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(57) Abstract: The present disclosure provides an electronic device (10) that includes a first housing (10), a second housing (20), a
rotary shaft (30), a display screen (40), and at least one antenna radiator (80). The second housing (20) is rotatably coupled to the
first housing (10) by the rotary shaft (30). The display screen (40) comprises a first portion and a second portion. The first portion is
positioned on the first housing (10), and the second portion is positioned on the second housing (20). The at least one antenna radiator
(80) is positioned on the rotary shaft (30) and configured to transmit radio frequency signals.

[Continued on next page]



WO 2020/043099 A1 {1100} 00 0000 0000

MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2020/043099 PCT/CN2019/102860
ELECTRONIC DEVICE WITH ANTENNA MECHANISM

FIELD
[0001] This disclosure relates to the field of communication technology, and particularly to an

electronic device with antenna mechanism.

BACKGROUND

[0002] Since the development of communication technology and the improvement of
intelligent level of electronic equipment, more and more functions can be achieved by users
through electronic devices, such as communicating, chatting, playing games, etc. These functions
are achieved by signal transmission through the antennas of electronic devices.

[0003] When communicating with base stations or other electronic devices, the electronic
device needs to transmit uplink signals to external and receive downlink signals from external
through antennas, so as to implement data interaction with base stations or other electronic
devices. However, the requirements of the display screen of electronic devices are becoming
higher, the influence on the clearance zone of the antenna is also becoming greater. The design of
multiple antennas on electronic devices becomes difficult, which reduces the antenna

performance of electronic devices.

SUMMARY

[0004] The present disclosure provides an electronic device to improve the antenna
performance.

[0005] In a first aspect, implementations of the present disclosure provide an electronic device,
the electronic device can include: a first housing, a second housing, a rotary shaft, a display
screen and at least one antenna radiator; the second housing is rotatably coupled to the first
housing by the rotary shaft; the display screen comprising a first portion and a second portion,
the first portion is positioned on the first housing, the second portion is positioned on the second
housing, the at least one antenna radiator is positioned on the rotary shaft and configured to
transmit radio frequency signals.

[0006] In a second aspect, implementations of the present disclosure provide an electronic
device, the electronic device can include: a first housing, a second housing, a rotary shaft and at
least one antenna radiator, the first housing is coupled to the second housing by the rotary shaft;
at least one antenna radiator positioned on the rotary shaft, the antenna radiator configured to

transmit radio frequency signals through the rotary shaft.
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[0007] In a third aspect, implementations of the present disclosure provide an antenna
mechanism, the antenna mechanism can include: a rotary shaft and at least one antenna radiator,
the rotary shaft is configured to provide a rotating connection between a first housing and a
second housing of an electronic device, the rotary shaft is exposed externally when the first
housing and the second housing are folded relative to each other; the at least one antenna radiator
is positioned on the rotary shaft, the at least one antenna radiator is configured to transmit radio

frequency signals through the rotary shaft.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] In order to more clearly illustrate technical solutions of embodiments of the present
disclosure, the drawings required to be used in the embodiments will be briefly described below.
Evidently, the drawings in the following description are some embodiments of the present
disclosure, and other drawings can also be obtained by those ordinarily skilled in the art
according to these drawings without any creative work.
[0009] FIG. 1 is a first schematic view of an electronic device according to an embodiment of
the present disclosure.
[0010] FIG. 2 is a cross-sectional view of A-A’ direction in FIG. 1.
[0011] FIG. 3 is a second schematic view of an electronic device according to an embodiment
of the present disclosure.
[0012] FIG. 4 is a third schematic view of an electronic device according to an embodiment of
the present disclosure.
[0013] FIG. 5 is a fourth schematic view of an electronic device according to an embodiment of
the present disclosure.
[0014] FIG. 6 is a fifth schematic view of an electronic device according to an embodiment of
the present disclosure.
[0015] FIG. 7 is a sixth schematic view of an electronic device according to an embodiment of
the present disclosure.
[0016] FIG. 8 is a seventh schematic view of an electronic device according to an embodiment
of the present disclosure.
[0017] FIG. 9 is an eighth schematic view of an electronic device according to an embodiment
of the present disclosure.
[0018] FIG. 10 is a ninth schematic view of an electronic device according to an embodiment of
the present disclosure. and

[0019] FIG. 11 is a module block diagram of an electronic device according to an embodiment
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of the present disclosure.

DETAILED DESCRIPTION
[0020] The disclosure will now be described in detail with reference to the accompanying
drawings and examples. Apparently, the described embodiments are only a part of the
embodiments of the present disclosure, not all of the embodiments. All other embodiments
obtained by a person of ordinary skill in the art based on the embodiments of the present
disclosure without creative efforts shall fall within the protection scope of the present disclosure.
[0021] In the specification, it is to be understood that terms such as “central”, “longitudinal”,
“lateral” , “length” , “width” , “thickness” , “upper”, “lower”, “front”, “rear”,
“left” , “right” , “vertical” , “horizontal” , “top” , “bottom” , “inner” , “outer” ,
“clockwise” and “counterclockwise” should be construed to refer to the orientation as then
described or as shown in the drawings under discussion. These relative terms are for convenience
of description and do not require that the present invention be constructed or operated in a
particular orientation.
[0022] In the present disclosure, unless specified or limited otherwise, terms “mounted” ,
“connected”, “coupled” and the like are used in a broad sense, and may include, for example,
fixed connections, detachable connections, or integral connections; may also be mechanical or
electrical connections; may also be direct connections or indirect connections via intervening
structures; may also be inner communications of two elements, as can be understood by those
skilled in the art depending on specific contexts.
[0023] In the present invention, unless specified or limited otherwise, a structure in which a
first feature is “on” or “below” a second feature may include an embodiment in which the
first feature is in direct contact with the second feature, and may also include an embodiment in
which the first feature and the second feature are not in direct contact with each other, but are

contacted via an additional feature formed therebetween. Furthermore, a first feature “on” ,

“above” or “on top of” a second feature may include an embodiment in which the first

feature is right or obliquely “on”, “above” or “ontop of” the second feature, or just means

that the first feature is at a height higher than that of the second feature; while a first feature
“below”, “under” or “on bottom of” a second feature may include an embodiment in which
the first feature is right or obliquely “below”, “under” or “on bottom of” the second feature,

or just means that the first feature is at a height lower than that of the second feature.

[0024] Various embodiments and examples are provided in the following description to
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implement different structures of the present disclosure. In order to simplify the present
disclosure, certain elements and settings will be described. However, these elements and settings
are only by way of example and are not intended to limit the present disclosure. In addition,
reference numerals may be repeated in different examples in the present disclosure. This
repeating is for the purpose of simplification and clarity and does not refer to relations between
different embodiments and/or settings. Furthermore, examples of different processes and
materials are provided in the present disclosure. However, it would be appreciated by those
skilled in the art that other processes and/or materials may be also applied.

[0025] The disclosure relates to an electronic device, the electronic device can include: a first
housing, a second housing, a rotary shaft, a display screen and at least one antenna radiator; the
second housing is rotatably coupled to the first housing by the rotary shaft; the display screen
comprising a first portion and a second portion, the first portion is positioned on the first housing,
the second portion is positioned on the second housing, the at least one antenna radiator is
positioned on the rotary shaft and configured to transmit radio frequency signals.

[0026] In at least one embodiment, the at least one antenna radiator can include: a first antenna
radiator and a second antenna radiator; the first antenna radiator is positioned on the rotary shaft;
the second antenna radiator is positioned on the rotary shaft and separated from the first antenna
radiator.

[0027] In at least one embodiment, the rotary shaft can include: a first shaft portion and a
second shaft portion separated from the first shaft portion; the first antenna radiator is positioned
on the first shaft portion; the second antenna radiator is positioned on the second shaft portion.
[0028] In at least one embodiment, the rotary shaft can include a first end, and the at least one
antenna radiator is positioned near the first end of the rotary shaft, the at least one antenna
radiator extending to the first end of the rotary shaft.

[0029] In at least one embodiment, the rotary shaft is a metal shaft, the rotary shaft can include
a first end and a second end opposite to the first end, a ground point is positioned on the rotary
shaft and positioned between the first end and the second end so that a first part of the rotary
shaft between the first end and the ground point forms a first antenna radiator of the at least one
antenna radiators and a second part of the rotary shaft between the second end and the ground
point forms a second antenna radiator of the at least one antenna radiators.

[0030] In at least one embodiment, the first housing can include a first connecting portion
coupled to the rotary shaft, and the second housing can include a second connecting portion
coupled to the rotary shaft, the first connecting portion and the second connecting portion are

positioned between the first end and the second end.
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[0031] In at least one embodiment, the rotary shaft can include a non-metallic rotary shaft
housing, and the at least one antenna radiator is positioned inside the non-metallic rotary shaft
housing.

[0032] In at least one embodiment, the first housing can include a first housing assembly, and
the second housing can include a second housing assembly that is coupled to the first housing
assembly by the rotary shaft housing.

[0033] In at least one embodiment, the at least one antenna radiator on the rotary shaft is
configured to transmit radio frequency signals at a first frequency that is below 4200 MHz, or a
second frequency that is above 4.4 GHz.

[0034] In at least one embodiment, the electronic device can further include a number of
additional antenna radiators, the additional antenna radiators are positioned on the first housing,
and a number of the antenna radiators positioned on the first housing and the rotary shaft is 8, 12
or 16.

[0035] In at least one embodiment, the electronic device can further include a first signal source,
the first signal source is positioned inside the first housing to be electrically coupled to the at
least one antenna radiator.

[0036] In at least one embodiment, the electronic device can further include a housing assembly,
the housing assembly can include a rear cover, the rear cover and a portion of the display screen
are respectively disposed on opposite sides of the first housing.

[0037] In at least one embodiment, the electronic device can further include a number of
additional antenna radiators, the rear cover can include a non-metallic material, and the
additional antenna radiators are positioned on the rear cover.

[0038] In at least one embodiment, the electronic device can further include a number of
additional antenna radiators, the housing assembly can include a middle frame, and the
additional antenna radiators are positioned on the middle frame.

[0039] In at least one embodiment, the electronic device can further include a secondary
display screen, the secondary display screen and the display screen are respectively disposed on
opposite sides of the second housing, and the display screen is flexible.

[0040] The disclosure further relates to an electronic device, the electronic device can include:
a first housing, a second housing, a rotary shaft and at least one antenna radiator, the first
housing is coupled to the second housing by the rotary shaft; at least one antenna radiator is
positioned on the rotary shaft and configured to transmit radio frequency signals through the
rotary shaft.

[0041] In at least one embodiment, the rotary shaft is exposed externally when the first housing



WO 2020/043099 PCT/CN2019/102860

and the second housing are folded relative to each other, the radio frequency signals emitted by
the antenna radiator are transmitted through the rotary shaft.

[0042] In at least one embodiment, the electronic device can further include: a flexible display
screen, the flexible display screen is positioned on the first housing and the second housing.
[0043] In at least one embodiment, the flexible display screen is configured to fold inward
when the first housing and the second housing are folded relative to each other.

[0044] The disclosure further relates to an antenna mechanism, the antenna mechanism can
include: a rotary shaft and at least one antenna radiator, the rotary shaft is configured to provide a
rotating connection between a first housing and a second housing of an electronic device, the
rotary shaft is exposed externally when the first housing and the second housing are folded
relative to each other; the at least one antenna radiator is positioned on the rotary shaft, the at
least one antenna radiator is configured to transmit radio frequency signals through the rotary
shaft.

[0045] The present disclosure provides an electronic device, such as a smartphone, a tablet
computer, a game device, and an AR (Augmented Reality) device, an automobile, a data storage
device, an audio player, a video player, a notebook computer, or a desktop computing device,
with no limitation set in the embodiment of the present disclosure.

[0046] FIG.1 and FIG. 2 illustrate that an electronic device 100 includes a first housing 10, a
second housing 20, a rotary shaft 30, a display screen 40, a circuit board 50, a battery 60 and a
housing assembly 70.

[0047] The display screen 40 can be a flexible display screen. The first housing 10 and the
second housing 20 can be rotated relative to each other. In an embodiment, the first housing 10
can rotate around the rotary shaft 30 when the electronic device 100 is in use. In an alternative
embodiment, the second housing 20 can rotate around the rotary shaft 30 when the electronic
device 100 is in use. When the first housing 10 and the second housing 20 are unfolded relative
to each other, the display screen 40 is unfold and positioned on the first housing 10 and the
second housing 20. The display screen 40 includes a first portion 410 and a second portion 420.
The first portion 410 is positioned on the first housing 10, and the second portion 420 is
positioned on the second housing 20. When the first housing 10 and the second housing 20 are
folded relative to each other, the display screen 40 folds inward. The first portion 410 of the
display screen 40 positioned on the first housing 10 and the second portion 420 of the display
screen 40 positioned on the second housing 20 are folded relative to each other.

[0048] FIG. 3 illustrates opposite side of the electronic device 100 to the display screen 40. If
the display screen 40 is a front side of the electronic device 100, the FIG. 3 shows a back side of
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the electronic device 100. The housing assembly 70 may include a rear cover 71 and other
structures. The display screen 40, the circuit board 50, the rear cover 71 and the other
structures are stacked on each other. The housing assembly 70 further includes a middle frame 72
surrounding the display screen 40.

[0049] In some embodiments, material of the rotary shaft 30 can be plastic or metal. The first
housing 10 and the second housing 20 can be coupled to the rotary shaft 30. The circuit board 50
can be positioned in the first housing 10. The circuit board 50 and the display screen 40 can be in
a stacked arrangement, e.g., the circuit board 50 can be disposed below the display screen 40.
[0050] The circuit board 50 may be a motherboard of the electronic device 100. A grounding
point is provided on the circuit board 50, so as to provide grounding of the circuit board 50. A
processor can be integrated on the circuit board 50. One, two or more kinds of functional
components can also be integrated on the circuit board 50, such as motor, microphone, speaker,
receiver, headphone jack, universal serial bus interface (USB interface), camera, distance sensor,
ambient light sensor, gyroscope, etc. The display screen 40 can be coupled to the circuit board
50.

[0051] In some embodiments, the circuit board 50 has a display control circuit. The display
control circuit outputs control signals to the display screen 40 to control the information
displayed on the display screen 40.

[0052] In some embodiments, the battery 60 can be positioned inside the second housing
20.The battery 60 and the display screen 40 can be in a stacked arrangement, e.g., the battery 60
can be disposed below the display screen 40. The battery 60 can be electrically coupled to the
circuit board 50, in order to power the electronic device 100.The circuit board 50 may has a
power management circuit. The power management circuit is configured to distribute the voltage
provided by the battery 60 to various electronic components of the electronic device 100.

[0053] In some embodiments, the circuit board 50 and the battery 60 both can be positioned in
the first housing 10 or the second housing 20.

[0054] FIG. 4 illustrates that electronic device 100 is at a folded state, the first housing 10 and
the second housing 20 of the electronic device 100 are folded relative to each other. The first
portion 410 positioned on the first housing 10 is adjacent to the second portion 420 positioned on
the second housing 20. In the illustrated embodiment, when the electronic device 10 is at a
folded state, the most part of the first portion 410 is substantially parallel to most part of the
second portion 420.

[0055] FIG. 5 illustrates that the first housing 10 can include the rear cover 71. The rear cover
71 and the display screen 40 are respectively disposed on opposite sides of the first housing 10.
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For example, the rear cover 71 and the display screen 40 are respectively disposed on the front
and back of the first housing 10. Thereby, when the display screen 40 is unfolded, the display
screen 40 and the rear cover 71 can be respectively used as the front and back of the first housing
10.

[0056] The rear cover 71 can be integrally formed as one piece of physical member. During the
forming process of the rear cover 71, a rear camera hole, a fingerprint module mounting hole,
and other structures can be defined in the rear cover 71.

[0057] In some embodiments, the electronic device 100 further includes a secondary display
screen 44. The secondary display screen 44 and the display screen 40 are respectively disposed
on opposite sides of the second housing 20. For example, the secondary display screen 44 and
the display screen 40 are respectively disposed on the front and back of the second housing 20.
Thereby, when the display screen 40 is unfolded, the display screen 40 and the secondary display
screen 44 can be respectively used as the front and back of the second housing 20. When the
display screen 40 is folded, the display screen 40 and the secondary display screen 44 can be
respectively used as the back and front of the second housing 20.

[0058] The secondary display screen 44 can be a Liquid Crystal Display (LCD) screen or an
Organic Light Emitting Diode (OLED) screen. The secondary display screen 44 can also be
configured to display images, text, and other information.

[0059] For example, when the first housing 10 and the second housing 20 rotate around the
rotary shaft 30 to a folded position, e.g., when the first portion 410 of the display screen 40
positioned on the first housing 10 and the second portion 420 of the display screen 40 positioned
on the second housing 20 rotate to contact and/or be in proximity to each other, the secondary
display screen 44 can be used as the display screen of the electronic device 100.In this
embodiment, the display screen 40 can keep the screen off.

[0060] In some embodiments, the inner side of the first housing 10 and the second housing 20
can be positioned on the middle frame 72. The middle frame 72 is configured to support the
electronic components inside the first housing 10 and the second housing 20.

[0061] For example, the circuit board 50 and other electronic components inside the first
housing 10 can be positioned on the middle frame 72 inside the first housing 10. The battery 60
and other electronic components in the second housing 20 can be positioned on the middle frame
72 inside the second housing 20.

[0062] With continued reference to FIG. 5, in some embodiments, the electronic device 100
further includes at least one antenna radiator 80. The at least one antenna radiator 80 is

positioned to the rotary shaft 30 and is configured to transmit radio frequency signals.
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Transmitting radio frequency signals by the at least one antenna radiator 80 may be understood
as emitting and/or receiving radio frequency signals.

[0063] The rotary shaft 30 is exposed externally when the first housing 10 and the second
housing 20 are folded relative to each other, and at least one antenna radiator 80 is positioned on
the rotary shaft 30. The at least one antenna radiator 80 is configured to transmit radio frequency
signals through the rotary shaft 30. The rotary shaft 30 and the at least one antenna radiator 80
forms a antenna mechanism.

[0064] In some embodiments, when the first housing 10 and the second housing 20 are
unfolded relative to each other, the display screen 40 is unfold and positioned on the first
housing 10 and the second housing 20. The display screen 40 is configured to display content in
full screen. The at least one antenna radiator 80 is positioned on the rotary shaft 30, which can
achieve better antenna performance regardless whether the first housing 10 and the second
housing 20 are unfolded or folded relative to each other because the better antenna performance
is not affected by the first housing 10 and the second housing 20. Thus, the stability of
communication between the electronic device 100 and base station or other electronic equipment
can be improved.

[0065] FIG. 6 illustrates that at least one antenna radiator 80 positioned on the rotary shaft 30
includes the first antenna radiator 81 and the second antenna radiator 82. The first antenna
radiator 81 is configured to receive or emit radio frequency signals and the second antenna
radiator 82 is configured to receive or emit radio frequency signals. The first antenna radiator 81
and the second antenna radiator 82 are positioned on the rotary shaft 30 to make full use of the
space of the rotary shaft 30.

[0066] FIG. 7 illustrates that the rotary shaft 30 includes a first shaft portion 31 and a second
shaft portion 32. The first shaft portion 31 can be separated from the second shaft portion 32.
The first antenna radiator 81 is positioned on the first shaft portion 31, and the second antenna
radiator 82 is positioned on the second shaft portion 32.

[0067] For example, the first shaft portion 31 is positioned at one end of the electronic device
100, and the second shaft portion 32 is positioned at the other end of the electronic device 100.
The first shaft portion 31 and the second shaft portion 32 are separated by a distance. For
example, the length between the two ends of the electronic device 100 is L, the distance between
the first shaft portion 31 and the second shaft portion 32 can be L/3, and the length of the first
shaft portion 31 and the second shaft portion 32 can also be L/3. In at least one embodiment, the
length of the first shaft portion 31 and the second shaft portion 32 can be set as needed. For
example, the length of the first shaft portion 31 is greater than the length of the second shaft
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portion 32. The first antenna radiator 81 and the second antenna radiator 82 are respectively
positioned on the first shaft portion 31 and the second shaft portion 32, which can improve the
isolation degree between the first antenna radiator 81 and the second antenna radiator 82.

[0068] With continued reference to FIG. 5, in some embodiments, the rotary shaft 30 includes a
first end 331. The antenna radiator 80 is positioned near the first end 331, and the antenna
radiator 80 extending to the first end 331 of the rotary shaft 30.

[0069] The first end 331 of the rotary shaft 30 is an endpoint of the electronic device 100.
The first end 331 is exposed externally of the electronic device 100. The antenna radiator 80 is
positioned near the first end 331, and the antenna radiator 80 extending to the first end 331 of the
rotary shaft 30, e.g., the end of the antenna radiator 80 is exposed externally. The radio frequency
signals can be transmitted to the external from the end of the antenna radiator 80. Emitting and
receiving radio frequency signals are not affected by other components, thereby achieving better
antenna performance of the antenna radiator 80.

[0070] In some embodiments, the rotary shaft 30 is a metal shaft. FIG. 8 illustrates that the
rotary shaft 30 includes a first end 331 and a second end 332 opposite to the first end 331. A
ground point 35 is positioned on the rotary shaft 30. For example, the ground point 35 is
positioned between the first end 331 and the second end 332. A first part of the rotary shaft 30
between the first end 331 and the ground point 35 forms the first antenna radiator 81, and a
second part of the rotary shaft 30 between the second end 332 and the ground point 35 forms the
second antenna radiator 82.

[0071] The rotary shaft 30 is a metal shaft, so the rotary shaft 30 can be directly used as the
antenna radiator. The rotary shaft 30 can be directly used for emitting and receiving radio
frequency signals. The first end 331, the ground point 35 and the second end 332 of the rotary
shaft 30 are positioned successively. The first part of the rotary shaft 30 between the first end 331
and the ground point 35 forms the first antenna radiator 81, and the second part of the rotary
shaft 30 between the second end 332 and the ground point 35 forms the second antenna radiator
82. The first antenna radiator 81 and the second antenna radiator 82 make full use of the length
of the rotary shaft 30. The length of the first antenna radiator 81 and the second antenna radiator
82 can be relatively long. The longer the antenna radiator 80, the lower the frequency of the
emitted and received radio frequency signals can be, and the wider the reception range of
antenna can be. The first antenna radiator 81 and the second antenna radiator 82 can be
configured to emit and receive radio frequency signals at low frequencies as well as at high
frequencies to operate in a wide frequency band, and the whole antennas of the electronic device

100 is more convenient to arrange.
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[0072] In some embodiments, FIG. 9 illustrates that the first housing 10 includes a first

connecting portion 11. The first connecting portion 11 is coupled to the rotary shaft 30. The
second housing 20 includes a second connecting portion 21, and the second connecting portion
21 is coupled to the rotary shaft 30. The first connecting portion 11 and the second connecting
portion 21 are positioned between the first end 331 and the second end 332.

[0073] The first connecting portion 11 and the second connecting portion 21 can be sheathed
outside the rotary shaft 30 or embedded in the rotary shaft 30. A detent mechanism can be
positioned on the rotary shaft 30. The detent mechanism can hold the first connecting portion 11
and the second connecting portion 21 at a preset angle, so that the first shell 10 and the second
shell 20 can form a variety of angles, including but not limited to folded and/or unfolded angles.
In at least one embodiment, the first connecting portion 11 and the second connecting portion 21
and the detent mechanism can be replaced by a damping hinge mechanism.

[0074] The rotary shaft 30 may include the first shaft portion 31 and the second shaft portion
32. The first shaft portion 31 is separated from the second shaft portion 32. The first connecting
portion 11 is positioned between the first shaft portion 31 and the second shaft portion 32. Two
ends of the first connecting portion 11 are respectively sheathed outside the first shaft portion 31
and the second shaft portion 32. Two ends of the second connecting portion 21 are respectively
sheathed outside the first shaft portion 31 and the second shaft portion 32, and the second
connecting portion 21 is positioned between two ends of the rotary shaft 30 and the first
connecting portion 11.

[0075] In some embodiments, FIG. 10 illustrates that the rotary shaft 30 includes a rotary shaft
housing 36. The rotary shaft housing 36 is provided with the at least one antenna radiator 80 that
is positioned inside the rotary shaft housing 36. The rotary shaft housing 36 can be made of
non-metallic material.

[0076] In some embodiments, the rotary shaft 30 includes a rotary shaft housing 36. The rotary
shaft housing 36 is configured to connect with the first housing 10 and the second housing 20.
The rotary shaft housing 36 can be made of non-metallic material. The antenna radiator 80 is
positioned inside the rotary shaft housing 36. The non-metallic materials of the rotary shaft do
not interfere with the emitting and receiving radio frequency signals of the antenna radiator 80,
thereby allowing different types of antenna radiator 80 to be set up according to actual needs.
[0077] With reference to FIG. 10, in some embodiments, the first housing 10 includes a first
housing assembly 12, and the second housing 20 includes a second housing assembly 22. The
first housing assembly 12 can be coupled to the second housing assembly 22 by the rotary shaft
housing 36.

11
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[0078] The first housing assembly 12 can be coupled to the second housing assembly 22 by the

rotary shaft housing 36. The rotary shaft housing 36 is not enclosed by the first housing assembly
12 and the second housing assembly 22. That is, the radio frequency signals emitted by the
antenna radiator 80 can be transmitted to the outside without passing through the first housing
assembly 12 or the second housing assembly 22. The radio frequency signals exit through the
rotary shaft housing 36, thereby achieving better antenna performance of the antenna radiator 80.
The first housing assembly 12 and the second housing assembly 22, which are coupled to or
adjacent to the rotary shaft housing 36, can be made of metal materials and do not affect the
antenna performance of the antenna radiator 80.

[0079] In some embodiments, the antenna radiator 80 on the rotary shaft 30 is configured to
transmit the radio frequency signals at a first frequency or a second frequency. The first
frequency is below 4200MHz, and the second frequency is above 4.4Ghz.

[0080] The antenna radiator 80 on the rotary shaft 30 can be configured to emit and receive 4G
or 5G radio frequency signals. The first frequency can range from 615MHz to 4200MHz. The
second frequency can range from 4.4GHz to 30GHz.

[0081] With reference to FIG. 10, in some embodiments, there are a number of additional
antenna radiators 80 positioned on the first housing 10. The number of additional antenna
radiators 80 positioned on the first housing 10 and the antenna radiators 80 positioned on the
rotary shaft 30 is 8, 12 or 16.

[0082] The number of the additional antenna radiators 80 positioned on the first housing 10 and
the antenna radiators 80 positioned on the rotary shaft 30is 8, 12 or 16. That is, 8, 12 or 16
antenna radiators 80 are set on the electronic equipment. These antenna radiators 80 can form the
multiple-input multiple-output (MIMO) antenna, in which multiple antenna radiators can
simultaneously emit or receive radio frequency signals. The MIMO antenna can be configured to
emit and receive 5G radio frequency signals. It is to be noted that the antenna radiators 80 of the
MIMO antenna are spaced apart from each other. The specification parameters (such as length,
width, material, etc.) of each antenna component of MIMO antenna can be the same or different.
[0083] In some embodiments, the electronic device 100 further includes a first signal source 91.
The first signal source 91 is electrically coupled with the antenna radiator 80. The first signal
source 31 is positioned inside the first housing 10.

[0084] There are a number of the additional antenna radiators 80 positioned on the first housing
10. The circuit board 50 is positioned inside the first housing 10, and the first signal source 91
electrically coupled with the antenna radiator 80 is also positioned inside the first housing 10.

The first signal source 91 can be positioned on the circuit board 50 or on another small circuit
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board, which is electrically coupled to the circuit board 50.

[0085] In some embodiments, the first housing 10 includes the first housing assembly 12. The
first housing assembly 12 includes the rear cover 71. The rear cover 71 and the display screen 40
are respectively disposed on opposite sides of the first housing 10.

[0086] The circuit board 50 and the battery 60 can be positioned on the first housing 10 to
facilitate the electrical connection between the antenna radiator 80 and the circuit board 50.
[0087] In some embodiments, the rear cover 71 is made of non-metallic material. A number of
the additional antenna radiators 80 are positioned on the rear cover 71. The additional antenna
radiators 80 are positioned on the rear cover 71 for convenient setting, and the radio frequency
signals transmitted by the additional antenna radiators 80 can pass through the rear cover 71
made of non-metallic materials.

[0088] In some embodiments, the first housing assembly 12 includes the middle frame 72. A
number of the additional antenna radiators 80 are positioned on the middle frame 72.

[0089] The middle frame 72 is disposed around the display screen 40. The additional antenna
radiators 80 on the first housing 10 are positioned on the middle frame 72, so that radio
frequency signals can be easily transmitted to the outside. It is also convenient for the electronic
device 100 to receive radio frequency signals from the outside. The rear cover 71 can be made of
metal material to improve the strength and tactile sensation of the rear cover 71.

[0090] 1t is to be noted that the antenna radiator 80 on the rotary shaft 30 and the antenna
radiators 80 on the first housing 10 can be the same antenna radiator.

[0091] In some embodiments, the second housing 20 further includes the secondary display
screen 44. The secondary display screen 44 and the display screen 40 are respectively disposed
on opposite sides of the second housing 20. The antenna radiators of the electronic device 100
are positioned on the rotary shaft 30 and the first housing 10. The rotary shaft 30 and the first
housing 100 can facilitate the arrangement of the antenna radiators and reduce the influence of
the secondary display screen 44 on the antenna radiators. Display screens are positioned on both
sides of the second housing 20. When the display screen 40 is folded, users can continue using
the electronic device 100 by the secondary display screen 44, thus protecting the display screen
40 and reducing power consumption.

[0092] 1t is to be noted that the antenna radiator in this present disclosure can be understood as
an antenna radiator and equivalent circuitry.

[0093] In an embodiment of the present disclosure, a number of the antenna radiators 80
positioned on the rotary shaft 30 can form the MIMO antenna. The rotary shaft 30 can improve

the stability of the electronic device 100 when communicating with base stations or other
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electronic equipment.

[0094] FIG. 11 illustrates that the electronic device 100 may include storage and processing
circuitry 61. Storage and processing circuitry 61 may include storage such as hard disk drive
storage, nonvolatile memory (e.g., flash memory or other electrically-programmable-read-only
memory configured to form a solid state drive), volatile memory (e.g., static or dynamic
random-access-memory), etc. Processing circuitry in storage and processing circuitry 61 may be
used to control the operation of electronic device 100. This processing circuitry may be based on
one or more microprocessors, microcontrollers, digital signal processors, applications specific
integrated circuits, etc.

[0095] Storage and processing circuitry 61 may be used to run software on the electronic device
100, such as internet browsing applications, voice-over-internet-protocol (VOIP) telephone call
applications, email applications, media playback applications, operating system functions, etc.
The software may be used to implement control operations such as image acquisition operations
using a camera, ambient light measurements using an ambient light sensors, proximity sensor
measurements using a proximity sensor, information display functions implemented using status
indicators such as light-emitting-diode status indicators, touch event measurements using a touch
sensor, functions associated with displaying information on multiple (e.g., layered) displays,
operations associated with performing wireless communications functions, operations associated
with gathering and producing audio signals, operations associated with gathering and processing
button press event data, strain gauge data collection and processing functions, operations
associated with responding to strain gauge information, and other functions in the electronic
device 100. The specification shall not be construed as limitations to the present invention.
[0096] The electronic device 100 may include an input-output circuitry 62. Input-output
circuitry 62 may be used to allow data to be supplied to the electronic device 100 and to allow
data to be provided from the electronic device 100 to external devices. Input-output circuitry 62
may include sensors 63 such as ambient light sensors, light-based and capacitive proximity
sensors, touch sensors (e.g., light-based touch sensors and/or capacitive touch sensors that are
part of a touch screen display or that are implemented using stand-alone touch sensor structures),
accelerometers, and other sensors.

[0097] Input-output circuitry 62 may also include one or more displays such as display 64.
Display 64 may be a liquid crystal display, an organic light-emitting diode display, an electronic
ink display, a plasma display, a display that uses other display technologies, or a display that uses
any two or more of these display configurations. Display 64 may include an array of touch

sensors (i.e., display 64 may be a touch screen). The touch sensors may be capacitive touch
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sensors formed from an array of transparent touch sensor electrodes such as indium tin oxide
(ITO) electrodes or may be touch sensors formed using other touch technologies, e.g., acoustic
touch, pressure-sensitive touch, resistive touch, optical touch, etc. The specification shall not be
construed as limitations to the present invention.

[0098] The electronic device 100 may also include an audio component 65. Audio components
65 may be used to provide the electronic device 100 with audio input and output capabilities.
Examples of audio components that may be included in the electronic device 100 include
speakers, microphones, buzzers, tone generators, and other components for producing and
detecting sound.

[0099] Communications circuitry 66 may be used to provide the electronic device 100 with the
ability to communicate with external equipment. Communications circuitry 66 may include
analog and digital input-output port circuitry and wireless circuitry based on radio-frequency
signals and/or light. Wireless circuitry in communications circuitry 66 may include
radio-frequency transceiver circuitry, power amplifier circuitry, low-noise amplifiers, switches,
filters, and antennas. Wireless communications circuitry in communications circuitry 66 may, for
example, include circuitry for supporting near field communications (NFC) by transmitting and
receiving near-field-coupled electromagnetic signals. For example, communications circuitry 66
may include a near field communications antenna and a near field communications transceiver.
Communications circuitry 66 may also include a cellular telephone transceiver and antennas,
wireless local area network transceiver circuitry and antennas, etc.

[00100] The electronic device 100 further includes a battery 60, a power management circuit and
input-output unit 67. Input-output unit 67 may include communications circuitry for supporting
wired and wireless communications, buttons, joysticks, click wheels, scrolling wheels, touch
pads, key pads, keyboards, cameras, light-emitting diodes and other status indicators, etc.
[00101] User can control the electronic device 100 by inputting commands on input-output
circuitry 62, and input-output circuitry 62 can be configured to receive state information and
other outputs from electronic device 100.

[00102] In the above embodiments, the descriptions of the embodiments place different
emphasis on different aspects, and for a part that is not detailed in an embodiment, reference can
be made to the relevant descriptions of other embodiments.

[00103] In the specification, it is to be understood that terms such as “first” and “second” are
used herein for purposes of description and are not intended to indicate or imply relative
importance or significance or to imply the number of indicated technical features. Thus, the

feature defined with “first” and “second” may comprise one or more of this feature. In the
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description of the present invention. “a plurality of” means two or more than two, unless

specified otherwise.
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What is claimed is:

1. An electronic device (100), comprising:

a first housing (10);

a second housing (20);

a rotary shaft (30), wherein the second housing (20) is rotatably coupled to the first housing
(10) by the rotary shaft (30);

a display screen (40) that comprises a first portion (410) positioned on the first housing (10),
and a second portion (420) positioned on the second housing (20); and

at least one antenna radiator (80) positioned on the rotary shaft (30), the at least one antenna

radiator (80) configured to transmit radio frequency signals.

2. The electronic device (100) according to claim 1, wherein the at least one antenna
radiator (80) comprises:

a first antenna radiator (81) positioned on the rotary shaft (30); and

a second antenna radiator (82) positioned on the rotary shaft (30) and separated from the

first antenna radiator (81).

3. The electronic device (100) according to claim 2, wherein the rotary shaft (30) comprises
a first shaft portion (31) and a second shaft portion (32) separated from the first shaft portion
(31), wherein the first antenna radiator (81) is positioned on the first shaft portion (31) and

wherein the second antenna radiator (82) is positioned on the second shaft portion (32).

4. The electronic device (10) according to claim 1-3, wherein the rotary shaft (30)
comprises a first end (331), and wherein the at least one antenna radiator (80) is positioned near
the first end (331) of the rotary shaft (30), the at least one antenna radiator (80) extending to the
first end (331) of the rotary shaft (30).

5. The electronic device (10) according to claim 1-4, wherein the rotary shaft (30) is a metal
shaft, the rotary shaft (30) comprising a first end (331) and a second end (332) opposite to the
first end (331), and wherein a ground point (35) is positioned on the rotary shaft (30) and
positioned between the first end (331) and the second end (332) so that a first part of the rotary
shaft (30) between the first end (331) and the ground point (35) forms a first antenna radiator (81)
of the at least one antenna radiators (80) and a second part of the rotary shaft (30) between the

second end (332) and the ground point (35) forms a second antenna radiator (82) of the at least
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one antenna radiators (80).

6. The electronic device (10) according to claim 5, wherein the first housing (10) comprises
a first connecting portion (11) coupled to the rotary shaft (30), and wherein the second housing
(20) comprises a second connecting portion (21) coupled to the rotary shaft (30), the first
connecting portion (11) and the second connecting portion (21) positioned between the first end

(331) and the second end (332).

7. The electronic device (10) according to claim 1-6, wherein the rotary shaft (30)
comprises a non-metallic rotary shaft housing (36), and wherein the at least one antenna radiator

(80) 1s positioned inside the non-metallic rotary shaft housing (36).

8. The electronic device (10) according to claim 1-7, wherein the first housing (10)
comprises a first housing assembly (12), and wherein the second housing (20) comprises a
second housing assembly (22) that is coupled to the first housing assembly (12) by the rotary
shaft housing (36).

9. The electronic device (10) according to claim 1-8, wherein the at least one antenna
radiator (80) on the rotary shaft (30) is configured to transmit radio frequency signals at a first

frequency that is below 4200 MHz, or a second frequency that is above 4.4 GHz.

10. The electronic device (10) according to claim 1-9 further comprising a plurality of
additional antenna radiators (80), wherein the additional antenna radiators (80) are positioned on
the first housing (10), wherein a number of the additional antenna radiators (80) positioned on
the first housing (10) and the antenna radiators (80) positioned on the rotary shaft (30) is 8, 12 or
16.

11. The electronic device (10) according to claim 1-10, further comprising:
a first signal source positioned inside the first housing (10) to be electrically coupled to the

at least one antenna radiator (80).

12. The electronic device (10) according to claim 1-11, further comprising:
a housing assembly (70) that comprises a rear cover (71), wherein the rear cover (71) and a

portion of the display screen (40) are respectively disposed on opposite sides of the first housing
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(10).

13. The electronic device (10) according to claim 12 further comprising a plurality of
additional antenna radiators (80), wherein the rear cover (71) comprises a non-metallic material,

and wherein the additional antenna radiators (80) are positioned on the rear cover (71).

14. The electronic device (10) according to claim 12 further comprising a plurality of
additional antenna radiators (80), wherein the housing assembly (70) comprises a middle frame

(72), and wherein the additional antenna radiators (80) are positioned on the middle frame (72).

15. An antenna mechanism, comprising:

a rotary shaft (30) configured to provide a rotating connection between a first housing (10)
and a second housing (20) of an electronic device (10), wherein the rotary shaft (30) is exposed
externally when the first housing (10) and the second housing (20) are folded relative to each
other; and

at least one antenna radiator (80) positioned on the rotary shaft (30), the at least one antenna

radiator (80) configured to transmit radio frequency signals through the rotary shaft (30).
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