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(54)  Multi-band planar inverted-F antenna

(57)  Amulti-band planarinverted-F antennaincludes
a radiating unit (2), a ground unit (1) and a feeding unit
(3). The radiating unit (2) includes a common radiating
element (21), a high-frequency (HF) radiating element
(22) and a low-frequency (LF) radiating element (23). A
quasi U-shaped slot (233) is defined between the HF
radiating element (22) and the LF radiating element (23).
The ground unit (1) is electrically connected to one side
of the common radiating element (21). The feeding unit

(3) includes a strip (31) electrically connected to one side
of the HF radiating element (22). The ground unit (1) in-
cludes a ground point (11) and an inverted-L short-line
(12) connected to the ground point (11) at one end there-
of. The inverted-L short-line (12) is also electrically con-
nected to the common radiating element (21) at another
end thereof. A loop surface current induced by the invert-
ed-L short-line (12) can advantageously enhance band-
width of the multi-band planar inverted-F antenna at fre-
quencies of interest.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a multi-band
plane inverted-F antenna (PIFA), especially to a multi-
band PIFA with an inverted-L short-line to induce a loop
surface current, thus enhancing the bandwidth of the mul-
ti-band PIFA at multiple frequencies of interest.

2. Description of Prior Art

[0002] Modem electronic products for consumer have
the trends of compact size and light weight, as manufac-
ture technology and design skill progress. It is also de-
sirable to integrate more versatile functions to the elec-
tronic products. Taking wireless communication devices
as example, the networking accessing function through
wireless application protocol (WAP) and e-mail function
are augmented to the original voice function.

[0003] Moreover, smart phones with data processing
ability and wireless LAN function are also attractive to
user these years. The smart phones can provide ad-
vanced functions such as mobile TV and business trans-
action as the wireless bandwidth increases and the
processing ability of mobile phone is enhanced. To this
end, the antenna for mobile phone is also demanded to
scale down for compact requirement.

[0004] The physical size of a microwave antenna, such
as dipole antenna and microstrip patch, is around the
half wavelength of the resonant modes of the antenna
size. Tofurther minimize the physical size of a microwave
antenna, planar inverted-F antenna (PIFA) is developed
to provide signal transmission/reception at quarter wave-
length. Planar inverted-F antenna can also be realized
as a hidden antenna for mobile phone due to the low
profile property.

[0005] Fig. 1 shows the schematic diagram of a prior
art planar inverted-F antenna. The planar inverted-F an-
tenna 10a mainly comprises a radiating unit 12a, a
ground plane 20a, a dielectric material (not shown), a
shorting element 16a and a feeding element 14a. The
dielectric material is sandwiched between the radiating
unit 12a and the ground plane 20a to provide isolation
therebetween. The radiating unit 12a is coupled to the
ground plane 20a through the shorting element 16a. The
feeding element 14a is arranged on the ground plane
20a and is coupled to the radiating unit 12a for signal
transmission. The radiating unit 12a and the ground
plane 20a can be implemented with metallic material.
The radiating unit 12a is designed with specific pattern
for achieving desired operating wavelength and radiation
performance. The most attractive feature of planar in-
verted-F antenna is the ability to work at quarter wave-
length for advantageously reducing the size of antenna.
[0006] However, the prior art planar inverted-F anten-
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na has the drawbacks of insufficient bandwidth and ina-
bility to work at multiple frequencies (more than dual-
band frequencies). The smart phone is expected to work
at tri-bands or even qua-band mobile communication fre-
quencies, and have accessing ability to WLAN. There-
fore, it is important issue to provide a multi-band planar
inverted-F antenna for mobile phones such as smart
phones.

SUMMARY OF THE INVENTION

[0007] Itis an object of the presentinvention to provide
a multi-band plane inverted-F antenna (PIFA), which has
broad-bandwidth at multiple operating frequencies.
[0008] Accordingly, the present invention provides a
multi-band plane inverted-F antenna (PIFA), which in-
cludes a radiating unit, a ground unit and a feeding unit.
The radiating unit includes a common radiating element,
a high-frequency (HF) radiating element and a low-fre-
quency (LF) radiating element. A quasi U-shaped slot is
defined between the HF radiating element and the LF
radiating element. The ground unitis electrically connect-
ed to one side of the common radiating element. The
feeding unit includes a strip electrically connected to one
side of the HF radiating element. The ground unitincludes
a ground point and an inverted-L short-line connected to
the ground point at one end thereof. The inverted-L short-
line is also electrically connected to the common radiating
element at another end thereof. A loop surface current
induced by the inverted-L short-line can advantageously
enhance bandwidth of the multi-band planar inverted-F
antenna at frequencies of interest.

BRIEF DESCRIPTION OF DRAWING:

[0009] The features oftheinvention believed to be nov-
el are set forth with particularity in the appended claims.
The invention itself however may be best understood by
reference to the following detailed description of the in-
vention, which describes certain exemplary embodi-
ments of the invention, taken in conjunction with the ac-
companying drawings in which:

Fig. 1 shows the schematic diagram of a prior art
planar inverted-F antenna.

Fig. 2 shows the perspective view of the multi-band
planar inverted-F antenna according to the present
invention.

Fig. 3 shows the top view of the multi-band planar
inverted-F antenna according to the present inven-
tion.

Fig. 4 shows the section view of the multi-band planar
inverted-F antenna according to the present inven-
tion.

Fig. 5 shows the voltage standing wave ratio (VSWR)
for the multi-band PIFA of the present invention.
Fig. 6 shows the return loss measurement for the
multi-band PIFA of the present invention.
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Fig. 7 shows the H-plane antennae gain of the multi-
band PIFA of the present invention at 894Hz.

Fig. 8 shows the E-plane antennae gain of the multi-
band PIFA of the present invention at 894Hz.

Fig. 9 shows the H-plane antennae gain of the multi-
band PIFA of the present invention at 1880Hz.

Fig. 10 shows the E-plane antennae gain of the multi-
band PIFA of the present invention at 1880Hz.

Fig. 11 shows the perspective view of the multi-band
planar inverted-F antenna according to another pre-
ferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0010] With reference to Fig. 2, the multi-band planar
inverted-F antenna according to a preferred embodiment
of the present invention comprises a ground unit 1, a
radiating unit 2 and a feeding unit 3.

[0011] The ground unit 1 is of plate shape and com-
prises a ground point 11. A ground hole 111 is defined
on the ground point 11 and is fixed to an electronic device
(not shown) by a retaining element (not shown). Alterna-
tively, the ground hole 111 is electrically connected to a
ground terminal of an electronic device (not shown). A
flange 112 is outwardly extended from one side of the
ground point 11; and an inverted-L short-line 12 is ex-
tended from another end of the ground point 11. The
inverted-L short-line 12 is preferably 1/8 resonant wave-
length of the multi-band PIFA of the present invention
and is electrically connected to the radiating unit 2.
[0012] The radiating unit 2 is of plate shape and com-
prises a common radiating element 21, a high-frequency
(HF) radiating element 22 and a low-frequency (LF) ra-
diating element 23, which are electrically connected to-
gether. Two dents 211 and 211’ are defined on one side
of the common radiating element 21. The ground unit 1
is electrically connected to the common radiating element
21 at a location near the dent 211 and with a bending
angle, wherein the bending angle is substantially close
to or equal to 90 degrees. A round through hole 221 is
defined at a location where the common radiating ele-
ment 21 is electrically connected with the HF radiating
element 22. An L-shaped slot 22 is communicated with
the round through hole 221 and is defined by a bottom
side 223 of the HF radiating element 22 and a top side
212 of the common radiating element 21. The HF radi-
ating element 22 comprises an arc-shaped lateral side
224, a parallel top side 225 and an L-shaped lateral side
226. The arc-shaped lateral side 224, the top side 225
and the L-shaped lateral side 226, as well as the bottom
side 223 define the surface area of the HF radiating el-
ement 22.

[0013] Atab 227 is extended from the L-shaped lateral
side 226 and the bottom side 223 of the HF radiating
element 22. The LF radiating element 23 comprises an
arc-shaped inner side 231 and an L-shaped inner side
232. A quasi U-shaped slot 233 is defined by the arc-
shaped inner side 231, the L-shaped inner side 232, the
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arc-shaped lateral side 224, the top side 225 and the L-
shaped lateral side 226. A stair-shaped section 234 is
formed on the outer face of the LF radiating element 23.
The stair-shaped section 234, the arc-shaped inner side
231 andthe L-shaped inner side 232 define afirst surface
portion 23a, a second surface portion 23b, a third surface
portion 23c, a fourth surface portion 23d and a fifth sur-
face portion 23e. The second surface portion 23b and
the fourth surface portion 23d have relatively narrower
width than those of the first surface portion 23a, the third
surface portion 23c and the fifth surface portion 23e. A
bent panel 235 with continuous bending is extended from
one side of the LF radiating element 23.

[0014] The feeding unit 3 comprises an L-shaped strip
31, which is connected to the tab 227 on one side of the
HF radiating element 22. The feeding unit 3 is electrically
connected to the HF radiating element 22 with a bending
angle and the bending angle is substantially close to or
equal to 90 degrees. A through hole 32 is defined at one
end of the L-shaped strip 31 and soldered with a coaxial
cable (not shown), which feeds signal into the antenna.
[0015] With reference to Figs. 3 and 4, the sizes of the
HF radiating element 22 and the LF radiating element 23
can be adjusted to match quarter-wavelength of a reso-
nant mode of the antenna.

[0016] With reference again to Fig. 3, the second sur-
face portion 23b and the fourth surface portion 23d are
designed to have relatively narrower width than those of
the first surface portion 23a, the third surface portion 23c
and the fifth surface portion 23e. The antenna portion
with wider cross section has larger current flowing there
through, this will result in a good Q factor. However, the
bandwidth of the antenna is influenced. Therefore, some
antenna portions are provided with narrower width to en-
hance bandwidth of the antenna.

[0017] Thelength oftheinverted-L short-line 12is pref-
erably 1/8 resonant wavelength of the multi-band PIFA
of the present invention. The inverted-L short-line 12 is
connected between the feed point 3 and the ground point
11. By the provision of the inverted-L short-line 12, a loop
surface current 4 is induced around the peripheral of the
round through hole 221 and the L-shaped slot 22. There-
fore, the bandwidth of the multi-band PIFA of the present
invention can be broadened. The multi-band PIFA of the
present invention has broader bandwidth at multiple op-
eration frequencies. The multi-band PIFA of the present
invention can be advantageously employed for mobile
communication devices (such as smart phones) requir-
ing broader bandwidth at multiple frequencies.

[0018] Fig. 5 shows the voltage standing wave ratio
(VSWR) for the multi-band PIFA of the present invention.
The VSWR measurements of the multi-band PIFA of the
present invention are 2.91, 2.09, 3.17, 3.46, 2.22 and
3.19 for operational frequencies of 824MHz, 894MHz,
960MHz, 1710MHz, 1990MH and 2170MHz, respective-
ly. As can be seen from this figure, all the VSWR meas-
urements of the multi-band PIFA of the present invention
at frequencies of interest are below 3.5. This proves the
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multi-band PIFA of the present invention has excellent
VSWR for multiple frequencies.

[0019] Fig. 6 shows the return loss measurement for
the multi-band PIFA of the present invention. The return
loss are -6.30dB, -9.03dB, -5.67dB, -5.16dB, -8.41dB
and -5.62dB for operational frequencies of 824MHz,
894MHz, 960MHz, 1710MHz, 1990MH and 2170MHz,
respectively. As can be seen fromthis figure, all the return
loss of the multi-band PIFA of the present invention at
frequencies of interest are below -5.0. This proves the
multi-band PIFA of the present invention has excellent
return loss for multiple frequencies.

[0020] Figs. 7 to 10 show the antenna gains of the
present invention on different polarized principle planes
and at different frequencies. As shown in Fig. 7, the peak
gain on vertically polarized principle plane is -0.55dBi
when the antenna of the present invention is operated at
894MHz. As shownin Fig. 8, the peak gain on horizontally
polarized principle plane is -1.36dBi when the antenna
ofthe presentinventionis operated at 894MHz. As shown
in Fig. 9, the peak gain on vertically polarized principle
plane is 0.24dBi when the antenna of the present inven-
tion is operated at 1880MHz. As shown in Fig. 10, the
peak gain on horizontally polarized principle plane is
-0.39dBi when the antenna of the present invention is
operated at 1880MHz.

[0021] Fig. 11 shows the perspective view of the multi-
band planarinverted-F antenna according to another pre-
ferred embodiment of the present invention. As shown
in this figure, a plurality of round grooves 5 are defined
on the surface of the radiating unit 2. The round grooves
5 enhance stress on the radiating unit 2 to prevent a
deformation of the radiating unit 2.

[0022] Although the present invention has been de-
scribed with reference to the preferred embodiment
thereof, it will be understood that the invention is not lim-
ited to the details thereof. Various substitutions and mod-
ifications have suggested in the foregoing description,
and other will occur to those of ordinary skill in the art.
Therefore, all such substitutions and modifications are
intended to be embraced within the scope of the invention
as defined in the appended claims.

Claims
1. Amulti-band planarinverted-F antenna, comprising:

a radiating unit (2) comprising a common radi-
ating element (21), a high-frequency (HF) radi-
ating element (22) and a low-frequency (LF) ra-
diating element (23), a quasi U-shaped slot
(233) defined between the HF radiating element
(22) and the LF radiating element (23), a round
through hole (221) defined at a junction between
the HF radiating element (22) and the common
radiating element (21), an L-shaped slot (222)
communicated with the round through hole

10

15

20

25

30

35

40

45

50

55

(221);

a ground unit (1) electrically connected to one
side of the radiating unit (21); and

a feeding unit (3) comprising a strip (31) electri-
cally connected to one side of the HF radiating
element (22);

wherein the ground unit (1) comprises a ground
point (11) and an inverted-L short-line (12), one
end of the inverted-L short-line (12) is connected
to the ground point (11) and another end of the
inverted-L short-line is connected to the com-
mon radiating element (21) such that the invert-
ed-L short-line (12) is electrically connected be-
tween the ground point (11) and the feeding unit

(3).

2. Themulti-band planarinverted-F antenna asin claim
1, wherein the length of the inverted-L short-line (12)
is 1/8 wavelength of a resonant mode of the antenna.

3. Themulti-band planarinverted-F antenna asin claim
1, wherein the ground unit (1) is of strip shape.

4. Themulti-band planarinverted-F antenna asin claim
1, wherein a ground hole (111) is defined at the
ground point (11) and a flange (112) is extended from
the ground point.

5. Themulti-band planarinverted-F antenna asin claim
1, wherein the radiating unit (2) is of plate shape.

6. Themulti-band planarinverted-F antenna asin claim
1, wherein two dents (211, 211’) are defined on one
side of the radiating unit.

7. The multi-band planarinverted-F antenna asin claim
1, wherein the ground unit (1) and the radiating unit
(2) is connected at a bending angle of about 90 de-
gree.

8. Themulti-band planarinverted-F antenna asin claim
1, wherein the L-shaped slot (222) is defined by a
bottom side of the HF radiating element (22) and a
top side (212) of the common radiating element (21),
and is communicated with the round through hole
(221) of the HF radiating element (22).

9. Themulti-band planar inverted-F antenna asin claim
1, wherein the area of the HF radiating element (22)
is defined by an arc-shaped lateral side (224), a par-
allel top side (225) and an L-shaped lateral side
(226).

10. The multi-band planarinverted-F antenna asin claim
9, wherein atab (227) is extended from the L-shaped
lateral side (226).

11. The multi-band planarinverted-F antenna asin claim
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1, wherein the LF radiating element (23) comprises
an arc-shaped inner side (231) and an L-shaped in-
ner side (232), wherein the quasi U-shaped slot (233)
is defined by the arc-shaped inner side (231) and
the L-shaped inner side (232) as well as an arc-
shaped lateral side (224), a parallel top side (225)
and an L-shaped lateral side (226).

The multi-band planarinverted-F antenna as in claim
1, wherein the area of the LF radiating element (23)
is defined by a stair-shaped section (234), an arc-
shaped inner side (231) and an L-shaped inner side
(232).

The multi-band planarinverted-F antenna as in claim
12, wherein the area of the LF radiating element (23)
comprises a first surface portion (23a), a second sur-
face portion (23b), a third surface portion (23c), a
fourth surface portion (23d) and afifth surface portion
(23e), wherein the second surface portion (23b) and
the fourth surface portion (23d) have relatively nar-
rower width than those of the first surface portion
(23a), the third surface portion (23c) and the fifth
surface portion (23e).

The multi-band planarinverted-F antenna as in claim
1, further comprising a bent panel (235) with contin-
uous bending and extended from one side of the LF
radiating element (23).

The multi-band planarinverted-F antenna asin claim
1, wherein the feeding element (3) is electrically con-
nected to the HF radiating element (22) at a bending
angle of about 90 degrees.

The multi-band planarinverted-F antenna asin claim
1, wherein the strip (31) is of L shape and connected
toatab (227) on one side of the HF radiating element
(22), the strip (31) comprises a through hole (32)
thereon.

The multi-band planarinverted-F antenna asin claim
16, further comprising a coaxial cable soldered to
the through hole (32) on the strip (31).
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