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SURFACE-MOUNTED ANTENNA AND
COMMUNICATIONS APPARATUS COMPRISING
SAME

FIELD OF THE INVENTION

[0001] The present invention relates to a small antenna
comprising a substrate made of dielectric or magnetic mate-
rials such as ceramics, resins, etc., particularly to a surface-
mounted antenna having an impedance-matching function in
its current-feeding electrode, and a communications appa-
ratus comprising such a surface-mounted antenna.

BACKGROUND OF THE INVENTION

[0002] Surface-mounted antennas are used for global posi-
tioning systems (GPS), local area networks (wireless LAN),
etc. with carrier waves in a GHz band. The miniaturization
of mobile gears proceed at a dramatic speed, and the
surface-mounted antennas are required to be small with
reduced height, have good radiation efficiency without
directionality, and further be operable in a wide band.
However, because conventional surface-mounted antennas
have characteristics, which are deteriorated with miniatur-
ization and reduction in height, they are not necessarily
satisfactory in achieving sufficient miniaturization and
reduction in height.

[0003] In general, this type of an antenna is designed to
have a radiation electrode whose length corresponds to ¥ of
wavelength. This is due to the fact that the antenna exhibits
the maximum radiation efficiency at ¥ wavelength, and this
requirement is particularly important for mobile gears,
which should be able to be operated for as long a period of
time as possible by one charge of a battery. It is known that
when a radiation electrode is arranged on a dielectric sub-
strate, its effective length is inversely proportional to the
square root of a dielectric constant €,, which is called a
wavelength-reducing effect. With the wavelength-reducing
effect, the radiation electrode of the antenna can be made
shorter, resulting in the miniaturization and reduction in
height of the antenna.

[0004] The lower the propagation frequency of the
antenna, the smaller the antenna can be made by using a
material of a large dielectric constant for the substrate.
However, there is actually a limit in the use of high-
dielectric constant materials, and only dielectric substrates
having dielectric constants €, of up to about 4 have been put
into practical use, because a higher dielectric constant €,
than the above level causes the problem of impedance
matching. Because input impedance at a current-feeding
point is likely to change largely in a surface-mounted
antenna having a high dielectric constant, it has become
difficult to overcome the problem of impedance matching as
the miniaturization.

[0005] For instance, as shown in FIG. 21, a surface-
mounted antenna described in U.S. Pat. No.5,867,126 com-
prises a radiation electrode 92 formed on an upper surface 91
of a substantially rectangular substrate 90 and bent in a
substantially L or rectangular U shape, with one end open
and the other end grounded, and a current-feeding electrode
94 formed on the upper surface of the substrate 90 with a gap
96 to excite the radiation electrode 92, one end of the
current-feeding electrode 94 being connected to a current-
feeding wire 99. As shown in FIG. 22, its equivalent circuit
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is a parallel resonance circuit comprising radiation resis-
tance R and inductance L of the radiation electrode 92,
capacitance C formed between the radiation electrode 92
and a ground conductor, and capacitance Ci' formed between
the radiation electrode 92 and the current-feeding electrode
9.

[0006] In this antenna, high-frequency electric power from
a transmission circuit (not shown) is transmitted to the
current-feeding electrode 94 via a current-feeding wire 99
on a circuit board, input to a resonance circuit constituted by
the radiation electrode 92 and the ground conductor for
parallel resonation, and radiated from the radiation electrode
92 as electromagnetic waves. In order that there is no
voltage reflection at a current-feeding point 98, impedance
matching should be taken.

[0007] Various proposals have been made as impedance-
matching means for making the input impedance of the
current-feeding electrode 94 viewed from the transmission
circuit, namely input impedance at the current-feeding point
98, equal to characteristics impedance of 50€2. For instance,
in the antenna shown in FIG. 21, the radiation electrode 92
is capacitance-coupled to the current-feeding electrode 94,
and capacitance Ci' is set between the radiation electrode 92
and the current-feeding electrode 94 such that the inductance
of the radiation electrode 92 is cancelled as shown in the
equivalent circuit of FIG. 22.

[0008] However, in the conventional antenna shown in
FIG. 21, the current-feeding electrode and the radiation
electrode are not directly connected but only capacitance-
coupled, without using inductance for impedance matching.
Accordingly, if this antenna is made smaller and reduced in
height, it cannot have high characteristics easy for imped-
ance matching. In addition, omni-directionality is essentially
needed in antennas for GPS, wireless LAN, etc., and
improvement in radiation efficiency and gain and the expan-
sion of bandwidth are also needed. These points conven-
tionally have not been fully considered.

[0009] When there is impedance mismatching, a new
matching circuit is sometimes inserted between a transmis-
sion/reception circuit and the antenna. However, the addi-
tion of a new matching circuit makes the antenna apparatus
larger. With respect to an impedance-matching circuit, JP
2000-286615 A discloses a small antenna comprising a
substrate of a laminate structure, and a matching circuit
formed between laminate layers. However, this antenna not
only has a structure complicated, but also suffers from
increase in production cost.

[0010] U.S. Pat. No. 6,323,811 discloses an antenna com-
prising a first radiation electrode (radiation electrode on the
side of current feeding) and a second radiation electrode
(radiation electrode on the side of no current feeding) on an
upper surface of a substrate, in a composite resonance state
between the two radiation electrodes, and further comprising
an electrode for a matching circuit on a side surface of the
substrate. In this antenna, the first radiation electrode (radia-
tion electrode on the side of current feeding) is directly
connected to the matching electrode at an impedance match-
ing position, but a current-feeding electrode does not have
capacitance. Impedance matching is thus achieved by
adjusting only the inductance. The electrode structure hav-
ing such a matching circuit corresponds to a conventional
reverse F antenna, an antenna structure inherently easy for
impedance matching.
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[0011] JP8-186431 A and JP 11-340726 A disclose imped-
ance matching technologies in a unidirectional antenna
having a structure comprising a radiation conductor on an
upper surface of a substrate, and a grounding conductor
formed on the entire bottom surface of the substrate. How-
ever, such antenna is not suitable for applications requiring
omni-directionality, such as GPS, wireless LAN, etc. This is
clear, for instance, from the fact that this antenna has a
structure in which a current-feeding conductor formed on an
upper surface of a substrate is surrounded by a radiation
conductor, resulting in large capacitance coupling. In addi-
tion, because no attention is paid to miniaturization, radia-
tion efficiency, gain and bandwidth, there are problems to be
solved to use it for GPS, etc.

OBJECTS OF THE INVENTION

[0012] Accordingly, an object of the present invention is to
provide a surface-mounted antenna whose impedance
matching can easily be achieved even when a material
having a relatively high dielectric constant is used for
miniaturization, which has high gain, wide band and omni-
directionality, particularly suitable for GPS, wireless LAN,
etc.

[0013] Another object of the present invention is to pro-
vide a communications apparatus comprising this surface-
mounted antenna for cell phones, headphones, personal
computers, notebook personal computers, digital cameras,
etc.

DISCLOSURE OF THE INVENTION

[0014] As aresult of intense research in view of the above
objects, the inventors have found that with an impedance-
matching function provided by a current-feeding electrode
structure having not only capacitance but also inductance,
impedance matching can easily be achieved even when a
material having a relatively high dielectric constant is used
for the substrate, resulting in a small surface-mounted
antenna with omni-directionality. The present invention is
based on this finding.

[0015] The first surface-mounted antenna of the present
invention comprises a substrate made of a dielectric or
magnetic material, a radiation electrode formed on at least
an upper surface of said substrate, a grounding electrode
formed on said substrate such that said grounding electrode
is directly connected or capacitance-coupled to one end of
said radiation electrode, and a current-feeding electrode
formed on at least a side surface of said substrate such that
said current-feeding electrode faces said radiation electrode
via a gap; said current-feeding electrode having a current-
feeding point at one end and a grounding point at the other
end, as well as a portion for achieving impedance matching
by capacitance and inductance between said current-feeding
point and said grounding point; and an area ratio of said
grounding electrode in a bottom surface of said substrate
being 30% or less.

[0016] The second surface-mounted antenna of the present
invention comprises a substrate made of a dielectric or
magnetic material, a radiation electrode formed on at least
an upper surface of said substrate, a grounding electrode
formed on said substrate such that said grounding electrode
is directly connected or capacitance-coupled to one end of
said radiation electrode, and a current-feeding electrode
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formed on at least a side surface of said substrate such that
said current-feeding electrode faces said radiation electrode
via a gap; said current-feeding electrode being in a portal
shape having a current-feeding portion at one end and a
grounding portion at the other end, as well as a portion in
alignment with said radiation electrode via a gap between
them.

[0017] The third surface-mounted antenna of the present
invention comprises a substrate made of a dielectric or
magnetic material, a radiation electrode formed on at least
an upper surface of said substrate, a grounding electrode
formed on said substrate such that said grounding electrode
is directly connected or capacitance-coupled to one end of
said radiation electrode, and a current-feeding electrode
formed on at least a side surface of said substrate such that
said current-feeding electrode faces said radiation electrode
via a gap; said current-feeding electrode being constituted
by two L-shaped electrodes formed on the opposing side
surfaces of said substrate, which are connected via one
I-shaped electrode formed on an end surface of said sub-
strate; one L-shaped electrode having a current-feeding
portion at one end; the other L-shaped electrode having a
grounding portion at one end; and said I-shaped electrode
being a portion in alignment with said radiation electrode,
whereby said current-feeding electrode is in a portal shape.

[0018] In the present invention, said current-feeding elec-
trode is preferably constituted by first and second electrodes
formed on the opposing side surfaces of said substrate,
which is connected via one I-shaped electrode formed on an
end surface of said substrate; the first electrode having a
current-feeding portion at one end, the second electrode
having a grounding portion at one end, and said I-shaped
electrode being said aligning portion, so that said current-
feeding electrode is in a portal shape; and said radiation
electrode having a grounding electrode portion formed on an
end surface, or on an end surface and opposing side surfaces,
of said substrate.

[0019] At least part of said current-feeding electrode and
said radiation electrode is preferably in a shape of a mean-
der, rectangular U, L or a crank.

[0020] Said current-feeding electrode is formed on a side
surface of said substrate such that it faces an open tip end of
said radiation electrode with a gap. In this case, said current-
feeding electrode has a current-feeding portion positioned
near an open tip end of said radiation electrode.

[0021] In a preferred embodiment of the present invention,
at least part of said radiation electrode extends from one end
of said substrate toward the other end thereof in a longitu-
dinal direction with its width narrowing substantially con-
tinuously and/or stepwise. In another preferred embodiment
of the present invention, said radiation electrode extends
from one end of said substrate toward the other end thereof
in a longitudinal direction with its width narrowing substan-
tially continuously and/or stepwise, and is bent in a sub-
stantially rectangular U shape at the other end.

[0022] 1In a further preferred embodiment of the present
invention, said radiation electrode extends to an upper
surface through a side surface different from a side surface
on which said current-feeding electrode is formed. In this
case, the bottom surface of said substrate preferably has
substantially no grounding electrode in an area under said
radiation electrode formed on an upper surface of said
substrate.
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[0023] Said radiation electrode and/or said current-feeding
electrode preferably has round corners.

[0024] The antenna of the present invention may further
comprise a second grounding electrode opposing the other
end of said radiation electrode via a gap.

[0025] In a particularly preferred embodiment of the
present invention, the surface-mounted antenna comprises a
substrate made of a dielectric or magnetic material, a ribbon-
shaped radiation electrode formed on said substrate, a
grounding electrode formed on said substrate such that said
grounding electrode is directly connected or capacitance-
coupled to one end of said radiation electrode, and a
current-feeding electrode formed on at least a side surface of
said substrate separate from said radiation electrode with a
desired gap; said radiation electrode being in a portal shape
as a whole comprising an electrode portion formed on one
side surface of said substrate in a longitudinal direction,
which is connected to an L-shaped electrode portion formed
on an upper surface of said substrate; said current-feeding
electrode comprising a current-feeding portion and a
grounding portion each extending substantially vertically on
the other side surface of said substrate, and an aligned
portion extending between said current-feeding portion and
said grounding portion substantially in parallel with said
radiation electrode via said gap; an area ratio of said
grounding electrode in a bottom surface of said substrate
being 30% or less; and the shape and positional relation of
said current-feeding electrode and said radiation electrode
being modified to adjust capacitance and inductance for
impedance matching.

[0026] Said current-feeding portion of said current-feed-
ing electrode is preferably positioned near an open tip end of
said radiation electrode, while said grounding portion of said
current-feeding electrode is preferably positioned near a
substrate end on the opposite side to said grounding elec-
trode.

[0027] The antenna substrate of the present invention is
preferably made of a dielectric material having a dielectric
constant €, of 6-50.

[0028] The communications apparatus of the present
invention comprises an antenna apparatus in which the
above surface-mounted antenna is mounted onto an area of
a circuit board free from a ground conductor, said substrate
having said radiation electrode extending in a longitudinal
direction being aligned with an edge of said ground con-
ductor of said circuit board via a gap; and said current-
feeding electrode being formed on the side of said ground
conductor.

[0029] In a further preferred embodiment of the present
invention, said grounding electrode formed on said surface-
mounted antenna on the opposite side of said ground con-
ductor of said circuit board is arranged near a corner of said
circuit board, and said grounding electrode is connected to
a conductor of said circuit board by a linear conductor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 is a perspective view showing a surface-
mounted antenna according to the first embodiment of the
present invention;

[0031] FIG. 2 is a view showing an equivalent circuit of
the antenna in the first embodiment;
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[0032] FIG. 3 is a perspective view showing a surface-
mounted antenna according to the second embodiment of the
present invention;

[0033] FIG. 4 is a development of the radiation electrode
shown in FIG. 3;

[0034] FIG. 5 is a view showing an equivalent circuit of
the antenna in the second embodiment;

[0035] FIG. 6 is a view showing another example of the
current-feeding electrode used in the present invention;

[0036] FIG. 7 is a perspective view showing a surface-
mounted antenna according to the third embodiment of the
present invention;

[0037] FIG. 8 is a perspective view showing a surface-
mounted antenna according to the fourth embodiment of the
present invention;

[0038] FIG. 9 is a perspective view showing a surface-
mounted antenna according to the fifth embodiment of the
present invention;

[0039] FIG. 10(a) is a perspective view showing a sur-
face-mounted antenna according to the sixth embodiment of
the present invention;

[0040] FIG. 10(b) is a development showing a surface-
mounted antenna according to the sixth embodiment of the
present invention;

[0041] FIG. 11(a) is a perspective view showing a sur-
face-mounted antenna according to the seventh embodiment
of the present invention;

[0042] FIG. 11(b) is a development showing a surface-
mounted antenna according to the seventh embodiment of
the present invention;

[0043] FIG. 12(a) is a perspective view showing a sur-
face-mounted antenna according to the eighth embodiment
of the present invention;

[0044] FIG. 12(b) is a development showing a surface-
mounted antenna according to the eighth embodiment of the
present invention;

[0045] FIG. 13(a) is a perspective view showing a sur-
face-mounted antenna according to the ninth embodiment of
the present invention;

[0046] FIG. 13(b) is a development showing a surface-
mounted antenna according to the ninth embodiment of the
present invention;

[0047] FIG. 14(a) is a perspective view showing a sur-
face-mounted antenna according to the tenth embodiment of
the present invention;

[0048] FIG. 14(b) is a development showing a surface-
mounted antenna according to the tenth embodiment of the
present invention;

[0049] FIG. 15(a) is a perspective view showing a sur-
face-mounted antenna according to the eleventh embodi-
ment of the present invention;

[0050] FIG. 15(b) is a development showing a surface-
mounted antenna according to the eleventh embodiment of
the present invention;
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[0051] FIG. 16(a) is a perspective view showing a sur-
face-mounted antenna according to the twelfth embodiment
of the present invention;

[0052] FIG. 16(b) is a development showing a surface-
mounted antenna according to the twelfth embodiment of
the present invention;

[0053] FIG. 17 is a graph showing the relation between
the dielectric constant and the input impedance;

[0054] FIG. 18 is a perspective view showing the antenna
of the present invention mounted onto a circuit board;

[0055] FIG. 19 is a schematic view showing a communi-
cations apparatus comprising the antenna of the present
invention;

[0056] FIG. 20(a) is a plan view showing another
example in which the antenna of the present invention is
mounted onto a circuit board;

[0057] FIG. 20(b) is a side view showing a current-
feeding electrode in the antenna of FIG. 20(a);

[0058] FIG. 20(c) is a side view showing a radiation
electrode in the antenna of FIG. 20(a);

[0059] FIG. 21 is a perspective view showing one
example of conventional surface-mounted antennas;

[0060] FIG. 22 is a view showing an equivalent circuit of
the antenna of FIG. 21; and

[0061] FIG. 23 is a development showing a radiation
electrode in the surface-mounted antenna of Comparative
Example 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0062] [1] Impedance Matching

[0063] When a radiation electrode, a grounding electrode
and a current-feeding electrode, etc. are formed on a sub-
strate, there arises capacitance between these electrodes.
Increase in capacitance between the current-feeding elec-
trode and the radiation electrode results in decrease in input
impedance, causing impedance mismatching. Because
capacitance increases in proportion to a dielectric constant
€,, the impedance mismatching becomes remarkable when
a high-dielectric constant material is used to lower a propa-
gation frequency. Accordingly, low-dielectric substrates
having a dielectric constant €, of at most about 4 have
conventionally been used. The present invention makes it
possible to use dielectric materials having a dielectric con-
stant €, of 6 or more, preferably 8 or more, particularly
20-50 or more, though not restrictive.

[0064] The present invention is based on the technology
that even if the use of a high-dielectric constant material for
a substrate leads to increase in capacitance between the
radiation electrode and the current-feeding electrode, such
increase in the capacitance can be cancelled by elongating
the current-feeding electrode to increase its inductance,
thereby achieving impedance matching. Though this type of
a conventional antenna has a current-feeding electrode hav-
ing a structure providing only capacitance in its equivalent
circuit, the present invention provides the current-feeding
electrode with a shape capable of providing capacitance and
inductance. Specifically, the current-feeding electrode is
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formed in a ribbon shape to make it easy to obtain induc-
tance, and part of the current-feeding electrode is in align-
ment with a radiation electrode via a gap, so that capacitance
can be adjusted. Also, with the ribbon-shaped current-
feeding electrode having a current-feeding portion at one
end and a grounding portion at the other end, as shown in
FIG. 2, parallel component L, and series component L,, C;
are provided, making it easy to design impedance matching,
thereby making a developing period shorter.

[0065] Because the surface-mounted antenna may be in
various shapes depending on its use, impedance matching
conditions should be widely adapted to meet these condi-
tions. As described above, the current-feeding electrode of
the present invention may be regarded as a combination of
a parallel component L, and series components L,, C;. With
this current-feeding electrode formed in a shape of a mean-
der, rectangular U, L or a crank or a combination thereof,
inductance and capacitance can be arbitrarily set without
being restricted by the impedance matching conditions. For
instance, capacitance and inductance may be substantially
the same, or either one of them may be larger. Inductance is
in proportion to the length of the current-feeding electrode,
and capacitance is a function of the opposing length of the
current-feeding electrode and the radiation electrode.
Accordingly, when impedance matching is carried out with
the current-feeding electrode of the present invention, it is
first determined which should be increased or decreased to
what extent among L, L, and C; in the equivalent circuit.
Next, utilizing the fact that L; and L, are in proportion to the
length of the current-feeding electrode, and that C; is a
function of the opposing length of the current-feeding elec-
trode and the radiation electrode, the shape of the current-
feeding electrode meeting parameters desired for impedance
matching can easy be determined.

[0066] [2] Radiation Electrode and Current-feeding Elec-
trode

[0067] In the antenna structure according to one embodi-
ment of the present invention, the radiation electrode is
formed on at least an upper surface of the substrate, with one
end grounded and the other end being an open tip end.
Though this antenna structure seems to be close to a reverse
F-shaped antenna in which a current-feeding electrode is
connected to a radiation electrode near a grounding end
thereof, the antenna structure of the present invention fun-
damentally differs from the reverse F-shaped structure, in
that the radiation electrode is capacitance-coupled to the
current-feeding electrode in the present invention, because
they are separate from each other. The current-feeding
electrode is preferably formed on one side surface of the
substrate, because there is no misalignment when the elec-
trode is printed, thereby making it easy to form the electrode
with stable characteristics.

[0068] With distance and alignment length between the
radiation electrode and the current-feeding electrode and/or
the length and shape of legs of the current-feeding electrode
properly set in the present invention, impedance matching is
easily achieved. This makes it possible to arbitrarily select a
bandwidth BW. Because there are relations of BW  1/Q

and Q=Rx(C/L)*, the control of C or C/L based on the
degree of capacitance coupling and the length of an elec-
trode can make the bandwidth BW wider. For instance, when
the current-feeding electrode has a current-feeding portion
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positioned near the open tip end of the radiation electrode,
a radiation end portion may be regarded as an inductor,
making it possible to have large inductance L. In a design of
the same resonance frequency, capacitance C can be made
smaller according to increase in inductance, resulting in a
higher Q value and thus increasing a bandwidth.

[0069] [3] Grounding Electrode

[0070] The surface-mounted antenna of the present inven-
tion is characterized by having substantially no grounding
electrode on a bottom surface for the purpose of excellent
omni-directionality. When the grounding electrode is
formed on the entire bottom surface, the antenna loses
omni-directionality because of capacitance coupling to the
radiation electrode on an upper surface. Specifically, a ratio
of the total area of the grounding electrode on the bottom
surface/the total area of the bottom surface is preferably
30% or less, more preferably 20% or less. It is also prefer-
able that there is substantially no grounding electrode in an
area of the bottom surface under the radiation electrode
formed on the upper surface.

[0071] A second grounding electrode may be arranged in
opposite to an open tip end of the radiation electrode via a
gap. In this case, because of strong capacitance coupling to
the opposing grounding electrode, the arrangement of a
current-feeding electrode nearby causes relatively small
influence. Accordingly, to largely adjust a propagation fre-
quency, the main adjusting of frequency can be achieved by
changing the degree of coupling between the radiation
electrode and the second grounding electrode, and the fine
adjusting of frequency can be achieved by changing the
degree of coupling between the radiation electrode and the
current-feeding electrode.

[0072] [4] Upper Limit of Dielectric Constant

[0073] In the present invention, the dielectric constant €,
of the substrate is preferably in a range of 6-50. This
dielectric constant €, is determined by taking into account
the temperature coefficient of a dielectric material, the
working precision of the substrate, etc., and improvement in
the quality of a material, working precision, etc. would of
course result in increase in its upper limit. The substrate
having such a dielectric constant €, may be a dielectric
ceramic formed, for instance, by sintering a material com-
prising 22.22 weight % of MgO, 5.13 weight % of CaCOj,
48.14 weight % of TiO, and 24.51 weight % of ZnO. This
dielectric ceramic, which has a dielectric constant €, of 21,
comprises 36.6 mole % of MgO, 3.4 mole % of CaO, 40.0
mole % of TiO, and 20.0 mole % of ZnO.

[0074] When the substrate made of a high-dielectric mate-
rial is used, the radiation efficiency of the radiation electrode
decreases. To suppress the decrease in a radiation efficiency,
the radiation electrode and the grounding electrode are
constituted to increase radiation to free space, or a composite
substrate of a high-dielectric material and a low-dielectric
material is used.

[0075] [5] Specific Examples of Surface-mounted Anten-
nas

[0076] FIG. 1 is a perspective view showing a surface-
mounted antenna according to the first embodiment of the
present invention. This antenna 1A comprises a radiation
electrode 2 formed on an upper surface of a rectangular
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substrate 1, a grounding electrode 3 connected to one end of
the radiation electrode 2, and a current-feeding electrode 4
formed on a side surface separate from the radiation elec-
trode 2 with a predetermined gap G1. The other end of the
radiation electrode 2 is an open tip end 20. Though the
antenna 1A has a structure similar to the reverse F antenna,
it is different from the reverse F antenna in that the current-
feeding electrode 4 faces the radiation electrode 2 with a gap
G1. There is no electrode other than soldering electrodes on
a bottom surface 1a of the substrate 1, and the antenna 1A
is mounted onto an area of a circuit board free from a ground
conductor. Accordingly, the antenna 1A exhibits omni-di-
rectionality with a radiating electric field pattern, which is
substantially uniform in any direction.

[0077] The current-feeding electrode 4 is a ribbon-shaped
electrode bent at two points in a portal shape having a
portion 41 opposing the radiation electrode 2 substantially in
alignment with its edge 23. The current-feeding electrode 4
has a current-feeding portion 43 at one end, whose current-
feeding point 40 is connected to a current-feeding wire of a
transmission/reception circuit (not shown), and a grounding
portion 44 at the other end, whose a grounding end 42 is
connected to a ground conductor. The current-feeding por-
tion 43 and the grounding portion 44 of the current-feeding
electrode 4 mainly generate inductance, while the radiation
electrode 2 and the aligned portion 41 mainly generate
capacitance. Accordingly, the surface-mounted antenna of
the present invention has an equivalent circuit shown in
FIG. 2.

[0078] The inductance L1, L, is generated by leg portions
43, 44 of the current-feeding electrode 4, while the capaci-
tance C; is generated between the radiation electrode 2 and
the aligned portion 41 of the current-feeding electrode 4.
Accordingly, with the length and shape of the leg portion 43,
44 and the aligned portion 41 properly modified to change
L,, L, and C,, input impedance Z;, when viewing the
radiation electrode 2 from the current-feeding point 40 can
be made equal to 502. It is thus an important feature of the
present invention that input impedance matching can be
independently carried out not only by changing capacitance
between the radiation electrode 2 and the current-feeding
electrode 4, but also by changing the inductance of the
current-feeding electrode 4. It should be noted that the
positions of the current-feeding point 40 and the grounding
point 42 may be reversed laterally, and this is true in the
subsequent embodiments. The aligned portion 41 need only
be aligned with the radiation electrode 2 via a gap, and they
need not be in parallel.

[0079] FIG. 3 is a perspective view showing a surface-
mounted antenna according to the second embodiment, FIG.
4 is a development of its radiation electrode, and FIG. 5 is
a view showing an equivalent circuit of this antenna.

[0080] The surface-mounted antenna 1B in this embodi-
ment is for GPS, comprising a rectangular substrate 1, a
radiation electrode 2 formed on an upper surface 1c and an
adjacent side surface 1d, a grounding electrode 3 connected
to one end of the radiation electrode 2, and a current-feeding
electrode 4 formed on the substrate 1 in a portal shape
extending from a side surface 1b to an upper surface 1c in
a longitudinal direction. The current-feeding electrode 4
may be formed only on the side surface 1b. The arrangement
and shape of the portal current-feeding electrode 4 may be
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determined by taking into consideration a balance of imped-
ance matching and increase in bandwidth.

[0081] The radiation electrode 2 in this embodiment has a
shape extending from one end of the substrate 1 in a
longitudinal direction with its width narrowing substantially
continuously and/or stepwise. As shown in the development
of FIG. 4, the radiation electrode 2 is constituted by a
radiation electrode portion 21 formed on an upper surface 1c
of the substrate 1, and a radiation electrode portion 22
formed continuously on an adjacent side surface 1d, and the
radiation electrode portion 22 also has a width slightly
decreasing toward a tip end. It is thus possible to induce
multi-resonance by forming the radiation electrode 2 such
that its width decreases gradually not only on the upper
surface 1c of the substrate 1 but also on the adjacent side
surface 1d thereof, thereby making the antenna smaller and
more omni-directional.

[0082] The grounding electrode 3 may be connected to the
radiation electrode 2 by non-contact capacitance coupling.
The grounding electrode 3 may be formed on four surfaces
surrounding one end surface le of the substrate 1. The
grounding electrode 3 formed on the bottom surface 1a also
acts as a soldering electrode, which is connected to a ground
conductor on the circuit board. The current-feeding elec-
trode 4, too, has a grounding electrode portion 50 on a
bottom surface la of the substrate 1, which acts as an
electrode soldered to the circuit board.

[0083] In this embodiment, current-feeding electrode 4 is
in a portal (rectangular U) shape having a width of 1 mm and
an equivalent length of 10 mm. FIGS. 6(a)-(c) show various
shapes of the current-feeding electrode 4. FIG. 6(a) shows
an example of the rectangular U-shaped, current-feeding
electrode 4 with substantially equal inductance L,, L, gen-
erated in their lateral leg portions. FIG. 6(b) and (c) show
the shapes of lateral leg portions having different lengths,
examples in which inductance is adjusted by the length of
the conductor. In FIG. 6(b), a leg portion on the right side
is in a meandering shape, with L,<L,. Also in FIG. 6(c), a
left leg portion is in a crank shape, while a right leg portion
is in a meandering shape, with L,>L,. When adjusting by
inductance, L, is increased to increase input impedance,
while L, is increased to decrease input impedance.

[0084] The aligned center portion 41 of the current-feed-
ing electrode 4 is one of the features of the present invention.
C and C; can arbitrarily be adjusted by the aligned center
portion 41. That is, capacitance C; is substantially propor-
tional to the length W of the aligned portion 41, and
inversely proportional to a distance G, between the aligned
portion 41 and the radiation electrode 2. Accordingly, when
C, is increased, the aligned portion 41 is made longer, or the
distance G, between the aligned portion 41 and the radiation
electrode 2 is decreased. Alternatively, when C; is decreased,
the opposite measure is taken. C; can thus be adjusted by
changing the length W of the aligned portion 41 and the
distance G, between the aligned portion 41 and the radiation
electrode 2.

[0085] This embodiment is also characterized by the radia-
tion electrode 2. The basic shape of the radiation electrode
2 is such that its length in a direction perpendicular to the
flow of high-frequency current (longitudinal direction of the
substrate 1), namely its width is not constant, but the width
gradually decreases as it nears an open tip end 20. High-
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frequency current supplied from a feed source to the current-
feeding electrode 4 is resonated at a frequency determined
by the inductance of the radiation electrode 2 and capaci-
tance generated between the radiation electrode 2 and a
ground, and radiated to space as an electromagnetic energy.
In this case, there is a current distribution mode whose node
and loop are at the grounding electrode 3 and the open tip
end 20. When the radiation electrode 2 has a constant width,
there is only one current distribution mode. On the other
hand, when the radiation electrode 2 does not have a
constant width, a resonance circuit having a plurality of
inductances Lry, Lr,, Lrs, . . . and capacitances Cr,, Cr,, Cr5,
... as shown in FIG. 5 is equivalently formed in the antenna.
Because these resonance circuits have considerably close
resonance frequencies, there are equivalently a plurality of
continuously changing resonance, resulting in wide-band
resonance characteristics.

[0086] FIG. 7 shows a surface-mounted antenna accord-
ing to the third embodiment of the present invention. The
same symbols and reference numerals are assigned to the
same portions as in the above embodiments, and thus their
explanation will be omitted. As in the above embodiments,
a radiation electrode 24 has substantially trapezoidal shape
extending from one end of the substrate 1 to the other end
in a longitudinal direction with its width narrowing substan-
tially continuously and/or stepwise, and a current-feeding
electrode 4 is formed on the substrate 1, extending from a
side surface 1b to an upper surface 1c. In this embodiment,
because the current-feeding electrode 4 is in a U shape, a gap
between the aligned portion 41 and the radiation electrode
24 is not constant, with relatively small capacitance. Such
radiation electrode 24 and current-feeding electrode 4 need
not be in parallel, but they need only be partially aligned.

[0087] FIG. 8 shows a surface-mounted antenna accord-
ing to the fourth embodiment of the present invention. The
same symbols and reference numerals are assigned to the
same portions as in the above embodiments, and thus their
explanation will be omitted. The radiation electrode 25 is in
a microstrip-line shape, whose one end is grounded and
whose other end 20 is open. Though a radiation electrode 2
is formed along the entire length of the dielectric substrate
1 and an upper surface lc thereof in any of the above
embodiments, the length of the radiation electrode may be
set at ¥ of a wavelength at a desired frequency, not neces-
sarily equal to the entire length of the substrate 1. In this
embodiment, the radiation electrode 25 is shorter than the
substrate 1, making it possible to have an adjustment margin
for lowering a center frequency of a propagation signal.
Also, even if there are size irregularities, cracks, etc. in the
edges of the substrate 1, they would not pose any problem
to the formation of the radiation electrode 25.

[0088] FIG. 9 shows a surface-mounted antenna accord-
ing to the fifth embodiment of the present invention. The
same symbols and reference numerals are assigned to the
same portions as in the above embodiments, and thus their
explanation will be omitted. A second grounding electrode §
is formed on the substrate 1, such that it opposes an open tip
end 20 of a radiation electrode 26 via a gap G2. This makes
it possible to provide large, stable capacitance between the
open tip end 20 of the radiation electrode 26 and a ground
conductor, thereby largely adjusting a frequency. Fine
adjustment may be carried out by the inductance and capaci-
tance of the current-feeding electrode 4.
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[0089] According to capacitance provided by a gap G2
between an open tip end 20 of the radiation electrode 26 and
the second grounding electrode 5, the desired frequency can
be obtained even though the radiation electrode 26 is short,
providing small inductance. Accordingly, the surface-
mounted antenna having such structure is suitable for min-
iaturization.

[0090] Though the current-feeding electrode 4 is formed
on the substrate 1 from a side surface 15 to an upper surface
1c, it may be formed only on the side surface 15 depending
on conditions. This is true in any of the above embodiments.
When the current-feeding electrode 4 is formed only on the
side surface 1b, there is no need to pay attention to the
precision of seam, etc. in the formation of the current-
feeding electrode 4 by screen printing, etc., resulting in
decrease in the number of steps, that is preferable from the
viewpoint of production.

[0091] FIGS. 10-12 show surface-mounted antennas
according to the sixth to eighth embodiments of the present
invention. The same symbols and reference numerals are
assigned to the same portions as in the above embodiments,
and thus their explanation will be omitted. In these embodi-
ments, each ribbon-shaped radiation electrode 2 is formed
on the substrate 1 from a side surface 1d to an upper surface
1c.

[0092] In the sixth embodiment shown in FIG. 10, an
L-shaped electrode portion 27 is formed in an end portion of
an upper surface lc, and an L-shaped electrode 28 is
continuously formed on an adjacent side surface 1d of the
substrate 1. A current-feeding electrode 4 is in a portal shape
having leg portions 43, 44 each having a current-feeding end
and a grounding end, and a center portion 41 aligned with
the radiation electrode, formed on the side surface 15 of the
substrate 1 near an open tip end of the L-shaped electrode
portion 27.

[0093] In the seventh embodiment shown in FIG. 11, an
L-shaped electrode portion 27 is formed in an end portion of
an upper surface lc of the substrate 1, and an L-shaped
electrode 29 is continuously formed on an adjacent side
surface 1d. In the eighth embodiment shown in FIG. 12, an
L-shaped electrode portion 27 is formed in an end portion of
an upper surface lc of the substrate 1, and an I-shaped
electrode 30 is formed continuously on an adjacent side
surface 1d. With respect to the shape of a current-feeding
electrode 4, the seventh and eighth embodiments may be
substantially the same as the sixth embodiment.

[0094] Electrodes 51 are those soldered for fixing an
antenna to a circuit board, and the embodiments shown in
FIGS. 11 and 12 comprise additional electrodes 52 soldered
for increasing bonding strength to the circuit board. The
electrodes 51, 52 are not connected to the ground conductor
of the circuit board. In the embodiments shown in FIGS.
10-12, the radiation electrode is in an L shape to have
increased inductance. In the embodiments shown in FIG.
11, each of the L-shaped radiation electrode portion 29 and
the portal current-feeding electrode 4 has a rounded bent
portion. A radius of curvature R may be given only to the
radiation electrode. When the substrate 1 is provided with a
low height, as shown in FIG. 12, the soldering electrode 52
may be connected directly to the radiation electrode 30 via
a connecting electrode 31 to stabilize antenna characteristics
without suffering from large variations.
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[0095] When the L-shaped electrode portion 29 has a
rounded bent portion R as shown in FIG. 11, radiation gain
is improved. In a conventional radiation electrode having a
bent portion substantially in a shape of L, rectangular U,
meander or crank, its straight portion and its bent portion are
different in width, connected in a rectangular manner. This
means that impedance changes discontinuously, leading to
the partial reflection of a propagating wave. Accordingly,
there is large reflection loss in an input high-frequency
signal, resulting in decrease in a gain. It has been found that
when the bent portion is rounded to provide a line electrode
with substantially the same width, it is possible to avoid the
discontinuity of impedance. It has also been found that
chamfering the bent portion is effective. If reflection loss in
the bent portion were suppressed, transmission loss would
be decreased in a resonance current flowing through the
radiation electrode of the antenna, resulting in improvement
in a gain.

[0096] FIGS. 13 and 14 show surface-mounted antennas
according to the ninth and tenth embodiments of the present
invention. The same symbols and reference numerals are
assigned to the same portions as in the above embodiments,
and thus their explanation will be omitted. These embodi-
ments are characterized by a radiation electrode 33 and a
current-feeding electrode 4. The radiation electrode 33 is
formed mainly on an upper surface 1c of the substrate 1, and
like the embodiment shown in FIG. 3, it is constituted by a
radiation electrode portion 33a extending from one end
connected to a grounding electrode 3 to the other end in a
longitudinal direction with its width narrowing substantially
continuously and/or stepwise, and a radiation electrode
portion 33b that is bent in a left end portion in a shape of
rectangular U or U. With such radiation electrode 33,
wide-band resonance characteristics can be obtained by the
radiation electrode portion 33a in a trapezoidal shape, and
inductance is supplemented by the bent radiation electrode
portion 33b. Electrodes 51, which are soldered for fixing the
antenna to the circuit board, are formed minimally.

[0097] There is a gap of about 0.2-0.5 mm between an
outer periphery of the radiation electrode 33 and an edge of
the substrate 1. With this gap, the printing of electrodes is
made easy, making it less likely to cause the misalignment
of printing. It also prevents the peeling of electrodes due to
the deformation and cracking at edges of the substrate 1, etc.
By preventing the misalignment and peeling of printed
electrodes, it is possible to suppress the variations of propa-
gating frequencies. The structure in which the radiation
electrode 33 is formed only on an upper surface 1c of the
substrate 1 is smaller in capacitance coupling to the ground
conductor of the circuit board than the structure in which the
radiation electrode 33 is formed also on a side surface, so
that the former provides a higher gain.

[0098] As shown in FIG. 13, a portal current-feeding
electrode 4 formed on the side surface 1b is opposing an
open tip end 20 of the radiation electrode portion 33b. The
current-feeding electrode 4 shown in FIG. 14 comprises an
L-shaped electrode portion 41 having a current-feeding end
43 at one end and formed on the side surface 16, an I-shaped
electrode portion 42 formed on an end surface 1f, and an
L-shaped electrode portion 45 having a grounding end 44 at
one end and formed on the side surface 1d. The portal
current-feeding electrode 4 comprises a rectangular
U-shaped aligned portion 41 constituted by the electrode
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portions 41, 42, 45 formed on two side surfaces 1b, 1d and
an end surface 1f, and the aligned portion 41 is opposing the
rectangular U-shaped radiation electrode 33b. With such
current-feeding electrode 4, capacitance coupling can be
achieved in substantially the entire rectangular U-shaped
portion of the radiation electrode 33, advantageous in the
miniaturization of the antenna. Also, a wider gap can be
provided between the current-feeding electrode 4 and the
radiation electrode 33 to achieve the same capacitance,
resulting in decrease in the variations of capacitance due to
the misalignment of printing, etc. and the variations of
propagation frequency.

[0099] FIG. 15 shows a surface-mounted antenna accord-
ing to the eleventh embodiment of the present invention.
This embodiment differs from the other embodiments in the
structure of the current-feeding electrode 4. That is, the
current-feeding electrode 4 is constituted by an F-shaped
electrode portion 41 formed on the side surface 1b of the
substrate 1 and having a current-feeding end 43 and a
grounding end 44, and straight electrode portions 42, 45
formed on the end surface 1f and the side surface 1d. The
current-feeding electrode in this embodiment can achieve
impedance matching and increase the bandwidth utilizing
composite resonance.

[0100] FIG. 16 shows a surface-mounted antenna accord-
ing to the twelfth embodiment of the present invention. The
ribbon-shaped radiation electrode 133 is constituted by a
crank-shaped electrode portion 1334 formed on the side
surface 1d in a longitudinal direction, and an L-shaped
electrode portion 133c¢ formed on the upper surface 1c,
thereby being in a portal shape as a whole. Because the
radiation electrode 133 extends from an upper surface 1c of
the substrate 1 to its side surface 1d in a bent manner, the
entire radiation electrode 133 can be made longer. As a
result, the antenna substrate 1 can be made smaller at the
same bandwidth.

[0101] The positional relation of the current-feeding por-
tion 143 and the grounding portion 144 of the current-
feeding electrode 104 is opposite to that in the above
embodiments, the current-feeding point 140 being posi-
tioned substantially at a center of the substrate, and the
current-feeding portion 143 being positioned near the open
tip end of the radiation electrode 133. Thus, when the
L-shaped electrode portion 133¢ formed on the upper sur-
face 1c is projected onto the bottom surface 1a, it does not
overlap the grounding electrode 32. This arrangement pro-
vides well balanced antenna characteristics for GPS;
improved bandwidth and good omni-directionality. The
open tip end of the radiation electrode 133 is close to the
aligned portion 141 of the current-feeding electrode 104.
With the wide aligned portion 141, impedance matching can
easily be achieved, resulting in slight improvement in a gain.

[0102] Though the aligned portion 141 is in a wide rect-
angular shape in this embodiment, the shape of the current-
feeding electrode 104 may be variously changed depending
on the position of the antenna mounted onto the circuit
board, the arrangement of conductor patterns on the circuit
board, the structure of the radiation electrode, etc. Even if
the specifications of the circuit board and the radiation
electrode 133 are changed, inductance and capacitance can
properly be adjusted by properly setting the arrangement,
shape, size, etc. of the current-feeding electrode 104
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between the current-feeding point 140 and the grounding
point 142, to easily achieve impedance matching.

[0103] FIG. 17 shows the relations between input imped-
ance Z;, determined by simulation and the dielectric con-
stant €, of the substrate, with respect to the surface-mounted
antenna (the present invention) of FIG. 1 and the surface-
mounted antenna (conventional example) of FIG. 21. In the
present invention, increase in capacitance due to the use of
a high-dielectric constant substrate can properly be can-
celled by inductance, thereby making it possible to use a
high-dielectric material having a dielectric constant €, of up
to about 50. It is thus possible to use a dielectric material
having a dielectric constant €, 5 times or more of the €,
(about 4) of conventional dielectric materials, effect for the
miniaturization of the antenna. Incidentally, if dielectric
materials stable in a high-temperature region were devel-
oped, or if there were provided improved working tech-
niques, the upper limit of input impedance Z;,, would be
further increased. In addition, it is expected that if composite
materials of high-dielectric constant materials and low-
dielectric constant materials were developed, the upper limit
would also be increased.

[0104] [6] Communications Apparatus
[0105] FIG. 18 shows the antenna 1B of FIG. 3 mounted

onto a circuit board 6. Other parts than the antenna are
omitted in FIG. 18. The antenna 1B is disposed on the
circuit board 6 in an exposed area 65 free from a ground
conductor, such that it is aligned with an edge of 63 of the
ground conductor 62 in a longitudinal direction with a slight
gap. In this case, the current-feeding electrode 4 is posi-
tioned on the side of the ground conductor 62, and the open
tip end 20 of the radiation electrode 2 is located at a position
far from the ground conductor 62. One end of the portal
current-feeding electrode 4 is connected to a current-feeding
wire 61, and the other end of the portal current-feeding
electrode 4 is connected to the ground conductor 62. With
this structure, a high-frequency signal supplied from a feed
source 60 is sent to the current-feeding electrode 4 via the
current-feeding wire 61, and signal current is divided to
current flowing from the current-feeding end 40 via the
aligned portion 41 toward the radiation electrode 2 and
current flowing via the grounding end 42 toward the ground
conductor 62, thereby achieving impedance matching and
exciting the radiation electrode 2. As a result, electromag-
netic waves are radiated toward the space from the open tip
end 20 of the radiation electrode 2.

[0106] Most conventional antennas are arranged perpen-
dicularly to an edge of the ground conductor 62. In this case,
there is a large dead space on the circuit board, inevitably
resulting in small freedom of design. In the present inven-
tion, however, the antenna is arranged on the circuit board in
parallel with an edge of the ground conductor 62 slightly
separate therefrom. As a result, an area (including a dead
space) substantially occupied by the antenna is drastically
reduced, resulting in increase in the freedom and density of
mounting layout and thus decrease in space for the antenna
apparatus.

[0107] The lateral arrangement of the current-feeding por-
tion 43 and the grounding portion 44 of the current-feeding
electrode 4 may be changed depending on the arrangement
of the current-feeding wire 61 and the ground conductor 62
on the board 6, though it is necessary that at least the
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current-feeding electrode 4 is arranged on the side of the
current-feeding wire 61, and that the ground conductor 62
and the antenna substrate 1 are in parallel with each other in
a longitudinal direction, to obtain the effects of the present
invention with a small occupied area. To be omni-direc-
tional, the antenna of the present invention is desirably
mounted in an exposed area 65 free from the ground
conductor 62.

[0108] With the antenna thus mounted onto the circuit
board 6 assembled in a cell phone, a personal computer, etc.
schematically shown in FIG. 19, it can be utilized as a
communications apparatus equipped with the functions of
GPS and wireless LAN.

[0109] FIG. 20 shows an example in which the antenna
shown in FIG. 16 is mounted onto a circuit board 6 different
from that shown in FIG. 18. The same reference numerals
are assigned to the same portions as in FIG. 18. The antenna
1L is disposed on an exposed area 65 of the circuit board 6
free from a ground conductor 62, such that the antenna
substrate 1 is in alignment with an edge of 63 of the ground
conductor 62 with a slight gap.

[0110] The current-feeding electrode 4 is formed on the
side surface 1b of the substrate 1 on the side of the ground
conductor 62, with the current-feeding end 140 of the
current-feeding electrode 104 connected to the current-
feeding wire 61, and the grounding end 142 connected to the
ground conductor 62. A portion of a grounding electrode 32
connected to the radiation electrode 133, which is positioned
near a corner of the circuit board 6, is connected to the
ground conductor 62 of the circuit board 6 via a linear
electrode 66. The linear electrode 66 functions as induc-
tance, making it easy to miniaturize the antenna substrate 1.
For the same substrate 1, a bandwidth can be expanded using
a lower-dielectric constant material. Metal areas 51', 53' are
provided to fix the antenna substrate 1 to the circuit board 6
by soldering.

[0111] With respect to Example 2 shown in FIG. 3,
Example 7 shown in FIG. 11 and Example 12 shown in
FIG. 16, the characteristics of these antennas were tested.
Also, the same antenna as shown in FIG. 3 except that part
of the radiation electrode 2 is formed in a meandering shape
as shown in FIG. 23 was used as Comparative Example 1,
to test the characteristics of the antenna. An antenna sub-
strate was formed by a dielectric ceramic having a dielectric
constant €, of 21. The size of the substrate was 15 mm in
lengthx3 mm in widthx3 mm in thickness in Example 2 and
Comparative Example 1, and 10 mm in lengthx3 mm in
widthx2 mm in thickness in Examples 7 and 12. With a
propagation frequency having a center frequency of 1.575
GHz+1 MHz, a bandwidth BW (MHz), an average gain
(dBi) and directionality were measured at a voltage standing
wave ratio (VSWR) of 2.

[0112] With the current-feeding terminal formed in one
end portion of the antenna-mounted board connected to an
input terminal of the network analyzer via a coaxial cable
(characteristic impedance: 50Q), a scattering parameter of
the antenna at the current-feeding terminal viewed from a
network analyzer was measured. The VSWR was calculated
from the resultant measurement values. The gain was mea-
sured by connecting a signal generator to a current-feeding
terminal of an antenna to be tested (transmission side) in an
anechoic chamber, and receiving electric power emitted
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from the antenna to be tested by a receiving reference
antenna. The gain Ga of the antenna to be tested is expressed
by Ga=GrxPa/Pr, wherein Pa is a electric power received
from the antenna to be tested, and Pr is a received electric
power measured by a transmitting reference antenna having
a known gain Gr. With respect to directionality, the antenna
to be tested is placed on a rotatable table and rotated around
X, Y and Z axes, respectively, as shown in FIG. 18, to
measure a gain at each rotation angle. In addition, consid-
ering that an antenna is mounted onto a communications
apparatus such as a cell phone, etc. as shown in FIG. 19, the
metal dependency of characteristics of the antenna was
examined. The measurement results are shown in Table 1.

TABLE 1

Bandwidth ~ Average

No. FIG. (MHz) Gain (dBi) Dependency on Metal
Example 2 3 40 -4.5  Small (Stable, High Gain)
Example 7 1 35 -5.5  Small (Stable, High Gain)
Example 12 16 45 -4.5  Small (Stable, High Gain)
Comparative 23 45 -6.0  Large (rapidly deteriorated
Example 1 when metal neared)

[0113] It is clear from the above results that the antenna of

Examples 2, 7 and 12 are easy to achieve impedance
matching despite their substrate of a relatively high dielec-
tric constant. Though the antennas of Examples 2 and 7 were
slightly narrower in bandwidth than that of Comparative
Example 1, they had high radiation gain and stable charac-
teristics, suffering from only small decrease in gain when a
metal neared. The antennas of Examples 7 and 12 had good
bandwidth and gain, though the substrate size was as small
as about %. With respect to omni-directionality, three of
them had gain substantially close to a circle in three axes,
indicating that they were free from directionality and thus
had omni-directional characteristics. It is clear from the
above that the antennas of Examples 2, 7 and 12, particularly
that of Example 12, had a well balanced combination of
bandwidth, radiation gain, directionality and metal depen-
dency. Why the antenna of Comparative Example 1 had a
low radiation gain appears to be due to the fact that because
of difficulty of impedance matching, the radiation electrode
is in a meandering shape to increase matching inductance.

[0114] It is clear from the above that by utilizing a
radiation electrode having a shape shown in FIGS. 10-16,
the antenna can be made as small as about 10 mm or less in
length, about 3 mm or less in width and about 2 mm or less
in thickness.

[0115] The shape of the antenna substrate is not restricted
to a rectangular solid but may be in any proper shape, and
a magnetic body, a resin body or these laminate may be used.
Also, to expand the bandwidth and to adjust the frequency,
it is effective to trim the aligned portion 234 or the substrate
1 near a tip end of the radiation electrode 2.

[0116] Though the radiation electrode may be in various
shapes such as a trapezoidal shape, a stepped shape, a curved
shape, a meandering shape, a partially meandering shape, a
crank shape, etc., it is desirable that the radiation electrode
has a shape extending with its width narrowing substantially
continuously and/or stepwise in a longitudinal direction.
One end of the radiation electrode is not necessarily con-
nected to the grounding electrode continuously, but discon-
tinuous capacitance coupling may be used.
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[0117] When the antenna of the present invention is
mounted onto an area of the circuit board free from a ground
conductor, the maximum characteristics are expected,
though it may be mounted onto a ground conductor with its
characteristics sacrificed to some extent. The antenna struc-
tures of the above embodiments may be combined, and
various modifications may be made within the scope of the
present invention.

[0118] Asdescribed above, according to the present inven-
tion, impedance matching is easy particularly when a high-
dielectric constant material is used for the substrate, provid-
ing a small, light-in-weight, high-gain, wide-band, omni-
directional, surface-mounted antenna. Used for GPS,
wireless LAN, etc., the surface-mounted antenna of the
present invention antenna functions as a communications
apparatus fully exhibiting its characteristics.

What is claimed is:

1. A surface-mounted antenna comprising a substrate
made of a dielectric or magnetic material, a radiation elec-
trode formed on at least an upper surface of said substrate,
a grounding electrode formed on said substrate such that
said grounding electrode is directly connected or capaci-
tance-coupled to one end of said radiation electrode, and a
current-feeding electrode formed on at least a side surface of
said substrate such that said current-feeding electrode faces
said radiation electrode via a gap; said current-feeding
electrode having a current-feeding point at one end and a
grounding point at the other end, as well as a portion for
achieving impedance matching by capacitance and induc-
tance between said current-feeding point and said grounding
point; and an area ratio of said grounding electrode in a
bottom surface of said substrate being 30% or less.

2. A surface-mounted antenna comprising a substrate
made of a dielectric or magnetic material, a radiation elec-
trode formed on at least an upper surface of said substrate,
a grounding electrode formed on said substrate such that
said grounding electrode is directly connected or capaci-
tance-coupled to one end of said radiation electrode, and a
current-feeding electrode formed on at least a side surface of
said substrate such that said current-feeding electrode faces
said radiation electrode via a gap; said current-feeding
electrode being in a portal shape having a current-feeding
portion at one end and a grounding portion at the other end,
as well as a portion in alignment with said radiation elec-
trode via a gap between them.

3. A surface-mounted antenna comprising a substrate
made of a dielectric or magnetic material, a radiation elec-
trode formed on at least an upper surface of said substrate,
a grounding electrode formed on said substrate such that
said grounding electrode is directly connected or capaci-
tance-coupled to one end of said radiation electrode, and a
current-feeding electrode formed on at least a side surface of
said substrate such that said current-feeding electrode faces
said radiation electrode via a gap; said current-feeding
electrode being constituted by two L-shaped electrodes
formed on the opposing side surfaces of said substrate,
which are connected via one I-shaped electrode formed on
an end surface of said substrate; one L-shaped electrode
having a current-feeding portion at one end; the other
L-shaped electrode having a grounding portion at one end;
and said I-shaped electrode being a portion in alignment
with said radiation electrode, whereby said current-feeding
electrode is in a portal shape.
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4. The surface-mounted antenna according to claim 3,
wherein said current-feeding electrode is constituted by first
and second electrodes formed on the opposing side surfaces
of said substrate, which is connected via one I-shaped
electrode formed on an end surface of said substrate; the first
electrode having a current-feeding portion at one end, the
second electrode having a grounding portion at one end, and
said I-shaped electrode being said aligning portion, so that
said current-feeding electrode is in a portal shape; and said
radiation electrode having a grounding electrode portion
formed on an end surface, or on an end surface and opposing
side surfaces, of said substrate.

5. The surface-mounted antenna according to claim 2,
wherein an area ratio of said grounding electrode in a bottom
surface of said substrate is 30% or less.

6. The surface-mounted antenna according to claim 2,
wherein at least part of said current-feeding electrode is in
a shape of a meander, rectangular U, L or a crank.

7. The surface-mounted antenna according to claim 2,
wherein said current-feeding electrode is formed on a side
surface of said substrate such that it faces an open tip end of
said radiation electrode with a gap.

8. The surface-mounted antenna according to claim 2,
wherein said current-feeding electrode has a current-feeding
portion positioned near an open tip end of said radiation
electrode.

9. The surface-mounted antenna according to claim 2,
wherein at least part of said radiation electrode extends from
one end of said substrate toward the other end thereof in a
longitudinal direction with its width narrowing substantially
continuously and/or stepwise.

10. The surface-mounted antenna according to claim 2,
wherein said radiation electrode extends to an upper surface
through a side surface different from a side surface on which
said current-feeding electrode is formed.

11. The surface-mounted antenna according to claims 2,
wherein the bottom surface of said substrate has substan-
tially no grounding electrode in at least an area under a tip
end portion of said radiation electrode formed on an upper
surface of said substrate.

12. The surface-mounted antenna according to claim 2,
wherein said radiation electrode has a bent portion in a shape
of a meander, rectangular U, L or a crank.

13. The surface-mounted antenna according to claim 12,
wherein said radiation electrode and/or said current-feeding
electrode has round corners.

14. The surface-mounted antenna according to claim 2,
wherein said antenna further comprises a second grounding
electrode opposing the other end of said radiation electrode
via a gap.

15. A surface-mounted antenna comprising a substrate
made of a dielectric or magnetic material, a ribbon-shaped
radiation electrode formed on said substrate, a grounding
electrode formed on said substrate such that said grounding
electrode is directly connected or capacitance-coupled to
one end of said radiation electrode, and a current-feeding
electrode formed on at least a side surface of said substrate
separate from said radiation electrode with a desired gap;
said radiation electrode being in a portal shape as a whole
comprising an electrode portion formed on one side surface
of said substrate in a longitudinal direction, which is con-
nected to an L-shaped electrode portion formed on an upper
surface of said substrate; said current-feeding electrode
comprising a current-feeding portion and a grounding por-



US 2003/0006936 Al

tion each extending substantially vertically on the other side
surface of said substrate, and an aligned portion extending
between said current-feeding portion and said grounding
portion substantially in parallel with said radiation electrode
via said gap; an area ratio of said grounding electrode in a
bottom surface of said substrate being 30% or less; and the
shape and positional relation of said current-feeding elec-
trode and said radiation electrode being modified to adjust
capacitance and inductance for impedance matching.

16. The surface-mounted antenna according to claim 15,
wherein said current-feeding portion of said current-feeding
electrode is positioned near an open tip end of said radiation
electrode, while said grounding portion of said current-
feeding electrode is positioned near a substrate end on the
opposite side to said grounding electrode.

17. A communications apparatus comprising an antenna
apparatus having a surface-mounted antenna comprising a
substrate made of a dielectric or magnetic material, a radia-
tion electrode formed on at least an upper surface of said
substrate in a longitudinal direction, a grounding electrode
formed on said substrate such that said grounding electrode
is directly connected or capacitance-coupled to one end of
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said radiation electrode, and a current-feeding electrode
formed on at least a side surface of said substrate such that
said current-feeding electrode faces said radiation electrode
via a gap; said current-feeding electrode being in a portal
shape having a current-feeding portion at one end and a
grounding portion at the other end, as well as a portion in
alignment with said radiation electrode via a gap between
them; said surface-mounted antenna being mounted onto
said circuit board; and said surface-mounted antenna being
mounted onto an area of a circuit board free from a ground
conductor, such that said substrate is aligned in a longitu-
dinal direction with an edge of said ground conductor with
a gap, and that said current-feeding electrode is positioned
on the side of said ground conductor.

18. The communications apparatus according to claim 17,
wherein said grounding electrode formed on said surface-
mounted antenna on the opposite side of said ground con-
ductor of said circuit board is arranged near a corner of said
circuit board, and said grounding electrode is connected to
a conductor of said circuit board by a linear conductor.





