
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2007/0171132 A1 

Utagawa et al. 

US 20070171132A1 

(43) Pub. Date: Jul. 26, 2007 

(54) 

(75) 

(73) 

(21) 

(22) 

(30) 

PLANARANTENNA 

Inventors: Naoaki Utagawa, Gunma (JP); 
Katsumi Chigira, Gunma (JP); 
Takeshi Sampo, Gunma (JP); 
Takashi Nozaki, Gunma (JP) 

Correspondence Address: 
MORGAN LEWIS & BOCKUS LLP 
1111 PENNSYLVANIAAVENUE NW 
WASHINGTON, DC 20004 

Assignee: Yokowo Co., Ltd. 

Appl. No.: 11/655,891 

Filed: Jan. 22, 2007 

Foreign Application Priority Data 

(JP) ................. 2006-013684 
(JP) ................. 2007-010047 

Jan. 23, 2006 
Jan. 19, 2007 

Publication Classification 

(51) Int. Cl. 
H01O I/38 (2006.01) 

(52) U.S. Cl. ................................................ 343A7OO MS 

(57) ABSTRACT 

In a planar antenna, a plate member is adapted to be 
electrically grounded. A radiating electrode is opposing the 
plate member with a gap and extending parallel to the plate 
member. A feeding pin is disposed at a center part of the 
radiating electrode, and adapted to feed power to the radi 
ating electrode. At least one pair of short pins is electrically 
connecting the plate member and an outer edge of the 
radiating electrode at symmetrical positions relative to the 
feeding pin. The radiating electrode is formed with blank 
portions which are located at Such positions that are on 
hypothetical straight lines connecting the feeding pin and the 
short pins. 
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FIG. 9 
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FIG. 13 
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FIG. 15 
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FIG. 35 
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PLANAR ANTENNA 

BACKGROUND 

0001. The present invention relates to a planar antenna 
that is small in size and low profile. 
0002. As a conventional planar antenna having a small 
size and low profile, an M-type antenna having a flat 
radiating electrode is disclosed in Japanese Patent Publica 
tion No. 5-136625A, which will be described with reference 
to FIGS. 35 to 37. 
0003. In the conventional M-type antenna as shown in 
FIG. 35, a radiating electrode 12, which is formed of a flat 
conductive plate and whose planar outer shape is square, is 
disposed to be spaced apart from a grounding plate 10 and 
parallel to the grounding plate 10. A feeding pin 14 is erected 
from the side of the grounding plate 10 and is electrically 
connected to an approximate center portion of the radiating 
electrode 12. In addition, at approximately symmetrical 
locations relative to the location where the feeding pin 14 is 
disposed, a pair of short pins 16 are provided such that center 
locations of outer edge portions of two opposing sides of the 
radiating electrode 12 are electrically connected to the 
grounding plate 10. The feeding pin 14 is electrically 
isolated from the grounding plate 10. In a case where a 
length of one side of the radiating electrode 12 is set to 84 
mm and the height of one side of the radiating electrode 12 
from the grounding plate 10 is set to 25 mm, a resonance 
frequency of about 900 MHz is obtained, as shown in FIG. 
36. Further, in a case where the length of one side of the 
radiating electrode 12 is set to 84 mm and the height of one 
side of the radiating electrode 12 from the grounding plate 
10 is set to 31 mm, a resonance frequency of 885 MHz is 
obtained, as shown in FIG. 37. The frequency of 885 MHz 
is a center frequency for the PDC 800 MHz band that is one 
of frequency bands used in cellular phones. 
0004 As described above, in the conventional M-type 
antenna, when the height by which the radiating electrode 12 
is spaced apart from the grounding plate 10 is increased, a 
resonance frequency is decreased. As the result of simulation 
of current distribution of the M-type antenna, it could be 
understood that a current rarely flows at the sides where the 
short pins 16 of the radiating electrode 12 are not provided, 
while a large amount of current flows through the feeding 
pin 14 and the short pins 16 so as to resonate in a common 
mode. Accordingly, in a case where the height by which the 
radiating electrode 12 is spaced apart from the grounding 
plate 10 is increased, lengths of the feeding pin 14 and the 
short pins 16 are increased. As a result, a current path length 
is increased, and a resonance frequency is decreased. 
0005. However, in order to decrease the resonance fre 
quency, the height by which the radiating electrode 12 is 
spaced apart from the grounding plate 10 should be 
increased. In a case where such an antenna is incorporated 
in a casing of an electronic apparatus where a small size and 
low profile is required, there is a drawback in that the height 
of the electronic apparatus is increased. Accordingly, it is 
required in achieving the Small size and low profile of the 
antenna with low resonance frequency, without increasing 
the height by which the radiating electrode 12 is spaced apart 
from the grounding plate 10, and without expanding a planar 
shape of the radiating electrode 12. 
0006 Further, in recent years, an electronic apparatus has 
various functions that make users various media or services 
available. For this reason, a plurality of antennas may be 
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needed, but an installation space of the antennas is generally 
restricted. When a separate antenna is additionally mounted 
in the conventional M-type antenna, the additional antenna 
is provided aside the radiating electrode 12 or on the 
radiating electrode 12. As a result, the large installation 
space is needed or the height is increased. Even when the 
plurality of antennas need to be provided, it is preferable that 
the arrangement space be as Small as possible and the height 
be as low as possible. 

SUMMARY 

0007. It is therefore one advantageous aspect of the 
invention to provide a planar antenna that is capable of 
decreasing a resonance frequency using an M-type antenna 
as a basic structure without increasing a height by which a 
radiating electrode is spaced apart from a grounding plate 
and without expanding a planar shape of the radiating 
electrode. 
0008. It is also one advantageous aspect of the invention 
to provide a planar antenna that is capable of disposing an 
additional antenna without increasing an arrangement space. 
0009. According to one aspect of the invention, there is 
provided a planar antenna, comprising: 
0010 a plate member, adapted to be electrically 
grounded; 
0011 a radiating electrode, opposing the plate member 
with a gap and extending parallel to the plate member, 
0012 a feeding pin, disposed at a center part of the 
radiating electrode, and adapted to feed power to the radi 
ating electrode; and 
0013 at least one pair of short pins, electrically connect 
ing the plate member and an outer edge of the radiating 
electrode at Symmetrical positions relative to the feeding 
p1n, 
0014 wherein the radiating electrode is formed with 
blank portions which are located at Such positions that are on 
hypothetical straight lines connecting the feeding pin and the 
short pins. 
0015 With this configuration, a current path length 
between the feeding pin and the short pins is increased more 
than the distance coupled by the hypothetical Straight line. 
As a result, the resonance frequency can be decreased 
without increasing the height by which the radiating elec 
trode is spaced apart from the grounding plate and without 
expanding a planar shape of the radiating electrode. 
0016. In a case where only one pair of short pins is 
provided, the resonance frequency can be decreased, as 
compared with a case where two pairs of short pins are 
provided. 
0017. The radiation electrode may be a square conductive 
plate formed with four triangular blank portions. One of 
vertexes of each of the triangular blank portions may oppose 
the feeding pin and the other vertexes thereof may oppose 
corners of the square conductive plate. The short pins may 
be disposed on intermediate portions of two opposing sides 
of the square conductive plate. 
0018. The radiation electrode may be a circular conduc 
tive plate formed with four fan-shaped blank portions. A 
vertex of each of the fan-shaped blank portions may oppose 
the feeding pin and an arcuate portion thereof opposes an 
outer periphery of the circular conductive plate. The short 
pins may be disposed on positions opposing arcuate portions 
of opposing ones of the fan-shaped blank portions. 
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0019. With the above configurations, since the blank 
portions are almost point-symmetrical relative to the center 
portion of the radiating electrode where the feeding pin is 
disposed, non-directivity in a horizontal direction can be 
obtained. 
0020. The planar antenna may further comprise an addi 
tional antenna disposed on the plate member so as to oppose 
one of the blank portions. 
0021. With this configuration, the space can be efficiently 
used, and even when an additional antenna is incorporated, 
the installation space and the height of the planar antenna 
will not increased. 
0022 Portions of the radiating electrode defined between 
the blank portions may be partially cut to form gaps. 
0023. In a case where the planarantenna is configured so 
as to resonate at two frequencies and the gaps are formed at 
locations where no current is generated in the resonance 
operation at the higher resonance frequency, the lower 
resonance frequency is shifted so as to close to the higher 
resonance frequency because the gaps establish a capacitive 
coupling. As a result, the band of the high resonance 
frequency is widened and the gain is increased. 
0024. The planar antenna may further comprise chip 
capacitors, respectively disposed in the gaps. 
0025. With this configuration, a coupling capacitance in 
the gap can be arbitrarily set, and the low resonance fre 
quency can arbitrarily shifted so as to close to the high 
resonance frequency, which improves the characteristics of 
the high resonance frequency. 
0026. The planar antenna may further comprise chip 
inductors, respectively disposed in the gaps. 
0027. In a case where the planarantenna is configured so 
as to resonate at two frequencies and the gaps are formed at 
the locations where the current becomes maximized in the 
resonance operation at the higher resonance frequency, the 
chip inductors serve as extension coils, and thus it is possible 
to obtain an effect of decreasing the higher resonance 
frequency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028 FIG. 1 is a perspective view of a planar antenna 
according to a first embodiment of the invention. 
0029 FIG. 2 is a VSWR characteristic graph of the planar 
antenna of FIG. 1. 
0030 FIG. 3 is a horizontal directivity graph of the planar 
antenna of FIG. 1. 
0031 FIG. 4 is a perspective view of a first comparative 
example with respect to the planar antenna of FIG. 1. 
0032 FIG. 5 is a perspective view of a second compara 
tive example with respect to the planar antenna of FIG. 1. 
0033 FIG. 6 is a perspective view of a third comparative 
example with respect to the planar antenna of FIG. 1. 
0034 FIG. 7 is a perspective view of a planar antenna 
according to a second embodiment of the invention. 
0035 FIG. 8 is a VSWR characteristic graph of the planar 
antenna of FIG. 7. 
0036 FIG. 9 is a horizontal directivity graph of the planar 
antenna of FIG. 7. 
0037 FIG. 10 is a perspective view of a planar antenna 
according to a third embodiment of the invention. 
0038 FIG. 11 is a VSWR characteristic graph of the 
planar antenna of FIG. 10. 
0039 FIG. 12 is a horizontal directivity graph of the 
planar antenna of FIG. 10. 
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0040 FIG. 13 is a perspective view of a planar antenna 
according to a fourth embodiment of the invention. 
0041 FIG. 14 is a plan view of a radiating electrode of a 
planar antenna according to a fifth embodiment of the 
invention. 

0042 FIG. 15 is a plan view of a radiating electrode of a 
planar antenna according to a sixth embodiment of the 
invention. 

0043 FIG. 16 is a plan view of a radiating electrode of a 
modified example of the planar antenna of FIG. 15. 
0044 FIG. 17 is a plan view of a radiating electrode of a 
planar antenna according to a seventh embodiment of the 
invention. 

0045 FIG. 18 is a plan view of a radiating electrode of a 
modified example of the planar antenna of FIG. 17. 
0046 FIG. 19 is a plan view of a radiating electrode of a 
planar antenna according to an eighth embodiment of the 
invention. 

0047 FIG. 20 is a plan view of a radiating electrode of a 
modified example of the planar antenna of FIG. 19. 
0048 FIG. 21 is a plan view of a radiating electrode of a 
planar antenna according to a ninth embodiment of the 
invention. 

0049 FIG. 22 is a plan view of a radiating electrode of a 
modified example of the planar antenna of FIG. 21. 
0050 FIG. 23 is a plan view of a radiating electrode of a 
planar antenna according to a tenth embodiment of the 
invention, 
0051 FIG. 24 is a plan view of a radiating electrode of a 
planar antenna according to an eleventh embodiment of the 
invention. 

0.052 FIG. 25 is a plan view of a radiating electrode of a 
planar antenna according to a twelfth embodiment of the 
invention. 

0053 FIG. 26 is a plan view of a radiating electrode of a 
planar antenna according to a thirteenth embodiment of the 
invention, 
0054 FIG. 27 is a plan view of a radiating electrode of a 
planarantenna according to a fourteenth embodiment of the 
invention. 

0055 FIG. 28 is a perspective view of a planar antenna 
according to a fifteenth embodiment of the invention. 
0056 FIG. 29 is a plan view of a planarantenna accord 
ing to a sixteenth embodiment of the invention. 
0057 FIG. 30 is a VSWR characteristic graph of the 
planar antenna of FIG. 29. 
0058 FIG. 31 is a VSWR characteristic graph of a 
comparative example with respect to the planar antenna of 
FIG. 29. 

0059 FIG. 32 is a plan view of a planarantenna accord 
ing to a seventeenth embodiment of the invention. 
0060 FIG. 33 is a plan view of a planarantenna accord 
ing to an eighteenth embodiment of the invention. 
0061 FIG. 34 is a plan view of a planarantenna accord 
ing to a nineteenth embodiment of the invention. 
0062 FIG. 35 is a perspective view of a conventional 
planar antenna. 
0063 FIG. 36 is a VSWR characteristic graph of the 
conventional planar antenna. 
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0064 FIG. 37 is a VSWR characteristic graph of a 
comparative example with respect to the conventional planar 
antenna. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

0065 Exemplary embodiments of the invention will be 
described below in detail with reference to the accompany 
ing drawings. 
0066. In a planarantenna according to a first embodiment 
of the invention shown in FIG. 1, a radiating electrode 22 
having a planar outer shape of a square is disposed to be 
spaced apart from a grounding plate 10 and to be parallel to 
the grounding plate 10. The radiating electrode plate 22 is 
formed of a flat member, such as a conductive plate. Notched 
portions 24, each having an isosceles triangle shape, are 
provided in the radiating electrode 22. Each of the notched 
portions 24 has a lower side parallel to each side of the 
radiating electrode and has a vertex directed to the approxi 
mate center portion of the radiating electrode. Accordingly, 
the radiating electrode includes outer edge portions forming 
the square peripheries and a cross-shaped portion coupling 
four corners of the square. Further, a feeding pin 14 is 
erected from the side of the grounding plate 10 and is 
electrically connected to the approximate center portion of 
the radiating electrode 22, that is, a crossing portion of the 
cross-shaped portion. Further, at the approximate interme 
diate locations of two opposing sides of the radiating elec 
trode 22, a pair of short pins 16 is disposed to electrically 
connect the radiating electrode 22 and the grounding plate 
10. The feeding pin 14 is electrically isolated from the 
grounding plate 10. 
0067. In this embodiment, a length of one side of the 
radiating electrode 22 is set to 84 mm and the height by 
which the one side of the radiating electrode 22 is spaced 
apart from the grounding plate 10 is set to 25 mm, so that a 
resonance frequency is 885 MHz, as shown in FIG. 2. As 
compared with the conventional M-type antenna shown in 
FIG. 35, there is a difference in that the notched portions 24 
are provided and thus a resonance frequency is decreased. 
Further, as shown in FIG. 3, as the horizontal directivity, 
almost non-directivity is obtained. Further, a radiating elec 
tric field is not generated in a Zenith direction. As shown in 
FIG. 2, in addition to the low resonance frequency of 885 
MHz, the high resonance frequency of 2045 MHz is also 
obtained. 
0068. In the first embodiment, in the simulation of the 
current distribution in the operation at the low resonance 
frequency of 885 MHz, a current is not generated at the 
intermediate locations of two opposing sides of the radiating 
electrode 22 where the short pins 16 are not disposed. 
Accordingly, it is confirmed that at the resonance frequency 
of 885 MHz, the planar antenna resonates in a common 
mode of W2 through a current path having a total length 
(a+b+2c--d-e) including the length “a” of the feeding pin 14, 
the length “b' from the center portion of the radiating 
electrode 22, to which the feeding pin 14 is connected, to the 
square corner, the reciprocal length of the length 'c' from 
the corner to the intermediate location of the side where the 
short pin 16 is not connected and the current is not gener 
ated, the length “d from the corner to the intermediate 
location of the side where the short pin 16 is disposed, and 
the length 'e' of the short pin 16. Therefore, the notched 
portions 24 are provided in the radiating electrode 22 so as 
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to intercept the straight line coupling the arrangement loca 
tion of the feeding pin 14 and the arrangement locations of 
the short pins 16. As compared with the conventional 
M-type antenna, it should be noted that the current length is 
elongated, and that even though the height by which the 
radiating electrode 22 is spaced apart from the grounding 
plate 10 is not increased due to the lengthening of the current 
path and the planar shape of the radiating electrode 22 is not 
expanded, the low resonance frequency can be obtained. 
0069. Further, in the simulation of the current distribution 
in the operation at the high resonance frequency of 2045 
MHz in accordance with the first embodiment, the current 
does not flow at the two opposing sides of the radiating 
electrode 22 where the short pins 16 are connected, and the 
current is not generated at the intermediate locations of the 
facing two sides of the radiating electrode 22 where the short 
pins 16 are not connected and locations close to the con 
necting location of the feeding pin 14 at the cross-shaped 
portion. Accordingly, it is confirmed that at the resonance 
frequency of 2045 MHz, the planar antenna resonates as a 
top-load-type antenna of 3/4 through a current path having 
a total length (a+b+c) including the length “a” of the feeding 
pin 14, the length “b' from the center portion of the radiating 
electrode 22, to which the feeding pin 14 is connected, to the 
corner, and the length “c” from the corner to the intermediate 
location of the side where the short pin 16 is not connected 
and the current is not generated. In addition, the horizontal 
directivity is non-directivity, and the radiating electric field 
not being generated in the Zenith direction is the same as in 
the case of the resonance frequency of 885 MHz. 
0070. Meanwhile, in order to explain the operation of the 
above planar antenna, simulations were performed by 
changing the locations of the short pins 16 as shown in 
FIGS. 4 and 5. In these comparative examples, the size of the 
planar outer shape of the radiating electrode 22 and the 
height by which the radiating electrode 22 was spaced apart 
from the grounding plate 10 were the same as in the first 
embodiment. Further, the same members as those shown in 
FIG. 1 are denoted by the same reference numerals, and the 
repetitive description will be omitted. 
0071. In the first comparative example shown in FIG. 4, 
the result was obtained in which the lower resonance fre 
quency was increased by about 10 MHz, as compared with 
that of the first embodiment. Further, in the second com 
parative example shown in FIG. 5, the result was obtained 
in which the lower resonance frequency was increased by 
about 10 MHz, as compared with the first comparative 
example. Accordingly, it was determined that the lowest 
resonance frequency is obtained at the intermediate loca 
tions of the sides as the arrangement locations of the short 
pins 16. 
0072 Further, a simulation was performed by providing 
two pairs of short pins 16 were disposed as shown in FIG. 
6. Here, the same members as those shown in FIG. 1 are 
denoted by the same reference numerals, and the repetitive 
description will be omitted. 
0073. In the third comparative example shown in FIG. 6, 
the short pins 16, were respectively disposed at the inter 
mediate locations of the four sides of the radiating electrode 
22. In a case where the height by which the radiating 
electrode 22 was spaced apart from the grounding plate 10 
was set to 25 mm as in the first embodiment, in order to 
obtain the resonance frequency of 855 MHz, the length of 
one side of the radiating electrode plate having the planar 
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outer shape needed to be set to 124 mm, Such that it was 
much larger than that in the first embodiment. The two pairs 
of short pins 16 were provided and the planar antenna 
resonated in a common mode of W2 through a current path 
having a total length (a+b+d+e) including the length “a” of 
the feeding pin 14, the length “b” from the center portion of 
the radiating electrode, to which the feeding pin 14 was 
connected, to the corner, and the length “d from the corner 
to the intermediate location of the side where the short pin 
16 was disposed, and the length 'e' of the short pin 16. In 
order to obtain the resonance frequency of 885 MHz, the 
size of the planar outer shape of the square needed to be 
increased although non-directivity is enhanced. 
0.074 Next, a second embodiment of the invention will 
be described with reference to FIGS. 7 to 9. In FIG. 7, the 
same members as those shown in FIG. 1 are denoted by the 
same reference numerals, and the repetitive description will 
be omitted. 

0075. In the second embodiment, a radiating electrode 32 
having a planar outer shape to be circular and made of a 
conductive thin film or the like is provided on an insulating 
resin plate 36, and is disposed to be spaced apart from the 
grounding plate 10 and to be parallel to the grounding plate 
10. In the radiating electrode 32, four fan-shaped notched 
portions 34 are provided. Each of the notched portions has 
a vertex angle of 90 degrees at which a vertex is directed 
toward the center portion of the planar outer shape. Accord 
ingly, the radiating electrode includes an edge portion hav 
ing a circular outer shape, and a cross-shaped portion. In 
addition, the feeding pin 14 is electrically connected to the 
approximate center portion of the planar outer shape, that is, 
a crossing portion of the cross-shaped portion. At the 
approximate center location of the edge portion having the 
circular arc shape that is formed by the two fan-shaped 
notched portions 34 and 34 opposing each other, each of a 
pair of short pins 16 is disposed to electrically connect the 
radiating electrode 32 and the grounding plate 10. In a case 
where the outer diameter of the radiating electrode 32 is set 
to 85 mm and the height by which the radiating electrode 32 
is spaced apart from the grounding plate 10 is set to 25 mm, 
as shown in FIG. 8, the resonance frequency of 86.8 MHz is 
obtained. As shown in FIG. 9, the horizontal directivity is 
non-directivity. Namely, the notched portions 34 are pro 
vided in the radiating electrode 32 so as to intercept the 
straight line coupling the arrangement location of the feed 
ing pin 14 and the arrangement locations of the short pins 16. 
Therefore, an antenna having a smaller size than the con 
ventional M-type antenna can be obtained. 
0076 Next, a third embodiment of the invention will be 
described with reference to FIGS. 10 to 12. In FIG. 10, the 
same members as those shown in FIG. 1 are denoted by the 
same reference numerals, and the repetitive description will 
be omitted. 

0077. In the third embodiment shown in FIG. 10, a 
radiating electrode 42 is formed by using a flat conductive 
member. The radiating electrode 42 is provided to be spaced 
apart from the grounding plate 10 and to be parallel to the 
grounding plate 10. The radiating electrode 42 has the planar 
outer shape formed such that vertexes of two isosceles 
triangles are opposite to each other and the two isosceles 
triangles are symmetrical, and the bottom sides of the two 
isosceles triangles are parallel to each other. The length of 
the bottom side of each triangle is set to 84 mm and the 
interval between the two parallel bottom sides is set to 84 
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mm. In addition, in the isosceles triangles, triangular notches 
44 are provided. This planar shape is obtained by cutting the 
two sides of the radiating electrode 22 according to the first 
embodiment where the short pins 16 of the radiating elec 
trode 22 are not disposed. The height by which the radiating 
electrode 42 is spaced apart from the grounding plate 10 is 
set to 25 mm, as in the first embodiment. In addition, at the 
location of the approximate center portion of the radiating 
electrode 42 where the vertexes of the two isosceles tri 
angles are opposed to each other, the feeding pin 14 is 
erected from the side of the grounding plate 10 so as to be 
electrically connected to the center portion. At the interme 
diate locations of the bottom sides of the two isosceles 
triangles, the pair of short pins 16 are disposed so as to 
electrically connect the radiating electrode 42 and the 
grounding plate 10. With this configuration, as shown in 
FIG. 11, the lower resonance frequency of 976 MHz and the 
higher resonance frequency of 2180 MHZ are obtained. The 
horizontal directivity of the lower resonance frequency of 
976 MHz is non-directivity, as shown in FIG. 12. 
0078. In the third embodiment, in the simulation of the 
current distribution in the operation at the resonance fre 
quency of 976 MHz, it is determined that the planarantenna 
resonates in a common mode of W/2 through a current path 
having a total length (a+b+d+e) including the length “a” of 
the feeding pin 14, the length “b” from the center portion of 
the radiating electrode to the triangular corner, the length “d 
from the corner to the intermediate location of the bottom 
side where the short pin 16 is disposed, and the length “e” 
of the short pin 16. 
007.9 Further, in the first and third embodiments, each of 
the radiating electrodes 22 and 42 is formed of a flat 
conductive member, while, in the second embodiment, the 
radiating electrode 32 is formed of a conductive thin film. 
The invention is not limited thereto, but the radiating elec 
trode may be formed of a conductive line, Such as a copper 
electrical wire or a copper rod. In order to form the radiating 
electrode with the conductive line, instead of providing the 
notched portions 24, 34, and 44 in the first to third embodi 
ments, the radiating electrode may be formed without pro 
viding a conductive line that linearly couples the arrange 
ment location of the feeding pin 14 and the arrangement 
locations of the short pins 16. A planarantenna according to 
a fourth embodiment of the invention in which the radiating 
electrode is formed by using the conductive line will be 
described with reference to FIG. 13. Here, the same mem 
bers as those shown in FIG. 1 are denoted by the same 
reference numerals, and the repetitive description will be 
omitted. 

0080. In the fourth embodiment shown in FIG. 13, a 
radiating electrode 52 is formed of a conductive line 54. The 
planar shape of the radiating electrode 52 is the same as that 
of the first embodiment, but its width is very narrower than 
the width of the radiating electrode that is formed of the flat 
conductive member. Accordingly, the current path length is 
Substantially increased, and even when the planar size is the 
same as that of the first embodiment, its height may be set 
to the height smaller than 16.5 mm. In the fourth embodi 
ment, a narrower band is achieved, as compared with the 
first embodiment. 

I0081 Further, the planar shape of the radiating electrodes 
can be varied shown in FIGS. 14 to 27. In these figures, 
reference numeral 14 indicates a location where the feeding 
pin 14 is connected to a radiating electrode 62, reference 
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numeral 16 indicates a location where the short pin 16 is 
connected to the radiating electrode 62. 
0082 FIG. 14 shows a fifth embodiment of the invention. 
In this case, the cross-shaped portion couples the interme 
diate portions of the respective sides of a square frame 
portion, the feeding pin 14 is electrically connected to the 
center portion of the cross-shaped portion, and a pair of short 
pins 16 are disposed at two diagonal corners of the square 
frame portion. 
0083 FIG. 15 shows a sixth embodiment of the inven 

tion. In this case, the length of the radiating electrode is 
increased by bending each of the arms forming the cross 
shaped portion shown in FIG. 1. As shown in FIG. 16, the 
short pins 16 may be disposed at sides different from those 
shown in FIG. 15. 

008.4 FIG. 17 shows a seventh embodiment of the inven 
tion. In this case, the length of the radiating electrode is 
increased by bending some of the arms forming the cross 
shaped portion and the others are not bent. As shown in FIG. 
18, the short pins 16 may be disposed at sides different from 
those shown in FIG. 17. 

I0085 FIG. 19 shows an eighth embodiment of the inven 
tion. In this case, the center part of a radiation electrode 62 
is formed by a single linear portion and both ends of the 
linear portion are branched and coupled to the respective 
corners of a square frame portion. As shown in FIG. 20, the 
short pins 16 may be disposed at sides different from those 
shown in FIG. 19. 

0086 FIG. 21 shows a ninth embodiment of the inven 
tion. In this case, the center part of a radiation electrode 62 
is formed by a single linear portion and both ends of the 
linear portion are branched and coupled to two sides of a 
square frame portions where the short pins 16 are provided, 
thereby forming an H-shaped portion. As shown in FIG. 22. 
the short pins 16 may be disposed at sides different from 
those shown in FIG. 21. 

0087 FIG. 23 shows a tenth embodiment of the inven 
tion. In this case, each of the arms forming the cross-shaped 
portion shown in FIG. 1 is bent in a meandering manner, so 
that its length is increased. 
0088 FIG. 24 shows an eleventh embodiment of the 
invention. In this case, the edge portions of the circular arc 
shape in the second embodiment shown in FIG. 7 where the 
short pins 16 are not disposed are removed, that is, the 
triangular bottom side in the third embodiment shown in 
FIG. 10 has an arcuate shape becoming convex. 
0089 FIG. 25 shows a twelfth embodiment of the inven 

tion. In this case, the radiating electrode 62 has a shape in 
which two rings having the same shape are disposed Such 
that portions of the rings come into contact with each other 
or overlap each other, the feeding pin 14 is disposed at a 
portion where two rings come into contact with each other, 
and the short pins 16 are respectively disposed at the other 
locations of the rings on a line passing through the arrange 
ment location of the feeding pin 14. 
0090 FIG. 26 shows a thirteenth embodiment of the 
invention. In this case, the radiating electrode 62 has a shape 
in which two rectangular frames having the same shape are 
disposed Such that portions of the rectangular frames come 
into contact with each other or overlap each other, the 
feeding pin 14 is disposed at a portion where two rectangular 
frames come into contact with each other, and the short pins 
16 are respectively disposed at the other locations of the 
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rectangular frames on a line passing through the arrange 
ment location of the feeding pin 14. 
0091 FIG. 27 shows a fourteenth embodiment of the 
invention. In this case, the radiation electrode 62 has a shape 
in which two triangular frames having the same shape are 
disposed such that portions of the triangular frames come in 
contact with each other or overlap each other, the feeding pin 
14 is disposed at a portion where two triangular frames come 
in contact with each other, and the short pins 16 are 
respectively disposed at locations corresponding to uncom 
mon apexes of the triangular frames. 
0092 Next, a fifteenth embodiment of the invention will 
be described with reference to FIG. 28. Here, the same 
members as those shown in FIG. 1 are denoted by the same 
reference numerals, and the repetitive description will be 
omitted. In this embodiment, an additional antenna is pro 
vided in the notched portion of the radiating electrode or the 
portion where the conductive line of the radiating electrode 
is not provided, in the above-described embodiments. 
0093 Specifically, the shape of the radiating electrode 22 

is the same as that of the first embodiment. In addition, as an 
example, a GPS patch antenna 56 is disposed on a pedestal 
in one of the notched portions 24. With this configuration, 
the space can be effectively used, and the GPS patch antenna 
56 is incorporated as an additional antenna. Therefore, the 
installation space and the height do not need to be increased 
even in a case where the plurality of antennas are disposed. 
Further, the additional antenna may be provided at the other 
portion where the conductive line 54 of the radiating elec 
trode 52 shown in FIG. 13 is not provided or at the portions 
where the notched portions 34, 44 shown in FIGS. 7 and 10 
are formed. Moreover, a further additional antenna may be 
provided in Such positions as required. 
0094. Next, a sixteenth embodiment of the invention will 
be described with reference to FIGS. 29 to 31. Here, the 
same members as those shown in FIG. 1 are denoted by the 
same reference numerals, and the repetitive description will 
be omitted. In this embodiment, a radiating electrode 66 
formed by a conductive member Such as a conductive thin 
film is provided on an insulative resin plate 64. The radiating 
electrode 66 includes outer edge portions forming the square 
peripheries and a cross-shaped portion coupling four corners 
of the square. Similar to the first embodiment, a feeding pin 
14 is electrically connected to an approximate center portion 
of the radiating electrode 66, that is, a crossing portion of the 
cross-shaped portion. Further, at the approximate interme 
diate locations of two opposing sides of the radiating elec 
trode 66, a pair of short pins 16 is disposed. Further, the 
insulative resin plate 64 is disposed in parallel to a ground 
ing plate 10 in a state where the insulative resin plate is 64 
is spaced apart from the grounding plate 10 at a predeter 
mined height. A square hole 68 that is punched in the 
insulative resin plate 64 is provided to form a space for 
disposing another antenna. Gaps 70 are formed by cutting 
the conductive members of the cross-shaped portions 
between the center portions and the corners of the radiating 
electrode 66. It is preferable that the locations where the 
gaps 70 are provided may be approximately the locations 
where no current is generated in the resonance operation at 
the high resonance frequency. 
(0095. With this configuration, the gaps 70 do not affect 
the high resonance frequency, but affect the low resonance 
frequency. Specifically, since the locations where the gaps 
70 are provided are not the locations where no current is 
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generated in the resonance operation at the low resonance 
frequency, the capacitive coupling is established, so that the 
gaps 70 serve as loading capacitors, and the low resonance 
frequency is shifted so as to close to the high resonance 
frequency. As a result, the band of the high resonance 
frequency is widened and the gain is increased. 
0096. This effect is evident as compared FIG. 30 that 
shows VSWR characteristics of the case where the gaps 70 
are provided with FIG.31 that shows VSWR characteristics 
of the case where the gaps 70 are not provided. That is, as 
shown in FIG. 31, VSWR characteristics in the high reso 
nance frequency bands of 1940 MHz and 2150 MHz in the 
case where the gaps 70 are not provided are 3.19 and 3.60. 
respectively. On the other hand, as shown in FIG.30, VSWR 
characteristics in the high resonance frequency bands of 
1940 MHz and 2150 MHz in the case where the gaps 70 are 
provided are improved to 2.11 and 2.46, respectively, and 
the bands are widened. Also, in again in a horizontal plane, 
in the bands of the high resonance frequencies of 1940 MHz 
and 2150 MHz in the case where the gaps 70 are not 
provided, the respective gains are -5.25 dBi and -5.36 dBi. 
In the bands of the high resonance frequencies of 1940 MHz 
and 2150 MHz in the case where the gaps 70 are provided, 
the respective gains are improved to -2.01 dBi and -2.22 
dBi. In this case, when the interval between the gaps 70 is 
increased, the coupling capacity is decreased, the wave 
length reduction effect is increased. Therefore, it is prefer 
able to appropriately set the interval in the gaps. 
0097 FIG. 32 shows a seventeenth embodiment of the 
invention. In this case, arc-shaped notched portions 72 for 
screws are provided at four corners of the insulative resin 
plate 64. This embodiment has a structure that avoids 
mechanical interference with the screws 74 for fixing a 
radome covering the planar antenna. Therefore, the outer 
circumferential portion of the radiating electrode 66 is not 
necessarily square, and may be approximately square. 
0098 FIG. 33 shows an eighteenth embodiment of the 
invention. Here, the same members as those shown in FIG. 
29 are denoted by the same reference numerals, and the 
repetitive description will be omitted. In this case, chip 
capacitors 76 are interposed in the gaps 70 that are provided 
in the cross-shaped portion of the radiating electrode 66 
shown in FIG. 29. With this configuration, a coupling 
capacity can be arbitrarily set, and the low resonance fre 
quency can arbitrarily shifted so as to close to the high 
resonance frequency, which improves the characteristics of 
the high resonance frequency. 
0099 FIG. 34 shows a nineteenth embodiment of the 
invention. Here, the same members as those shown in FIG. 
29 are denoted by the same reference numerals, and the 
repetitive description will be omitted. In this embodiment, 
conductive members of the cross-shaped portions of the 
radiating electrode 66 are cut at the locations close to the 
corner portions so as to form the gaps, and chip inductors 78 
are interposed in the gaps. With this configuration, the chip 
inductors 78 serve as extension coils, and thus it is possible 
to obtain an effect of decreasing the high resonance fre 
quency. Accordingly, it is possible to obtain the same effect 
as that in the case where the meander elements are inter 
posed at the locations where the chip inductors 78 are 
interposed. In order to most effectively achieve the function 
of the chip inductors 78 as the extension coils, the chip 

Jul. 26, 2007 

inductors are preferably provided at the locations where the 
maximum current flows in the resonance operation at the 
high resonance frequency. 
0100 Although only some exemplary embodiments of 
the invention have been described in detail above, those 
skilled in the art will readily appreciated that many modi 
fications are possible in the exemplary embodiments without 
materially departing from the novel teachings and advan 
tages of the invention. Accordingly, all Such modifications 
are intended to be included within the scope of the invention. 
0101 The disclosures of Japanese Patent Application 
Nos. 2006-13684 filed Jan. 23, 2006 and 2007-10047 filed 
Jan. 19, 2007 including specifications, drawings and claims 
are incorporated herein by reference in their entirety. 
What is claimed is: 
1. A planar antenna, comprising: 
a plate member, adapted to be electrically grounded; 
a radiating electrode, opposing the plate member with a 

gap and extending parallel to the plate member, 
a feeding pin, disposed at a center part of the radiating 

electrode, and adapted to feed power to the radiating 
electrode; and 

at least one pair of short pins, electrically connecting the 
plate member and an outer edge of the radiating elec 
trode at Symmetrical positions relative to the feeding 
p1n, 

wherein the radiating electrode is formed with blank 
portions which are located at Such positions that are on 
hypothetical straight lines connecting the feeding pin 
and the short pins. 

2. The planar antenna as set forth in claim 1, wherein: 
only one pair of short pins is provided. 
3. The planar antenna as set forth in claim 1, wherein: 
the radiation electrode is a square conductive plate formed 

with four triangular blank portions; 
one of vertexes of each of the triangular blank portions 

opposes the feeding pin and the other vertexes thereof 
oppose corners of the square conductive plate; and 

the short pins are disposed on intermediate portions of 
two opposing sides of the square conductive plate. 

4. The planar antenna as set forth in claim 1, wherein: 
the radiation electrode is a circular conductive plate 

formed with four fan-shaped blank portions 
a vertex of each of the fan-shaped blank portions opposes 

the feeding pin and an arcuate portion thereof opposes 
an outer periphery of the circular conductive plate; and 

the short pins are disposed on positions opposing arcuate 
portions of opposing ones of the fan-shaped blank 
portions. 

5. The planar antenna as set forth in claim 5, further 
comprising: 

an additional antenna disposed on the plate member so as 
to oppose one of the blank portions. 

6. The planar antenna as set forth in claim 1, wherein: 
portions of the radiating electrode defined between the 

blank portions are partially cut to form gaps. 
7. The planar antenna as set forth in claim 6, further 

comprising: 
chip capacitors, respectively disposed in the gaps. 
8. The planar antenna as set forth in claim 6, further 

comprising: 
chip inductors, respectively disposed in the gaps. 
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