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(54) GROUNDED ANTENNA HAVING U-SHAPED HIGH-IMPEDANCE SURFACE METAL STRIPS 
AND WIRELESS COMMUNICATION DEVICE HAVING SAID ANTENNA

(57) Disclosed are a grounded antenna having U-
shaped high-impedance surface metal strips and wire-
less communication device having said antenna. The an-
tenna is disposed inside of a housing, and comprises an
antenna radiation unit and a ground plate thereof; dis-
posed in intervals on the ground plate are multiple high-
impedance surface units; each high-impedance surface
unit consists of three high-impedance surface metal
strips connected to one another, arranged to form a U-
shape; a high-impedance surface through hole is made
at the bottom of the U-shape, and through holes connect
the high-impedance surface metal strips of the high-im-
pedance surface units. By means of multiple U-shaped
high-impedance surface units, surface waves are re-
pressed or deterred from transmitting along the surface,
and incident plane waves perpendicular to the surface
are reflected at the same phase. High-impedance sur-
face has the characteristics of suppressing surface
waves, and can therefore, when placed around an an-
tenna, reduce the radiation toward a person’s head, lower
the specific absorption rate without reducing the radiation
capability of the antenna or compromising communica-
tion quality. The present invention is universally applica-
ble.
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Description

[0001] Field of the Invention
[0002] The present invention relates to the antenna
field of wireless communication devices, and more spe-
cifically to an antenna grounded with U-shaped high-im-
pedance surface metal strips and its wireless communi-
cation device.
[0003] Background Technology
[0004] The radio waves transmitted by a wireless com-
munication device during communications expose the
user to measurable radio frequency (RF) radiation. When
a user uses a mobile terminal such as a mobile phone
to make a call, the head of the user is always within the
electromagnetic radiation field emitted by the mobile
phone. Therefore, many countries including the People’s
Republic of China have issued complete and safe stand-
ards and specifications to manage and restrict the prob-
lem of exposure of RF energy. Here, the specific absorp-
tion rate (SAR) is an important evaluation parameter,
which refers to the electromagnetic wave energy absorp-
tion rate of mobile phones or wireless communication
products. Popularly, SAR is used to measure whether
the influence of mobile phone radiation upon the body of
a user, especially, the head of the user conforms to the
relevant standards. SAR is also a unit for measuring the
amount of RF energy absorbed by the body when using
a mobile phone, and is used as a criterion for body pro-
tection.
[0005] Presently, mobile terminals have been de-
signed for use in such very rigid limitations, so various
devices and methods are being developed to reduce the
SAR, for example, materials for absorbing electromag-
netic waves are added to mobile terminals, or metal parts
are arranged properly to optimize the RF- induced cur-
rent, complicated antenna design is used to reduce the
SAR, and so on. However, these design methods  are
easily to be affected by the type of mobile terminals, so
they do not have generality and universal applicability.
[0006] Therefore, there is a need to improve and de-
velop the prior art.
[0007] Description of the Invention
[0008] The purpose of the present invention is to pro-
vide an antenna grounded with U-shaped high-imped-
ance surface metal strips and its wireless communication
device, which not only can reduce the antenna radiation
on human body, but also can avoid the influence upon
communication quality, and furthermore, it has the uni-
versal applicability.
[0009] The technical scheme of the present invention
is as follows: an antenna grounded with U-shaped high-
impedance surface metal strips, comprising an antenna
radiation unit and its ground plate, wherein a plurality of
high-impedance surface units are set on the ground plate
at relevant intervals; each high-impedance surface unit
consists of three high-impedance surface metal strips
connected to each other in U shape; high-impedance sur-
face through holes are set at the bottom side of the U

shape; and the high-impedance surface units are con-
nected to each other by means of the high-impedance
surface through holes.
[0010] In said antenna grounded with U-shaped high-
impedance surface metal strips, the ground plate is a
printed circuit board (PCB), the high-impedance surface
units are located on the surface of the PCB, and the high-
impedance surface through holes are set to pass through
the PCB.
[0011] In said antenna with grounded with U-shaped
high-impedance surface metal strips, wherein the line
breadth of the high-impedance surface metal strip is 1
mm, the width of the U-shaped high-impedance surface
unit is 6 mm, the height of the U-shaped high-impedance
surface unit is 8 mm, and the interval between the high-
impedance surface units is 0.5 mm.
[0012] In said antenna grounded with U-shaped high-
impedance surface metal strips, the U-shaped high-im-
pedance surface units are set on the ground plate to form
rows.
[0013] In said antenna grounded with U-shaped high-
impedance surface metal strips, wherein the high-imped-
ance surface metal strips on the bottom side of the U
shape are set to be in parallel with the rows formed by
the high-impedance surface units.
[0014] In said antenna grounded with U-shaped high-
impedance surface metal strips, wherein the U-shaped
high-impedance surface units are set on the ground plate
to form columns.
[0015] In said antenna grounded with U-shaped high-
impedance surface metal strips, wherein the high-imped-
ance surface metal strips on both sides of the U shape
is set to be in parallel with the columns formed by the
high-impedance surface units.
[0016] In said antenna grounded with U-shaped high-
impedance surface metal strips, wherein the correspond-
ing high-impedance metal strips between the U-shaped
high-impedance surface units are set to be in parallel
with each other.
[0017] In said antenna grounded with U-shaped high-
impedance surface metal strips, wherein characterized
in that the antenna radiation unit is a planar inverted F-
type antenna.
[0018] A wireless communication device, which com-
prises a case and an antenna for communications, the
antenna being set outside the case and comprising the
antenna radiation unit and its ground plate; wherein a
plurality of high-impedance surface units are set on the
ground plate at relevant intervals; each high-impedance
surface unit consists of three high-impedance surface
metal strips connected to each other in U shape; high-
impedance surface through holes are set at the bottom
side of the U shape; and the high-impedance surface
units are connected to each other by means of the high-
impedance surface through holes.
[0019] The antenna grounded with U-shaped high-im-
pedance surface metal strips and its wireless communi-
cation device according to the present invention uses a
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plurality of high-impedance surface units connected to
each other by means of high-impedance surface through
holes and formed to a U shape by three high-impedance
surface metal strips, such that on one hand the propa-
gation of surface waves along its surface is suppressed
or blocked, and on the other hand the same phase re-
flects the incident plane wave perpendicular to its sur-
face; the capability of the high-impedance surface in sup-
pressing surface waves is utilized, and said high-imped-
ance surface is placed around the antenna, which reduc-
es the radiation in the head direction (that is, the radiation
of the antenna of the wireless communication device in
the human body direction is reduced), decreases the
SAR, and meanwhile, it does not weaken the energy of
the plane wave, avoids the influence upon the signal
strength, does not reduce the antenna radiation perform-
ance, does not affect the communication quality, and has
generality and universal applicability.
[0020] Brief Description of the Drawings
[0021] Figure 1 is the schematic diagram of the spatial
structure of the antenna grounded with U-shaped high-
impedance surface metal strips in the present invention.
[0022] Figure 2 is the schematic diagram of the U-
shaped high-impedance surface unit set on the ground
plate in the present invention.
[0023] Figure 3 is the side view of the structure of the
antenna grounded with U-shaped high-impedance sur-
face metal strips in the present invention.
[0024] Figure 4 is the schematic diagram of operating
principle of the U-shaped high-impedance surface unit
set on the ground plate in the present invention.
[0025] Figure 5 is the schematic diagram of equivalent
circuit of the U-shaped high-impedance surface unit set
on the ground plate in the present invention.
[0026] Figure 6 shows the comparison between the
return loss test curves of the antenna with the U-shaped
high-impedance surface units and the antenna without
the U-shaped high-impedance surface units in the wire-
less communication unit of the present invention.
[0027] Figure 7 shows the comparison between the
SAR test curves of the antenna with the U-shaped high-
impedance surface units and the antenna without the U-
shaped high-impedance surface units in the wireless
communication unit of the present invention.
[0028] Particular Embodiments
[0029] In the following, particular implementation
modes and embodiments of the present invention will be
further described with the combination of the drawings.
The particular embodiments described here are used on-
ly for explaining the present invention and are not intend-
ed to limit the specific modes of implementing the present
invention.
[0030] In one embodiment as shown in Figure 1, the
antenna grounded with U-shaped high-impedance sur-
face metal strips of the present invention comprises an
antenna radiation unit 120 and its ground plate 110;
wherein a plurality of high-impedance surface units are
set on the ground plate 110 at relevant intervals; each

high-impedance surface unit consists of three high-im-
pedance surface metal strips 130 connected to each oth-
er in U shape; high-impedance surface through holes
160 are set in the high-impedance surface metal strips
130 at the bottom side of the U shape; and the high-
impedance surface metal strips 130 between the high-
impedance surface units are connected to each other by
means of the high-impedance surface through holes 160.
[0031] Based on the antenna grounded with U-shaped
high-impedance surface metal strips 130, the present in-
vention also provides a wireless communication unit,
which in one embodiment comprises a case and an an-
tenna for communications; the antenna is set inside the
case and comprises an antenna radiation unit 120 and
its ground plate 110; wherein a plurality of high-imped-
ance surface units are set on the ground plate 110 at
relevant intervals; each high-impedance surface unit
consists of three high-impedance surface metal strips
130 connected to each other in U shape; high-impedance
surface through holes 160 are set in the high-impedance
surface metal strips 130 at the bottom side of the U shape;
and the high-impedance surface metal strips 130 be-
tween the high-impedance surface units are connected
to each other by means of the high-impedance surface
through holes 160.
[0032] Said high-impedance surface of the present in-
vention refers to the surface structure that is built on the
ground plate 110 of the antenna and can block the prop-
agation of electromagnetic waves, that is, it has high-
impedance characteristics to surface waves at a certain
band; specifically, on one hand, it can suppress surface
waves of frequencies propagated on its surface within its
stopbands or does not support the propagation of surface
waves of certain bands within its stopbands; on the other
hand, it has the same-phase reflection effect for plane
waves of incident frequencies perpendicular to its surface
within its stopbands, that is, the phases of the reflection
wave and incident wave do not change. Specifically, said
ground plate 110 refers to the whole PCB, and the high-
impedance surface replaces the partial ground plate 110
under the antenna.
[0033] For the incident plane wave perpendicular to
the metal surface, the metal surface will make the phase
of the plane wave changes for 180 degrees. If the ground
plate 110 of the antenna is a complete metal plate, its
surface propagates surface waves, and its impedance
to surface waves is zero, no matter whether the frequency
is within its stopband. Compared with an antenna ground-
ed with a complete metal plate and its wireless commu-
nication device in the prior art, the antenna grounded with
U-shaped high-impedance surface metal strips and its
wireless communication device of the  present invention
can suppress or block the propagation of surface waves
along its surface on one hand and can also reflect the
incident plane waves perpendicular to its surface on the
other hand, because it has the high-impedance surface
units connected to each other by means of a plurality of
high-impedance surface through holes 160 and three
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high-impedance surface metal strips 130 form a U shape.
The characteristic of the high-impedance surface to sup-
press surface waves is utilized, and said high-impedance
surface is placed around the antenna, which reduces the
radiation in the head direction (that is, the radiation of the
antenna of the wireless communication device in the hu-
man body direction is reduced), decreases the SAR, and
meanwhile, it does not weaken the energy of the plane
wave, avoids the influence upon the signal strength, does
not reduce the antenna radiation performance, does not
affect the communication quality, and has generality and
universal applicability.
[0034] Suppose that the antenna radiation unit 120 is
a planar inverted F-type antenna, as shown in Figure 1,
there are two branches parts with open circuits at termi-
nals in the antenna radiation unit 120. Its operating prin-
ciple is one-fourth wavelength resonance; the wider and
shorter one on the external side is the high-frequency
branch part, and the narrower and longer one on the in-
ternal side is the low-frequency branch part. It is connect-
ed to the FR transmit/receive circuit of the PCB by means
of the ground pin 140 of the antenna radiation unit 120
and the feed pin 150 of the antenna radiation unit 120.
[0035] In a preferred embodiment of the antenna
grounded with U-shaped high-impedance surface metal
strips 130 and its wireless communication device of the
present invention, as shown in Figure 2, the ground plate
110 is a PCB; the high-impedance surface units are lo-
cated on the surface of the PCB; the high-impedance
surface through holes 160 are set to pass through the
PCB; the copper-clad layer on the surface of the PCB is
used to make the U-shaped high-impedance surface
metal strips 130, and the through holes on the PCB are
used to make the high-impedance surface through holes
160.
[0036] Preferably, as shown in Figure 3, the high- im-
pedance surface through holes 160 are set to pass
through the PCB, the U- shaped high- impedance surface
metal strips 130  are electrically connected to the lower
surface metal layer of the PCB by means of the high-
impedance surface through holes 160 at the bottom side,
to implement grounding of the high- impedance surface
units.
[0037] Specifically, the U- shaped high- impedance
surface metal strips 130 are set on the upper surface of
the PCB, and the lower surface of the PCB is composed
of a complete metal layer. The U- shaped high- imped-
ance surface metal strips 130 are laid on the upper sur-
face of the metal PCB as much as possible, especially
in the lower region covered by the antenna radiation unit
120 to replace the original complete metal layer to serve
as the new ground plane of the antenna radiation unit
120, to implement the transition of a zero- ohm ground
plane to a ground plane with infinite impedance.
[0038] Preferably, as shown in Figure 2, the line
breadth (B) of the high- impedance surface metal strip
130 is 1 mm, the width (W) of the U- shaped high- im-
pedance surface unit is 6 mm, the height (H) of the U-

shaped high- impedance surface unit is 8 mm, and the
interval (δ) between the high- impedance surface units
is 0.5 mm.
[0039] Further, the U- shaped high- impedance sur-
face units are set on the ground plate 110; wherein, the
high- impedance surface metal strips 130 on the bottom
side of the U shape are set to be in parallel with the rows
formed by the high- impedance surface units. And the U-
shaped high- impedance surface units are set on the
ground plate 110 to form columns; wherein, the high-
impedance surface metal strips 130 on both sides of the
U shape are set to be in parallel with the columns formed
by the high- impedance surface units.
[0040] Preferably, the corresponding high- impedance
metal strips between the U- shaped high- impedance sur-
face units are set to be in parallel with each other.
[0041] Of course, the high-impedance surface metal
strips 130 at both sides and/or at the bottom in the U-
shaped high-impedance surface units can form slanted
rows or columns with the high-impedance surface units.
[0042] The dielectric constant and thickness of the
PCB will affect the structural size of the U-shaped metal
strips, so during the design the length and width of the
U-shaped metal strips and the intervals among the U-
shaped metal strips can be adjusted properly to optimize
the operating band of the high-impedance surface unit
so that it is located within the transmit (Tx) channel range
of the communication mode.
[0043] The antenna and its wireless communication
device of the present invention uses the U-shaped high-
impedance surface metal strips 130 for grounding, and
the electromagnetic characteristics of this structure can
be described with IC components, capacitance and in-
ductance. Its equivalent circuit parameter is presented
with a parallel resonance LC circuit, as shown in Figure
5, its function can be regarded as a two-dimensional elec-
tric filter to block the current from flowing along its surface.
[0044] As shown in Figure 4, when the U-shaped metal
strips and the ground through holes interact with electro-
magnetic waves, an induced current is generated on the
U-shaped metal strips, which is in parallel with the voltage
function at the top surface, resulting in accumulative
charges at both ends of the U-shaped metal strips. There-
fore, it can be equivalent to the capacitive effect. How-
ever, charges flow from and to the metal through holes
and the lower surface of the PCB to form a current loop,
which is connected to the magnetic field and inductance.
Figure 4 shows its capacitance and inductance, and Fig-
ure 5 shows its equivalent resonance circuit.
[0045] When lower than the resonance frequency, the
surface impedance presents inductance; when higher
than the resonance frequency, the surface impedance
presents capacitance; at the proximity of the resonance
frequency, the surface impedance is a very large value,
which is equivalent to an infinite value. During design, if
the resonance of the unit structure of the U-shaped metal
strips and through holes is made be within the wireless
Tx channel band of the communication mode, the struc-
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ture will generate an infinite impedance within this band
to block the pass of the RF surface current, so as to re-
duce the SAR within this band.
[0046] As shown in Figure 6, the dotted line A shows
the return loss test curve of the planar inverted F-type
antenna when the high-impedance surface units are
grounded; the solid line B shows the return loss test curve
of the planar inverted F-type antenna when the high-im-
pedance surface units are not grounded. The curve A
shows that the U-shaped high-impedance surface metal
strips 130 and the high-impedance surface through holes
160 do not have great influence. Therefore, the radiation
performance is basically not affected.
[0047] As shown in Figure 7, the dotted line A shows
the SAR test curve of the planar inverted F-type antenna
when the high-impedance surface units are grounded;
the solid line B shows the SAR test curve of the planar
inverted F-type antenna when the high-impedance sur-
face units are not grounded. The curve A shows that the
U-shaped high-impedance surface metal strips 130 and
the high-impedance surface through holes 160 can ef-
fectively reduce the SAR, and the SAR of the same fre-
quency can be reduced by about 30%.
[0048] It should be understood that the above are only
preferred embodiments of the present invention and are
not intended to limit the technical scheme of the present
invention. Without departing from the spirit and principle
of the present invention, those skilled in the art can add,
decrease, replace, change or improve the present inven-
tion according to the preceding descriptions, for example,
the antenna radiation unit 120 includes but is not limited
to the planar inverted F-type antenna (e.g., it can be a
multi-band antenna). Therefore, all technical schemes
after such addition, decrease, replacement, change or
improvement should fall within the protection scope de-
fined by the accompany claims of the present invention.

Claims

1. An antenna grounded with U-shaped high-imped-
ance surface metal strips, comprising an antenna
radiation unit and its ground plate, wherein a plurality
of high-impedance surface units are set on the
ground plate at relevant intervals; each high-imped-
ance surface unit consists of three high-impedance
surface metal strips connected to each other in U
shape; high-impedance surface through holes are
set at the bottom side of the U shape; and the high-
impedance surface units are connected to each oth-
er by means of the high-impedance surface through
holes.

2. The antenna grounded with U-shaped high-imped-
ance surface metal strips according to claim 1,
wherein the ground plate is a printed circuit board
(PCB), the high-impedance surface units are located
on the surface of the PCB, and the high-impedance

surface through holes are set to pass through the
PCB.

3. The antenna grounded with U-shaped high-imped-
ance surface metal strips according to claim 1,
wherein the line breadth of the high-impedance sur-
face metal strip is 1 mm, the width of the U-shaped
high-impedance surface unit is 6 mm, the height of
the U-shaped high-impedance surface unit is 8 mm,
and the interval between the high-impedance sur-
face units is 0.5 mm.

4. The antenna grounded with U-shaped high-imped-
ance surface metal strips according to claim 1,
wherein the U-shaped high-impedance surface units
are set on the ground plate to form rows.

5. The antenna grounded with U-shaped high-imped-
ance surface metal strips according to claim 4,
wherein the high-impedance surface metal strips on
the bottom side of the U shape are set to be in parallel
with the rows formed by the high-impedance surface
units.

6. The antenna grounded with U-shaped high-imped-
ance surface metal strips according to claim 1,
wherein the U-shaped high-impedance surface units
are set on the ground plate to form columns.

7. The antenna grounded with U-shaped high-imped-
ance surface metal strips according to claim 6,
wherein the high-impedance surface metal strips on
the both sides of the U shape are set to be in parallel
with the columns formed by the high-impedance sur-
face units.

8. The antenna grounded with U-shaped high-imped-
ance surface metal strips according to claim 1,
wherein the corresponding high-impedance metal
strips between the U-shaped high-impedance sur-
face units are set to be in parallel with each other.

9. The antenna grounded with U-shaped high-imped-
ance surface metal strips according to claims 1
through 8, wherein the antenna radiation unit is a
planar inverted F-type antenna.

10. A wireless communication device, which comprises
a case and an antenna for communications, the an-
tenna being set outside the case and comprising an
antenna radiation unit and its ground plate, wherein
a plurality of high-impedance surface units are set
on the ground plate at relevant intervals; each high-
impedance surface unit consists of three high-im-
pedance surface metal strips connected to each oth-
er in U shape; high-impedance surface through holes
are set at the bottom side of the U shape; and the
high-impedance surface units are connected to each
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other by means of the high-impedance surface
through holes.
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