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[Fig. 1] (57) Abstract: Disclosed is an antenna using a reactive element that is ca-
pable of individually controlling the respective resonance frequencies and
resonance bandwidths. The antenna includes a radiator electrically cou-

104 pled with a feeding point, a first reactive element electrically coupling a
first point and a second point of the radiator, and a second reactive ele-
ment electrically coupling a third point and a fourth point of the radiator.
Here, the reactive elements are each coupled to the radiator in parallel, and
because of the reactive elements, the antenna is made to have higher-order
resonance frequencies that are not integer multiple in relation to a funda-
mental resonance frequency.

FEEDING POINT

L ~_-100
(A)
C
1
: L
[~ 3
Voirl apen




WO 20107110517 A1 W00 )00 000 T A A

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, ML, MR, NE, SN, TD, TG).

TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, .

ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, Ly, Yublished:
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM, —  with international search report (Art. 21(3))



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

WO 2010/110517 PCT/KR2009/006308

Description

ANTENNA USING A REACTIVE ELEMENT
Technical Field

The present invention relates to an antenna that utilizes a reactive element, more par-
ticularly to an antenna in which the reactive element is coupled in parallel to a radiator,
so that the resonance frequencies and the relevant resonance bandwidths can be

controlled individually.

Background Art

In recent times, the mobile communication device is becoming smaller in size while
providing a greater variety of communication services. As such, the mobile commu-
nication device is being equipped with an antenna capable of implementing multiple
bands and broad bands.

In general, the antenna may employ various current paths or use parasitic radiation
elements, etc., to implement multiple and broad bands.

Also, to reduce the size of the antenna, methods may be utilized for increasing the
electrical length of the antenna within a limited physical length, for example by im-
plementing the radiator in a meandering or a helical structure.

There is a limit, however, to these methods in providing multiple bands and broad
bands while reducing the size of the antenna.

Since an antenna generally has a fundamental resonance frequency and a number of
higher-order resonance frequencies that are proportional to the fundamental resonance
frequency, it is possible to implement multiple and broad bands and miniaturize the
antenna by utilizing these higher-order resonance frequencies as service bands.

However, as these higher-order resonance frequencies are integer multiples of the
fundamental resonance frequency, the higher-order resonance frequencies directly
could not be utilized as service bands. Thus, there is a need for methods that ma-
nipulate higher-order resonance frequencies as service bands in order to implement

multiple bands and smaller sizes.
Disclosure of Invention

Technical Problem

One objective of the present invention is to provide an antenna which is small in size
and with which higher-order resonance frequencies can be utilized as frequencies for
service bands.

Another objective of the present invention is to provide an antenna with which the
resonance points and resonance bandwidths of the multiple resonance frequencies

generated by the antenna can be controlled individually.
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Technical Solution

To achieve the objectives above, an embodiment of the present invention provides an
antenna that includes: a radiator electrically coupled with a feeding point, a first
reactive element electrically coupling a first point and a second point of the radiator,
and a second reactive element electrically coupling a third point and a fourth point of
the radiator. Here, each reactive elements are coupled to the radiator in parallel, and
because of the reactive elements, the antenna is made to have higher-order resonance
frequencies that are not integer multiple in relation to a fundamental resonance
frequency.

Another embodiment of the present invention provides an antenna that includes: a
radiator electrically coupled with a feeding point, and a first reactive element elec-
trically coupling a first point and a second point of the radiator. Here, the first reactive
element is coupled to the radiator in parallel, and at least one of a resonance frequency
and a resonance bandwidth of the antenna varies according to a voltage difference
between the first point and the second point or according to current intensity at each of

the first and second points.

Advantageous Effects

In an antenna according to an embodiment of the present invention, at least one
reactive element is coupled in parallel to the radiator, allowing the antenna to utilize
higher-order resonance frequencies as frequencies for service bands. Since multiple
bands can be implemented using one radiator, the antenna can be produced in a smaller
size.

Also, the antenna makes it possible to individually control the higher-order fre-
quencies and the relevant resonance bandwidths by considering the component types
and value of the reactive element and suitably selecting the coupling points. Here, the
coupling points can be selected in consideration of the voltage differences between the
coupling points and the current intensity at each of the coupling points.

Thus, the antenna according to an embodiment of the present invention can be used
to implement smaller sizes and broader bands, as the higher-order resonance fre-
quencies can be controlled individually by selecting the component types, value, and

the coupling points of the reactive element.

Brief Description of Drawings

Figure 1 illustrates an antenna using reactive elements according to an embodiment
of the present invention.

Figure 2 illustrates the voltage distribution and current distribution of a radiator
according to an embodiment of the present invention when the end terminal of the

radiator is open.
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Figure 3 illustrates the voltage distribution and current distribution of a radiator
according to an embodiment of the present invention when the end terminal of the

radiator has a short circuit.
Figure 4 illustrates an antenna that does not include any reactive elements.

Figure 5 illustrates an antenna that includes one reactive element which has a ca-
pacitance component.

Figure 6 is a graph of reactance curves.

Figure 7 is a graph of voltage standing wave ratio curves.

Figure 8 illustrates radiation patterns for an antenna using a reacting element

according to an embodiment of the present invention.

Mode for the Invention

As the present invention allows for various changes and numerous embodiments,
particular embodiments will be illustrated in the drawings and described in detail in the
written description. However, this is not intended to limit the present invention to
particular modes of practice, and it is to be appreciated that all changes, equivalents,
and substitutes that do not depart from the spirit and technical scope of the present
invention are encompassed in the present invention. In describing the drawings, like
numerals are used to refer to like components.

When a component is mentioned to be “coupled” or “connected” to another
component, this may mean that it is directly coupled or connected to the other
component, but it is to be understood that yet another component may exist in-
between. On the other hand, when a component is mentioned to be “directly coupled”
or “directly connected” to another component, it is to be understood that there are no
other components in-between.

The terms used in the present specification are merely used to describe particular em-
bodiments, and are not intended to limit the present invention. An expression used in
the singular encompasses the expression of the plural, unless it has a clearly different
meaning in the context. In the present specification, it is to be understood that the
terms such as “including” or “having,” etc., are intended to indicate the existence of
the features, numbers, steps, actions, components, parts, or combinations thereof
disclosed in the specification, and are not intended to preclude the possibility that one
or more other features, numbers, steps, actions, components, parts, or combinations
thereof may exist or may be added.

Unless otherwise defined, all terms used herein, including technical or scientific
terms, have the same meanings as those generally understood by those with ordinary
knowledge in the field of art to which the present invention belongs. Such terms as

those defined in a generally used dictionary are to be interpreted to have the meanings
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equal to the contextual meanings in the relevant field of art, and are not to be in-
terpreted to have ideal or excessively formal meanings unless clearly defined in the
present application.

Certain embodiments of the present invention will be described below in detail with
reference to the accompanying drawings.

Figure 1 illustrates an antenna using reactive elements according to an embodiment
of the present invention. Figure 2 illustrates the voltage distribution and current dis-
tribution of a radiator according to an embodiment of the present invention when the
end terminal of the radiator is open, and Figure 3 illustrates the voltage distribution and
current distribution of a radiator according to an embodiment of the present invention
when the end terminal of the radiator is shorted.

Referring to Figure 1(A), an antenna according to this embodiment can include a
ground 100, a feeding point 102, a radiator 104, a first reactive element 106, and a
second reactive element 108.

The antenna according to an aspect of the present invention may use at least one
reactive element 106, 108 to individually regulate multiple resonance frequencies and
the relevant resonance bandwidths, as will be described later in more detail. To be
more specific, with the antenna according to an aspect of the present invention, the
higher-order resonance frequencies and the relevant resonance bandwidths can be
controlled individually by controlling the component and value of the reactive
elements 106 and 108 and coupling the reactive elements 106 and 108 to particular
positions of the radiator 104.

The feeding point 102 may be the point where a particular amount of electrical power
(RF signals) may be fed. For example, an RF transmission line such as a coaxial cable,
etc., may be electrically coupled to the feeding point 102, in order to feed a particular
amount of electrical power through the RF transmission line to the feeding point 102.

The radiator 104 may be electrically coupled with the feeding point 102 and may
output a certain radiation pattern when a particular amount of electrical power is fed
through the feeding point 102. Here, the length of the radiator 104 may correspond
with the frequency bands used. In the case of a monopole antenna, for example, the
length of the radiator 104 can be implemented as 1/4 wavelength. Of course, the
radiator 104 is not limited to the structure shown in Figure 1(A) and can be im-
plemented in various forms, such as meandering shapes, linear shapes, spiral shapes,
helical shapes, etc. Also, although the illustration in Figure 1 includes only one radiator
104, other examples can include multiple radiators.

According to an embodiment of the present invention, the end terminal of the
radiator 104 can be open, as illustrated in Figure 1, or can be electrically coupled to a

ground. However, the current and voltage distribution of the radiator 104 may vary



WO 2010/110517 PCT/KR2009/006308

[34]

[35]

[36]

[37]

[38]

[39]

[40]

according to whether the end terminal of the radiator 104 is open or short-circuited, as
illustrated in Figure 2 and Figure 3, and as a result, the resonance frequency and
bandwidth properties of the antenna may be modified. Therefore, a user can open or
short the end terminal of the radiator 104 according to design purposes. This will be
described later in further detail.

The first reactive element 106 may be coupled, for example, between the input
terminal and the end terminal of the radiator 104, as illustrated in Figure 1(A), to be
coupled to the radiator 104 in parallel, as illustrated in Figure 1(B).

This first reactive element 106 may be a capacitance element, such as a capacitor,
etc., or an inductance element, such as an inductor, etc., and may serve to vary the fun-
damental resonance frequency and the higher-order resonance frequencies, as well as
the resonance bandwidths of the antenna. For example, the resonance frequencies of
the antenna may be lowered if the first reactive element 106 is a capacitance element,
whereas the resonance frequencies of the antenna may be raised if the first reactive
element 106 is an inductance element.

The second reactive element 108 may be coupled, for example, between the input
terminal (the point where a particular amount of electrical power is inputted) of the
radiator 104 and a middle point of the radiator 104, as illustrated in Figure 1(A), to be
coupled to the radiator 104 in parallel, as illustrated in Figure 1(B). The second
reactive element 108 may also be coupled in parallel with the first reactive element
106.

This second reactive element 108 may be a capacitance element or an inductance
element. Here, the resonance frequencies of the antenna may be lowered if the second
reactive element 108 is a capacitance element, and the resonance frequencies of the
antenna may be raised if the second reactive element 108 is an inductance element.

While these reactive elements 106 and 108 can modify the resonance bandwidths of
the antenna, the resonance bandwidths may be influenced not only by the reactive
elements 106 and 108 but also by the gap between the resonance frequency and the
anti-resonance point. This will be described later in further detail.

According to an embodiment of the present invention, the first reactive element 106
can be a capacitance element having a gap form, and the second reactive element 108
can be an inductance element having a helical form. Of course, it is also conceivable to
use a chip capacitor for the first reactive element 106 and a chip inductor for the
second reactive element 108, instead of structurally implementing the reactive
elements.

According to an embodiment of the present invention, the first reactive element 106
can be coupled between the input terminal and the end terminal of the radiator 104, and

the second reactive element 108 can be coupled between the input terminal and the
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middle point of the radiator 104. Consequently, the radiator 104, an inductor (L), and a
capacitor (C) may be coupled in parallel, as illustrated in Figure 1(B). Here, the
coupling points of each reactive element 106 and 108 may be selected in consideration
of the voltage difference between the coupling points and the electric currents at the
coupling points. This is because the voltage difference between the coupling points and
the current intensity at the coupling points affect the resonance frequencies and
resonance bandwidths. In particular, the resonance frequencies of the antenna may
vary the most when the voltage differences between the coupling points of the reactive
elements 106 and 108 are the greatest and the currents at the coupling points are all 0.

According to the selection of coupling points, the resonance frequencies and
resonance bandwidths of the antenna can be varied as the voltage difference between
the coupling points and the currents at the coupling points of each reactive element 106
and 108 are modified.

That is, according to the component types, value, and coupling points of each of the
reactive elements 106 and 108, the perturbations of the resonance frequencies may be
different. Thus, a user can greatly modify certain resonance frequencies without
modifying other resonance frequencies. For example, when low frequencies are
desired, using a capacitor can reduce the size of the antenna according to an aspect of
the present invention compared to existing antennas. That is, it is possible to obtain a
smaller antenna according to an aspect of the present invention. Furthermore, since the
resonance bandwidths can be extended using the reactive elements 106 and 108, it is
possible to obtain broad bands.

To be more specific, if a capacitance element is coupled to two points where the
voltage difference is great for low-frequency resonance and not so great for high-
frequency resonance, the low-frequency resonance point can be lowered while the
high-frequency resonance point is barely moved at all.

In other words, the resonance frequencies and resonance bandwidths of an antenna
based on an aspect of the present invention can be varied according to the component
types and value, as well as the voltage difference and current intensity of the coupling
points, of the reactive element 106 or 108 coupled in parallel to the radiator 104. In
particular, since multiple resonance frequencies can be controlled individually using
the reactive elements 106 and 108, as in the example described above, higher-order
resonance frequencies other than the fundamental resonance frequency can be utilized
as additional service bands for a mobile communication device.

It is also possible to vary the bandwidth by adjusting the gap between a resonance
point and an anti-resonance point. Positioning a certain resonance point and a nearby
anti-resonance point close together produces narrow band characteristics, whereas po-

sitioning a resonance point and a nearby anti-resonance point farther from each other
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produces broad band characteristics. Using this property, bandwidths can be adjusted
by adjusting the anti-resonance point or the resonance point using the inductance
element or the capacitance element to alter the frequency characteristics to broad band
or narrow band characteristics.

While the example described above is for an antenna based on an aspect of the
present invention that includes two reactive elements 106 and 108, it is also con-
ceivable to use one reactive element or three or more reactive elements. That is, the
number, component types, value, and coupling method of the reactive elements can be
varied, as long as the reactive elements can be used to control the resonance fre-
quencies and resonance bandwidths of the antenna.

A description will now be provided, with reference to the appended drawings, of a
method of controlling the resonance frequencies and resonance bandwidths.

Figure 4 illustrates an antenna that does not include any reactive elements, and
Figure 5 illustrates an antenna that includes one reactive element which has a ca-
pacitance component. Figure 6 is a graph of reactance curves, and Figure 7 is a graph
of voltage standing wave ratio curves, while Figure 8 illustrates radiation patterns for
an antenna using a reacting element according to an embodiment of the present
invention.

The following will examine the reactance characteristics and voltage standing wave
ratio (VSWR) characteristics for an existing first antenna 600 that does not include any
reactive element, such as that illustrated in Figure 4, a second antenna 602 that
includes only one reactive element having a capacitance component, such as that il-
lustrated in Figure 5, and a third antenna 604 that includes a first reactive element 106
having a capacitance component and a second reactive element 108 having an in-
ductance component, such as that illustrated in Figure 1.

It will be assumed that in the antenna 604 of Figure 1, the first reactive element 106
is coupled between the input terminal and end terminal of the radiator 104 and the
second reactive element 108 is coupled between the input terminal and middle point of
the radiator 104. Also, it will be assumed that the radiator has a voltage distribution
and current distribution substantially similar to those shown in Figure 2. Furthermore,
it will be assumed that the size of the radiator is set to 18 mm x 12.5 mm, the distance
between the ground and the radiator is set to 5 mm, and the radiator is formed on an
FR4 substrate (er = 4.4, thickness 1.6 mm).

Referring to Figure 6, each of the antennas 600, 602, and 604 has a resonance point
formed at a position where the reactance is 0. The first resonance frequency of about 1
GHz, and the third resonance frequency of about 2 GHz, etc., can be used as service
resonance frequencies, but the second resonance frequency of about 1.5 GHz is an

anti-resonance frequency that cannot actually be used for service. That is, the (2n-1)-th
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(where n is an integer greater than 1) resonance frequencies are resonance frequencies
available for service, while the 2n-th resonance frequencies are anti-resonance fre-
quencies that cannot actually be used.

Based on the above conditions, the actual changes in resonance frequencies and
resonance bandwidths will be described as follows. Since each of the antennas 600,
602, and 604 include many resonance points, the changes in frequency and bandwidth
will be examined for each resonance frequency.

First, the frequency changes and bandwidth changes at the first resonance frequency
will be examined as follows.

In the second antenna 602, a reactive element having a capacitance component is
coupled to the input terminal and end terminal of the radiator. Looking at the voltage
distribution curve 200a and the current distribution curve 202a for the structure of this
second antenna 602, as illustrated in Figure 2, it is observed that there is a particular
amount of voltage difference, albeit not a maximum amount, between the input
terminal and the end terminal of the radiator, and that among the coupling points of the
radiator, the current at the input terminal is not O and the current at the end terminal is
0. Consequently, the resonance frequencies and resonance bandwidths of the second
antenna 602 are made different from those of the first antenna 600, due to the reactive
element having a capacitance component.

With regards resonance frequency, the first resonance frequency of the first antenna
600 is about 0.85 GHz, whereas the first resonance frequency of the second antenna
602 is about 0.7 GHz, showing that the first resonance frequency of the second antenna
is lower than that of the first antenna 600. This may be because the reactive element
has a capacitance component. That is, it is seen that coupling a reactive element having
a capacitance component in parallel to the radiator may lower the resonance frequency.

With regards resonance bandwidth, the resonance bandwidth of the second antenna
602 is substantially narrower than the resonance bandwidth of the first antenna 600, as
illustrated in Figure 7. This may be because the resonance bandwidth of the second
antenna 602 is affected by the reactive element having a capacitance component and
the distance to the anti-resonance frequency (the second resonance frequency). To be
more specific, the narrow band characteristics may have been obtained as the gap
between the anti-resonance frequency, i.e. the second resonance frequency, and the
first resonance frequency has been reduced.

Looking at the voltage distribution curve 200b and the current distribution curve
202b for the second resonance frequency, the voltage difference between the coupling
points is at a maximum, and the current at each of the coupling points is 0, so that the
amount of change of the second resonance frequency is greater than that of the first

resonance frequency. Since the reactive element has a capacitance component, the
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second resonance frequency may move towards a lower frequency. As a result, the gap
between the first resonance frequency and the second resonance frequency of the
second antenna 602 may be decreased compared to the gap between the first resonance
frequency and the second resonance frequency of the first antenna 600, whereby the
resonance bandwidth of the second antenna 602 may become narrower. That is, the
bandwidth of the second antenna 602 may be substantially narrowed due to the
reactive element having a capacitance component and due to the reduced distance to
the anti-resonance frequency (the second resonance frequency).

Looking at the reactance curves in Figure 6, the slope for the second antenna 602 is
greater than that for the first antenna 600, i.e. the curve is steeper for the second
antenna 602. The steeper the reactance curve, the narrower the bandwidth of the
antenna in question.

Thus, when a reactive element is coupled in parallel to the radiator, the resonance
frequencies and bandwidths of the antenna may be modified, due to the voltage
difference between the coupling points of the reactive element coupled to the radiator
and due to the current intensity at the coupling points.

The third antenna 604, as compared to the second antenna, has an additional second
reactive element 108, which has an inductance component, coupled between the input
terminal and the middle point of the radiator 104. As illustrated by the voltage dis-
tribution curve 200a and current distribution curve 202a of Figure 2, a particular
amount of voltage difference occurs between the input terminal and the middle point of
the radiator 104, and a particular amount of current exists at each of the coupling
points (the input terminal and the middle point). Thus, due to the second reactive
element 108, the resonance frequency and resonance bandwidth of the third antenna
604 may be different from those of the second antenna 602.

With regards resonance frequency, the first resonance frequency of the third antenna
604 is about 1 GHz, higher than the first resonance frequency of the second antenna
602. Thus, it is seen that coupling a second reactive element having an inductance
component in parallel to the radiator may raise the resonance frequency.

The second reactive element 108 having an inductance component used in the third
antenna may thus be used for broadening the resonance band of the third resonance
point.

Next, the frequency changes and bandwidth changes at the second resonance
frequency, i.e. an anti-resonance frequency, will be examined as follows.

Whereas the second resonance frequency of the first antenna 600 is about 1.7 GHz,
the second resonance frequency of the second antenna 602 is about 1.3 GHz, and the
second resonance frequency of the third antenna 604 is about 1.5 GHz. Thus, it is

observed that using a reactive element having a capacitance component may lower the
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resonance frequency of the antenna, and that using a reactive element having an in-
ductance component may raise the resonance frequency of the antenna.

Looking at the voltage distribution curve 200b and the current distribution curve
202b for the second resonance frequency, there is a particular amount of voltage
difference between the coupling points (the input terminal and the middle point) of the
radiator, and the current at the input terminal is 0, while the current at the middle point
has a particular amount of intensity. Also, as illustrated in Figure 2, the voltage
difference at the second resonance frequency is greater than that at the first resonance
frequency, and the current at the input terminal at the second resonance frequency is 0.
Therefore, the resonance frequency of the antenna is varied more greatly at the second
resonance frequency compared to the first resonance frequency. As a result, the gap
between the first resonance frequency and the second resonance frequency, i.e. the
anti-resonance frequency, for the second antenna 602 may be smaller compared to the
gap between the first resonance frequency and the second resonance frequency of the
first antenna 600. Thus, at the first resonance frequency, the resonance bandwidth of
the second antenna 602 may become narrower than the resonance bandwidth of the
first antenna 600.

Next, the frequency changes and bandwidth changes at the third resonance frequency
will be examined as follows.

In the second antenna 602, the reactive element having a capacitance component is
coupled to the input terminal and end terminal of the radiator, and in this case, as il-
lustrated by the voltage distribution curve 200c and current distribution curve 202¢ of
Figure 2, there is a particular amount of voltage difference between the coupling points
(the input terminal and the end terminal) of the radiator, and the current at the input
terminal has a particular amount of intensity, while the current at the end terminal is 0.
Thus, the resonance frequencies and resonance bandwidths of the second antenna 602
are made different from those of the first antenna 600.

With regards resonance frequency, the third resonance frequency of the first antenna
600 is about 2.55 GHz, whereas the third resonance frequency of the second antenna
602 is about 2.15 GHz, showing that the third resonance frequency of the second
antenna is lower than that of the first antenna 600. This may be because the reactive
element has a capacitance component.

With regards resonance bandwidth, the resonance bandwidth of the second antenna
602 is broader than the resonance bandwidth of the first antenna 600, as illustrated in
Figure 7. This may be because the gap between the third resonance frequency and the
fourth resonance frequency of the second antenna is greater than the gap between the
third resonance frequency and the fourth resonance frequency of the first antenna.

That is, as the third resonance frequency of the second antenna 602 is lowered, the
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bandwidth may conversely be broadened compared to the first antenna 600. As such,
the second antenna 602 can implement a broad band while providing a smaller size
than that of the first antenna 600.

In the third antenna 604, the second reactive element 108 is coupled between the
input terminal and the middle point of the radiator 104. In this case, the currents at the
input terminal and middle point of the radiator 104, respectively, are almost maximum,
as illustrated by the voltage distribution curve 200c and current distribution curve 202¢
of Figure 2, so that the third resonance frequency of the third antenna 604 may be
almost unchanged from the third resonance frequency of the second antenna 602 and
may be very similar.

That is, the third resonance frequency of the third antenna 604 is about 2.15 GHz,
which is very similar to the third resonance frequency of the second antenna 602.

With regards resonance bandwidth, the fourth resonance mode shown in Figure 2
provides maximum voltage differences and O currents at the input terminal and at the
middle point. That is, the fourth resonance frequency may move towards a sub-
stantially higher frequency due to the inductive second reactive element coupled to the
third antenna 604 (In Figure 4, the fourth resonance frequency of the third antenna is
beyond the bounds of the graph and thus is not represented.).

As the fourth resonance frequency, which is an anti-resonance frequency, is moved
in this manner towards a higher frequency band, the gap between the third resonance
frequency and the fourth resonance frequency may be substantially broadened.
Therefore, the resonance frequency of the third antenna 604 can be kept similar to that
of the second antenna 602, while the bandwidth of the third resonance point can be
broader than that for the second antenna.

As such, an antenna according to an aspect of the present invention can individually
regulate the resonance frequencies and resonance bandwidths using at least one
reactive element, by suitably selecting the component types, values, and coupling
points of the reactive elements. In particular, since the antenna can modify the higher-
order resonance frequencies to be non-linear in relation to the fundamental resonance
frequency, the antenna can obtain multiple bands by utilizing the fundamental
resonance frequency and the higher-order resonance frequencies. Moreover, suitable
designs for the reactive elements can further be used to accomplish broad bands.

Thus, by using the reactive elements described above, the antenna can be made in a
smaller size and can obtain multiple bands and broad bands. By arbitrarily regulating
the resonance frequencies and bandwidths, a user can readily satisfy a variety of
antenna specifications for increased utility.

While the above descriptions were presented for an example in which the end

terminal of the radiator is open, a similar operation can also be obtained for examples
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[78]

[79]

[80]

[81]

in which the end terminal of the radiator is short-circuited. Descriptions for such

examples will be omitted.
In other embodiments of the present invention, the first reactive element 106 can be

implemented as an inductance component, and the second reactive element 108 can be
implemented as a capacitance component. That is, various inductance or capacitance
can be applied for the reactive elements 106 and 108 according to design purposes.

Figure 8 illustrates radiation patterns for an antenna using a reacting element
according to an embodiment of the present invention. To be more specific, Figure 8(A)
illustrates the radiation pattern for a 1.05 GHz band, and Figure 8(B) illustrates the
radiation pattern for a 2.48 GHz band.

As illustrated in Figure 8, an antenna according to this embodiment may form an
omni-directional radiation pattern, similar to the radiation pattern of a monopole
antenna. Thus, the antenna according to this embodiment can be built into a mobile

communication device for use.

Industrial Applicability

The embodiments of the present invention set forth above are for illustrative
purposes only. It is to be appreciated that those of ordinary skill in the art can modify,
alter, and make additions to the embodiments without departing from the spirit and
scope of the present invention, and that such modifications, alterations, and additions

are encompassed in the appended claims.
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Claims

An antenna comprising:

a radiator electrically coupled with a feeding point;

a first reactive element electrically coupling a first point and a second point of
the radiator; and

a second reactive element electrically coupling a third point and a fourth point of
the radiator,

wherein the reactive elements are each coupled to the radiator in parallel, and the
reactive elements cause the antenna to have higher-order resonance frequencies
that are non-linear in relation to a fundamental resonance frequency.

The antenna of claim 1, wherein the first reactive element is a capacitance
element electrically coupled between an input terminal and an end terminal of
the radiator, and

the second reactive element is an inductive element electrically coupled to an
input terminal and a middle point of the radiator.

The antenna of claim 2, wherein the first reactive element is implemented as a
gap structure between the input terminal and the end terminal of the radiator, and
the second reactive element is implemented as a helical structure.

The antenna of claim 1, wherein a resonance bandwidth of the antenna varies
according to voltage differences between coupling points of the reactive
elements and according to current intensity at each of the coupling points.

The antenna of claim 4, wherein a resonance frequency and a resonance
bandwidth of the antenna vary the most when the voltage differences between
the coupling points of each of the reactive elements are the greatest and the
current intensity at each of the coupling points is 0.

The antenna of claim 1, wherein a resonance bandwidth of the antenna is
narrower when differnece between a relevant resonance frequency and an anti-
resonance frequency is smaller and broader when differnece is larger.

The antenna of claim 1, wherein a resonance frequency of the antenna varies
according to a component types and value of each of the reactive elements.

The antenna of claim 1, wherein an end terminal of the radiator is open or is elec-
trically coupled with a ground.

An antenna comprising:

a radiator electrically coupled with a feeding point; and

a first reactive element electrically coupling a first point and a second point of
the radiator,

wherein the first reactive element is coupled to the radiator in parallel, and
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[10]

[11]

[12]

[13]

[14]

[15]

at least one of a resonance frequency and a resonance bandwidth of the antenna
varies according to a voltage difference between the first point and the second
point or according to current intensity at each of the first and second points.

The antenna of claim 9, further comprising:

a second reactive element electrically coupling a third point and a fourth point of
the radiator,

wherein a resonance frequency and a resonance bandwidth of the antenna vary
according to a voltage difference between the third point and the fourth point and
according to current intensity at the third point and current intensity at the fourth
point.

The antenna of claim 10, wherein the first reactive element is a capacitance
element electrically coupled between an input terminal and an end terminal of
the radiator, and

the second reactive element is an inductive element electrically coupled to an
input terminal and a middle point of the radiator.

The antenna of claim 11, wherein the first reactive element is implemented as a
gap structure between the input terminal and the end terminal of the radiator, and
the second reactive element is implemented as a helical structure between the
input terminal and the middle point of the radiator.

The antenna of claim 9, wherein a resonance bandwidth of the antenna is
narrower when a gap between a relevant resonance frequency and an anti-
resonance frequency is smaller and broader when the gap is larger.

The antenna of claim 9, wherein a resonance frequency of the antenna varies
according to a component types and value of each of the reactive elements.

The antenna of claim 9, wherein an end terminal of the radiator is open or is elec-

trically coupled with a ground.
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