupled to the rotary unit 200 and includes
light-emitting element arrays 311, 321, 331, 341, 351,
352, 353, and 354 so as to be implemented as a display
by creating an afterimage resulting from rotation.
[0041] In this case, the light source module 300 may
include a first light source module 301, which is imple-
mented as one or more bar-shaped panels 310, 320,
330, and 340, which are disposed radially, and a second
light source module 302, which is located between the
first light source module 301 and the center of rotation
of the rotary unit 200.
[0042] Referring to FIG. 1, the first light source module
301 may include four panels 310, 320, 330, and 340, on
which the light-emitting element arrays 311, 321, 331,
and 341 are provided. However, this is given merely by
way of example, and the first light source module 301
may include one or more panels.
[0043] The direction in which the first light-emitting el-
ement arrays 311, 321, 331, and 341 are disposed may
differ from the direction in which the second light-emitting
element arrays 351, 352, 353, and 354 are disposed.
[0044] That is, as illustrated, the first light source mod-
ule 301 may include one or more bar-shaped panels 310,
320, 330, and 340, which are disposed radially around
the center of rotation, and first light-emitting element ar-
rays 311, 321, 331, and 341, which are respectively dis-
posed on the panels 310, 320, 330, and 340 in the lon-
gitudinal direction of each panel.
[0045] In addition, the second light source module 302
may include a center panel 350, which is located inwards
further than the first light source module 301, and second
light-emitting element arrays 351, 352, 353, and 354,
which are disposed on the center panel 350.
[0046] In this case, the direction in which the second
light-emitting element arrays 351, 352, 353, and 354 are
disposed may be misaligned at a predetermined angle
from the direction in which the first light-emitting element
arrays 311, 321, 331, and 341 are disposed based on
the center of rotation.
[0047] Each of the panels constituting the light source
module 300 may be configured as a printed circuit board
(PCB). That is, each panel may have the function of a
printed circuit board. Each of the light-emitting element
arrays may be implemented as an individual unit pixel,
and may be disposed on a corresponding one of the pan-
els in the longitudinal direction of the panel.
[0048] The panels provided with the light-emitting ele-
ment arrays may be implemented as a display using an
afterimage created by rotation thereof. Implementation
of a display using an afterimage will be described later
in detail.
[0049] In the above manner, the first light source mod-
ule 301 may be constituted by the panels 310, 320, 330,
and 340, on which the light-emitting element arrays 311,
321, 331, and 341 are disposed.
[0050] As described above, the first light source mod-

5 6 



EP 4 030 412 A1

5

5

10

15

20

25

30

35

40

45

50

55

ule 301 may be constituted by a plurality of panels 310,
320, 330, and 340. However, the first light source module
301 may be constituted by a single panel provided with
a light-emitting element array. When the first light source
module 301 is constituted by a plurality of panels, as il-
lustrated in FIG. 1, the plurality of panels may realize one
frame image in a sharing manner, and may thus be ro-
tated at a lower speed when realizing a given frame im-
age.
[0051] Meanwhile, the fixed unit 100 may include frame
structures 101, 102, and 103. That is, the fixed unit 100
may include a lower frame 101, an upper frame 102, and
a connection frame 103, which connects the lower frame
101 and the upper frame 102 to each other.
[0052] These frame structures 101, 102, and 103 may
provide a space in which the motor 110 is mounted, and
may further provide a space in which a power supply 120
and an RF module 126 are mounted.
[0053] In addition, a weight (not shown) may be mount-
ed to the fixed unit 100 in order to reduce the influence
of high-speed rotation of the rotary unit 200.
[0054] Similarly, the rotary unit 200 may include frame
structures 201, 202, and 203. That is, the rotary unit 200
may include a lower frame 201, an upper frame 202, and
a connection frame 203, which connects the lower frame
201 and the upper frame 202 to each other.
[0055] These frame structures 201, 202, and 203 may
provide a space in which a driving circuit 210 for driving
the light-emitting element arrays 311, 321, 331, 341, 351,
352, 353, and 354 in order to implement a display is
mounted.
[0056] In this case, the driving shaft of the motor 110
may be fixed to a shaft-fixing portion 204 formed at the
lower frame 201 of the rotary unit 200. In this way, the
driving shaft of the motor 110 and the center of rotation
of the rotary unit 200 may be coaxially located.
[0057] Further, the light source module 300 may be
fixedly mounted on the frame structures 201, 202, and
203.
[0058] Meanwhile, the fixed unit 100 and the rotary unit
200 may transfer power therebetween in a wireless pow-
er transfer manner. To this end, a transmission coil 130
for transferring wireless power may be mounted to an
upper portion of the fixed unit 100, and a reception coil
220 may be mounted to a lower portion of the rotary unit
200 so as to be located at a position facing the transmis-
sion coil 130.
[0059] FIG. 3 is a perspective view showing the front
surface of a light source module according to the first
embodiment of the present disclosure, and FIG. 4 is a
perspective view showing the rear surface of the light
source module according to the first embodiment of the
present disclosure.
[0060] FIG. 3 illustrates one panel 310 forming the first
light source module 301. As mentioned above, the panel
310 may be a printed circuit board (PCB). A plurality of
light-emitting elements 312 (refer to FIG. 5) may be
mounted on the panel 310 so as to be disposed in one

direction to form pixels, thereby constituting the light-
emitting element array 311. Here, a light-emitting diode
(LED) may be used as the light-emitting element.
[0061] That is, the light-emitting elements 312 are dis-
posed in one direction on one panel 310 to form individual
pixels, with the result that the light-emitting element array
311 may be provided so as to be linearly mounted.
[0062] FIG. 4 illustrates the rear surface of the panel
310. Drivers 314 for driving the light-emitting elements
312 may be mounted on the rear surface of the panel
310, which constitutes the light source module.
[0063] Since the drivers 314 are mounted on the rear
surface of the panel 310, as described above, the drivers
314 may not interfere with a light-emitting surface, the
influence on light emission from the light sources (the
light-emitting elements) 312 due to interference may be
minimized, and the area of the panel 310 may be mini-
mized. The panel 310, having a small area, may improve
the transparency of the display.
[0064] Meanwhile, the front surface of the panel 310,
on which the light-emitting element array 311 is mounted,
may be processed into a dark color (e.g. black) in order
to improve the contrast ratio and the color expression of
the display, thereby maximizing the effect of the light
sources.
[0065] FIG. 5 is an enlarged view of portion A in FIG.
3, and FIG. 6 is a cross-sectional view of the light source
module according to the first embodiment of the present
disclosure.
[0066] Referring to FIG. 5, it can be seen that the in-
dividual light-emitting elements 312 are mounted linearly
in one direction (the longitudinal direction of the panel).
In this case, a protective portion 313 may be located out-
side the light-emitting elements 312 in order to protect
the light-emitting elements 312.
[0067] Red, green, and blue light-emitting elements
312 may form one pixel in order to realize natural colors,
and the individual pixels may be mounted in one direction
on the panel 310.
[0068] Referring to FIG. 6, the light-emitting elements
312 may be protected by the protective portion 313. Fur-
ther, as described above, the drivers 314 may be mount-
ed on the rear surface of the panel 310, and may drive
the light-emitting elements 312 in units of pixels or sub-
pixels. In this case, one driver 314 may individually drive
at least one pixel.
[0069] FIG. 7 is a block diagram of the rotatable display
device according to the first embodiment of the present
disclosure.
[0070] Hereinafter, the configuration for driving the ro-
tatable display device will be described briefly with ref-
erence to FIG. 7.
[0071] First, a driving circuit 210 may be mounted to
the fixed unit 100. The driving circuit 120 may include a
power supply. The driving circuit 120 may include a wire-
less power transmitter 121, a DC-DC converter 122, and
a voltage generator 123 for supplying individual voltages.
[0072] External power may be supplied to the driving
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circuit 120 and the motor 110.
[0073] In addition, an RF module 126 may be provided
at the fixed unit 100, so that the display may be driven in
response to a signal transmitted from the outside.
[0074] Meanwhile, a means for sensing rotation of the
rotary unit 200 may be provided at the fixed unit 100.
Infrared radiation may be used to sense rotation. Accord-
ingly, an IR emitter 125 may be mounted to the fixed unit
100, and an IR receiver 215 may be mounted to the rotary
unit 200 at a position corresponding to the IR emitter 125.
[0075] In addition, a controller 124 may be provided at
the fixed unit 100 in order to control the driving circuit
120, the motor 110, the IR emitter 125, and the RF module
126.
[0076] Meanwhile, the rotary unit 200 may include a
wireless power receiver 211 for receiving a signal from
the wireless power transmitter 121, a DC-DC converter
212, and a voltage generator (LDO) 213 for supplying
individual voltages.
[0077] The rotary unit 200 may be provided with an
image processor 216 in order to realize an image through
the light-emitting element array using RGB data of an
image to be displayed. The signal processed by the im-
age processor 216 may be transmitted to the drivers 314
of the light source module, and thus an image may be
realized.
[0078] In addition, a controller 214 may be mounted to
the rotary unit 200 in order to control the wireless power
receiver 211, the DC-DC converter 212, the voltage gen-
erator (LDO) 213, the IR receiver 215, and the image
processor 216.
[0079] The image processor 216 may generate a sig-
nal for controlling light emission from the light sources of
the light source module based on data of an image to be
output. At this time, the data for light emission from the
light source module may be internal data or external data.
[0080] The data stored in the internal device (the rotary
unit 200) may be image data pre-stored in a storage de-
vice, such as a memory (an SD-card) mounted together
with the image processor 216. The image processor 216
may generate a light emission control signal based on
the internal data.
[0081] The image processor 216 may transmit control
signals to the drivers 314 so that the first light-emitting
element arrays 311, 321, 331, and 341 and the second
light-emitting element arrays 351, 352, 353, and 354 dis-
play image data of a specific frame in a delayed manner.
[0082] Further, the image processor 216 may transmit
control signals to the drivers 314 so that the first light-
emitting element arrays 311, 321, 331, and 341 and the
second light-emitting element arrays 351, 352, 353, and
354 are sequentially driven. Accordingly, when the light
source module 300 rotates, the second light-emitting el-
ement arrays 351, 352, 353, and 354 may be driven at
positions at which the first light-emitting element arrays
311, 321, 331, and 341 respectively corresponding there-
to (adjacent thereto) are driven.
[0083] Meanwhile, the image processor 216 may re-

ceive image data from the fixed unit 100. At this time,
external data may be output through an optical data trans-
mission device, such as a photo coupler, or an RF-type
data transmission device, such as a Bluetooth or Wi-Fi
device.
[0084] In this case, as mentioned above, a means for
sensing rotation of the rotary unit 200 may be provided.
That is, the IR emitter 125 and the IR receiver 215 may
be provided as a means for detecting the rotational po-
sition (speed) of the rotary unit 200, such as an absolute
rotational position or a relative rotational position, in order
to output light source data suitable for each rotational
position (speed) during rotation of the rotary unit 200.
Alternatively, this function may also be achieved using
an encoder, a resolver, or a Hall sensor.
[0085] Meanwhile, data required to drive the display
may be transmitted as a signal in an optical manner at
low cost using the principle of a photo coupler. That is,
if the fixed unit 100 and the rotary unit 200 are provided
with a light emitter and a light receiver, reception of data
is continuously possible even when the rotary unit 200
rotates. Here, the IR emitter 125 and the IR receiver 215
described above may be used to transmit data.
[0086] As described above, power may be transferred
between the fixed unit 100 and the rotary unit 200 in a
wireless power transfer (WPT) manner.
[0087] Wireless power transfer enables the supply of
power without connection of a wire using a resonance
phenomenon of a coil.
[0088] To this end, the wireless power transmitter 121
may convert power into an RF signal of a specific fre-
quency, and a magnetic field generated by current flow-
ing through the transmission coil 130 may generate an
induced current in the reception coil 220.
[0089] At this time, the natural frequency of the coil and
the transmission frequency for transferring actual energy
may differ from each other (a magnetic induction meth-
od).
[0090] Meanwhile, the resonant frequencies of the
transmission coil 130 and the reception coil 220 may be
the same (a magnetic resonance method).
[0091] The wireless power receiver 211 may convert
the RF signal input from the reception coil 220 into direct
current, and may transmit required power to a load.
[0092] FIG. 8 is a plan view of a light source module
of a rotatable display device according to a second em-
bodiment of the present disclosure, and FIG. 9 is an en-
larged view of portion B in FIG. 8.
[0093] Referring to FIG. 8, a light source module 303
is formed such that light-emitting element arrays 361,
371, 381, and 391 are respectively disposed on four pan-
els 360, 370, 380, and 390. In this case, the light-emitting
element arrays 361, 371, 381, and 391 extend to a center
portion B.
[0094] A circular-shaped rotatable display device in-
cludes a plurality of light source modules, and it is nec-
essary to secure space having a certain size in order to
mechanically assemble the light source modules.
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[0095] This space may include space formed when at-
taching light sources (LED chips, LED packages, or the
like) to a panel. In addition, it is necessary to secure space
required for a task between the outer periphery of a print-
ed circuit board (panel) and light sources. That is, mini-
mum space required for mounting of LEDs onto the print-
ed circuit board is necessary. In addition, space may be
formed by assembly of the light source modules.
[0096] For this reason, a dead zone having a certain
size, in which no image is displayed, is present at the
center point of the rotatable display device.
[0097] That is, referring to FIG. 9, it can be seen that
a dead zone C is generated at the center point, at which
the panels (the printed circuit boards) meet, due to the
space mentioned above.
[0098] FIG. 9 illustrates an example in which a dead
zone is generated at a portion at which the panels are
bonded to each other. Light-emitting elements 375 are
arranged in a row inside a protective portion 373 on the
panel, which is implemented as a printed circuit board.
A dead zone is generated due to space formed by as-
sembly of the light source modules.
[0099] FIG. 10 is a plan view of a light source module
of a rotatable display device according to a third embod-
iment of the present disclosure, and FIG. 11 is an en-
larged view of the center portion in FIG. 10.
[0100] Referring to FIG. 10, a light source module 304
is formed such that first light-emitting element arrays 365,
375, 385, and 395 are respectively disposed on four pan-
els 364, 374, 384, and 394.
[0101] In addition, a center panel 355 is disposed in-
wards further than the four panels 364, 374, 384, and
394, and second light-emitting element arrays 356, 357,
358, and 359 are disposed on the center panel 355 in
the same direction as the first light-emitting element ar-
rays 365, 375, 385, and 395.
[0102] Referring to FIG. 11, it can be seen that a pre-
determined gap G is present between the first light-emit-
ting element arrays 365, 375, 385, and 395 and the sec-
ond light-emitting element arrays 356, 357, 358, and 359.
[0103] This gap may be generated by the above-de-
scribed space, that is, any one of the space formed when
attaching the light sources (LED chips, LED packages,
or the like) to the panel, the space required for a task
between the outer periphery of the printed circuit board
(panel) and the light sources, and the space formed by
assembly of the light source modules.
[0104] Therefore, it can be seen that, when an after-
image display is implemented using the rotatable display
device according to the second embodiment, a dead
zone D is generated due to the gap G between the first
light-emitting element arrays 365, 375, 385, and 395 and
the second light-emitting element arrays 356, 357, 358,
and 359.
[0105] When the separate second light-emitting ele-
ment arrays 356, 357, 358, and 359 are provided using
the center panel 355, as described above, no dead zone
is generated at the center portion E, but the dead zone

D may be generated due to the gap G between the light
source modules.
[0106] FIG. 12 is a plan view of the light source module
of the rotatable display device according to the first em-
bodiment of the present disclosure. FIG. 12 illustrates
substantially the same light source module as that illus-
trated in FIG. 1.
[0107] Referring to FIG. 12, the light source module
300 may include a first light source module 301, which
is implemented as one or more bar-shaped panels 310,
320, 330, and 340, which are disposed radially, and a
second light source module 302, which is located be-
tween the first light source module 301 and the center of
rotation of the rotary unit 200.
[0108] The direction in which the first light-emitting el-
ement arrays 311, 321, 331, and 341 are disposed may
differ from the direction in which the second light-emitting
element arrays 351, 352, 353, and 354 are disposed.
[0109] That is, as illustrated, the first light source mod-
ule 301 may include one or more bar-shaped panels 310,
320, 330, and 340, which are disposed radially around
the center of rotation, and first light-emitting element ar-
rays 311, 321, 331, and 341, which are respectively dis-
posed on the panels 310, 320, 330, and 340 in the lon-
gitudinal direction of each panel.
[0110] In addition, the second light source module 302
may include a center panel 350, which is located inwards
further than the first light source module 301, and second
light-emitting element arrays 351, 352, 353, and 354,
which are disposed on the center panel 350.
[0111] In this case, the direction in which the second
light-emitting element arrays 351, 352, 353, and 354 are
disposed may be misaligned at a predetermined angle
from the direction in which the first light-emitting element
arrays 311, 321, 331, and 341 are disposed based on
the center of rotation.
[0112] In the above manner, the first light source mod-
ule 301 may be constituted by the panels 310, 320, 330,
and 340, on which the light-emitting element arrays 311,
321, 331, and 341 are disposed.
[0113] In this case, the predetermined angle may be
half the angle between two adjacent first light-emitting
element arrays. That is, the second light-emitting element
array 351 may be located between the first light-emitting
element arrays 311 and 321 disposed on the first panel
310 and the second panel 320.
[0114] Since the two first light-emitting element arrays
311 and 321 form an angle of 90 degrees therebetween,
the second light-emitting element array 351 may be lo-
cated at a point corresponding to an angle of 45 degrees,
which is half 90 degrees.
[0115] Meanwhile, the number of second light-emitting
element arrays may correspond to the number of first
light-emitting element arrays. That is, since four panels
310, 320, 330, and 340 and four first light-emitting ele-
ment arrays 311, 321, 331, and 341 corresponding there-
to are provided, four second light-emitting element arrays
351, 352, 353, and 354 may be provided on the center
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panel 350.
[0116] The length of each of the second light-emitting
element arrays 351, 352, 353, and 354 may correspond
to the distance between the center of rotation of the rotary
unit 200 and each of the first light-emitting element arrays
311, 321, 331, and 341. In this case, the gap described
above may not be present between the first light-emitting
element arrays 311, 321, 331, and 341 and the second
light-emitting element arrays 351, 352, 353, and 354.
[0117] That is, none of the space formed when attach-
ing the light sources (LED chips, LED packages, or the
like) to the panel, the space required for a task between
the outer periphery of the printed circuit board (panel)
and the light sources, and the space formed by assembly
of the light source modules may be present between the
first light-emitting element arrays 311, 321, 331, and 341
and the second light-emitting element arrays 351, 352,
353, and 354.
[0118] Meanwhile, the second light-emitting element
arrays 351, 352, 353, and 354 may be driven so as to
emit light at the same rotational positions as the first light-
emitting element arrays 311, 321, 331, and 341. There-
fore, no dead zone is generated at the center portion and
between the first light-emitting module and the second
light-emitting module.
[0119] In some embodiments, the center panel 350
may be integrally formed with any one of the panels con-
stituting the first light-emitting module. FIG. 12 illustrates
an example in which the center panel 350 is integrally
formed with the fourth panel 340.
[0120] FIG. 13 is a timing chart showing the timing at
which the light-emitting modules are driven in the third
embodiment of the present disclosure.
[0121] In the timing chart, the positions of the light
source modules are represented by angles, and four light
source modules (light source 1, light source 2, light
source 3, and light source 4) are illustrated. Because four
light source modules are arranged, the light source mod-
ules are set to be located at positions corresponding to
0 degrees, 90 degrees, 180 degrees, and 270 degrees.
[0122] In this case, each of the light source modules
may emit light at the time point T0. For example, when
the light source module rotates and is located at a position
corresponding to 10 degrees, the light source 1 may emit
light, and light emission may be maintained for a prede-
termined amount of time. Thereafter, when the light
source module is located at a position corresponding to
90 degrees, the light source 2 may emit light, and light
emission may be maintained for a predetermined amount
of time.
[0123] In this way, as the light source modules sequen-
tially emit light, an afterimage is generated, and one
frame of image is displayed each time the light source
modules make one rotation. In this case, when images
are displayed at a predetermined rate or higher, a viewer
may recognize the same as a continuous image. For ex-
ample, when images are implemented at a rate of 60
frames per second (60 Hz), a viewer may recognize the

same as a seamless smooth image.
[0124] FIG. 14 is a timing chart showing the timing at
which the light-emitting modules are driven in the first
embodiment of the present disclosure.
[0125] In the timing chart, the positions of the light
source modules are represented by angles, and four first
light source modules (light source 1, light source 2, light
source 3, and light source 4; 311, 321, 331, and 341) and
four second light source modules (light source 5, light
source 6, light source 7, and light source 8; 351, 352,
353, and 354) are illustrated.
[0126] Because four light source modules are ar-
ranged, the first light source modules 311, 321, 331, and
341 are set to be respectively located at positions corre-
sponding to 0 degrees, 90 degrees, 180 degrees, and
270 degrees. Further, the second light source modules
351, 352, 353, and 354 are set to be respectively located
at positions corresponding to 45 degrees, 135 degrees,
225 degrees, and 315 degrees.
[0127] In this case, each of the light source modules
may emit light at the time point T0. For example, when
the light source module rotates and is located at a position
corresponding to 10 degrees, the light source 1 may emit
light, and light emission may be maintained for a prede-
termined amount of time. Thereafter, when the light
source module is located at a position corresponding to
90 degrees, the light source 2 may emit light, and light
emission may be maintained for a predetermined amount
of time.
[0128] Meanwhile, the light source 5 may emit light at
a position between the light source 1 and the light source
2. That is, the light source 5 may emit light after/within a
predetermined time period after light emission from the
light source 1.
[0129] In this way, as the light source modules sequen-
tially emit light, an afterimage is generated, and one
frame of image is displayed each time the light source
modules make one rotation. In this case, when images
are displayed at a predetermined rate or higher, a viewer
may recognize the same as a continuous image. For ex-
ample, when images are implemented at a rate of 60
frames per second (60 Hz), a viewer may recognize the
same as a seamless smooth image.
[0130] Although the second light source modules 351,
352, 353, and 354 are disposed in different directions
from the first light source modules 311, 321, 331, and
341, it may be possible to smoothly display each frame
of image by adjusting the light emission timing.
[0131] Further, the second light source modules 351,
352, 353, and 354 and the first light source modules 311,
321, 331, and 341 may be provided such that there is
substantially no gap between the light sources.
[0132] As described above, according to the present
disclosure, an additional light source module (the second
light source module) is disposed at the center of the ro-
tatable display device, and light sources are disposed in
specific directions in this light source module, thereby
preventing the generation of a dead zone at the center
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of the light source module and preventing disconnection
between pixels at a connection portion of the light source
module.
[0133] The above description is merely illustrative of
the technical idea of the present disclosure. Those of
ordinary skill in the art to which the present disclosure
pertains will be able to make various modifications and
variations without departing from the essential charac-
teristics of the present disclosure.
[0134] Therefore, embodiments disclosed in the
present disclosure are not intended to limit the technical
idea of the present disclosure, but to describe the same,
and the scope of the technical idea of the present disclo-
sure is not limited by such embodiments.
[0135] The scope of protection of the present disclo-
sure should be interpreted by the claims below, and all
technical ideas within the scope equivalent thereto
should be construed as being included in the scope of
the present disclosure.

INDUSTRIAL APPLICABILITY

[0136] The present disclosure may provide a rotatable
display device using a light-emitting diode (LED), which
is a semiconductor light-emitting element.

Claims

1. A rotatable display device using a light-emitting ele-
ment, the rotatable display device comprising:

a fixed unit comprising a motor;
a rotary unit located on the fixed unit, the rotary
unit being configured to be rotated by the motor;
a first light source module comprising one or
more bar-shaped panels, coupled to the rotary
unit and disposed radially, and first light-emitting
element arrays, respectively disposed on the
panels in a longitudinal direction of the panels;
and
a second light source module comprising a cent-
er panel, located inwards further than the first
light source module, and second light-emitting
element arrays, disposed on the center panel,
wherein the first light-emitting element arrays
are disposed in different directions from the sec-
ond light-emitting element arrays.

2. The rotatable display device of claim 1, wherein each
of the second light-emitting element arrays is located
between two adjacent ones of the first light-emitting
element arrays.

3. The rotatable display device of claim 2, wherein each
of the second light-emitting element arrays is located
at a position corresponding to half an angle between
two adjacent ones of the first light-emitting element

arrays.

4. The rotatable display device of claim 1, wherein the
second light-emitting element arrays are provided in
a number corresponding to a number of the first light-
emitting element arrays.

5. The rotatable display device of claim 1, wherein each
of the second light-emitting element arrays has a
length corresponding to a distance between a center
of the rotary unit and each of the first light-emitting
element arrays.

6. The rotatable display device of claim 1, wherein the
fixed unit and the rotary unit are electrically connect-
ed to each other through a wireless power transfer
structure.

7. The rotatable display device of claim 6, wherein the
wireless power transfer structure comprises:

a wireless power transmitter provided at the
fixed unit;
a transmission coil connected to the wireless
power transmitter;
a reception coil located at a position facing the
transmission coil; and
a wireless power receiver connected to the re-
ception coil.

8. The rotatable display device of claim 1, wherein the
first light source module and the second light source
module comprise drivers configured to drive the first
light-emitting element arrays and the second light-
emitting element arrays.

9. The rotatable display device of claim 8, wherein the
drivers are provided on surfaces of the panels so as
to be located opposite the first light-emitting element
arrays and the second light-emitting element arrays.

10. The rotatable display device of claim 8, further com-
prising an image processor configured to transmit
control signals to the drivers.

11. The rotatable display device of claim 10, wherein the
image processor transmits signals controlling the
first light-emitting element arrays and the second
light-emitting element arrays to display image data
of a specific frame in a delayed manner.

12. The rotatable display device of claim 11, wherein the
image processor transmits signals controlling the
first light-emitting element arrays and the second
light-emitting element arrays to be sequentially driv-
en.

13. A rotatable display device using a light-emitting ele-
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ment, the rotatable display device comprising:

a fixed unit comprising a motor;
a rotary unit located on the fixed unit, the rotary
unit being configured to be rotated by the motor;
a first light source module comprising one or
more bar-shaped panels, coupled to the rotary
unit and disposed radially, and first light-emitting
element arrays, respectively disposed on the
panels in a longitudinal direction of the panels;
and
a second light source module comprising a cent-
er panel, located inwards further than the first
light source module, and second light-emitting
element arrays disposed on the center panel,
wherein the second light-emitting element ar-
rays are disposed so as to be misaligned at a
predetermined angle from the first light-emitting
element arrays.

14. The rotatable display device of claim 13, wherein the
predetermined angle corresponds to half an angle
between two adjacent ones of the first light-emitting
element arrays.

15. The rotatable display device of claim 13, wherein the
second light-emitting element arrays are provided in
a number corresponding to a number of the first light-
emitting element arrays.

16. The rotatable display device of claim 13, wherein
each of the second light-emitting element arrays has
a length corresponding to a distance between a cent-
er of the rotary unit and each of the first light-emitting
element arrays.

17. The rotatable display device of claim 13, wherein the
fixed unit and the rotary unit are electrically connect-
ed to each other through a wireless power transfer
structure.

18. The rotatable display device of claim 13, wherein the
first light source module and the second light source
module comprise:

drivers configured to drive the first light-emitting
element arrays and the second light-emitting el-
ement arrays; and
an image processor configured to transmit con-
trol signals to the drivers.

19. The rotatable display device of claim 18, wherein the
image processor transmits signals controlling the
first light-emitting element arrays and the second
light-emitting element arrays to display image data
of a specific frame in a delayed manner.

20. The rotatable display device of claim 18, wherein the

image processor transmits signals controlling the
first light-emitting element arrays and the second
light-emitting element arrays to be sequentially driv-
en.
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