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(54) SEAMLESS SEALED-FRAME ANTENNA AND WIRELESS COMMUNICATIONS DEVICE

(57) The present invention discloses an antenna ap-
paratus and a wireless terminal. The antenna apparatus
includes: includes: a feeding part, a grounding part, and
a closed frame, where the closed frame encircles a main
body of a wireless terminal; the feeding part and the
grounding part are electrically connected to the closed
frame; and the closed frame, the feeding part, and the
grounding part form a first current loop and a second
current loop, where resonance is generated between the
first current loop and the second current loop. According
to the antenna apparatus and the wireless terminal pro-
vided in embodiments of the present invention, there is
no need to dispose a slit on a closed frame of a wireless
communications terminal that uses a metal appearance,
and a position of a feeding part of a radio frequency feeder
is used, to mitigate impact, of a closed environment
caused by not disposing a slit on the closed frame, on
antenna radiation performance, thereby improving an-
tenna performance and user experience.
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Description

TECHNICAL FIELD

[0001] The present invention relates to the field of an-
tenna technologies, and in particular, to an antenna with
a slitless closed frame and a wireless communications
device.

BACKGROUND

[0002] To improve quality of a wireless communica-
tions terminal, metal is increasingly widely applied to ap-
pearance design of a mobile phone. Wireless communi-
cations is an indispensable function of a wireless device,
and an antenna is an indispensable component of a wire-
less communications terminal. A level of antenna per-
formance is related to various types of wireless commu-
nication performance of the wireless communications
terminal. For example, antenna performance of a mobile
phone affects call quality of a user of the mobile phone.
However, based on inherent performance of metal and
an antenna, the metal has relatively large impact on per-
formance of the antenna of the wireless communications
terminal. Therefore, how to design a high-performance
antenna based on a metal appearance becomes a re-
search topic in the industry.
[0003] In the prior art, for a wireless communications
terminal that has metal-appearance design, slitting
processing is performed on one side of a closed frame
of the wireless communications terminal, a radio frequen-
cy feeder performs feeding excitation on a slit, and the
closed frame is utilized, to form a loop antenna. However,
because the wireless communications terminal is gener-
ally handheld by a user for use, for the foregoing wireless
communications terminal in which the closed frame is
utilized to form the loop antenna, electric intensity of an-
tenna radiation is strong in the slit of the closed frame.
When a hand of the user holds the slit, problems such
as frequency offset occur in working resonance of the
antenna, which causes a sharp decrease in antenna per-
formance. For example, when the user of the mobile
phone uses the mobile phone for a call, if a hand of the
user of the mobile phone holds the slit of the slit antenna,
phenomena including call drop, suspension, and the like
may occur in a call process, which affects use experience
of the user.

SUMMARY

[0004] Embodiments of the present invention provide
an antenna apparatus and a wireless communications
terminal, which can effectively transfer a position, of a
wireless communications terminal that uses a metal ap-
pearance, with strongest radiation to an area that is sel-
dom touched when the wireless communications termi-
nal is handheld, thereby alleviating antenna performance
deterioration caused by a human body.

[0005] According to a first aspect of the present inven-
tion, an antenna apparatus is provided, including: a feed-
ing part;
a grounding part; and
a closed frame, where the closed frame encircles a main
body of a wireless terminal; and
the feeding part and the grounding part are electrically
connected to the closed frame; and the closed frame, the
feeding part, and the grounding part form a first current
loop and a second current loop, where resonance is gen-
erated between the first current loop and the second cur-
rent loop.
[0006] In a first possible implementation manner of the
first aspect, an impedance effect of the first current loop
is inductance L, an impedance effect of the second cur-
rent loop is capacitance C, and resonance is generated
between the first current loop and the second current
loop, where a resonance frequency is

[0007] With reference to the first possible implemen-
tation manner of the first aspect, in a second possible
implementation manner, a length of the first current loop
is less than one-fourth a wavelength, and a length of the
second current loop is greater than one-fourth the wave-
length but less than half the wavelength.
[0008] With reference to the first aspect, or the first
possible implementation manner of the first aspect, or
the second possible implementation manner of the first
aspect, in a third possible implementation manner, the
antenna apparatus further includes at least one metal
stub.
[0009] With reference to the third possible implemen-
tation manner of the first aspect, in a fourth possible im-
plementation manner, the at least one metal stub is dis-
posed on a feeder.
[0010] With reference to the third possible implemen-
tation manner of the first aspect, in a fifth possible imple-
mentation manner, the at least one metal stub is disposed
on the closed frame.
[0011] With reference to the fourth possible implemen-
tation manner of the first aspect or the fifth possible im-
plementation manner of the first aspect, in a sixth possi-
ble implementation manner, the at least one metal stub
is connected to an adjusting switch or an adjustable ca-
pacitor, and antenna impedance of the antenna appara-
tus may be adjusted by using the adjusting switch or the
adjustable capacitor.
[0012] With reference to the sixth possible implemen-
tation manner of the first aspect, in a seventh possible
implementation manner, the metal stub and the closed
frame are connected by using a spring or a pogo pin
Pogo-Pin.
[0013] With reference to the first aspect, or the first
possible implementation manner of the first aspect, or
the second possible implementation manner of the first
aspect, or the third possible implementation manner of
the first aspect, or the fourth possible implementation
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manner of the first aspect, or the fifth possible implemen-
tation manner of the first aspect, or the sixth possible
implementation manner of the first aspect, or the seventh
possible implementation manner of the first aspect, in an
eighth possible implementation manner, the feeding part
includes a matching circuit, and the matching circuit is
configured to adjust the resonance frequency.
[0014] With reference to the first aspect, or the first
possible implementation manner of the first aspect, or
the second possible implementation manner of the first
aspect, or the third possible implementation manner of
the first aspect, or the fourth possible implementation
manner of the first aspect, or the fifth possible implemen-
tation manner of the first aspect, or the sixth possible
implementation manner of the first aspect, or the seventh
possible implementation manner of the first aspect, or
the eighth possible implementation manner of the first
aspect, in a ninth possible implementation manner, the
feeding part and the grounding part are one of: a con-
ductive material, a conductive mechanical part, an in-
ductance/capacitance element with a distributed param-
eter or a lumped parameter, and transition design with a
distributed parameter.
[0015] According to a second aspect of the present
invention, a wireless communications terminal is provid-
ed, including the foregoing antenna apparatus.
[0016] In a first possible implementation manner of the
second aspect, the wireless communications terminal is
a mobile phone or a tablet.
[0017] It can be learned from the foregoing solutions
that according to the antenna apparatus and the wireless
communications terminal provided in the embodiments
of the present invention, there is no need to dispose a
slit on a closed frame of a wireless communications ter-
minal that uses a metal appearance, and a position of a
feeding part of a radio frequency feeder is used, to miti-
gate impact, of a closed environment caused by not dis-
posing a slit on the closed frame, on antenna radiation
performance. In addition, by using at least one metal stub,
a position with strongest antenna radiation can be effec-
tively transferred to an area that is seldom touched when
the wireless communications terminal is handheld, there-
by alleviating antenna performance deterioration caused
by a human body. Further, extension of a connection
between the at least one metal stub and the closed frame
makes it easier to expand a form of an antenna, so that
the antenna has better broadband performance.

BRIEF DESCRIPTION OF DRAWINGS

[0018] To describe the technical solutions in the em-
bodiments of the present invention or in the prior art more
clearly, the following briefly introduces the accompanying
drawings required for describing the embodiments or the
prior art. Apparently, the accompanying drawings in the
following description show some embodiments of the
present invention, and persons of ordinary skill in the art
may still derive other drawings from these accompanying

drawings without creative efforts.

FIG. 1 is a schematic structural diagram of an an-
tenna apparatus according to Embodiment 1 of the
present invention;
FIG. 2 is a diagram of an equivalent effect of an an-
tenna apparatus according to Embodiment 1 of the
present invention;
FIG. 3 is a schematic diagram of resonance of an
antenna according to Embodiment 1 of the present
invention;
FIG. 4a to FIG. 4b are schematic diagrams of an
antenna apparatus according to Embodiment 2 of
the present invention;
FIG. 5 is a diagram of an equivalent effect of an an-
tenna apparatus in a low frequency band according
to Embodiment 2 of the present invention;
FIG. 6 is a schematic diagram of resonance of an
LC parallel circuit;
FIG. 7 is a diagram of an equivalent effect of an an-
tenna apparatus according to Embodiment 2 of the
present invention;
FIG. 8a and FIG. 8b are schematic diagrams of an
antenna apparatus according to Embodiment 3 of
the present invention;
FIG. 9 is a schematic diagram of resonance of an
LC series circuit; and
FIG. 10a to FIG. 10c are schematic diagrams of an
antenna apparatus according to Embodiment 4 of
the present invention.

Reference numerals:

[0019] 101-closed frame, 102-feeding part, 103-radio
frequency feeder, 104-grounding part, 107-metal stub
disposed on a radio frequency feeder, 108-metal stub
disposed on the closed frame.

DESCRIPTION OF EMBODIMENTS

[0020] To make the objectives, technical solutions, and
advantages of the embodiments of the present invention
clearer, the following clearly and completely describes
the technical solutions in the embodiments of the present
invention with reference to the accompanying drawings
in the embodiments of the present invention. Apparently,
the described embodiments are some but not all of the
embodiments of the present invention. All other embod-
iments obtained by persons of ordinary skill in the art
based on the embodiments of the present invention with-
out creative efforts shall fall within the protection scope
of the present invention.
[0021] As shown in FIG. 1, an antenna apparatus, pro-
vided in Embodiment 1 of the present invention, that is
of a wireless communications terminal and has a closed
frame 101 includes a feeding part 102 and a grounding
part 104, where the feeding part 102 and the grounding
part 104 are respectively electrically connected to two
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opposite sides of the closed frame 101; and the feeding
part 102 and the grounding part 104 separate the closed
frame into a first part 1011 and a second part 1012, where
the first part 1011, the feeding part 102, and the ground-
ing part 104 form a first current loop, and the second part
1012, the feeding part 102, and the grounding part 104
form a second current loop, as indicated by L2 and L3 in
the figure. The foregoing first current loop and the fore-
going second current loop may be understood as a first
loop antenna and a second loop antenna, where L2 and
L3 are respectively a perimeter of the first loop antenna
and a perimeter of the second loop antenna. According
to a transmission line equivalence theory concerning an
IFA (Inverted F Antenna, inverted F antenna), when a
tail end of a transmission line is short-circuited, and a
length is less than one-fourth a wavelength, an imped-
ance effect is equivalent to inductance L; when a length
of a transmission line is greater than one-fourth the wave-
length but less than half the wavelength, an impedance
effect is equivalent to capacitance C. Therefore, when
appropriate sizes of the first antenna loop and the second
antenna loop are selected, a solution of the antenna ap-
paratus shown in FIG. 1 can implement an equivalent
model, shown in FIG. 2, of an antenna with a closed frame
of an LC parallel circuit. As shown in FIG. 3, two working
resonances f2 and f3 in a high frequency band may be
generated for loop antennas whose perimeters are L2
and L3.
[0022] It may be learned from FIG. 2 that resonance
can be implemented in a high frequency band by using
only the first loop antenna and the second loop antenna,
but it is difficult to generated available resonance in a low
frequency band. In Embodiment 2 of the present inven-
tion, to implement low-frequency resonance, in an an-
tenna apparatus shown in FIG. 4a, a low-frequency
branch 107 is added to a feeder of an antenna.
[0023] According to a comprehensive effect of an LC
parallel circuit, at an LC resonance frequency f1 of the

LC parallel circuit, where  an

open-circuit state is presented, as shown in FIG. 6.
Therefore, when impedance effects C and L of a first loop
antenna and a second loop antenna in a low frequency
band form an open-circuit state at f1, impedance impact
of a closed frame on the low-frequency branch 107 is
eliminated, so that good low-frequency resonance can
be implemented through design of cabling of the low-
frequency branch 107, where an ideal case, as shown in
FIG. 7, is equivalent to nonexistence of the closed frame.
Electric intensity at a tail end of the cabling of the low-
frequency branch 107 is generally the highest, and a po-
sition with the highest electric intensity may be adjusted
to an area that is seldom touched when the wireless com-
munications terminal is handheld, so as to mitigate im-
pact of a human body. The foregoing low-frequency
branch disposed on the radio frequency feeder is merely
an example, and there is no limitation on a length, a struc-
ture, and a quantity of the low-frequency branch, which

can be adjusted according to an electrical performance
requirement of the antenna. As shown in FIG. 4b, two
metal stubs are disposed on the radio frequency feeder.
In addition, the metal stub may also be an adjustable
metal stub. For example, the metal stub is connected to
an adjusting switch or an adjustable capacitor. In this
way, antenna impedance of the antenna apparatus can
be adjusted by adjusting the metal stub.
[0024] According to the antenna apparatus provided
in Embodiment 2 of the present invention, there is no
need to dispose a slit on a closed frame of a wireless
communications terminal that uses a metal appearance,
and a position of a feeding part of a radio frequency feeder
is used, to mitigate impact, of a closed environment
caused by not disposing a slit on the closed frame, on
antenna radiation performance. Meanwhile, by using a
metal stub disposed on the feeder, a position with strong-
est antenna radiation can be effectively transferred to an
area that is seldom touched when the wireless commu-
nications terminal is handheld, thereby alleviating anten-
na performance deterioration caused by a human body.
In addition, because the antenna apparatus uses a man-
ner in which the closed frame and the metal stub are
used in combination, a form of an antenna is easy to
expand, which can be adapted to a performance require-
ment of the wireless communications terminal for an an-
tenna broadband.
[0025] The metal stub is disposed on the radio frequen-
cy feeder of the antenna provided in the foregoing Em-
bodiment 2. As shown in FIG. 8a or FIG. 8b, in an antenna
apparatus provided in Embodiment 3 of the present in-
vention, a metal stub 108 is disposed on the closed frame
101. According to a comprehensive effect of an LC series
circuit, at an LC resonance frequency f1 of the LC series

circuit, where  an open-circuit state

is presented, as shown in FIG. 9. Therefore, when im-
pedance effects C and L of a first loop antenna and a
second loop antenna in a low frequency band form an
open-circuit state at f1, impedance impact of the closed
frame on the low-frequency branch 108 is eliminated, so
that good low-frequency resonance can be implemented
through design of cabling of the low-frequency branch
108. Electric intensity at a tail end of the cabling of the
low-frequency branch 108 is generally the highest, and
a position with the highest electric intensity may be ad-
justed to an area that is seldom touched when the wire-
less communications terminal is handheld, so as to mit-
igate impact of a human body. The foregoing low-fre-
quency branch disposed on the closed frame is merely
an example, and there is no limitation on a length, a struc-
ture, and a quantity of the low-frequency branch, which
can be adjusted according to an electrical performance
requirement of the antenna. In addition, the metal stub
may also be an adjustable metal stub. In this way, an-
tenna impedance of the antenna apparatus can be ad-
justed by adjusting the metal stub.
[0026] According to the antenna apparatus provided
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in Embodiment 3 of the present invention, there is no
need to dispose a slit on a closed frame of a wireless
communications terminal that uses a metal appearance,
and a position of a feeding part of a radio frequency feeder
is used, to mitigate impact, of a closed environment
caused by not disposing a slit on the closed frame, on
antenna radiation performance. Meanwhile, by using a
metal stub disposed on the closed frame, a position with
strongest antenna radiation can be effectively transferred
to an area that is seldom touched when the wireless com-
munications terminal is handheld, thereby alleviating an-
tenna performance deterioration caused by a human
body. In addition, because the antenna apparatus uses
a manner in which the closed frame and the metal stub
are used in combination, a form of an antenna is easy to
expand, which can be adapted to a performance require-
ment of the wireless communications terminal for an an-
tenna broadband.
[0027] With reference to Embodiment 2 and Embodi-
ment 3, as shown in FIG. 10a to FIG. 10c, in an antenna
apparatus provided in Embodiment 4 of the present in-
vention, a metal stub 107 is disposed on a radio frequen-
cy feeder and a metal stub 108 is disposed on a closed
frame. According to comprehensive effects of an LC par-
allel circuit and an LC series circuit, at an LC resonance
frequency f1 of the LC parallel circuit and the LC series

circuit, where  an open-circuit state

is presented. Therefore, when impedance effects C and
L of a first loop antenna and a second loop antenna in a
low frequency band form an open-circuit state at f1, im-
pedance impact of the closed frame on the low-frequency
branches 107 and 108 is eliminated, so that good low-
frequency resonance can be implemented through de-
sign of cabling of the low-frequency branches 107 and
108. Electric intensity at tail ends of the cabling of the
low-frequency branches 107 and 108 is generally the
highest, and a position with the highest electric intensity
may be adjusted to an area that is seldom touched when
the wireless communications terminal is handheld, so as
to mitigate impact of a human body. The foregoing low-
frequency branch disposed on the radio frequency feeder
or the closed frame is merely an example, and there is
no limitation on a length, a structure, and a quantity of
the low-frequency branch, which can be adjusted accord-
ing to an electrical performance requirement of the an-
tenna. In addition, the metal stub may also be an adjust-
able metal stub. For example, the metal stub is connected
to an adjusting switch or an adjustable capacitor. In this
way, antenna impedance of the antenna apparatus can
be adjusted by adjusting the metal stub.
[0028] According to the antenna apparatus provided
in Embodiment 3 of the present invention, there is no
need to dispose a slit on a closed frame of a wireless
communications terminal that uses a metal appearance,
and a position of a feeding part of a radio frequency feeder
is used, to mitigate impact, of a closed environment
caused by not disposing a slit on the closed frame, on

antenna radiation performance. Meanwhile, by using a
metal stub disposed on the closed frame, a position with
strongest antenna radiation can be effectively transferred
to an area that is seldom touched when the wireless com-
munications terminal is handheld, thereby alleviating an-
tenna performance deterioration caused by a human
body. In addition, because the antenna apparatus uses
a manner in which the closed frame and the metal stub
are used in combination, a form of an antenna is easy to
expand, which can be adapted to a performance require-
ment of the wireless communications terminal for an an-
tenna broadband.
[0029] In the antenna apparatus in each of the forego-
ing embodiments, there is no limitation on a position of
a connection point between the metal stub and the closed
frame and a position of a connection point between the
metal stub and the radio frequency feeder, where the
positions are specifically adjusted according to an elec-
trical performance requirement of an antenna. There is
either no limitation on a manner of connecting the metal
stub to the closed frame and the radio frequency feeder,
and the metal stub may be connected to the closed frame
and the radio frequency feeder in a manner such as a
metal spring connection or a pogo pin Pogo-Pin connec-
tion.
[0030] According to the antenna apparatus in each of
the foregoing embodiments, a manner of electrically con-
necting the feeding part and the grounding part to the
closed frame is not limited, where the feeding part and
the grounding part may be various conductive materials,
such as conductive fabric and conductive foam, or con-
ductive structural parts such as a spring and a welding
joint, various inductance/capacitance elements with a
distributed parameter or a lumped parameter, or transi-
tion design with a distributed parameter.
[0031] According to the antenna apparatus in each of
the foregoing embodiments, the feeding part includes a
matching circuit, and the matching circuit is configured
to adjust the resonance frequency.
[0032] Embodiment 4 of the present invention provides
a wireless communications terminal, where the wireless
communications terminal includes the antenna appara-
tus according to each of the foregoing embodiments. The
wireless communications terminal is a mobile phone or
a tablet.
[0033] The wireless communications terminal provid-
ed in Embodiment 4 of the present invention uses the
antenna apparatus according to each of the foregoing
embodiments. Therefore there is no need to dispose a
slit on a closed frame of the wireless communications
terminal, which effectively enhances flexibility in appear-
ance design of the wireless communications terminal and
simplifies structure design. In addition, because the an-
tenna apparatus of the wireless communications terminal
uses a manner in which the closed frame and a metal
stub are used in combination, a form of an antenna is
easy to expand, which can be adapted to a performance
requirement of the wireless communications terminal for
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an antenna broadband. Apparently, persons skilled in
the art can make various modifications and variations to
the present invention without departing from the spirit
and scope of the present invention. The present invention
is intended to cover these modifications and variations
provided that they fall within the scope of protection de-
fined by the claims and their equivalent technologies of
the present invention.
[0034] Finally, it should be noted that the foregoing em-
bodiments are merely intended for describing the tech-
nical solutions of the present invention, but not for limiting
the present invention. Although the present invention is
described in detail with reference to the foregoing em-
bodiments, persons of ordinary skill in the art should un-
derstand that they may still make modifications to the
technical solutions described in the foregoing embodi-
ments or make equivalent replacements to some or all
technical features thereof, without departing from the
scope of the technical solutions of the embodiments of
the present invention.

Claims

1. An antenna apparatus, comprising:

a feeding part;
a grounding part; and
a closed frame, wherein the closed frame encir-
cles a main body of a wireless terminal; and
the feeding part and the grounding part are elec-
trically connected to the closed frame; and the
closed frame, the feeding part, and the ground-
ing part form a first current loop and a second
current loop, wherein resonance is generated
between the first current loop and the second
current loop.

2. The antenna apparatus according to claim 1, where-
in an impedance effect of the first current loop is in-
ductance L, an impedance effect of the second cur-
rent loop is capacitance C, and resonance is gener-
ated between the first current loop and the second
current loop, wherein a resonance frequency is

3. The antenna apparatus according to claim 2, where-
in a length of the first current loop is less than one-
fourth a wavelength, and a length of the second cur-
rent loop is greater than one-fourth the wavelength
but less than half the wavelength.

4. The antenna apparatus according to any one of
claims 1 to 3, wherein the antenna apparatus further
comprises at least one metal stub.

5. The antenna apparatus according to any one of claim

4, wherein the at least one metal stub is disposed
on a feeder.

6. The antenna apparatus according to any one of claim
4, wherein the at least one metal stub is disposed
on the closed frame.

7. The antenna apparatus according to claim 4 or 5,
wherein the at least one metal stub is connected to
an adjusting switch or an adjustable capacitor, and
antenna impedance of the antenna apparatus may
be adjusted by using the adjusting switch or the ad-
justable capacitor.

8. The antenna apparatus according to claim 7, where-
in the metal stub and the closed frame are connected
by using a spring or a pogo pin Pogo-Pin.

9. The antenna apparatus according to any one of
claims 1 to 8, wherein the feeding part comprises a
matching circuit, and the matching circuit is config-
ured to adjust the resonance frequency.

10. The antenna apparatus according to any one of
claims 1 to 9, wherein the feeding part and the
grounding part are one of: a conductive material, a
conductive mechanical part, an inductance/capaci-
tance element with a distributed parameter a lumped
parameter, and transition design with a distributed
parameter.

11. A wireless communications terminal, wherein the
wireless communications terminal comprises the an-
tenna apparatus according to claims 1 to 10.

12. The wireless communications terminal according to
claim 11, wherein the wireless communications ter-
minal is a mobile phone or a tablet.
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