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ABSTRACT OF THE DISCLOSURE

A surface-mount antenna includes a dielectric substrate
having a rectangular parallelepiped shape and a radiation
electrode having a meandering pattern disposed on the
surface of the dielectric substrate. The radiation
electrode includes at least two meandering electrode units
formed with different meander pitches, the at least two
meandering electrode units being connected in seriles, and
the radiation electrode being formed over at least two faces
among a front face, a major surface, and a end surface of
the dielectric substrate. With the above-described
construction, the radiation electrode is allowed to transmit

and receive electromagnetic waves in at least two different

frequency bands.
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SURFACE-MOUNT ANTENNA AND
COMMUNICATION APPARATUS USING THE SAME

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present 1nvention relates to a surface-mount
antenna incorporated in a communication apparatus, such as a
portable telephone, and relates a communication apparatus
using the surface-mount antenna.

2. Description of the Related Art

Fi1g. 16 shows one example of a surface-mount antenna
incorporated 1in a communication apparatus, such as a
portable telephone. A surface-mount antenna 1 1ncludes a
dielectric substrate 2 in which a radiation electrode 3, a
ground electrode 4, and a feed electrode 5 are formed on the
surface thereof. The radiation electrode 3 is formed over
side surfaces 2a, 2b and 2c of the dielectric substrate 2.
The ground electrode 4 is formed on the entirety of a side
surface 2d of the dielectric substrate 2 so as to establish
electrical connection with the radiation electrode 3. The
feed electrode 5 is formed on the side surface 2a so that a
predetermined distance is maintained between the feed
electrode 5 and the radiation electrode 3.

The feed electrode 5 is connected to a power supply 6.
When the power 1s supplied from the power supply 6 to the
feed electrode 5, the radiation electrode 3 is supplied with
the power by means'of capacilitive coupling from the feed
electrode 5. When the supplied power drives the radiation
electrode 3, the surface-mount antenna 1 transmits or

receives electromagnetic waves 1n a single predetermined
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frequency band.

A 900 MHz band and a 1.9 GHz band are currently used as
operating frequencies for portable telephones.

When the communication apparatus 1s required to use two
different operating frequency bands such as these, a single
surface-mount antenna must transmit and receive the
electromagnetic waves in the two different frequency bands.
However, the surface-mount antenna 1 in Fig. 16 can transmit
or receive the electromagnetic waves only in a single

frequency band.

SUMMARY OF THE INVENTION

To overcome the above described problems, preferred
embodiments of the present invention provide a surface-mount
antenna capable of transmitting and receiving
electromagnetic waves 1n more than one frequency band, and a
communication apparatus using this surface-mount antenna.

One preferred embodiment of the present invention
provides a surface-mount antenna, comprising: a dielectric
substrate in a rectangular parallelepiped shape and
including a first major surface, a second major surface, a
first side surface, a second side surface, a first end
surface and a second end surface: a radiation electrode
having a meandering pattern disposed on at least two
surfaces among the first major surface, the first side
surface and the second side surface of the dielectric
substrate and comprising at least a first meandering
electrode unit and a second meandering electrode unit being

connected in series; and the first meandering electrode unit

having first meander pitches and the second meandering
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electrode unit having second meander pitches which are
narrower than the first pitchés; whereby the radiation
electrode is allowed to transmit and receive electromagnetic
waves in at least two different frequency bands.

Since the meandering radiation electrode is disposed in
which at least two meandering electrode units having
different meander pitches are connected in series, the
radiation electrode has a plurality of resonant frequencies
that correspond to the at least two meandering eléCtrode
units. Therefore, the surface-mount antenna can transmit
and receive electromagnetic waves in at least two different
frequency bands.

The above described surface-mount antenna may further
comprise at least one passive radiation electrode disposed
on the surface of said dielectric substrate and
electromagnetically coupled with the radiation electrode,
whereby the at least one passive radiation electrode causes
dual resonance to occur in at least one frequency band among
said at least two different frequency bands of the surface-
mount antenna.

When a desired bandwidth of a frequency band cannot be
obtained merely by driving the radiation electrode, the
passive radiation electrode causes dual resonance in the
frequency band to occur, whereby the bandwidth of the
frequency band can be expanded to the desired bandwidth.
Therefore, the bandwidth of the surface-mount antenna can be
broadened.

In the above described surface-mount antenna, the at

least one passive radiation electrode may have a meandering

pattern.
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In the above described surface-mount antenna, the at
least one passive radiation electrode may be disposed on at
least two faces among the first major surface, the first
side surface and the second side surface of the dielectric
substrate.

Since the radiation electrode or the passive radiation
electrode is disposed on more than a single surface of the
rectangular parallelepiped dielectric substrate, a larger
disposed area thereof can be obtained compared to a case in
which the radiation electrode or the passive radiation
electrode is disposed on a single surface of the dielectric
substrate. Regardless of the size of the radiation
electrode or the passive radiliation electrode,
miniaturization of the dielectric substrate can be achieved.

In the above described surface-mount antenna, the at
least one passive radiation electrode may be disposed on at
least the first major surface of the dielectric substrate,
the disposed position thereof being different from the
disposed position of the radiation electrode; and the
meandering pattern of the at least one passive radiation
electrode is substantially perpendicular to that of the
radiation electrode.

Since the meandering pattern of the passive radiation
electrode and that of the radiation electrode are disposed
so as to be substantially perpendicular to each other, an
interference problem in that the driving of the radiation
electrode adversely affects the driving of the passive
radiation electrode can be avoided. 1In particular, when the
unconnected end of the passive radiation electrode and the

ground are indirectly coupled due to capacitive coupling,
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this capacitive coupling can more positively prevent the
above-described interference problem. The driving of the
radiation electrode and the driving of the passive radiation
electrode can be independently performed and lead to dual
resonance in a predetermined frequency band. Accordingly,
the deterioration of antenna characteristics due to the
above-described interference between the radiation electrode
and the passive radiation electrode can be prevented.

The above described surface-mount antenna may further
comprise a matching circuit in association with the
dielectric substrate, and the radiation electrode is coupled
with a power supply via the matching circuit.

When the matching circuilt 1s provided in the dielectric
substrate, there is no need to form the matching circuit on
a circuit substrate that is to be provided with the surface-
mount antenna. Accordingly, since the implementation area
of the parts of the circuit substrate as well as the number
of the parts can be reduced, the cost of the parts and the
cost of the implementation can be reduced.

Another preferred embodiment of the present invention
provides a surface-mount antenna for transmitting and
receiving electromagnetic waves in at least two different
frequency bands, the surface-mount antenna comprising means
for broadening the bandwidth thereof by causing dual
resonance to occur in at least one of the at least two
different frequency bands.

Yet another preferred embodiment of the present
invention provides a communication apparatus having the

above described surface-mount antenna mounted on a circuilt

substrate.
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In the communication apparatus that uses the
surface-mount antenna according to the present invention,
since a plurality of frequency bands can be covered using
a single surface-mount antenna, the communication
apparatus can be miniaturized.

According to an aspect of the present invention,
there is provided a surface-mount antenna, comprising:

a dielectric substrate;

a radilation electrode disposed con at least two
surfaces of said dielectric substrate and comprising a
first meandering electrode unit and a second meandering
electrode unit, said first meandering electrode unit
having first meander pitches and said second meandering
electrode unit having second meander pitches which are
narrbwer than the first meander pitches, such that the
radiation electrode 1is operable to transmit and receive
electromagnetic waves in at least two different frequency
bands; and

a passive radiation electrode electromégnetically
coupled with said radlation electrode for causing dual
resonance to occur in at least one of the at least two

different frequency bands.

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 1A and 1B are illustrations of the surface-
mount antenna according to a first embodiment of the
present invention;

Fig. 2 is a graph illustrating one example of
frequency bands in which the surface-mount antenna in
Fig. 1 can transmit and réceive electromagnetic waves;

Fig. 3 i1s one implementation example of a circuit
substrate provided with the surface-mount antenna

according to the first embodiment:
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Fig. 4 is an illustration of a surface-mount antenna
according’to a second embodiment of the present
invention;

Figs. 5A and 5B are graphs illustrating examples of
frequency bands in which the surface-mount antenna 1in
Fig. 4 can transmit and receive electromagnetic waves;

Fig. 6 is one implementation éxample of a circuit
substrate provided with the surface-mount antenna
according to the second embodiment ;

Fig. 7 1s an illustration of a surface~mount antenna
according to a third embodiment of the present invention;

Figs. 8A, 8B, and 8C are graphs i1llustrating
examples of frequency bands in which the surface-mount
antenna in Fig. 7 can transmit and receive
electromagnetic waves;

Fig. 9 is one implementation example of a circuit
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substrate provided with the surface-mount antenna according
to the third embodiment;

Figs. 10A and 10B are 1illustrations of one example of a
matching circuit in a surface-mount antenna according to a
fourth embodiment in which matching is performed using a
capacitor;

Figs. 11A and 11B are illustrations of one example of a
matching circuit of a surface-mount antenna according to the
fourth embodiment in which matching i1s performed using an
inductor;

Fig. 12 is an illustration of one implementation
example of a ground electrode of the circuit substrate
provided with the surface-mount antenna;

Figs. 13A and 13B are illustrations of another
embodiment;

Figs. 14A, 14B, and 14C are 1llustrations of further
embodiments;

Fig. 15 is an illustration of one example of a
communication apparatus provided with the surface-mount
antenna; and

Fig. 16 is an illustration of a conventional surface-

mount antenna.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 1A shows a perspective view of a surface-mount
antenna according to a first embodiment of the present
invention, and Fig. 1B shows, 1in an expanded state, the
surfaces of a dielectric substrate 2 which forms a surface-
mount antenna 1 in Fig. 1A.

As shown in Figs. 1A and 1B, the surface-mount antenna
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1 includes the dielectric substrate 2 in which a meandering
radiation electrode 3 1s formed over a front face 2a, a
major surface 2e, and a end surface 2c thereof.

The meandering radiation electrode 3 is constructed in
which a first electrode unit 3a and a second electrode 3b
that have different meandering pitches are connected 1n
series. A meander pitch dl (a first meander pitch) of the
first electrode unit 3a is wider than a meander pitch d2 (a
second meander pitch) of the second electrode unit 3b.

The first meander pitch dl, the number of turns of the
first electrode unit 3a, the second meander pitch d2, and
the number of turns of the second electrode unit 3b are
determined as follows. As an example, there is shown a case
in which the surface-mount antenna 1 is required to have low
return-losses in a first band at frequency f1 (for example,
the 900 MHz band) and a second band at frequency f2 (for
example, the 1.9 GHz band), as shown 1in Fig. 2. In other
words, the surface-mount antenna 1 is required to transmit
and receive electromagnetic waves 1n the bands at
frequencies f1 and f£2. In this case, the meander pitch d2
and the number of turns of the second electrode unit 3b are
determined so that the second electrode unit 3b, which has
the narrower meander pitch d2, can have the resonant
frequency f2 shown 1n Fig. 2.

There is a correlation between the ratio of the first
meander pitch dl to the second meander pitch d2, and a
frequency difference H between the frequencies fl and f2
shown in Fig. 2, which can be pre-calculated. Accordingly,
the first meander pitch dl of the first electrode unit 3a 1s

determined based on the above-described correlation and the
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second meander pitch d2. The number of turns of the first
electrode unit 3a is determined so that resonance can occur
at the resonant frequency f1 in the first electrode unit 3a
as well as in the second electrode unit 3b.

As shown in Fig. 1B, a feed electrode 5 is formed on
the end surface 2c of the dielectric substrate 2 so as to
establish electrical connection with the first electrode
unit 3a of the radiation electrode 3. A fixed electrode 7a
is formed on the end surface 2c of the dielectric substrate
2. The location of the fixed electrode 7a 1s different from
those of the radiation electrode 3 and the feed electrode 5.

Fixed electrodes 7b and 7c are formed on the front face
2a so as to face an open end of the radiation electrode 3.
The feed electrode 5 and the fixed éleCtrodes 7a, 7b, and 7c
are each formed so as to cover parts of a bottom face 2f of
the dielectric substrate 2.

The surface-mount antenna 1 according to the first
embodiment is formed with the above-described construction,
and, for example as shown in Fig. 3, 1t 1s mounted on a
circuit substrate 8 of a communication apparatus. The
circuit substrate 8 is constructed using a printed-circuit
board (PCB) or the like, and includes a main unit 8a having
a ground electrode 10 formed on the surfaée thereof and a
non-ground unit 8b having no ground electrode formed on the
surface thereof. 1In Fig. 3, the surface-mount antenna 1 is
mounted on the non-ground unit 8b.

The circuit substrate 8 includes a power supply 6 and a
matching circuit 11 that drive the surface-mount antenna 1.
When the surface-mount antenna 1 1s surface-mounted at a

predetermined position of the non-ground unit 8b, the feed
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electrode 5 and the power supply 6 establish electrical
connection via the matching circuit 11. Electrical power is
supplied from the power supply 6 to the radiation electrode
3 via the matching circuit 11 and the feed electrode 5 in
turn. When the first electrode unit 3a and the second
electrode unit 3b of the radiation electrode 3 are driven in
accordance with the supplied power, the surface-mount
antenna 1 is ready for transmitting and receiving
electromagnetic waves in the first band at frequency fl.
When only the second electrode unit 3b is driven in
accordance with the supplied power, the surface-mount
antenna 1 is ready for transmitting and receiving
electromagnetic waves in the second band at frequency f2.
According to the first embodiment, since the radiation
electrode 3 is constructed in which the first electrode unit
3a and the second electrode unit 3b having different meander
pitches are connected in series, the radiation electrode 3
can have two different resonant frequenciles. Accordingly,
the surface-mount antenna 1 can transmit and receive
electromagnetic waves in the two different frequency bands.
Furthermore, since the radiation electrode 3 is formed
over more than a single face of the dielectric substrate 2,
a larger formation area of the radiation electrode 3 can be
obtained compared to a case in which the radiation electrode
3 is formed on a single face of the dielectric substrate 2.
Because of this, to some extent, freedom of design of the
surface-mount antenna 1 1is not limited by the length of the
dielectric electrode 3, and miniaturization of the
dielectric substrate 2 can be achieved. In Figs. 1A and 1B,

the second electrode unit 3b that has the narrower meander
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pitch d2 is formed over two faces of the dielectric
substrate 2. However, the second electrode unit 3b may be
confined within a single face (here; 2a) of the dielectric
substrate 2. When the second electrode unit 3b is formed so
as to be confined within the single face, the resonant
frequencies f1 and f2 can be easily controlled.

A surface-mount anténna according to a second
embodiment of the present invention 1is described. Elements
that are identical to corresponding elements in the first
embodiment have the same reference numerals, and a repeated
description of identical elements 1s omitted.

As described in the first embodiment, the surface-mount
antenna 1 includes the radiation electrode 3 having the two
electrode units 3a and 3b that have different meander
pitches. Accordingly, the surface-mount antenna 1 can
transmit and receive electromagnetic waves 1in the two
different bands at frequencies fl1l and f2. However, there
are cases in which the bandwidth of one of the bands at
frequencies f1 and f£2 1s shorter than the desired bandwidth.

In the second embodiment, in order to expand such a
bandwidth to the desired bandwidth, the following
construction is provided. Fig. 4 shows, in an expanded
state, the surfaces of the dielectric substrate 2 which
forms the surface-mount antenna 1 according to the second
embodiment. A characteristic feature of the surface-mount
antenna 1 according to the second embodiment is that a
passive radiation electrode 12, as shown in Fig. 4, 1is
formed on the dielectric substrate 2. The passive radiation
electrode 12 is formed to have a meandering shape on the

major surface 2e so as to go from the side surface 2d toward



CA 02310682 2000-06-02

- 12 -

the side surface 2b. A lead-in pattern 12a is formed over
the bottom face 2f and the side surface 2d. One end of the
meandering passive radiation electrode 12 is connected to
the lead-in pattern 12a and the other end thereof is
unconnected.

The meander pitch and the number of turns of the
passive radiation electrode 12 are determined as follows.
For example, among the bands at frequencies fl and f2, the
bandwidth of the band at frequency fl is desired to be
expanded. The meander pitch and the number of turns of the
passive radiation electrode 12 are determined so that the
resonant frequency of the passive radiation electrode 12 is
a frequency fl' which slightly deviates from the resonant
frequency fl of the radiation electrode 3, as shown in Fig.
5A. When the passive radiation electrode 12 is formed to
have such determined meander pitch and determined number of
turns, the radiation electrode 3 has return-loss
characteristics represented with a solid line in the band at
frequency fl1 in Fig. 5A. The passive radiation electrode 12
has return-loss characteristics represented with a dashed-
line in Fig. 5A. Therefore, the combination of the
radiation electrode 3 and the passive radiation electrode 12
causes dual resonance to occur 1n the band at frequency fl
as shown in Fig. 5B.

When the bandwidth of the band at frequency f2 is
desired to be expanded, the meander pitch and the number of
turns of the passive radiation electrode 12 are determined
so that the resonant frequency of the passive radiation
electrode 12 is a frequency f2' which slightly deviates from

the resonant frequency f2 of the radiation electrode 3, as
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shown in Fig. 5A. When the passive radiation electrode 12
1s formed to have such determined meander pitch and
determined number of turns, the combination of the radiation
electrode 3 and the passive radiation electrode 12 causes
dual resonance to occur in the band at frequency f2.

As shown 1in Fig. 4, the feed electrode 5 is provided
over the side surface 2d and the bottom face 2f of the
dielectric substrate 2 so as to be in the proximity of the
lead-1n pattern 12a. 1In the same manner as in the first
embodiment, the radiation electrode 3, in which the first
electrode unit 3a and the second electrode unit 3b having
different meander pitches are connected in series, is formed
over the major surface 2e and the side surface 2a. The
meandering pattern of the dielectric substrate 3 and the
meandering pattern of the passive radiation electrode 12 are
formed so as to maintain some distance therebetween and be
generally perpendicular to each other. One end of the
radiation electrode 3 is connected to the feed electrode 5,
and the other end thereof is unconnected.

As shown in Fig. 4, the fixed electrodes 7a and 7b are
formed on the side surfade 2b of the dielectric substrate 2
so as to maintain some distance therebetWeen, and the fixed
electrodes 7c¢ and 7d are formed on the side surface 2d. The
fixed electrodes 7a, 7b, 7¢c and 7d are each formed over the
corresponding side surfaces and the bottom face 2f.

The surface-mount antenna 1 according to the second
embodiment is formed with the above-described construction.
For example, as shown in Fig. 6, the surface-mount antenna 1
is implemented in the non-ground unit 8b of the circuit

substrate 8 in the same manner as in the first embodiment.
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Such an implementation of the surface-mount antenna 1 in the
circuit substrate 8 allows the radiation electrode 3 to be
connected to the power supply 6 via the feed electrode 5 and
the matching circuit 11. The fixed electrodes 7a, 7b, 7c
and 7d and the lead-in pattern l1l2a are connected to the
ground electrode 10 of the circuit substrate 8 thus being
grounded. ‘

When the power supply 6 supplies electrical power to
the feed electrode 5 of the surface-mount antenna 1 via the
matching circuit 11, the power 1s supplied from the feed
electrode 5 to the radiation electrode 3 as well as, by
means of electromagnetic coupling, to the lead-in pattern
l12a. Since the supplied power drives the radiation
electrode 3, the surface-mount antenna 1 can transmit and
receive electromagnetic waves 1in the bands at frequencies fl
and £f2. Furthermore, when the passive radiation electrode
12 is driven in accordance with the supplied power, dual
resonance occurs in the band at frequency fl1 or £2, which
expands the bandwidth of the desired frequency band.

The passive radiation electrode 12 1s provided on the
surface of the dielectric substrate 2 so that the dual
resonance occurs in one of the bands at frequencies fl1 and
f2, each of which allows the surface-mount antenna 1 to
transmit and receive electromagnetic waves. Accordingly,
the bandwidth of a desired frequency band among the bands at
frequencies fl1 and f2 can be expanded, which achieves
broadening of the bandwidth of the antenna 1.

The meandering pattern of the radiation electrode 3 and
that of the passive electrode 12 are formed so as to be

substantially perpendicular to each other. Therefore, an
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interference problem in that the driving of the radiation
electrode 3 adversely affects the driving of the passive
radiatidn electrode 12 can be avoided. Because of this, the
deterioration of antenna characteristics due to the above-
described interference between the radiation electrode 3 and
the passive radiation electrode 12 can be prevented.

A surface-mount antenna 1 according to a third
embodiment of the present invention 1is described. Elements
that are identical to corresponding elements in the
foregoing embodiments have the same reference numerals, and
a repeated description of identical elements 1s omitted.

Fig. 7 shows, 1n a expanded state, the surfaces of the
dielectric substrate 2 which forms the surface-mount antenna
1 according to the third embodiment. A characteristic
feature of the third embodiment 1s that a first passive
radiation electrode 13 and a second passive radiation
electrode 14 are formed as shown in Fig. 7.

In the third embodiment, the meandering radiation
electrode 3 1is formed over the major surface 2e and the side
surface 2b, as shown 1n Fig. 7. The first passive radiation
electrode 13 and the second passive radiation electrode 14
are formed so as to flank the radiation electrode 3. The
first passive radiation electrode 13 is formed over the
major surface 2e and the side surface 2a in the meandering
pattern, and the second passive radiation electrode 14 is
formed over the major surface 2e and the side surface 2c¢ in
the meandering pattern. These meandering patterns of the
first passive radiation electrode 13 and the second passive
radiation electrode 14 are substantially perpendicular to

each other while maintaining some distance therebetween.
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The meander pitch and the number of turns of each of
the first passive radiation electrode 13 and the second
passive radiation electrode 14 are determined as follows.
For example, when the surface-mount antenna 1 is required to
transmit and receive electromagnetic waves in the two
different bands at frequencies fl and f2, the bandwidths of
both bands at frequencies fl and f2 are desired to be
expanded. In this case, the meander pitch and the number of
turns of one of the passive radiation electrode 13 and the
second passive radiation electrode 14 are determined so that
the resonant frequency fl' thereof slightly deviates from
the resonant frequency fl1 of the radiation electrode 3, as
shown 1in Fig. 8. The meander pitch and the number of turns
of the other passive radiation electrode are determined so
that the resonant frequency f2' thereof slightly deviates
from the resonant frequency f2 of the radiation electrode.

For example, the bandwidth of the band at frequency fl
among the bands at frequencies fl and f2 is desired to be
expanded. 1In this case, the meander pitch and the number of
turns of one of the first passive radiation electrode 13 and
the second passive radiation electrode 14 are determined so
that, as shown in Fig. 8B, the resonant frequency f1l°

thereof deviates from the resonant frequency f1 of the

radiation electrode 3 by a predetermined deviation Af. The

meander pitch and the number of turns of the other passive
radiation electrode is determined so that the resonant

frequency fl" thereof deviates from the resonant frequency
fl by the deviation Af', which 1is not equal to the deviation

Af.
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For example, the bandwidth of the band at frequency f2
1s desired to be expanded. Likewise, as shown in Fig. 8C,
the meander pitch and the number of turns of one of the
first passive radiation electrode 13 and the second passive
radiation electrode 14 are determined so that the resonant
frequency f2' thereof deviates from the resonant frequency

f2 of the radiation electrode 3 by a predetermined deviation

Af. The meander pitch and the number of turns of the other

passive radiation electrode are determined so that the

resonant frequency f2" thereof deviates from the resonant
frequency f2 by a deviation Af', which is not equal to the

deviation Af.

When the meander pitch and the number of turns of each
of the first passive electrode 13 and the second passive
electrode 14 are determined as described above, dual
resonance can occur in a desired frequency band among the

bands at frequencies fl and f2. Accordingly, the bandwidth
of the frequency band of the surface-mount antenna 1 can be

expanded.

As shown in Fig. 7, the feed electrode 5 is formed over
the side surface 2d and the bottom face 2f, and the fixed
electrodes 7a and 7b are formed on the side surface 2b of
the dielectric substrate 2 so as to maintain some distance
therebetween. The fixed electrodes 7c and 7d are formed on
the side surface 2d. In addition, lead-in patterns 13a and
l14a are formed on the side surface 2d so as to be in the
proximity of the feed electrode 5.

The fixed electrodes 7a, 7b, 7jc, and 7d and the lead-in

patterns 1l3a and l4a each cover parts of the bottom face 2f
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of the dielectric substrate 2.

The surface-mount antenna 1 is formed with the above-
described construction and is implemented in the non-ground
unit 8b of the circuit substrate 8 shown in Fig. 9. Thus,
the implementation of the surface-mount antenna 1 allows the
radiation electrode 3 to be connected to the power supply 6
via the feed electrode 5 and the matching circuit 11. The
fixed electrodes 7a, 7b, 7c, and 7d and the lead-in patterns
13a and 1l4a are connected to the ground electrode 10 of the
circult substrate 8, thus being grounded.

The first passive radiation electrode 13 and the second
passive radiation electrode 14 are constructed in which the
dual resonance occurs 1in at least one of the two different
bands at frequencies f1 and f2. This construction enables
the bandwidth of the frequency band for the surface-mount
antenna 1 to be expanded to a desired bandwidth, which
cannot be obtained by driving only the radiation electrode 3.
Therefore, broadening of the bandwidth for the surface-mount
antenna 1 can be achieved.

The meandering pattern of the radiation electrode 3 and
the meandering pattern of each of the first passive
radiation electrode 13 and the second passive radiation
electrode 14 are formed so as to be substantially
perpendicular to each other. Furthermore, since the
unconnected end of each of the first passive electrode 13
and the second passive electrode 14 is formed on the
corresponding side surface of the dielectric substrate 2,
capacitive coupling between these passive electrodes and the
ground 1s enhanced. Accordingly, the interference problem

in that the driving of the radiation electrode 3 adversely
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affects the driving of the first passive radiation electrode
13 and that of the second passive radiation electrode 14 can
be more positively avolded, whereby the desired dual
resonance can be obtained. Therefore, the deterioration of
antenna characteristics due to the interference among the
radiation electrode 3, the first passive radiation electrode
13, and the second passive radiation electrode 14 can be
prevented.

A surface-mount antenna 1 according to a fourth
embodiment is described. A characteristic feature of the
fourth embodiment 1s that the matching circuit 11 is formed
on the surface of the dielectric substrate 2. Otherwise,
the construction thereof is identical to those according to
the foregoing embodiments. Elements that are identical to
corresponding elements in the first embodiment have the same
reference numerals, and a repeated description of identical
elements 1s omitted.

In the fourth embodiment, as shown in Figs. 10A and 11A,
the matching circuit 11 1is formed on the surface of the
dielectric substrate 2 and 1s connected to the feed
- electrode 5.

Fig. 10B shows an equivalent circuit of the matching
circuit 11 in Fig. 10A. Matching is obtained in the
matching circuit 11 with the use of a capacitor C in Fig.
10B. As shown in Fig. 10A, the matching circuit 11 has the
capacitor C including a conductive pattern 1la that is
connected with the feed electrode 5 and a conductive pattern
1l1b that faces the conductive pattern lla while some
'distancé is maintained therebetween.

Fig. 11B shows an equivalent circuit of the matching
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circuit 11 shown in Fig. 11A. Matching is obtained in the
matching circuilt 11 with the use of an inductor L as shown
in Fig. 11B. As shown in Fig. 11A, the matching circuit 11
has the inductor L including a meandering conductive pattern
l1lc.

The provision of the matching circuit 11 in the
dielectric substrate 2 enables substantially the same
advantages as obtained in the foregoing embodiments to be
achieved. Furthermore, since there is no need to provide
the matching circuit 11 in the circult substrate 8, the size
of the circuit substrate 8 can be reduced.

The matching circuit 11 includes the conductive
patterns 1lla and 11lb, or the conductive pattern 1llc.
Accordingly, by simply forming the conductive patterns 1lla
and 11b or the conductive pattern llc on the surface of the
dielectric substrate 2 by printing or the like, the matching
circult 11 can be easily formed. Because of this, the
number of required parts of the matching circuit 11 is
decreased, which reduces the manufacturing cost.

A communication apparatus according to a fifth
embodiment of the present invention is described. A
characteristic feature of the fifth embodiment is that the
communication apparatus has the surface-mount antenna 1
shown 1n one of the foregoing embodiments incorporated
therein. Elements that are identical to corresponding
elements in the foregoing embodiments have the same
reference numerals, and a repeated description of identical

elements is omitted.

Fig. 15 shows one example of a portable telephone 20,

which 1s a typical communication apparatus according to the
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fifth embodiment. As shown in Fig. 15, the portable
telephone 20 has a casing 21 that 1s provided with the
circuit substrate 8. The circuit substrate 8 includes the
power supply 6, the ground electrode 10, and the surface- .
mount antenna 1 provided on the ground electrode 10. The
power supply 6 is connected to a transmission circuit 23 and
a reception circuit 24 via a switbhing circuit 22.

In the communication apparatus 20, electrical power is
supplied from the power supply 6 to the surface-mount
antenna 1 in which the aboveédescribed antenna actions are
performed. The transmission or the reception of signals is
smoothly switched in accordance with actions of the
switching circuit 22.

According to the fifth embodiment, since the portable
telephone 20 is provided with the surface-mount antenna 1,
electromagnetic waves in the two different frequency bands
can be transmitted or received with the single antenna.
Accordingly, the communication apparatus (here, the portable
telephone) 20 can be miniaturized.

The present invention is not limited to the foregoing
embodiments and may take various other forms of embodiments.
For example, though the dielectric substrate 2 is a
rectangular parallelepiped in the foregoing embodiments, it
may be columnar.

According to the first to the fourth embodiments, the
surface-mount. antenna 1 1s implemented in the non-ground
unit 8b of the circuit substrate 8. The present invention
may be applied to the surface-mount antenna 1 that is
implemented on the ground electrode 10 of the circuit

substrate 8 as shown in Fig. 12.
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In the foregoing embodiments, the radiation electrode 3
is constructed in which the two electrode units 3a and 3b
that have different meander pitches are connected in series.
However, the radiation electrode 3 may be constructed to
have more than two electrode units having different meander
pitches connected in series. For example, the radiation
electrode 3 shown 1in Fig. 13A 1is constructed in which three
electrode units 3a, 3b, and 3c that have different meander
pitches dl, d2, and d3, respectively, are connected in
series. In this case, because of the radiation electrode 3,
the return-loss of the surface-mount antenna 1 is reduced in
each of three different bands at frequencies fl1, f2 and f£f3,
as shown in Fig. 13B, 1in which electromagnetic waves can be
transmitted and received.

A hole part 17 or a cavity part 18 may be provided in
the dielectric substrate 2, as shown in Figs. 14A, 14B, and
14C. Such provision of the hole part 17 or the cavity part
18 leads to a lightweight dielectric substrate 2.
Furthermore, since the dielectric constant between the
ground and the radiation electrode 3 is decreased and the
intensification of the electric field is lessened, the
surface-mount antenna 1 having a broad frequency band and a
high gain can be obtained.

In the foregoing embodiments, the radiation electrode 3
is formed over more than one face of the dielectric
substrate 2. The radiation electrode 3 may be formed so as
to be confined within a single face of the dielectric
substrate 2 when the meander pitch, the number of turns, and

the like of each of the first electrode unit 3a and the

second electrode unit 3b allow.
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In the fifth embodiment, the portable telephone 20 is
provided with the surface-mount antenna 1. The surface-
mount antenna 1 according to the present invention may be
provided in a communication apparatus other than the
portable telephone 20. As described above, miniaturization
of the communication apparatus can be achieved.

While the invention has been particularly shown and
deécribed with reference to preferred embodiments thereof,
it will be understood by those skilled in the art that the
forgoing and other changes i1n form and details may be made

therein without departing from the spirit of the invention.
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WHAT IS CLAIMED IS:

1. A surface-mount antenna, comprising:

a dielectric substrate in a rectangular parallelepiped
shape and including a first major surface, a second major
surface, a first side surface, a second side surface, a
first end surface and a second end surface;

a radiation electrode having a meandering pattern

disposed on at least two surfaces among the first major

surface, the first side surface and the second side surface
of the dielectric substrate and comprising at least a first

meandering electrode unit and a second meandering electrode

unit being connected in series; and

the first meandering electrode unit having first
meander pitches and the second meandering electrode unit
having second meander pitches which are narrower than the
first pitches;

whereby the radiation electrode is allowed to transmit

and receive electromagnetic waves in at least two different

frequency bands.

2. The surface-mount antenna according to Claim 1,
further comprising at least one passive radiation electrode
disposed on the surface of said dielectric substrate and

electromagnetically coupled with the radiation electrode,

whereby the at least one passive radiation electrode causes
dual resonance to occur in at least one frequency band among

said at least two different frequency bands of the surface-

mount antenna.
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3. The surface-mount antenna according to Claim 2,
wherein the at least one passive radiation electrode has

a meandering pattern.

4. The surface-mount antenna according to Claim 2,
wherein the at least one passive radiation electrode is
disposed on at least two faces among the first major
surface, the first side surface and the second side

surface of the dielectric substrate.

5. The surface-mount antenna according to Claim 3,
wherein:

the at least one passive radiation electrode is
disposed on at least the first major surface of the
dielectric sﬁbstrate, the disposed position thereof being
‘different from the disposed position of the radiation
electrode; and
' the meandering pattern of the at least one passive

radlation electrode is substantially perpendicular to

that of the radiation electrode.

6. The surface-mount antenna according to Claim 1,
further comprising a matching circuit in association with

the dielectric substrate, and the radiation electrode is

coupled with a power supply via the matching circuit.

7. A surface-mount antenna, comprising:

a dilielectric substrate;

a radiation electrode disposed on at least two
surfaces of said dielectric substrate and comprising a
first meandering electrode unit and a second meandering
electrode unit, said first meandering electrode unit
having first meander pitches and said second meandering

electrode unit having second meander pitches which are
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narrower than the first meander pitches, such that the
radiation electrode is operable to transmit and receive
electromagnetic waves in at least two different frequency
bands; and

a passive radiation electrode electromagnetically
coupled with said radiation electrode fér causing dual
resonance to occur in at least one of the at least twd

different frequency bands.

8. A communication apparatus having a surface-mount

antenna of Claim 1 mounted on a circuit substrate.

9. A communication apparatus having a surface-mount

antenna of Claim 7 mounted on a circuit substrate.
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