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(54) ELECTRONIC DEVICE WITH ENHANCED ANTENNA PERFORMANCE

(57) An electronic device is provided. The electronic device includes a metal frame (1), a circuit board (2), a first
connection structure (3), and an antenna module (4). The metal frame is provided with a first contact portion (B1)
extending outwardly from an inner surface of the metal frame. The first connection structure includes a first resilient
piece (T1), the first resilient piece has a first end and a second end opposite to the first end, the first end of the first
resilient piece is electrically coupled with the first contact portion via abutting against the first contact portion. The antenna
module disposed on the circuit board is electrically coupled with the second end of the first resilient piece extending
through the circuit board, and is electrically coupled with the metal frame via the first resilient piece, such that the metal
frame is operable to be antenna resonating elements of the antenna module.
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Description

TECHNICAL FIELD

[0001] This disclosure relates to electronic devices,
and particularly to an electronic device with enhanced
antenna performance.

BACKGROUND

[0002] With the development of intelligent mobile ter-
minals, the use of mobile networks becomes more and
more frequent, thus it is necessary for the mobile termi-
nals to provide stable and reliable signals. Signal stability
of the mobile terminal depends on antenna performance,
and stability of the antenna performance in turn depends
on reliability of an antenna feed mode.
[0003] As screen occupation ratio is getting increas-
ingly high, especially in a full screen recently emerged,
an antenna clearance area is reduced to be small. Since
the antenna performance is extremely sensitive to an en-
vironment (such as a feed position) of the antenna clear-
ance area, how to perform antenna feed to ensure good
antenna performance or improve the antenna perform-
ance has become a problem to be solved.

SUMMARY

[0004] Embodiments of the present disclosure provide
an electronic device with enhanced antenna perform-
ance, which can improve the antenna performance
through a specific antenna feed mode.
[0005] According to a first aspect of the embodiments
of the present disclosure, an electronic device with en-
hanced antenna performance is provided. The electronic
device includes a metal frame, a circuit board, a first con-
nection structure, and an antenna module. The metal
frame is provided with a first contact portion extending
outwardly from an inner surface of the metal frame. The
first connection structure includes a first resilient piece,
which has a first end and a second end opposite to the
first end, the first end of the first resilient piece is electri-
cally coupled with the first contact portion via abutting
against the first contact portion. The antenna module is
disposed on the circuit board. The antenna module is
electrically coupled with the second end of the first resil-
ient piece extending through the circuit board and elec-
trically coupled with the metal frame via the first resilient
piece, such that the metal frame is operable to be antenna
resonating elements of the antenna module.
[0006] The electronic device of the present disclosure
is capable of improving the antenna performance. The
metal frame is electrically coupled with the antenna mod-
ule disposed on the circuit board via the first contact por-
tion including the first resilient piece, such that the metal
frame is operable to be antenna radiation bodies of the
antenna module. In addition, the first resilient piece is
electrically coupled to the antenna module on the circuit

board via extending through the circuit board, which can
effectively improve radiation performance of the antenna
module in a case that the clearance area is smaller, while
being capable of decreasing an assembly difficulty.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] To illustrate the technical solutions embodied
by the embodiments of the present disclosure more clear-
ly, the following briefly introduces the accompanying
drawings required for describing the embodiments. Ap-
parently, the accompanying drawings in the following de-
scription merely illustrate some embodiments of the
present disclosure. Those of ordinary skill in the art may
also obtain other drawings based on these accompany-
ing drawings without creative efforts.

FIG. 1 is a schematic top view illustrating a part of
an internal structure of an electronic device accord-
ing to one embodiment of the present disclosure.
FIG. 2 is a schematic side view illustrating an elec-
tronic device including an antenna module according
to one embodiment of the present disclosure.
FIG. 3 is a schematic top view illustrating a partial
region of an electronic device including an antenna
module according to one embodiment of the present
disclosure.
FIG. 4 is a schematic view illustrating a resilient piece
according to one embodiment of the present disclo-
sure.
FIG. 5 is a schematic side view illustrating an elec-
tronic device including a grounding switch according
to one embodiment of the present disclosure.
FIG. 6 is a schematic top view illustrating a partial
region of an electronic device including a grounding
switch according to one embodiment of the present
disclosure.

DETAILED DESCRIPTION

[0008] Technical solutions in embodiments of the
present disclosure will be described clearly and com-
pletely hereinafter with reference to the accompanying
drawings in the embodiments of the present disclosure.
Apparently, the described embodiments are merely
some rather than all embodiments of the present disclo-
sure. All other embodiments obtained by those of ordi-
nary 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.
[0009] It should be understood that, relationships of
orientations or positions indicated by terms such as "up-
ward" and "downward" are based on that illustrated in
the accompanying drawings according to the embodi-
ments of the present disclosure, and merely to facilitate
the description of the present disclosure and simplify the
description rather than to suggest or indicate that devices
or elements referred to must have particular orientations
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and be constructed and operated in particular orienta-
tions, and therefore is not to be construed as a limitation
of the present disclosure. The terms such as "first" and
"second" are used for distinguishing between different
objects rather than describing a particular order.
[0010] According to a first aspect of embodiments of
the present disclosure, an electronic device with en-
hanced antenna performance is provided. The electronic
device includes a metal frame, a circuit board, a first con-
nection structure, and an antenna module. The metal
frame is provided with a first contact portion extending
outwardly from an inner surface of the metal frame. The
first connection structure includes a first resilient piece,
which has a first end and a second end opposite to the
first end, the first end of the first resilient piece is electri-
cally coupled with the first contact portion via abutting
against the first contact portion. The antenna module is
disposed on the circuit board. The antenna module is
electrically coupled with the second end of the first resil-
ient piece extending through the circuit board and elec-
trically coupled with the metal frame via the first resilient
piece, such that the metal frame is operable to be antenna
resonating elements of the antenna module.
[0011] In one implementation, the circuit board is dis-
posed close to the first contact portion of the metal frame,
and the circuit board and the first contact portion define
a height difference therebetween. The antenna module
is disposed on a first surface of the circuit board away
from the first contact portion. The first resilient piece fur-
ther has a body connected between the first end and the
second end, the body of the first resilient piece extends
from the first end to the second end via extending into a
second surface of the circuit board opposite to the first
surface and extending out of the first surface of the circuit
board. The first end of the first resilient piece abuts
against the first contact portion, and the second end of
the first resilient piece is fixed on the first surface of the
circuit board and electrically coupled with the antenna
module disposed on the first surface of the circuit board.
[0012] In one implementation, a side of the circuit
board close to the first contact portion of the metal frame
defines a first cutout, the first cutout is positioned corre-
spondingly to the first contact portion, and the first resil-
ient piece extends through the circuit board via the first
cutout.
[0013] In one implementation, the second end of the
first resilient piece is in a flat plate shape, the body of the
first resilient piece is coupled with a side of the second
end close to the metal frame, each of two opposite sides
of the second end adjacent to the side of the second end
close to the metal frame is provided with a protruding
portion extending outwardly in a direction parallel to the
side of the second end close to the metal frame, and
each of the two protruding portions is fixed on the first
surface of the circuit board via extending out from the
first cutout.
[0014] In one implementation, the first end of the first
resilient piece is a bending end extending away from the

first contact portion by a distance, and a bending top of
the first end contacts with the first contact portion.
[0015] In one implementation, the bending top of the
first end abutting against the first contact portion is sub-
jected to a surface roughening treatment to increase a
closeness of contact between the first end and the first
contact portion.
[0016] In one implementation, the first contact portion
is a step-shaped structure extending from the inner sur-
face of the metal frame, the first contact portion has a
first stepped surface and a second stepped surface ex-
tending from the inner surface of the metal frame, a dis-
tance defined between the second stepped surface and
the circuit board is larger than that between the first
stepped surface and the circuit board, and the first end
of the first resilient piece abuts against the second
stepped surface.
[0017] In one implementation, the electronic device
further includes a front shell and a display screen, the
front shell is operable to support the display screen, the
circuit board is disposed on a side of the front shell without
supporting the display screen, and the front shell is op-
erable to be a reference ground of the electronic device.
[0018] In one implementation, a thickness of a region
of the front shell corresponding to the first resilient piece
is less than an overall thickness of the front shell.
[0019] In one implementation, the front shell extends
close to and is spaced apart from the metal frame, and
the contact portion and front shell define a distance ther-
ebetween in a direction perpendicular to a display screen
of the electronic device.
[0020] In one implementation, the electronic device
further includes a second connection structure and a first
grounding switch. The second connection structure in-
cludes a second resilient piece, the second resilient piece
has a structure same as that of the first resilient piece,
and the metal frame of the electronic device is further
provided with a second contact portion extending out-
wardly from the inner surface of the metal frame. The
first grounding switch is disposed on the circuit board,
the second resilient piece extends through the circuit
board, the second resilient piece has an end abutting
against the second contact portion and has another end
electronically coupled with the first grounding switch.
[0021] In one implementation, the electronic device
further includes a third connection structure and a second
grounding switch. The third connection structure includes
a third resilient piece, the third resilient piece has a struc-
ture same as that of the first resilient piece, the metal
frame of the electronic device is further provided with a
third contact portion extending outwardly from the inner
surface of the metal frame, and the third contact portion
and the second contact portion are respectively disposed
on opposite sides of the first contact portion. The second
grounding switch is disposed on the circuit board, the
third resilient piece extends through the circuit board, the
third resilient piece has an end abutting against the third
contact portion, and has another end electronically cou-
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pled with second grounding switch.
[0022] In one implementation, the electronic device
further defines a second cutout and a third cutout, the
second resilient piece extends through the circuit board
via the second cutout, and the third resilient piece ex-
tends through the circuit board via the third cutout.
[0023] In one implementation, thicknesses of regions
of the front shell corresponding to the second resilient
piece and the third resilient piece are less than an overall
thickness of the front shell.
[0024] In one implementation, the electronic device
further includes at least one electronic connector elec-
tronically coupled with the front shell and the metal frame,
and the at least one electronic connector is operable to
divide the metal frame into at least two antenna resonat-
ing elements.
[0025] In one implementation, the antenna module is
coupled with one of the at least two antenna resonating
elements via the first contact portion, when the antenna
module performs a feed excitation, the resonating ele-
ment coupled with the antenna module is enabled to res-
onate in an antenna mode different from that in which
the remaining of the at least two resonating elements
resonates, such that the at least two antenna resonating
elements resonate in different modes to produce a res-
onance.
[0026] In one implementation, the at least one elec-
tronic connector is fixed on and electronically coupled
with the metal frame and the front shell by one manner
of welding connection, screw connection, and snap-fit
connection.
[0027] According to a second aspect of embodiments
of the present disclosure, an electronic device with en-
hanced antenna performance is provided. The electronic
device includes a metal frame, a circuit board, a connec-
tion structure, and an antenna module. The metal frame
is provided with a contact portion extending outwardly
from an inner surface of the metal frame. The connection
structure extends through the circuit board, and has a
first end and a second end opposite to the first end, and
the first end is electrically coupled with the contact portion
via abutting against the contact portion. The antenna
module is disposed on the circuit board, and the antenna
module is electrically coupled with the second end of the
connection structure and electrically coupled with the
metal frame via the connection structure, such that the
metal frame is operable to be antenna resonating ele-
ments of the antenna module.
[0028] In one implementation, the circuit board is dis-
posed close to the contact portion of the metal frame,
and the circuit board and the contact portion define a
height difference therebetween. The antenna module is
disposed on a first surface of the circuit board away from
the contact portion. The connection structure further has
a body connected between the first end and the second
end, the body of the connection structure extends from
the first end to the second end via extending into a second
surface of the circuit board opposite to the first surface

and extending out of the first surface of the circuit board.
The first end of the connection structure abuts against
the contact portion, and the second end of the connection
structure is fixed on the first surface of the circuit board
and electrically coupled with the antenna module dis-
posed on the first surface of the circuit board.
[0029] According to a third aspect of embodiments of
the present disclosure, an electronic device with en-
hanced antenna performance is provided. The electronic
device includes a metal frame, a circuit board, an antenna
module, and a connection structure. The antenna module
is disposed on the circuit board. The connection structure
extends through the circuit board and electrically coupled
with the metal frame and the antenna module, such that
the metal frame is operable to be antenna resonating
elements of the antenna module.
[0030] Referring to FIGS. 1-2, FIG. 1 is a schematic
top view illustrating a part of an internal structure of an
electronic device 100, and FIG. 2 is a schematic side
view illustrating a part of the electronic device 100 includ-
ing an antenna module 4 arranged therein. The electronic
device 100 includes a metal frame 1, a circuit board 2, a
connection structure 3, and an antenna module 4 dis-
posed on the circuit board 2. The connection structure 3
electrically couples the metal frame 1 with the antenna
module 4, such that the metal frame 1 is operable to be
antenna resonating elements.
[0031] The metal frame 1 is provided with a contact
portion B1 extending outwardly from an inner surface S1
of the metal frame 1. The connection structure 3 includes
a resilient piece T1, the resilient piece T1 has a first end
P1 and a second end P2 opposite to the first end P1, and
the first end P1 is electrically coupled with the contact
portion B1 via abutting against the contact portion B1.
The antenna module 4 disposed on the circuit board 2 is
electrically coupled with the second end P2 of the resilient
piece T1 extending through the circuit board 2, and is
electrically coupled with the metal frame 1 via the resilient
piece T1, such that the metal frame 1 is operable to be
antenna resonating elements of the antenna module 4.
[0032] Compared with an antenna feed manner with a
high assembly difficulty in which the resilient piece T1 is
resiliently disposed facing a side of a circuit board, and
an antenna feed manner with an extremely poor antenna
performance due to a small antenna clearance area in
which the resilient piece T1 is directly disposed on the
circuit board 2, by means of the antenna feed manner in
the present disclosure in which the resilient piece T1 di-
rectly extends through the circuit board 2, the assembly
difficulty can be reduced and the radiation performance
of the antenna module 4 can be improved in a case of a
small clearance area, for example, a full screen.
[0033] As illustrated in FIG. 2, the circuit board 2 is
disposed close to the contact portion B1 of the metal
frame 1, and the circuit board 2 and the contact portion
B1 define a height difference therebetween. The antenna
module 4 is disposed on a first surface F1 of the circuit
board 2 away from the contact portion B1. The resilient
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piece T1 further has a body T11 connected between the
first end P1 and the second end P2, the first end P1 of
the resilient piece T1 abuts against the contact portion
B1, and the second end P2 of the resilient piece T1 is
fixed on the first surface F1 of the circuit board 2 and
electrically coupled with the antenna module 4 disposed
on the first surface F1 of the circuit board 2. The body
T11 of the resilient piece T1 extends from the first end
P1 to the second end P2 via extending into a second
surface F2 of the circuit board 2 opposite to the first sur-
face F1 and extending out of the first surface F1 of the
circuit board 2.
[0034] FIG. 3 is a schematic top view illustrating a par-
tial region of an electronic device 100 including the an-
tenna module 4 arranged therein. In some implementa-
tions, a side L1 of the circuit board 2 close to the contact
portion B1 of the metal frame 1 defines a cutout 21, the
cutout 21 is positioned correspondingly to the contact
portion B1, and the resilient piece T1 extends through
the circuit board 2 via the cutout 21. The first end P1 of
the resilient piece T1 abuts against the contact portion
B1, and the second end P2 of the resilient piece T1 is
fixed on the first surface F1 of the circuit board 2 and
electrically coupled with the antenna module 4 disposed
on the first surface F1 of the circuit board 2.
[0035] As illustrated in FIG. 1, FIG. 3 and FIG. 4, FIG.
4 is a schematic view of the resilient piece T1. In some
implementations, the second end P2 of the resilient piece
T1 is in a flat plate shape, the body T11 of the resilient
piece T1 is connected to a side S2 of the second end P2
close to the metal frame 1. Each of two opposite sides
S3 of the second end P2 adjacent to the side S2 of the
second end P2 close to the metal frame 1 is provided
with a protruding portion R1 extending outwardly in a
direction parallel to the side S2 of the second end P2,
and each of the two protruding portions R1 is fixed on
the first surface F1 of the circuit board 2 via extending
out from the cutout 21.
[0036] As illustrated in FIG. 1 and FIG. 3, the two pro-
truding portions R1 extend away from intermediate por-
tions of the two opposite sides S3, and a width of each
of the two protruding portions R1 is smaller than a length
of each of the two opposite sides S3. The body T11 of
the resilient piece T1 is connected to the intermediate
portion of the side S2 close to the metal frame 1, and the
width of the body T11 is also smaller than the length of
the side S2 close to the metal frame 1.
[0037] In one implementation, the antenna module 4
is electronically coupled with one of the protruding por-
tions R1 fixed on the first surface F1 of the circuit board 2.
[0038] The second end P2 is parallel to the circuit board
2, and the body T11 of the resilient piece T1 and the
second end P2 define an angle therebetween. When as-
sembling, a distance between the board 2 and the contact
portion B1 is set to a specific value, such that the resilient
piece T1 has a certain resilient force when being fixed
between the circuit board 2 and the contact portion B1,
thereby ensuring that the resilient piece T1 is in close

contact and electrical connection with the circuit board 2
and the contact portion B1.
[0039] In one implementation, the two protruding por-
tions R1 of the second end P2 are fixed on the circuit
board 2 by welding.
[0040] As illustrated in FIG. 2 and FIG. 4, in some im-
plementations, the first end P1 of the resilient piece T1
is a bending end extending away from the contact portion
B1 by a distance to form a hook, and the first end P1
contacts with the contact portion B1 at a bending top (that
is, an apex portion of the bending end). Thus, the first
end P1, i.e., the bending end, allows the resilient piece
T1 to be moved relative to the contact portion B1, thereby
ensuring a close contact and an electrical connection be-
tween the resilient piece T1 and the contact portion B1
when the electronic device 100 is subjected to shock and
vibration due to dropping, shaking, or the like.
[0041] In one implementation, the bending top of the
first end P1 abutting against the contact portion B1 is
subjected to a surface roughening treatment to increase
a closeness of contact between the first end P1 and the
contact portion B1.
[0042] In one implementation, the body T11 of the re-
silient T1 of the body T11 may be formed in a substantially
straight, bar shape.
[0043] As illustrated in FIG. 2, the electronic device
100 further includes a front shell 5 and a display screen
6, and the front shell 5 is operable to support the display
screen 6. The circuit board 2 is disposed on a side of the
front shell 5 without supporting the display screen 6. The
front shell 5 is a metal casing and is operable to be a
reference ground of the electronic device 100. The size
of the circuit board 2 is smaller than that of the front shell
5, and the size of the display screen 6 is substantially
equal to that of the front shell 5. FIG. 2 is a schematic
side view of the electronic device 100 when the display
screen 6 of the electronic device 100 faces downward.
FIG. 1, FIG. 3 and the other top views are schematic top
views of the electronic device 100 when the display
screen 6 of the electronic device 100 faces downward.
[0044] The front shell 5 extends close to and is spaced
apart from the metal frame 1, and the front shell 5 and
the contact portion B1 define a certain distance therebe-
tween in a direction perpendicular to the display screen
6. As illustrated in FIG. 2, the front shell 5 also extends
at least partially below the contact portion B1 and the
resilient piece T1 from the orientation illustrated in FIG.
2 and is spaced apart from the contact portion B1 and
the resilient piece T1, such that at least a partial region
A1 of the front shell 5 is positioned correspondingly to
the resilient piece T1.
[0045] As illustrated in FIG. 2, the thickness of the par-
tial region A1 of the front shell 5 corresponding to the
resilient piece T1 is significantly smaller than the overall
thickness of the front shell 5 (i.e., the thickness of most
of the region of the front shell 5 that does not correspond
to the resilient piece T1). The thickness of the partial re-
gion A1 of the front shell 5 corresponding to the resilient
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piece T1 occupies, for example, about a quarter, a third
of the overall thickness of the front shell 5. In this way, a
distance defined between the resilient piece T1 and the
front shell 5 can be increased, and the radiation perform-
ance degradation of the antenna, caused by the energy
consumption of the antenna due to the coupling between
the resilient piece T1 and the front shell 5 acting as the
reference ground of the electronic device 100, can be
avoided.
[0046] The partial region A1 of the front shell 5 corre-
sponding to the resilient piece T1 refers to a region of
the front shell 5 where the projection of the resilient piece
T1 is positioned, and the shape of the partial region A1
of the front shell 5 corresponding to the resilient piece
T1 may be similar to the projection of the resilient piece
T1 on the front shell 5. Alternatively, the partial region A1
of the front shell 5 corresponding to the resilient piece
T1 may be a rectangular region including the region of
the front shell 5 where the projection of the resilient piece
T1 is positioned.
[0047] As illustrated in FIG. 2, the contact portion B1
is a step-shaped structure extending from the inner sur-
face S1 of the metal frame 1. The contact portion B1 has
a first stepped surface M1 and a second stepped surface
M2 extending from the inner surface S1 of the metal
frame 1. A distance defined between the second stepped
surface M2 and the circuit board 2 is larger than that
defined between the first stepped surface M1 and the
circuit board 2. The first end P1 of the resilient piece T1
abuts against the second stepped surface M2, thus a tilt
angle of the resilient piece T1 is large, and the size of
the projection of the resilient piece T1 on the front shell
5 is small, thereby reducing a relative area of the resilient
piece T1 opposed to the front shell 5 (that is, reducing a
coupling area), and further decreasing the coupling be-
tween the resilient T1 and the front shell 5 acting as the
reference ground of the electronic device 100.
[0048] As illustrated in FIG. 1, the electronic device
100 further includes a connection structure 31 and a con-
nection structure 32, the connection structure 31 includes
a resilient piece T2, and the connection structure 32 in-
cludes a resilient piece T3. The resilient piece T2, the
resilient piece T3, and the resilient piece T1 have a same
structure.
[0049] The metal frame 1 of the electronic device 100
is further provided with a contact portion B2 and a contact
portion B3 extending outwardly from the inner surface
S1 of the metal frame 1. The contact portion B2 and the
contact portion B3 are arranged on two sides of the con-
tact portion B1, respectively. The contact portion B2, the
contact portion B3, and the contact portion B1 have a
same structure.
[0050] As illustrated in FIG. 1, the electronic device
100 further includes a grounding switch K1 disposed on
the circuit board 2 and a grounding switch K2 disposed
on the circuit board 2.
[0051] The resilient piece T2 extends through the cir-
cuit board 2, has an end abutting against the contact

portion B2, and has another end electronically coupled
with the grounding switch K1. The resilient piece T3 ex-
tends through the circuit board 2, has an end abutting
against the contact portion B3, and has another end elec-
tronically coupled with the grounding switch K2.
[0052] A feed length of the metal frame 1 acting as the
antenna resonating elements of the antenna module 4
can be changed by switching an on-state and an off-state
of at least one of the grounding switch K1 and the ground-
ing switch K2 and is further adjusted through matching,
thereby further improving the antenna performance.
[0053] The grounding switches K1 and K2 are electri-
cally coupled with grounding points on the circuit board
2. The grounding points on the circuit board 2 may also
be electrically coupled with the front shell 5 acting as the
reference ground of the electronic device 100.
[0054] As illustrated in FIG. 1, the electronic device
100 further defines a cutout 22 and a cutout 23, the re-
silient piece T2 extends through the circuit board 2 via
the second cutout 22, and the resilient piece T3 extends
through the circuit board 2 via the cutout 23.
[0055] FIG. 5 is a schematic side view of the electronic
device 100 illustrating a grounding switch. Since the con-
nection structure 32 and the connection structure 31 have
a same structure, the grounding switch K2 and the
grounding switch K1 have a same structure, and a con-
nection between the connection structure 32 and the
grounding switch K2 is the same as that between the
connection structure 31 and the grounding switch K1, the
connection between the connection structure 31 and the
grounding switch K1 on the circuit board 2 will be de-
scribed as an example.
[0056] As illustrated in FIG. 5, the resilient piece T2
has a body T21, a first end P3, and a second end P4.
The first end P3 of the resilient piece T2 abuts against
the contact portion B2, and the second end P4 of the
resilient piece T2 is fixed on the first surface F1 of the
circuit board 2 and is electrically coupled with the ground-
ing switch K1 on the first surface F1 of the circuit board
2. The grounding switch K1 is connected with the second
end P4 via a wire C2. The body T21 of the resilient piece
T2 extends through the circuit board 2 via the correspond-
ing cutout 22.
[0057] As illustrated in FIG. 5, the contact portion B2
is also a step-shaped structure extending from the inner
surface S1 of the metal frame 1, the contact portion B2
has a first stepped surface M3 and a second stepped
surface M4 extending from the inner surface S1 of the
metal frame 1, a distance defined between the second
stepped surface M4 and the circuit board 2 is larger than
that defined between the first stepped surface M3 and
the circuit board 2, and the first end P3 of the resilient
piece T2 abuts against the second stepped surface M4.
[0058] The area of the second stepped surface M2 of
the contact portion B1 is larger than that of the first end
of the first resilient pieces T1, and the area of the second
stepped surface M4 of the contact portion B2 is larger
than that of the first end of the second resilient pieces
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T2, thereby ensuring that the first ends of the resilient
pieces T1, T2 can be moved within a certain region with
a close contact with the contact portions B1, B2.
[0059] FIG. 6 is a schematic top view of the electronic
device 100 illustrating the grounding switch K1. As illus-
trated in FIG. 6, the second end P4 of the resilient piece
T2 is in a flat plate shape, the body T21 of the resilient
piece T2 is connected to a side S4 of the second end P4,
two opposite sides S5 of the second end P4 adjacent to
the side S4 of the second end P4 are respectively pro-
vided with a protruding portion R2 extending outwardly
in a direction parallel to the side S4 of the second end
P4, and each of the two protruding portions R2 is fixed
on the first surface F1 of the circuit board 2 via extending
out from the cutout 22.
[0060] The grounding switch K1 is electronically cou-
pled with one of the two protruding portions R2 of the
second end P4 of the resilient piece T2, and the one of
the two protruding portions R2 is fixed on the first surface
F1 of the circuit board 2.
[0061] The second end P4 of the resilient piece T2 is
parallel to the circuit board 2. The body T21 of the resilient
piece T2 and the second end P4 defines an angle ther-
ebetween.
[0062] The two protruding portions R2 of the second
end P4 of the resilient piece T2 are fixed on the circuit
board 2 by welding.
[0063] As illustrated in FIG. 5, a region A2 of the front
shell 5 corresponding to the resilient piece T2 has been
thinned via a thinning process, and a region (not illustrat-
ed) of the front shell 5 corresponding to the resilient piece
T3 has also been thinned via a thinning process. Thus
the thicknesses of the regions of the front shell 5 corre-
sponding to the resilient pieces T2, T3 are less than the
overall thickness of the front shell 5. Therefore, regions
of the front shell 5 corresponding to the resilient pieces
T1, T2, and T3 have been thinned via thinning processes.
In this way, the distances defined between any of the
resilient pieces T1, T2, and T3 and the front shell 5 can
be increased, and the radiation performance degradation
of the antenna, caused by the energy consumption of the
antenna due to the coupling between the resilient pieces
T1, T2, T3 and the front shell 5 acting as the reference
ground of the electronic device 100, can be avoided.
[0064] Similarly, the first end P3 of the resilient piece
T2 is also a bending end extending away from the contact
portion B2 by a distance to form a hook, and the first end
P3 contacts with the contact portion B2 at a bending top
(that is, an apex portion of the bending end). Similarly,
in some implementations, the bending top of the first end
P3 abutting against the contact portion B2 is subjected
to a surface roughening treatment to increase a close-
ness of contact between the first end P3 and the contact
portion B2.
[0065] Referring back to FIG. 1, the electronic device
100 further includes at least one electronic connector J1
electronically coupled with the front shell 5 and the metal
frame 1, and the at least one electronic connector J1 is

operable to divide the metal frame 1 into at least two
antenna resonating elements.
[0066] In some implementations, the at least one elec-
tronic connector J1 is fixed on and electronically coupled
with the metal frame 1 and the front shell 5 by welding
connection, screw connection, or snap-fit connection.
The at least one electronic connector J1 may be a metal
piece.
[0067] The antenna module 4 is coupled with one of
the antenna resonating elements via the connection
structure 3. When the antenna module 4 performs a feed
excitation, the resonating element coupled with the an-
tenna module 4 is enabled to resonate in an antenna
mode different from in which the remaining of the antenna
resonating elements resonates, such that the antenna
resonating elements resonate in different antenna
modes to produce a resonance, thereby increasing a
bandwidth of a particular frequency band.
[0068] As illustrated in FIG. 1, two electronic connec-
tors J1 are provided, and connection positions of the two
electronic connectors J1 are positioned on the same side
of the contact portions B1, B2, B3 of the metal frame 1.
[0069] The two electronic connectors J1 divide the
metal frame 1 into at least a first antenna resonating el-
ement 11, a second antenna resonating element 12, and
a third antenna resonating element 13. The contact por-
tions B1, B2, and B3 are all positioned on the first antenna
resonating element 11. The antenna module 4, the
grounding switch K1, and the grounding switch K2 are
respectively coupled with the first antenna resonating el-
ement 11 through a corresponding connection structure.
[0070] The antenna module 4 is coupled with one of
the antenna resonating elements via the connection
structure 3. When the antenna module 4 performs a feed
excitation, the three antenna resonating elements are
enabled to resonate in different antenna modes to pro-
duce a resonance, thereby increasing a bandwidth of a
particular frequency band.
[0071] Therefore, the antenna performance can be fur-
ther improved by arranging the at least one electronic
connector J1 electrically coupled between the metal
frame 1 and the front shell 5.
[0072] As illustrated in FIG. 1 and FIG. 2, the antenna
module 4 includes a radio frequency source 401 and a
matching circuit 402. The matching circuit 402 is electri-
cally coupled between the second end P2 of the resilient
piece T1 and the radio frequency source 401. The radio
frequency source 401 is operable to generate feed exci-
tation signals. The matching circuit 402 performs the
matching adjustment on the feed excitation signals, and
then performs feed excitation on the metal frame 1 acting
as the antenna resonating elements through the corre-
sponding resilient piece T1 to generate antenna radiation
signals. As illustrated in FIG. 2, the radio frequency
source 401 is electrically coupled with the matching cir-
cuit 402 via the wire C1, and the matching circuit 402 is
electrically coupled with the second end P2 of the resilient
piece T1 via the wire C1.
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[0073] The grounding switches K1 and K2 may be nu-
merical control switches, or may be switches such as
metal oxide semiconductor (MOS) transistors and bipolar
junction transistors (BJT).
[0074] As illustrated in FIG. 2, the electronic device
100 further includes a rear casing 7, and the rear casing
7 is disposed facing a side of the circuit board 2 away
from the front shell 5. The rear casing 7 serves as a bat-
tery back cover to cover the back of the electronic device
100.
[0075] As illustrated in FIG. 1, the rear casing 7 defines
a camera hole X1, and the camera hole X1 is a dual
camera hole for accommodating a dual camera structure
with two cameras. Alternatively, the camera hole X1 is a
pseudo-dual-camera hole for accommodating a para-du-
al-camera structure with a camera and a flashlight.
[0076] The camera hole X1 is positioned at a corner
position of the rear casing 7, and for example, as illus-
trated in FIG. 1, the projection of the camera hole X1 on
the front shell 5 is also positioned at a corner position of
the front shell 5.
[0077] In one implementation, the contact portions B1,
B2, and B3 may be integrally formed with the metal frame
1, and alternatively, may be metal members fixed on the
inner surface S1 of the metal frame 1 by welding.
[0078] In one implementation, the first end, the second
end, and the body of the aforementioned resilient pieces
T1, T2, and T3 are integrally formed structures.
[0079] In some implementations, the first end and the
body of the aforementioned resilient pieces T1, as well
as the resilient pieces T2 and T3, are integrally formed,
and the second end and the body of the aforementioned
resilient pieces T1, as well as the resilient pieces T2 and
T3, are connected with each other by welding. The cut-
outs 21, 22 and 23 of the circuit board 2 may also be
through holes. The bodies of the resilient pieces T1, T2,
and T3 respectively extend through corresponding
through holes and are respectively connected to corre-
sponding second ends by welding, thereby avoiding the
damage to large regions of the circuit board 2 and in-
creasing the available area of the circuit board 2.
[0080] In some implementations, the aforementioned
contact portions B1, B2, B3 may also be metal plates
perpendicular to the inner surface S1 of the metal frame
1. The contact portions B1, B2, and B3 extend from a
portion of the inner surface S1 of the metal frame 1 farther
from the circuit board 2. Thus, a requirement of a large
height difference between the contact portion B1 and the
circuit board 2 can also be satisfied, such that the sizes
of the projections of the resilient pieces T1, T2, and T3
on the front shell 5 are small.
[0081] The first end and the second end of the resilient
piece T1, as well as the resilient pieces T2 and T3, may
be in other shapes as long as they are in close contact
with corresponding contact portions and are electrically
coupled with the components on the circuit board 2.
[0082] The electronic device 100 may be a mobile
phone or a tablet computer. The display screen 6 may

be a touch display screen.
[0083] For the electronic device 100 with enhanced an-
tenna performance provided by the present disclosure,
the metal frame 1 is electrically coupled with the antenna
module 4 disposed on the circuit board 2 via the connec-
tion structure 3 which includes the resilient piece T1, such
that the metal frame 1 can act as the antenna resonating
elements of the antenna module 13. In addition, the re-
silient piece T1 is connected to the antenna module 4 on
the circuit board 2 by extending through the circuit board
2, thereby reducing the assembly difficulty, and effective-
ly improving the radiation performance of the antenna
module 4 when the clearance area is small.

Claims

1. An electronic device (100) with enhanced antenna
performance, comprising:

a metal frame (1) provided with a first contact
portion (B1) extending outwardly from an inner
surface (S1) of the metal frame;
a circuit board (2);
a first connection structure (3) comprising a first
resilient piece (T1), the first resilient piece hav-
ing a first end (P1) and a second end (P2) op-
posite to the first end, the first end of the first
resilient piece being electrically coupled with the
first contact portion via abutting against the first
contact portion; and
an antenna module (4) disposed on the circuit
board, the antenna module being electrically
coupled with the second end of the first resilient
piece extending through the circuit board, and
being electrically coupled with the metal frame
via the first resilient piece, such that the metal
frame is operable to be antenna resonating el-
ements of the antenna module.

2. The electronic device of claim 1, wherein
the circuit board is disposed close to the first contact
portion of the metal frame, and the circuit board and
the first contact portion define a height difference
therebetween;
the antenna module is disposed on a first surface
(F1) of the circuit board away from the first contact
portion;
the first resilient piece further has a body (T11) con-
nected between the first end and the second end,
the body of the first resilient piece extends from the
first end to the second end via extending into a sec-
ond surface (F2) of the circuit board opposite to the
first surface and extending out of the first surface of
the circuit board; and
the first end of the first resilient piece abuts against
the first contact portion, and the second end of the
first resilient piece is fixed on the first surface of the
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circuit board and electrically coupled with the anten-
na module disposed on the first surface of the circuit
board.

3. The electronic device of any of claims 1 to 2, wherein
a side of the circuit board close to the first contact
portion of the metal frame defines a first cutout (21),
the first cutout is positioned correspondingly to the
first contact portion, and the first resilient piece ex-
tends through the circuit board via the first cutout.

4. The electronic device of claim 3, wherein the second
end of the first resilient piece is in a flat plate shape,
the body of the first resilient piece is coupled with a
side of the second end close to the metal frame, each
of two opposite sides of the second end adjacent to
the side of the second end close to the metal frame
is provided with a protruding portion (R1) extending
outwardly in a direction parallel to the side of the
second end close to the metal frame, and each of
the protruding portions is fixed on the first surface of
the circuit board via extending out from the first cut-
out.

5. The electronic device of any one of claims 1 to 3,
wherein the first end of the first resilient piece is a
bending end extending away from the first contact
portion by a distance, and a bending top of the first
end contacts with the first contact portion.

6. The electronic device of any of claims 1 to 5, wherein
the first contact portion is a step-shaped structure
extending from the inner surface of the metal frame,
the first contact portion has a first stepped surface
(M1) and a second stepped surface (M2) extending
from the inner surface of the metal frame, a distance
defined between the second stepped surface and
the circuit board is larger than that defined between
the first stepped surface and the circuit board, and
the first end of the first resilient piece abuts against
the second stepped surface.

7. The electronic device of any of claims 1 to 6, further
comprising a front shell (5) and a display screen (6),
the front shell being operable to support the display
screen, the circuit board being disposed on a side
of the front shell without supporting the display
screen, and the front shell being operable to be a
reference ground of the electronic device.

8. The electronic device of claim 7, wherein a thickness
of a region of the front shell corresponding to the first
resilient piece is smaller than a maximum thickness
of the front shell.

9. The electronic device of any of claims 7 to 8, wherein
the front shell extends close to and is spaced apart
from the metal frame, and the contact portion and

the front shell define a distance therebetween in a
direction perpendicular to the display screen of the
electronic device.

10. The electronic device of any of claims 7 to 9, further
comprising:

a second connection structure (31) comprising
a second resilient piece (T2), the second resil-
ient piece having a structure same as that of the
first resilient piece, the metal frame of the elec-
tronic device being further provided with a sec-
ond contact portion (B2) extending outwardly
from the inner surface of the metal frame; and
a first grounding switch (K1) disposed on the
circuit board, the second resilient piece extend-
ing through the circuit board, the second resilient
piece having an end abutting against the second
contact portion and having another end elec-
tronically coupled with the first grounding switch.

11. The electronic device of claim 10, further comprising:

a third connection structure (32), the third con-
nection structure comprising a third resilient
piece (T3), the third resilient piece having a
structure same as that of the first resilient piece,
the metal frame of the electronic device being
further provided with a third contact portion (B3)
extending outwardly from the inner surface of
the metal frame, and the third contact portion
and the second contact portion are respectively
disposed on opposite sides of the first contact
portion; and
a second grounding switch (K2) disposed on the
circuit board, the third resilient piece extending
through the circuit board, the third resilient piece
having an end abutting against the third contact
portion and having another end electronically
coupled with the second grounding switch.

12. The electronic device of claim 11, further defining a
second cutout (22) and a third cutout (23), the second
resilient piece extending through the circuit board
via the second cutout, and the third resilient piece
extending through the circuit board via the third cut-
out.

13. The electronic device of any of claims 11 to 12,
wherein thicknesses of regions of the front shell cor-
responding to the second resilient piece and the third
resilient piece are smaller than a maximum thickness
of the front shell.

14. The electronic device of any of claims 8 to 13, further
comprising at least one electronic connector (J1)
electronically coupled with the front shell and the
metal frame, and the at least one electronic connec-
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tor being operable to divide the metal frame into at
least two antenna resonating elements.

15. The electronic device of claim 14, wherein the an-
tenna module is coupled with one of the at least two
antenna resonating elements via the first contact
portion, when the antenna module performs a feed
excitation, the resonating element coupled with the
antenna module is enabled to resonate in an antenna
mode different from that in which the remaining of
the at least two antenna resonating elements reso-
nates, such that the at least two antenna resonating
elements resonate in different antenna modes to pro-
duce a resonance.
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