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(57) ABSTRACT (Amended) @ AX*
OBJECTIVE: To provide a small antenna with %’% -3
satisfactory characteristics 800 Tl
MEANS FOR ACHIEVING THE OBJECTIVE: The 1000 5008
first loop conductor part 10L and the second loop t
conductor part 20L, which circle around the same “>0

imaginary axis AX, are connected in series.

The first loop conductor part 10L is formed on one side
of dielectric substrate 900, and the second loop
conductor part 20L is formed on the reverse side.

A reversing multi-loop conductor part consisting of the
first loop conductor part 10L and the second loop
conductor part 20L is used as the antenna.

SELECTED DRAWING: Figure 3
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WHAT IS CLAIMED IS:

CLAIM 1

An antenna, which is provided with a loop-shaped conductor part consisting of:

A first loop conductor part comprising a loop-shaped line track that forms an N

loop(s) (N = an integer greater than or equal to 1) and

A second loop conductor part comprising a loop-shaped line track that forms an

N loop(s) around the same axis as that of said first loop conductor part; wherein:

One end of said first loop conductor part and one end of said second loop conductor
part are connected so that the first and second loop conductor parts are connected in

series; and

The line track starts from said first loop conductor part’s end connected to an external
circuit and ends at said second loop conductor part’s end connected to the external
circuit, wherein the direction of current flow in said second loop conductor part is the

reverse of the direction of current flow in said first loop conductor part.

CLAIM 2
The antenna according to Claim 1, wherein said first and second loop conductor parts are

formed on a dielectric substrate.

CLAIM 3

The antenna according to Claim 2, wherein the line tracks of said first and second loop
conductor parts are configured in such a way that at least portions of said line tracks overlap
each other as viewed from a direction perpendicular to the plane on which said first loop

conductor part is formed.

CLAIM 4

The antenna according to Claim 2, wherein the line tracks of said first and second loop

conductor parts are configured in such a way that the line tracks do not overlap each other as
Smaxtec Exhibit 1007
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viewed from a direction perpendicular to the plane on which said first loop conductor part is

formed.

CLAIM §
The antenna according to any one of claims 2 through 4, wherein said first and second loop

conductor parts are formed on the same plane of said dielectric substrate.

CLAIM 6
The antenna according to any one of claims 2 through 4, wherein said first and second loop

conductor parts are formed on the dielectric substrate's front and back sides, respectively.

CLAIM 7

The antenna according to any one of claims 1 through 6, wherein the lengths of said first and
second loop conductor parts are set within a value range approximately equivalent to M x
M4 (where A represents the wavelength in free space corresponding to the frequency of the

signal, and M represents an odd number).

CLAIM 8

A wireless communication module for transmitting and receiving radio frequency signals,
said wireless communication module comprising:

An antenna according to any one of claims 1 through 7 and

A signal processing circuitry connected to said antenna.

DETAILED DESCRIPTION OF THE INVENTION

[0001]
TECHNOLOGICAL FIELD OF THE INVENTION

Smaxtec Exhibit 1007
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The present invention pertains to an antenna used to transmit and receive radio frequency
signals. Particularly, it pertains to an antenna used for wireless communication devices used

in wireless local area networks (LANs), mobile telephone systems, Bluetooth, and the like.

[0002]
PRIOR ART

The smaller, the better in the case of portable wireless communication devices such as
mobile phones. This has led to demands for smaller antennas for use in portable wireless
communication devices.
[0003]

To meet these demands, helical coils have been used to form monopole-type antennas
with a shorter physical length (e.g., see Patent Document 1).
[0004]
[Patent Document 1]
JP, 2000-59130, A

[0005]
OBJECTIVE TO BE ACHIEVED BY THE INVENTION

Now, with a monopole-type antenna, the electromagnetic interaction between the antenna
and the grounding portion decreases as the distance between the open end of the monopole
antenna and the grounding portion of an electrical circuit connected to the antenna (such as
the earth of the housing of a communication device or the printed circuit board for mounting
components) increases. Thus, the antenna's reflection coefficient, radiation efficiency, and
gain often improve as the distance between the open end of the antenna and the installation
point increases. However, suppose the antenna is placed away from the printed circuit board
or housing to improve the characteristics of the antenna. In that case, the antenna must be
greater in size, resulting in a larger size of the communication device, which is problematic.
In contrast, if the antenna is placed close to a printed circuit board or housing in order to
reduce the size of the communication device, that will diminish the characteristics of the
antenna.
[0006]

The present invention was achieved to resolve the above-mentioned problems in the prior
art and, therefore, is intended to provide a small antenna with satisfactory characteristics.

Smaxtec Exhibit 1007
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[0007]
MEANS FORACHIEVING THE OBJECTIVE, ITS OPERATIONAL ADVANTAGES
AND EFFECTS

In order to resolve at least some of the problems mentioned above, the antenna according
to the present invention is provided with loop-shaped conductor part consisting of the

following parts:

A first loop conductor part comprising a loop-shaped line track that forms an N loop(s)

(N = an integer greater than or equal to 1) and

A second loop conductor part comprising a loop-shaped line track that forms an N

loop(s) around the same axis as that of the first loop conductor part mentioned above.

One end of the aforementioned first loop conductor part and one end of the aforementioned
second loop conductor part are connected to each other so that the aforementioned first and
second loop conductor parts are connected in series. The line track starts from the
aforementioned first loop conductor part’s end connected to an external circuit and ends at
the aforementioned second loop conductor part’s end connected to the external circuit,
provided that the direction of current flow in the second loop conductor part is the reverse of
the direction of current flow in the first loop conductor part.

[0008]

The antenna according to the present invention is configured so that the direction of
current flow in the second loop conductor part is the reverse of the direction in the first loop
conductor part, making it possible to reduce the interference between the first and second
loop conductor parts. This makes it possible to reduce the antenna size while maintaining
satisfactory characteristics.

[0009]

Every antenna configured as mentioned above preferably comprises the first and second
loop conductor parts being formed on a dielectric substrate.
[0010]

This prevents the positions of the first and second loop conductor parts from shifting.
[0011]
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For every antenna configured as mentioned above, it will be preferable if the line tracks
of'the first and second loop conductor parts are configured in such a way that at least portions
of said line tracks overlap each other as viewed from a direction perpendicular to the plane
on which the aforementioned first loop conductor part is formed.

[0012]

This makes it possible to effectively utilize the region required for antenna configuration,
thus minimizing the increase in the antenna size.
[0013]

For every antenna configured as mentioned above, it will be preferable if the line tracks
of the first and second loop conductor parts are configured in such a way that the line tracks
do not overlap each other as viewed from a direction perpendicular to the plane on which the
aforementioned first loop conductor part is formed.

[0014]

This makes it possible to reduce the electromagnetic interaction between the first and
second loop conductor parts, thus improving the antenna characteristics.
[0015]

Every antenna configured as mentioned above preferably comprises the first and second
loop conductor parts being formed on the same plane of the aforementioned dielectric
substrate.

[0016]

This eliminates the need to form loop conductor parts on multiple planes, making the
production of the antenna easier.
[0017]

Every antenna configured as mentioned above preferably comprises the first and second
loop conductor parts formed on the dielectric substrate's front and back sides, respectively.
[0018]

This makes it possible to arbitrarily set the degree of overlap between the first and second
loop conductor parts so that the characteristics of the antenna can be adjusted easily by means
of changing the degree of overlap.

[0019]
For every antenna configured as mentioned above, it will be preferable if the lengths of

the first and second loop conductor parts are set within a value range approximately
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equivalent to M x A/4 (where A represents the wavelength in free space corresponding to the
frequency of the signal, and M represents an odd number).
[0020]

In this way, interference between the first and second loop conductor parts can be reduced
even if the first and second loop conductor parts are placed close together. And this makes it
possible to reduce the antenna size while maintaining satisfactory characteristics.

[0021]
Incidentally, the present invention can be realized in various forms, such as a wireless

communication module or device provided with the aforementioned antenna.

[0022]
EMBODIMENT OF THE INVENTION
The following is an explanation of a preferable embodiment of the present invention with

reference to working examples in the following order:

A. First working example,

B. Second working example,

C. Third working example,

D. Fourth working example, and

E. Modified examples.

[0023]
A. First Working Example:

Figure 1 shows a block diagram that illustrates the configuration of a wireless
communication module, which is presented herein as a working example of the present
invention. Wireless communication module 50 shown in this figure is built into a wireless
communication device used for wireless LAN, etc., so as to transmit and receive signals in
the frequency band used for wireless communication (e.g., 900 MHz band, 2.4 GHz band,
etc.).

[0024]

Wireless communication module 50 is provided with antenna 100 and signal processing
module 60. Signals received by antenna 100 are passed to signal processing module 60 for
processing, and transmission signals generated by signal processing module 60 are
transmitted via antenna 100. Signal processing module 60 is provided with baseband IC 52,
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radio-frequency (RF) IC 54, low-noise amplifier 56, power amplifier 58, band-pass filter
(BPF) 64, low-pass filter (LPF) 66, and switch 72.
[0025]

Baseband IC 52 has features capable of controlling RF IC 54 and relaying low-frequency
signals to and from RF IC 54. RF IC 54 has features capable of converting low-frequency
transmission signals (received from baseband IC 52) into radio-frequency signals or
converting radio-frequency reception signals into low-frequency signals and passing them to
baseband IC 52.

[0026]

Switch 72 switches the signal path according to the transmission/reception of signals.
Specifically, when signals are received, the signal path on the BPF side is selected, whereas
the signal path on the LPF side is selected when signals are transmitted.

[0027]

When signal processing module 60 receives a signal, the signal thus received is input to
BPF 64 via switch 72. BPF 64 restricts the signal's bandwidth. The signal is then amplified
by low-noise amplifier 56 and output to RF IC 54. RF IC 54 converts the received signal
from the radio frequency band to a low frequency band and passes it to baseband IC 52.
[0028]

Conversely, when signal processing module 60 transmits a signal, baseband IC 52 passes a
low-frequency transmission signal to RF IC 54, which converts the signal from the low
frequency band to the frequency band used for wireless communication. The transmission
signal thus converted is amplified by power amplifier 58 and then transmitted through
antenna 100 via switch 72 after the low-frequency band is cut at LPF 66.

[0029]

Figure 2 (a) shows a perspective view of wireless communication module 50, and Figure
2 (b) shows a lateral view of wireless communication module 50. In this working example,
signal processing module 60 is built on component-mounting substrate 800. Antenna 100
comprises loop-shaped conductor parts formed on a dielectric substrate consisting of a planar
plate-shaped ceramic or resin. Leg parts 810 of antenna 100 consist of insulating bodies made
of plastic or the like and are affixed to component-mounting substrate 800. Antenna 100 and
signal processing module 60 are connected by means of two feed lines 500a and 500b.
[0030]
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Incidentally, an electrically grounding conductor part (also referred to as an "earth" or a
"ground") may be formed in the area of component-mounting substrate 800 facing antenna
100. This makes it possible to mount electronic components on the back side of component-
mounting substrate 800, thereby expanding the mounting area. Additionally, the grounding
conductor part restricts the radiation of radio waves in the direction toward the grounding
conductor part, thereby restricting the direction of the radio waves emitted from antenna 100.
It should be noted that, in this case, the longer the distance h between antenna 100 and
component-mounting substrate 800 is, the better in terms of improving the characteristics of
antenna 100. However, using a loop-shaped antenna makes it possible to maintain the
antenna’s characteristics even if distance h is shorter relative to wavelength A of the
transmission signal. Distance h is preferably 1% or more of wavelength A but even more
preferably 2% or more of wavelength A. By using loop-shaped antenna 100 in this way, it
becomes possible to reduce the distance between antenna 100 and component-mounting
substrate 800, thereby reducing the size of the communication device.

[0031]

Incidentally, when an electrically grounding conductor part is formed in the area of
component-mounting substrate 800 facing antenna 100, it is preferable not to place a
substance with a high permittivity between antenna 100 and component-mounting substrate
800. Placing a substance with a high permittivity increases the proportion of radio waves
emitted from antenna 100 and collected by said substance, i.e., reduces the proportion of the
radio waves emitted to the external environment, thus resulting in lower signal-
transmission/reception efficiency. In the example shown in Figure 2, nothing is placed
between antenna 100 and component-mounting substrate 800 other than leg parts 810. In
other words, a layer of air (permittivity: approximately 1) is provided between antenna 100
and component-mounting substrate 800, enabling efficient transmission and reception of
signals.

[0032]

Such preferable ranges of distance h and permittivity of the substance between the
antenna and component-mounting substrate 800 apply not only to antenna 100 according to
the first working example but also to other working examples described in later sections.
[0033]

Figure 3 (a) shows a perspective view of antenna 100, and Figure 3 (b) shows an exploded
view of antenna 100. Antenna 100 comprises planar plate-like dielectric substrate 900 (which
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has a thickness of T and is formed of a dielectric such as alumina oxide) and the first and
second loop conductor parts 10L and 20L, formed of conductors such as copper and silver.
The first and second loop conductor parts 10L and 20L are both formed in the loop shapes
that go around axis AX. Said axis AX is an imaginary axis that extends in the direction
perpendicular to the plane formed by the first loop conductor part 10L. The first loop
conductor part 10L is formed on one side of dielectric substrate 900, and the second loop
conductor part 20L is formed on the reverse side.

[0034]

The first loop conductor part 10L has two ends 10ca and 10cb. The second loop conductor
part 20L also has two ends 20ca and 20cb. The first end 10ca of the first loop conductor part
10L and the first end 20ca of the second loop conductor part 20L are connected to each other
by means of connection part 100c, which is formed on the lateral side of dielectric substrate
900. Furthermore, the respective second ends 10cb and 20cb of the two loop conductor parts
10L and 20L are connected to feed lines 500a and 500b, respectively. That is, each of the
second ends 10cb and 20cb acts as an end to be connected with an external circuit.

[0035]

Because connection part 100c is formed on the lateral side of dielectric substrate 900
dedicated to the antenna, it is not necessary to make holes in dielectric substrate 900 to allow
the connection part to pass through them in order to connect the two ends 10ca and 20ca.
This makes the production of the antenna easier.

[0036]

Incidentally, three conductor parts, 10L, 20L, and 100c, may be formed on dielectric
substrate 900, for example, through a method that involves the use of a silver paste to print
the forms of conductor parts 10L, 20L, and 100c on the surface of dielectric substrate 900
through screen-printing followed by a baking step at the desired temperature. Another
method that can be used herein involves forming an antenna by masking, with a required
antenna pattern, a dielectric substrate comprising a conductor part (e.g., silver) formed on the
entire surface and then by melting the unnecessary portion of the conductor part.
Alternatively, the conductor parts may be formed on the dielectric substrate through vapor
deposition. By forming conductor parts 10L, 20L, and 100c on the surface of dielectric
substrate 900 in this way, the production of antenna 100 becomes easier.

[0037]
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Figure 4 (a) and (b) show planar views of the first and second loop conductor parts 10L
and 20L. Figure 4 (c) shows a stack of the two loop conductor parts, 10L and 20L, one on
top of another.

[0038]

As shown in Figure 4 (a), the first loop conductor part 10L is configured in such a way
that a linear line track with a width W forms an approximately square shape surrounding the
imaginary axis AX so as to go almost all the way around axis AX once (i.e., so as to form an
almost complete loop around axis AX). Additionally, distance LW in the figure indicates the
outer dimension of the long side of the square shape, and the distance LH indicates the outer
dimension of the short side of the square shape. Furthermore, the two ends 10ca and 10cb of
the first loop conductor part 10L face against each other with a gap in between, approximately
in the center of the long side of the square shape the conductor part 10L forms.

[0039]

As shown in Figure 4 (b), the second loop conductor part 20L, similar to the first loop
conductor part 10L, is configured so that a linear line track with the same width W forms an
approximately square shape surrounding the imaginary axis AX so as to go almost all the
way around axis AX once (i.e., so as to form an almost complete loop around axis AX). Also,
the size of its square shape is almost identical to that of the first loop conductor part 10L.
Furthermore, the two ends 20ca and 20cb of the first loop conductor part 20L also face against
each other with a gap in between, approximately in the center of the long side of the square
shape the conductor part 10L forms.

[0040]

Figure 4 (c) shows a planar view of the first and second loop conductor parts 10L and
20L as viewed together from the direction of axis AX. The second loop conductor part 20L
is configured so that its shape, size, and position in the direction perpendicular to axis AX
are approximately the same as those of the first loop conductor part 10L. That is, the linear
line tracks of the first and second loop conductor parts 10L and 20L are configured so as to
overlap each other in the direction of axis AX, sandwiching dielectric substrate 900.

[0041]

As mentioned above, feed lines 500a and 500b are connected to the second end 10cb of
the first loop conductor part 10L and the second end 20cb of the second loop conductor part
20L, respectively. Feed lines 500a and 500b are positioned in such a way that they do not
overlap each other; accordingly, the ends of the antenna to be connected to said feed lines are
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also situated so that their positions are misaligned with respect to each other. For this reason,
the shapes of the two loop conductor parts 10L and 20L are formed in such a way that the
only difference between them would be the positions of said ends 10cb and 20cb. More
specifically, the gap between the two ends 20ca and 20cb of the second loop conductor part
20L shown in Figure 4 (b) is set to be greater than the gap between the two ends 10ca and
10cb of the first loop conductor part 10L shown in Figure 4 (a).

[0042]

The line track starts from the second end 10cb of the first loop conductor part 10L and ends
at the second end 20cb of the second loop conductor part 20L, provided that the direction of
the route is reversed to the opposite direction at connection part 100c, as shown by phantom
lines in Figures 4 (a) and (b). That is, the route from the second end 10cb of the first loop
conductor part 10L to the first end 10ca is counterclockwise (turns to the left), and the route
from the first end 20ca of the second loop conductor part 20L to the second end 20ca is
clockwise (turns to the right). In other words, the two loop conductor parts 10L and 20L
collectively constitute a multi-loop conductor part in which the direction of the line track is
reversed to the opposite direction partway along the path. It should be noted that, for purposes
of the present specification, the “reversing multi-loop conductor part” refers to a loop
conductor part in which the direction in which current circulates in the line track is reversed
partway from one end to the other end of the line track.

[0043]

Figure 5 shows a graph that illustrates the relationship between the reflection coefficient
and frequency of antenna 100 according to the first working example. The horizontal axis
shows the frequency of signals supplied from the feed lines, and the vertical axis shows the
reflection coefficient of the antenna. For the reflection coefficient of the antenna, the lower
the value is, the smaller the reflective component, i.e., the better the efficiency (the unit is in
dB). This graph also shows the result of an experiment conducted by setting the dimensions
of antenna 100 (Figures 3 and 4) at the following values, respectively: That is, the length of
the long sides of the square shape is 32mm, the length of the short sides is 21mm, and the
width of the line track is 3mm. Additionally, the thickness of dielectric substrate 900 is T
(Figure 3), meaning that the distance between the first and second loop conductor parts 10L
and 20L disposed in parallel is 1 mm. In this case, the reflection coefficient drops at around
2.2 GHz, as shown in Figure 5, indicating that this antenna 100 supports the 2.2 GHz band.
As such, antenna 100, which uses the first and second loop conductor parts 10L and 20L to
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form a reversing multi-loop conductor part, can be used as an antenna for transmitting and
receiving wireless signals.
[0044]

The concept of the operation of the antenna comprising a reversing multi-loop conductor
part is as follows. Figure 6 shows diagrams that illustrate the relationship between the current
distribution and frequency on the antenna’s line track. Figure 6 (a) shows a simplified
representation of the shape of antenna 100.

[0045]

Figure 6 (b) shows a position on the linear line track of antenna 100 and the magnitude
of the current flowing through that position. The horizontal axis shows distance DS from the
second end 10cb of the first loop conductor part 10L, and the vertical axis shows current I —
on the line track of antenna 100. Current I represents the current of the standing wave
generated on the antenna, showing the current distribution as measured at the moment when
the magnitude of current increases. The forward direction of current I is in the direction that
follows the line track from the second end 10cb of the first loop conductor part 10L to the
second end 20cb of the second loop conductor part 20L. Lengths L of the first and second
loop conductor parts 10L and 20L are set to be 1/4 of wavelength A in free space (in air)
corresponding to the signal's frequency. It should be noted that for the sake of simplicity, the
lengths of the two loop conductor parts 10L. and 20L are illustrated as the same length L in
Figure 6, although they are slightly different in reality as mentioned above; provided,
however, that even if there is a difference in the length between the two loop conductor parts,
it will be only to a minor extent so that differences in characteristics will not be a problem in
real situation.

[0046]

In the example shown in Figure 6 (b), lengths L of loop conductor parts 10 L and 20 L
each correspond to one-quarter of wavelength A; therefore, as distance DS increases by L (i.e.,
one-quarter of wavelength A), the antinodes and nodes are alternately observed in the current
distribution. In this example, the position where distance DS is L (end 10ca or 20ca)
corresponds to a node in the current distribution, where the magnitude of current I is zero.
Additionally, the position where distance DS is 0 or 2L, i.e., the end 10cb or 20cb,
corresponds to an antinode of the current distribution, at which the magnitude of current I is
the maximum. Incidentally, the direction of current I is opposite on both sides of the node.
Therefore, the direction of current I at the second end 10cb of the first loop conductor part
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10L is the reverse of the direction of current I at the second end 20cb of the second loop
conductor part 20L.
[0047]

Figure 6 (c) shows an illustrative drawing that illustrates the current distribution in the
first loop conductor part 10L. In the first loop conductor part 10L shown in the figure, an
arrow indicating the direction of current | is provided near the antinode position in the current
distribution in Figure 6 (b), and the code "I =0 is provided near the node position, indicating
that current I is zero. In this example, the direction of the current at the second end 10cb is
counterclockwise relative to the direction of axis AX.

[0048]

Figure 6 (d) shows an illustrative drawing that illustrates the current distribution in the
second loop conductor part 2L. In the second loop conductor part 20L shown in the figure,
an arrow indicating the direction of current I is provided near the antinode position in the
current distribution in Figure 6 (b), and the code "I = 0” is provided near the node position,
indicating that current I is zero. In this example, the value of current I at the second end 20cb
of the second loop conductor part 20L is a negative counterpart of the value of current I at
the second end 10cb of the first loop conductor part 10L. However, antenna 100 in this
example is configured so that the line track starts from the second end 10cb of the first loop
conductor part 10L and ends at the second end 20cb of the second loop conductor part 20L,
wherein the direction in which current circulates in the second loop conductor part 20L is the
reverse of the direction in the first loop conductor part 10L. This means that the direction of
current flow at the second end 20cb of the second loop conductor part 20L is also
counterclockwise, as viewed from the direction of axis AX.

[0049]

In this way, if lengths L of the first and second loop conductor parts 10L and 20L are
configured so as to be one-quarter of wavelength A of the signal, the direction of the current
flow, as viewed from the direction of axis AX, is the same at any given positions on the first
and second loop conductor parts 10L and 20L. Suppose that the directions of current flow in
the first and second loop conductor parts 10L and 20L are opposite. In this case, radio waves
emitted respectively from the conductor parts interfere with and thus cancel out each other,
thereby diminishing the characteristics of the antenna. In this working example, antenna 100

can minimize such interference between loop conductor parts, thereby minimizing the extent
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to which the antenna characteristics are diminished. Additionally, the two loop conductor
parts, 10L and 20L, can be placed close to each other, reducing the antenna's size.
[0050]

Figure 7 shows illustrative diagrams that illustrate the current distribution on the line
track of antenna 100 in the state in which the frequency differs from that of Figure 6. Figure
7 (a) shows a graph that illustrates the magnitude of current I when lengths L of loop
conductor part 10L and 20L are three-quarters of wavelength A. In this case as well, the
position where distance DS is 0 (the second end 10cb) corresponds to an antinode in the
current distribution. Also, as distance DS increases by a quarter of wavelength A, the nodes
and antinodes are alternately observed in the current distribution — as observed from the
point at which distance DS is 0. Consequently, two antinodes and two nodes are formed on
the first loop conductor part 10L, while two antinodes and nodes are formed on the second
loop conductor part 20L, also. Additionally, similarly to the example shown in Figure 6, the
connection points of the first and second loop conductor parts 10L and 20L (ends 10ca and
20ca) correspond to the nodes in the current distribution. Thus, the directions of the current
on the first and second loop conductor parts 10L and 20L are rotationally symmetrical, i.e.,
the same after either one is rotated by 180 degrees on their center, which is the connection
point (end 10ca or 20ca) where the current distribution is 0 (a node).

[0051]

Figure 7 (b) shows the current distribution on the first loop conductor part 10L, and
Figure 7 (c) shows the current distribution on the second loop conductor part 20L. The
meanings of the codes in the figure are the same as those in Figure 6(c) and (d). As shown in
diagrams (b) and (c) of Figure 7, two antinodes and two nodes are formed in the current
distribution in each of the first and second loop conductor parts 10L and 20L. Furthermore,
as shown in the graph in Figure 7 (a), the directions of current I flowing through the first and
second loop conductor parts 10L and 20L are rotationally symmetrical, i.e., the same after
either one is rotated by 180 degrees on their center, which is the connection point (end 10ca
or 20ca). Therefore, as observed from the direction of axis AX, the directions of the current
flow can be the same at given positions on the first and second loop conductor parts 10L and
20L that are close to each other. This, as in the case of Figure 6, makes it possible to minimize
the diminishment in the antenna characteristics caused by the flows of current through the
two loop conductor parts 10L and 20L canceling out each other’s radio wave radiations.
[0052]

Smaxtec Exhibit 1007

Smaxtec, Inc. v. ST Reproductive Tech, LLC
Page 34 of 60



JP 2004-215061 A 2004.7.29

In general, if lengths L of the first and second loop conductor parts 10L and 20L and
wavelength A meet the following conditions, the directions of their current flows can be the
same at given positions on the first and second loop conductor parts 10L and 20L that are
close to each other — as observed from the direction of axis AX.

[0053]
(Condition 1)

Lengths L of the first and second loop conductor parts are within the range of values
approximately equivalent to the value M-A/4, which is obtained by multiplying a quarter of
wavelength A by M (where M is an odd number).

[0054]

It should be noted that the phrase "within the range of values approximately equivalent
to the value M-\/4, which is obtained by multiplying a quarter of wavelength A by M” means
that length L is a value within £40% of the value M-A/4. The “range within £40% of the value
M-A/4” can be interpreted as a range consisting of approximately the same values in terms of
the characteristics of the antenna. Length L of a loop is preferably within +40%, more
preferably within £30%, but most preferably within £20% of the value M-A/4. This makes it
possible to prevent the line tracks, in which current flows in opposite directions as observed
from the direction of axis AX, from being situated close to each other. The sum of the lengths
of the first and second loop conductor parts (hereinafter referred to as the "total length of the
reversing multi-loop conductor part") is approximately equal to the value obtained by
multiplying one-half of wavelength A by M (hereinafter referred to as the "target length").
Here, it is preferable to keep the difference between the total length of the reversing multi-
loop conductor part minus the target length within -30% to +20% of wavelength A; however,
it is particularly preferable if the difference is kept within -20% to +10%. This makes it
possible to resonate the antenna with a frequency at which the total length of the reversing
multi-loop conductor part corresponds to the length calculated by multiplying one-half of
wavelength A by M, making it possible to obtain more satisfactory characteristics. Here, the
reason for the wider allowable range for lengths that are shorter than the target length is that
the wavelength in conductor parts tends to be slightly shorter than wavelength A in free space,
even if the frequencies of signals to be transmitted/received are the same.

[0055]

In antenna 100 according to the first working example, the current distribution in the loop

conductor parts 10L and 20L is affected not only by the line track lengths but also by the
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widths and shapes of the line tracks, by the electromagnetic interaction between the two loop
conductor parts 10L and 20L, and by substances placed around them. Accordingly, it is
preferable to calculate the current distribution in the loop conductor parts 10L and 20L by
taking into account these influencing parameters (e.g., the widths of the line tracks). However,
to improve the antenna’s characteristics such as the reflection coefficient, the directions and
magnitudes of current on the first and second loop conductor parts 10L and 20L do not need
to be exactly the same, insofar as the line tracks are not situated close to each other when the
magnitudes of current on the line tracks are high and insofar as the current flows the line
tracks in opposite directions as observed from the direction of axis AX. As such, the
relationship between the antenna’s reflection coefficient and the frequency can be determined
based on the length along the centerline of each line track.

[0056]

In antenna 100, which is used to obtain the graph shown in Figure 5, the "length along
the centerline of each line track" is approximately 94mm for both the first and second loop
conductor parts 10L and 20L. Additionally, wavelength A, as measured at the frequency of
2.2 GHz with a low reflection coefficient, is approximately 136 mm, and three-quarters of
said wavelength A is approximately 102 mm. That is, the lengths of the first and second loop
conductor parts 10L and 20L (approximately 94 mm) are within the range (+40%) of values
approximately equivalent to three-quarters of the wavelength A (approximately 102 mm) in
terms of antenna characteristics. Therefore, antenna 100 exhibits satisfactory
characteristics in the frequency band in which the lengths of the first and second loop
conductor parts 10L and 20L are three-quarters of wavelength A (approximately 2.2 GHz)
(Figure 5).

[0057]

As such, because antenna 100 according to the first working example has a reversing
multi-loop conductor part in which two loop conductor parts 10L and 20L are connected in
series, it can be made smaller than a regular single-loop antenna, doing so without excessive
loss of antenna characteristics. Moreover, because the length of one round made by the first
or second loop conductor part is about three-quarters of wavelength A, antenna 100 according
to the first working example can be made smaller than other loop antennas in which the length
of one loop round is the same as wavelength A.

[0058]
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B. Second Working Example:

Figure 8 shows illustrative diagrams that illustrate antenna 110 according to the second
working example. The difference from antenna 100 according to the first working example
described above is that the second loop conductor part 21L is configured to be smaller than
the first loop conductor part 11L.

[0059]

Figure 8 (a) shows an exploded view of antenna 110 according to the second working
example. Antenna 110 in the present working example comprises dielectric substrate 910
with a thickness of T1 and the first and second loop conductor parts 11L and 21L. The first
and second loop conductor parts 11L and 21L are formed on one side of dielectric substrate
910 and its reverse side, respectively. Incidentally, the size of dielectric substrate 910 is
configured so as to have the same outer dimensions as those of the first loop conductor part
11L.

[0060]

Figure 8 (b) shows a planar view that illustrates the first loop conductor part 11L. The
first loop conductor part 11L has the same shape as the first loop conductor part 10L
according to the first working example described above (Figure 4).

[0061]

Figure 8 (c) shows a planar view that illustrates the second loop conductor part 21L. The
size of the second loop conductor part 12L is slightly smaller than the second loop conductor
part 20L of antenna 100 according to the first working example, and the linear line tracks of
the first and second loop conductor parts 11L and 21L are configured so that they do not
overlap each other as viewed from the direction of axis AX. That is, outer dimension LW 21
on the long side of the second loop conductor part 21L is shorter than outer dimension LW
11 on the long side of the first loop conductor part 11L, and outer dimension LH 21 on the
short side is also shorter than outer dimension LH 11 on the long side of the first loop
conductor part 11L.

[0062]

The respective first ends 11ca and 21ca of the first and second loop conductor parts 11L
and 21L are connected by means of connection part 110c. The second loop conductor part
21L is smaller than the first loop conductor part 11L, i.e., dielectric substrate 910, and is
situated at the center of dielectric substrate 910. Consequently, end 21ca is situated on the
inner side from the outer edge of dielectric substrate 910. Given this factor, connection part
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110c is formed in such a way that it extends from the lateral side of dielectric substrate 910
toward end 21ca, along the plane on which the second loop conductor part 21L is formed —
so as to connect the two ends 11ca and 21ca. Furthermore, feed lines 500A and 500b are
connected to the second ends 11cb and 21cb of the first and second loop conductor parts 11L
and 21L, respectively.

[0063]

Figure 9 shows a graph that illustrates the relationship between the reflection coefficient
and frequency of antenna 110 according to the second working example. The meanings of
the vertical and horizontal axes are the same as those in the graph shown in Figure 5: The
vertical axis indicates the reflection coefficient, and the horizontal axis indicates the
frequency. This graph shows the result of an experiment conducted by setting the dimensions
of antenna 110 shown in Figure 8 at the following values, respectively: That is, length LW
11 on the long sides of the first loop conductor part 11L is 32mm, length LH 11 on the short
sides is 21mm, and width W 11 of the line track is 3mm. Length LW 21 on the long sides of
the second loop conductor part 21L is 26mm, Length LH 21 on the short sides is 15 mm, and
width W of the line track is 3 mm. And thickness T1 of dielectric substrate 910 is I mm.
[0064]

As shown in Figure 9, antenna 110 in this working example has a lower reflection
coefficient at around 900 MHz, unlike the example shown in Figure 5. This means that the
present antenna 110 supports the 900 MHz band. Also, in this working example, the length
along the center of the first loop conductor part 11L is approximately 94 mm, and the length
along the center of the second loop conductor part 21L is approximately 70 mm. Furthermore,
wavelength A in free space corresponding to the frequency of 900 MHz is approximately 333
mm, and one-quarter of that length is approximately 83 mm. In other words, the lengths of
the first and second loop conductor parts 11L and 21L (approximately 94 mm and
approximately 70 mm) are in approximately the same range (£40%) of values as a quarter of
wavelength A (approximately 83 mm). Therefore, antenna 110 exhibits satisfactory
characteristics in the frequency band (approximately 900 MHz) where the loop length is one-
quarter of wavelength A. As such, antenna 110 according to the second working example has
two loop conductor parts 11L and 21L, both having a length of approximately one-quarter of
wavelength A. Therefore, it has a smaller configuration than other loop antennas in which the
length of one loop round is the same as wavelength A.

[0065]
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In this way, it becomes possible to adjust the antenna's impedance, i.e., the reflection
coefficient, by changing the degree of overlap of the first and second loop conductor parts
11L and 21L as viewed from the direction of axis AX. In antenna 110 used to obtain the graph
shown in Figure 9, the first and second loop conductor parts 11L and 21L are configured so
as not to overlap as viewed from the direction of axis AX. This reduces the electromagnetic
interaction between the first and second loop conductor parts 11L and 21L. As a result, in the
example shown in Figure 9, the reflection coefficient is low in the two frequency bands of
approximately 900 MHz and approximately 2.2 GHz.

[0066]

Incidentally, it is also possible to configure the first and second loop conductor parts 11L
and 21L in sizes that allow portions of the respective line tracks to overlap as viewed from
the direction of axis AX. This makes it possible to adjust the reflection coefficient in the
target frequency band by arranging the line tracks so that portions thereof are stacked, one
on top of another, and further by adjusting the proportions of the overlapping regions. This
makes it possible to expand the frequency band in which the antenna can transmit and receive
signals efficiently (e.g., the frequency range in which the reflection coefficient is -10 dB or
less). Moreover, by allowing portions of the line tracks to overlap each other, the area
required for antenna configuration can be utilized effectively, making it possible to obtain a

smaller antenna.

[0067]
C. Third Working Example:

Figure 10 shows illustrative diagrams that illustrate antenna 120 according to the third
working example. The difference from antennas 100 and 110 according to the working
examples described above is that the first and second loop conductor parts 12L and 22L are
formed on the same surface of dielectric substrate 920.

[0068]

Figure 10 (a) shows a perspective view of antenna 120 according to the third working
example. Antenna 120 in the present working example comprises the first and second loop
conductor parts 12L and 221 formed on one plane of dielectric substrate 920 with a thickness
of T2.

[0069]
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Figure 10 (b) shows a planar view that illustrates the first and second loop conductor parts
12L and 22L. The second loop conductor part 22L is formed inside the first loop conductor
part 12 so as to be adjacent thereto on the same plane. Additionally, the respective first ends
12ca and 22ca of the two loop conductor parts 121 and 22L are formed so as to be adjacent
to each other on the same plane. In the present working example, two ends 12ca and 22ca are
formed at about the same positions, making it possible to connect the two ends without using
connection part 100c or 110c as in the first and second working examples. The respective
second ends 12cb and 22¢b of the two loop conductor parts 12L and 22L are connected to
feed lines 500a and 500b, respectively.

[0070]

Antenna 120 in the present working example has a reversing multi-loop conductor part,
similar to antennas 100 and 110 in the working examples described above. Therefore, setting
the lengths of the first and second loop conductor parts 121 and 221 within a range of values
approximately equivalent to a value obtained by multiplying a quarter of wavelength A by an
odd number allows current to flow in the same direction, as viewed from the direction of axis
AX, at given positions (on the first and second loop conductor parts 12 and 22L) that are
close to each other. Thus, it is possible to minimize the diminishment in the antenna
characteristics caused by the flows of current through the two loop conductor parts 121 and
22L canceling out each other’s radio wave radiations.

[0071]

Moreover, forming the first and second loop conductor parts 12L and 22L on the same

surface of a dielectric substrate, as is in the present working example, makes it possible to

produce antennas more easily.

[0072]
D. Fourth Working Example:

Figure 11 shows illustrative diagrams that illustrate antenna 130 according to the fourth
working example. The difference from antennas 100 through 120 according to the working
examples described above is that the first and second loop conductor parts 13L and 23L are
each configured to circle around axis AX not only once but multiple times.

[0073]

Figure 11 (a) shows an exploded view of antenna 130 according to the fourth working

example. Antenna 130 in the present working example comprises dielectric substrate 930
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with a thickness of T3 and the first and second loop conductor parts 13L and 23L. The first
and second loop conductor parts 13L and 23L are formed on one side of dielectric substrate
930 and its reverse side, respectively.

[0074]

Figure 11 (b) shows a planar view that illustrates the first loop conductor part 13L, and
Figure 11 (c) shows a planar view that illustrates the second loop conductor part 23L. The
first and second loop conductor parts 13L and 23L have approximately identical shapes, and
their line tracks are configured to go around axis AX twice. The respective second ends 13cb
and 23c¢b of the two loop conductor parts 13L and 23L are connected to feed lines 500a and
500b, respectively. The respective first ends 13ca and 23ca of the first and second loop
conductor parts 13L and 23L are connected by means of connection part 130c. Connection
part 130c passes through dielectric board 930.

[0075]

As such, in antenna 130 according to the present working example, the line tracks of the
first and second loop conductor parts 13L and 23L each go around axis AX twice. This makes
it possible to reduce the size of the antenna compared to other antennas configured in such a
way that the line tracks of the first and second loop conductor parts go around axis AX once.
However, in this case, it is preferable to respectively set the lengths of the line tracks of the
first and second loop conductor parts 13L and 23L within the range of values approximately
equivalent to one-quarter of wavelength A. If the lengths of the line tracks of the first and
second loop conductor parts 13L and 23L are longer than one-quarter of wavelength A, the
current distribution in each of the first and second loop conductor parts 13L and 23L will
show multiple antinodes where the direction of the flow of current is reversed. Consequently,
there is a possibility that the line tracks, with opposite directions of current flow, may be
situated nearby. However, insofar as the lengths of the line tracks of the first and second loop
conductor parts 13L and 23L are approximately one-quarter of wavelength A, the direction of
current, as observed from the direction of axis AX, will be the same at any given positions
on the first and second loop conductor parts 13L and 23L. Thus, having the line tracks (with
opposite directions of current flow as observed from the direction of axis AX) situated close
to each other makes it possible to minimize the mutual cancellation of radio-wave radiation.
[0076]

Incidentally, in the example shown in Figure 11, the first and second loop conductor parts
13L and 23L each form their line track on the same plane. However, instead of on the same
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plane, the line track may be formed in a three-dimensional coil shape, i.e., so that the line
track’s position in the direction of axis AX may shift as the line track spirals around axis AX.
[0077]

As described above, the antenna according to each of the above-mentioned working
examples has a configuration in which the first and second loop conductor parts that go
around the same imaginary axis AX are connected in series. Accordingly, it can provide a
smaller antenna compared to regular loop antennas. Furthermore, satisfactory characteristics
can be obtained for signals with frequencies at which the lengths of the first and second loop
conductor parts correspond to the length obtained by multiplying a quarter of wavelength A
by an odd number. Incidentally, the radiation efficiency of a loop antenna tends to improve
as the area size surrounding the loop increases. Accordingly, in order to improve the
characteristics of the antenna, the length of a loop is preferably longer, and the lengths of the
first and second loop conductor parts are preferably within the range that is considered
approximately equal to three-quarters of wavelength A. Furthermore, in order to reduce the
size of the antenna, the lengths of the first and second loop conductor parts are preferably
within the range that is considered approximately equal to one-quarter of wavelength A.
[0078]

Now, in general, two ends of the first and second loop conductor parts connected to each
other (i.e., the first ends in each working example above) in a reversing multi-loop conductor
part are preferably configured so as to be situated in the vicinity of each other. In other words,
the shorter the distance between these two ends, the better. As this distance increases, the
length of the connection part connecting these two ends also increases, causing the phase of
the current distribution in the first and second loop conductor parts to shift by the length of
the connection part. In particular, when the length of the connection part is greater than or
equal to one-quarter of wavelength A, the line tracks may become close to each other,
corresponding to the antinodes and nodes in the current distribution, or the line tracks with
opposite directions of current as viewed from the direction of axis AX may become close to
each other. Therefore, the distance between the two ends connected to each other is preferably
shorter than or equal to one-quarter of wavelength A but more preferably shorter than or equal
to one-tenth of wavelength A. For example, in the above-described working examples shown
in figures 3, 8, and 11, the values of the thicknesses T, T1, and T3 of dielectric substrates 900,
910, and 930 each act as the distance between the two ends. Accordingly, it is particularly
preferable to keep these values of distances T, T2, and T3 shorter than or equal to one-tenth
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of wavelength A. Additionally, configuring the two ends so as to reduce the distance between
them in this way means bringing the distance between the first and the second loop conductor
parts closer. This makes it possible to reduce the areas required to dispose the first and second
loop conductor parts, thus reducing the antenna size.
[0079]

It should be noted that the present invention is not limited to the above-mentioned
working examples but may be implemented in various forms without departing from the

scope of the spirit of the invention. For example, the following modifications may be made:

[0080]
E. Modified Examples

E1. Modified Example 1:

In each of the working examples described above, the first and second loop conductor
parts are each configured so as to form an approximate square shape. Furthermore, a feed
position is located in the middle of the long side of the square shape. However, the feed
position is not limited to the middle of the long side; it may be in the middle of the short side
or at the vertex position. Furthermore, the shape of the first and second loop conductor parts
is not limited to an approximate square shape but may also be an oval or egg shape. In either
case, it becomes possible to reduce the size of the antenna by using, as the antenna, a
reversing multi-loop conductor part comprising the first and second loop conductor parts that

circle around the same imaginary axis AX.

[0081]
E2. Modified Example 2:

In each working example described above, the linear line tracks that make up the first
and second loop conductor parts have straight sides. However, the linear line tracks may be
configured so as to meander around axis AX. Figure 12 shows a planar view that illustrates
a modified example with meandering line tracks instead of the linear line tracks in the
abovementioned third working example. By modifying the linear line tracks to meander in
this way, it becomes possible to extend the length of the line track of each loop conductor
part relative to the size of the antenna itself, thus making it possible to reduce the antenna
size.
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[0082]
E3. Modified Example 3:

In wireless communication module 50 (Figure 2) according to each working example
described above, the antenna and signal processing module 60 are disposed on the same
surface of component-mounting substrate 800. However, the antenna may be disposed on the
reverse side, i.e., the side opposite the surface on which signal processing module 60 is
disposed. This makes it possible to minimize the electromagnetic interaction between the
antenna and signal processing module 60. Additionally, it is no longer necessary to build the
entire signal processing module 60 on a single component-mounting substrate 800. Signal
processing module 60 may be divided into sections and thus mounted on multiple
component-mounting substrates. Furthermore, the antenna may be affixed to the housing of
a communication device instead of component-mounting substrate 800. In this way, wireless
communication module 50 can be flexibly adapted to the shape and size of the
communication device. Moreover, instead of using a dielectric substrate dedicated to the
antenna, the first and second loop conductor parts may be formed on the surface of
component-mounting substrate 800. This makes the production of wireless communication
module 50 easier. In either case, it would suffice insofar as stable operation is ensured when

using a communication device.

[0083]
E4. Modified Example 4:

The first and second loop conductor parts are formed on the same dielectric substrate in
each of the working examples described above. However, they may be formed on different
dielectric substrates, respectively. For example, two dielectric substrates may be prepared so
as to form the first loop conductor part on one of the substrates while forming the second
loop conductor part on the other, doing so in the state in which these two dielectric substrates
are arranged side-by-side in parallel so that the respective first ends of the first and second
loop conductor parts can be connected with a connection part. In this case as well, the size of
the antenna can be reduced by disposing the two dielectric substrates close together.
Incidentally, the first and second loop conductor parts are perfectly parallel in each of the
working examples described above. However, even if they are slightly tilted, the respective
antinodes in the current distribution can be brought close to each other insofar as the
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conductor parts maintain a near-parallel state so that the respective flows of current can
intensify the radiation of radio waves in a mutual manner. Nevertheless, such deviation from

the parallel state is preferably within 20 degrees but more preferably within 10 degrees.

[0084]
ES. Modified Example 5:

An impedance-matching circuit may be provided between the antenna and the signal
processing module in each of the working examples described above. Using an impedance-
matching circuit to match the impedance between the antenna and the signal processing
module makes it possible to further reduce the reflection coefficient and expand the

frequency band supported by the antenna.

[0085]
E6. Modified Example 6:

In each of the working examples described above, the first and second loop conductor
parts are formed on the surface of a dielectric substrate. However, it may be formed inside
the dielectric substrate. This makes it easy to minimize electrical contact between these loop
conductor parts and other components in the periphery. Alternatively, instead of using a
dielectric substrate, these loop conductor parts may be formed by preparing, through a special
process, linear line tracks, e.g., enameled or polyurethane wires, which are covered with
insulator jackets.

[0086]
E7. Modified Example 7:

In order to reduce the size of the antenna, it is preferable to set the lengths of the line
tracks of the first and second loop conductor parts to be approximately the same length. In
other words, it is preferable to set each length to be within £40%, more preferably within
+30%, but most preferably within +20% of the same target value (e.g., M-A/4, as calculated
by using the same value M). This makes it possible to prevent one of the loop conductor parts
from becoming enormous and thus minimize the increase in the antenna size. In each of the
working examples described above, the line track lengths of the first and second loop
conductor parts are set to be about the same to minimize the antenna size. Now, in order to
improve the antenna’s characteristics, such as the reflection coefficient, the first and second
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loop conductor parts do not necessarily have to be approximately equal in length insofar as
their line tracks (in which the magnitudes of current are high, and the current flows in
opposite directions with respect to each other as observed from the direction of axis AX) are
not situated close to each other. This way, interference between the first and second loop

conductor parts can be reduced.

BRIEF EXPLANATION OF THE DRAWINGS
Figure 1 shows a block diagram that illustrates the configuration of a wireless

communication module.

Figure 2 shows a diagram that illustrates the schematic structure of the wireless

communication module.

Figure 3 shows a diagram that illustrates the schematic structure of antenna 100.

Figure 4 shows planar views of the first and second loop conductor parts 10L and 20L.

Figure 5 shows a graph that illustrates the relationship between the reflection coefficient

and frequency of antenna 100 according to the first working example.

Figure 6 shows diagrams that illustrate the relationship between the current distribution

and frequency on the antenna’s line track.

Figure 7 shows diagrams that illustrate the current distribution on the antenna’s line track.

Figure 8 shows illustrative diagrams that illustrate antenna 110 according to the second

working example.

Figure 9 shows a graph that illustrates the relationship between the reflection coefficient

and frequency of antenna 110 according to the second working example.

Figure 10 shows illustrative diagrams that illustrate antenna 120 according to the third
working example.
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Figure 11 shows illustrative diagrams that illustrate antenna 130 according to the fourth

working example.

Figure 12 shows a planar view that illustrates an example with a meandering line track

instead of a linear line track.

EXPLANATION OF REFERENCE CODING
100 to 130 ... Antenna
100c to 130c... Connection part
10L to 13L ... The first loop conductor part
20L to 23L ... The second loop conductor part
10ca to 13ca ... The first end
10cb to 13cb ... The second end
20ca to 23ca ... The first end
20cb to 23cb ... The second end
800 ... Substrate for mounting components
810 ... Leg part
500A, 500B ... Feed line
900 to 930 ... Dielectric substrate

50 ...
52 ...
54 ...
56 ...
58 ...
60 ...
64 ...
66 ...
72 ...

Wireless communication module
Baseband IC

Radio frequency (RF) IC
Low-noise amplifier

Power amplifier

Signal processing module
Bandpass filter

Low-pass filter

Switch

AX ... Imaginary axis
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Figure 6
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Figure 7
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Figure 9
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Figure 11
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Figure 12
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