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NON-CONTAC T WIRELESS 
COMMUNICATION APPARATUS, METHOD 
OF ADJUSTING RESONANCE FREQUENCY 

OF NON-CONTAC T WIRELESS 
COMMUNICATION ANTENNA, AND MOBILE 

TERMINAL APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application claims bene?t of priority of Japa 
nese patent Application No. 2007-316548 ?led in the Japa 
nese Patent Of?ce on Dec. 7, 2007, the entire disclosure of 
Which is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a non-contact Wireless 

communication apparatus suitable for mobile devices, such 
as a mobile phone, a PHS telephone (Personal Handyphone 
System), a PDA apparatus (Personal Digital Assistant), a 
handheld game machine, and a notebook-type personal com 
puter apparatus, etc., a method of adjusting a resonance fre 
quency of a non-contact Wireless communication antenna, 
and a mobile terminal apparatus. 

2. Description of Related Art 
Japanese Unexamined Patent Application Publication No. 

2006-237782 (page 4: FIGS. 1 and 2) hereinafter referred to 
as Patent Document 1, discloses a mobile information termi 
nal having a non-contact communication unit Which is 
capable of being provided in a small space, and alloWs sub 
stantially the same communication distance as the case Where 
it is provided either in the front of the device or in the back of 
the device. 

In this mobile information terminal, an antenna of a non 
contact communication unit Which receives a poWer supply 
from an external device by inductive coupling in a non-con 
tact manner, to transmit/receive a signal With the external 
device is arranged such that a Wire material is Wound around 
a plate-like or rod-like core material and this antenna part is 
provided in the thickness direction near an end face of the 
mobile information terminal. Thus, the mobile information 
terminal may obtain substantially the same communication 
distance on both sides of the mobile information terminal 
With a small occupied space. 

SUMMARY OF THE INVENTION 

HoWever, in the mobile information terminal disclosed in 
the Patent Document 1 as Well as in the mobile device, there 
arises an issue that a variation in the precision of component 
assembly for each device at the time of production, a variation 
in characteristic of each of electric and electronic components 
Which constitute the antenna of the non-contact communica 
tion unit, etc. may cause a variation in a resonance frequency 
of the antenna. As shoWn in FIG. 14, even Within a service 
available area in compliance With the standard, if the variation 
in this resonance frequency arises, then a service unavailable 
area may arise Where non-contact Wireless communications 
are not available, Which is not preferred. 
As shoWn in FIG. 14, it may theoretically be possible to 

prevent the service unavailable area from arising by setting up 
(managing) the resonance frequency Within a narroW range. 
HoWever, it is in fact dif?cult to manage resonance frequency 
Within such a narroW range and to manufacture the mobile 
device, because of the variation in the precision of component 
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2 
assembly, the variation in the characteristic of each of the 
electric and electronic components, etc. 

Accordingly, it is desirable to provide a non-contact Wire 
less communication apparatus, a method of adjusting the 
resonance frequency of the non-contact Wireless communi 
cation antenna, and the mobile terminal apparatus, in Which 
the variation in the precision of component assembly, the 
variation in the characteristic of each of the electric and 
electronic components, etc., are absorbed and the resonance 
frequency of the antenna of the non-contact communication 
unit is simply adjusted to a predetermined resonance fre 
quency, to thereby prevent the occurrence of service unavail 
able area and easily manufacture the device. 

In accordance With one aspect of the present invention, 
there is provided a non-contact Wireless communication 
apparatus Which receives a poWer supply from an external 
device by inductive coupling in a non-contact manner, to 
transmit/receive signals With the external device. The non 
contact Wireless communication apparatus includes a non 
contact Wireless communication antenna, a resonance capaci 
tor, a resonance frequency adjustment unit, a capacitance 
change control unit, a resonance frequency shift unit, an 
on/off control unit. The resonance capacitor is connected in 
parallel With the non-contact Wireless communication 
antenna and obtains a predetermined resonance frequency 
With the non-contact Wireless communication antenna. The 
resonance frequency adjustment unit changes a resonance 
capacitance of the resonance capacitor to adjust the resonance 
frequency. The capacitance change control unit controls an 
amount of change in resonance capacitance of the resonance 
capacitor in the resonance frequency adjustment unit. The 
resonance frequency unit shifts the resonance frequency of 
the non-contact Wireless communication antenna. The on/off 
control unit performs on/off control of the resonance fre 
quency shift unit in accordance With the amount of change in 
the resonance capacitance of the resonance capacitor by the 
capacitance variation control unit. 

In accordance With another aspect of the present invention, 
there is provided a method of adjusting the resonance fre 
quency of the non-contact Wireless communication antenna 
in a non-contact Wireless communication apparatus Which 
receives a poWer supply from an external device by inductive 
coupling in a non-contact manner, to transmit/receive a signal 
With the external device. The method includes the steps of: 
adjusting, by a resonance frequency adjustment unit, the reso 
nance frequency by changing a resonance capacitance of a 
resonance capacitor connected in parallel With a non-contact 
Wireless communication antenna and for obtaining a prede 
termined resonance frequency With the non-contact Wireless 
communication antenna, and on/off controlling, by an on/off 
control unit, a resonance frequency shift unit in accordance 
With an amount of change in the resonance capacitance of the 
resonance capacitor. 

In accordance With a further aspect of the present inven 
tion, there is provided a mobile terminal apparatus including 
non-contact Wireless communication unit Which receives a 
poWer supply from an external device by inductive coupling 
in a non-contact manner, to transmit/ receive a signal With the 
external device. The non-contact Wireless communication 
unit includes a non-contact Wireless communication antenna, 
a resonance capacitor, a resonance frequency adjustment unit, 
a capacitance change control unit, a resonance frequency shift 
unit, an on/off control unit. The resonance capacitor is con 
nected in parallel With the non-contact Wireless communica 
tion antenna and obtains a predetermined resonance fre 
quency With the non-contact Wireless communication 
antenna. The resonance frequency adjustment unit changes a 
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resonance capacitance of the resonance capacitor to adjust the 
resonance frequency. The capacitance change control unit 
controls an amount of change in resonance capacitance of the 
resonance capacitor in the resonance frequency adjustment 
unit. The resonance frequency unit shifts the resonance fre 
quency of the non-contact Wireless communication antenna. 
The on/off control unit performs on/off control of the reso 
nance frequency shift unit in accordance With the amount of 
change in the resonance capacitance of the resonance capaci 
tor by the capacitance variation control unit. 

In embodiments of the present invention, the resonance 
frequency adjustment unit changes the resonance capacitance 
of the resonance capacitor connected to the non-contact Wire 
less communication antenna and adjusts the resonance fre 
quency of the non-contact Wireless communication antenna 
to a desired resonance frequency, the on/ off control unit per 
forms on/off control of the resonance frequency shift unit 
Which shifts the resonance frequency of the non-contact Wire 
less communication antenna in accordance With the amount 
of change in the resonance capacitance of the resonance 
capacitor, so that a management range of the resonance fre 
quency can be extended and the adjustment of the resonance 
frequency can easily be carried out, as Well as good commu 
nication characteristics can be obtained. 

According to embodiments of the present invention, even 
When the variation in the component assembly precision, the 
variation in characteristics of each of the electric and elec 
tronic components, etc. take place, such variations can be 
absorbed and the resonance frequency of the non-contact 
Wireless communication antenna can be easily adjusted to the 
predetermined resonance frequency. Thus, the variation in 
resonance frequency can be avoided and it is possible to 
prevent the occurrence of service unavailable area. Further 
more, since the resonance frequency can be adjusted simply, 
the manufacture of the device can be facilitated. 

The above summary of the present invention is not 
intended to describe each illustrated embodiment or every 
implementation of the present invention. The ?gures and the 
detailed description Which folloW more particularly exem 
plify these embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a mobile phone in accordance 
With a ?rst embodiment to Which the present invention is 
applied. 

FIG. 2 is a block diagram of a non-contact Wireless com 
munication unit provided for the mobile phone of the ?rst 
embodiment. 

FIG. 3 is a circuit diagram of a tuner unit and an adjustment 
circuit Which are provided for the non-contact Wireless com 
munication unit of the mobile phone in the ?rst embodiment. 

FIG. 4 is a graph shoWing hoW a resonance frequency of the 
non-contact Wireless communication antenna is changed lin 
early by the adjustment circuit provided for the non-contact 
Wireless communication unit of the mobile phone in the ?rst 
embodiment. 

FIG. 5 is a graph shoWing that a management range of the 
resonance frequency of the non-contact Wireless communi 
cation antenna is extended by Way of adjustment by the 
adjustment circuit provided for the non-contact Wireless com 
munication unit of the mobile phone in the ?rst embodiment, 
and that a service unavailable area is removed, and shoWing a 
relationship betWeen the resonance frequency of this non 
contact Wireless communication antenna and a communica 
tion distance. 
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4 
FIG. 6 is a circuit diagram of the non-contact Wireless 

communication unit provided for the mobile phone in accor 
dance With a second embodiment of the present invention. 

FIG. 7 is a chart shoWing a management range of the 
resonance frequency in the case Where the resonance fre 
quency is adjusted only With the adjustment circuit provided 
for the non-contact Wireless communication unit. 

FIG. 8 is a block diagram of the non-contact Wireless 
communication unit provided for the mobile phone in accor 
dance With a third embodiment of the present invention. 

FIG. 9 is a circuit diagram of the principal part of the 
non-contact Wireless communication unit provided for the 
mobile phone in accordance With the third embodiment. 

FIG. 10 is a circuit diagram of a resonance frequency shift 
circuit and a selection circuit of the non-contact Wireless 
communication unit provided for the mobile phone in accor 
dance With the third embodiment. 

FIG. 11 is a chart shoWing the management range of the 
resonance frequency in the case Where the resonance fre 
quency is shifted by the resonance frequency shift circuit 
provided for the non-contact Wireless communication unit. 

FIG. 12 is a table for explaining on/off control of the 
resonance frequency shift circuit of the non-contact Wireless 
communication unit provided for the mobile phone in accor 
dance With the third embodiment. 

FIG. 13 is a chart shoWing the management range of the 
resonance frequency obtained by performing the on/ off con 
trol of the resonance frequency shift circuit of the non-contact 
Wireless communication unit provided for the mobile phone 
in accordance With the third embodiment. 

FIG. 14 is a graph for explaining the service unavailable 
area etc. Which arises because the resonance frequency of the 
non-contact Wireless communication antenna varies. 

DETAILED DESCRIPTION OF EMBODIMENTS 

The present invention may be applied to a mobile phone 
provided With a non-contact Wireless communication unit. 

First Embodiment 

Structure of Mobile Phone 

The mobile phone according to a ?rst embodiment of the 
present invention includes, as shoWn FIG. 1, an antenna 1, a 
communication circuit 2, a speaker unit 3, a microphone unit 
4, a display unit 5, an operation unit 6, a luminescence unit 7 
(LED: Light Emitting Diode), a camera unit 8, a vibration unit 
9, and a timer 10. The communication circuit 2 performs 
Wireless communications With a base station. The speaker 
unit 3 obtains output of sounds, such as a ringer tone and a 
reception sound. The microphone unit 4 collects a transmis 
sion sound. The display unit 5 displays images (video image, 
still image, etc.), a character, etc. The operation unit 6 per 
forms input operation of a character etc., selection operation 
of a desired menu, etc. The luminescence unit 7 noti?es an 
incoming/outgoing call, etc. With light. The camera unit 8 
captures a still image or a video image of a desired photo 
graphic subject. The vibration unit 9 vibrates a casing of the 
mobile phone to notify a user of the incoming/outgoing call 
etc. The timer 10 counts the current time. 

Still further, this mobile phone includes a non-contact 
communication antenna 11, a non-contact Wireless commu 
nication unit 12, a memory 13, and a control unit 14. The 
non-contact Wireless communication unit 12 transmits/re 
ceives signals With an external device, such as a reader/Writer, 
by inductive coupling in a non-contact manner. The memory 
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13 stores a communication processing program (communi 
cation program) for performing Wireless-communication 
processing through the base station, a non-contact Wireless 
communication program for executing non-contact Wireless 
communication control in the non-contact Wireless commu 
nication unit 12, as Well as various application programs, 
various data (content) used by each of these application pro 
grams, etc. The control unit 14 controls the Whole mobile 
phone. 
As the non-contact communication antenna 11, one dual 

purpose antenna serving both transmitting and receiving or a 
tWo-antenna structure having a sub tuned antenna for fre 
quency adjustment may be used. Further, antennas of, such as 
a loop type, a tWo-antenna loop-type, a ferrite type, etc., may 
be used, for example. 

The memory 13 stores a camera control program for cap 
ture control of the camera unit 8 and having a vieWer function 
for a video image and a still image captured by the camera 
unit 8 or taken in through a netWork or an input terminal, an 
e-mail management program for controlling creation and 
communication of e-mail, a schedule book control program 
for managing a schedule book With Which a user’ s schedule is 
registered, a Web broWsing program for looking through Web 
sites over a predetermined netWork, such as the Internet, etc., 
a telephone directory control program for managing a tele 
phone directory, and a music player program for reproducing 
a music content. 

The memory 13 stores further the schedule book in Which 
a desired schedule of the user is registered, the telephone 
directory in Which still images of such as a user’s acquain 
tance and friend, a telephone number, an e-mail address, and 
a birth date, etc. are registered, the music content to be repro 
duced on the basis of the music player program, a still image 
content and a video content to be reproduced on the basis of 
the vieWer function of the camera control program, a trans 
mitted and received e-mail content, incoming/outgoing his 
tories of telephone calls and e-mails, and the like. 

[Con?guration of Non-Contact Wireless Communication 
Unit] 

FIG. 2 shoWs a block diagram of the non-contact Wireless 
communication unit 12. The non-contact Wireless communi 
cation unit 12 functions as a reader/Writer corresponding to 
non-contact Wireless communications, and as an RFID card 
(RFID: radio Frequency Identi?cation). More speci?cally, in 
the case of functioning as a transmission block of the reader/ 
Writer, the non-contact Wireless communication unit 12 
includes the non-contact Wireless communication antenna 
11, a tuner unit 41, a ?lter 42, and an RFID LSI 43. In this 
case, the RFID LSI 43 includes a drive circuit 44 and a 
modulation circuit 45 as Well as an MPU system Which pro 
vides a higher layer of a Wireless communication protocol, a 
nonvolatile memory, etc. Each circuit may be constituted by 
discrete circuits Without integrating into LSI. 

Further, in the case of functioning as a reception block of 
the reader/Writer and the RFID card, the non-contact Wireless 
communication unit 12 includes the non-contact Wireless 
communication antenna 11, the tuner unit 41, a ?lter 46, and 
the RFID LSI 43. In this case, the RFID LSI 43 includes an 
ampli?er for amplifying the response data subjected to ASK 
modulation (ASK: Amplitude Shift Keying), a ?lter for Wave 
form shaping, a demodulation unit 47 for obtaining data, a 
circuit for extracting a clock signal of a subcarrier received 
from the reader/Writer, etc. 

Further, in case that When the non-contact Wireless com 
munication unit 12 functions as the RFID card, When the 
non-contact Wireless communication returns the response to 
the reader/Writer side, it carries out the modulation by repeat 
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6 
ing ON/OFF ofa load in a load SW unit 48. As a result ofthis, 
the modulated Waveform can be seen as an impedance change 
at the antenna on the reader/Writer side, and the modulated 
Waveform is transmitted as an amplitude difference in volt 
age. 

Together With an inductance component of the non-contact 
Wireless communication antenna 11, the tuner unit 41 consti 
tutes a capacitor With a predetermined capacitance for obtain 
ing a resonance frequency of, for example, 13.56 MHZ for 
non-contact Wireless communications. The tuner unit 41 
includes an adjustment circuit 50 for adjusting the resonance 
frequency by changing the capacitance of the capacitor. 

(Con?guration of Tuner Unit and Adjustment Circuit) 
FIG. 3 shoWs a circuit diagram of the tuner unit 41 and the 

adjustment circuit 50. As shoWn in FIG. 3, the tuner unit 41 
constitutes a capacitor connected in parallel With the non 
contact Wireless communication antenna 11. Further, the 
adjustment circuit 50 includes the ?rst and second capacitors 
51 and 52 and the ?rst and second FETs 53 and 54 (Field 
Effect Transistor: ?eld effect transistor). 
More speci?cally, an anode side of the non-contact Wire 

less communication antenna 11 is connected to a reception 
terminal 4311 on an anode side of the RFID LSI 43 and also 
connected to a transmission terminal 43b on the anode side of 
the RFID LSI 43 through the ?lter 46 Which is a capacitor for 
eliminating a direct-current component. Further, a cathode 
side of the non-contact Wireless communication antenna 11 is 
connected to a reception terminal 430 on a cathode side of the 
RFID LSI 43 and also connected to a transmission terminal 
43d on the cathode side of the RFID LSI 43 through the ?lter 
42 Which is a capacitor for removing a direct-current compo 
nent. 
The capacitor (hereinafter referred to as “resonance 

capacitor 41”) Which is the tuner unit 41, is connected in 
parallel With the non-contact Wireless communication 
antenna 11. One end of each of the ?rst and second capacitors 
51 and 52 of the adjustment circuit 50 is connected in series 
With this capacitor. The other end of the ?rst capacitor 51 is 
connected to a source of the ?rst FET 53, and a drain of this 
?rst FET 53 is grounded. Further, the other end of the second 
capacitor 52 is connected to a source of the second FET 54, 
and a drain of this second FET 54 is grounded. 
At the time of shipment of the mobile phone (or possibly at 

the time of manufacturing or repairing), gates of the ?rst and 
second FETs 53 and 54 are con?gured to be supplied With a 
control signal through terminals 55 and 56 from the control 
unit 14 as shoWn in FIG. 1. Each of the FETs 53 and 54 is 
subjected to ON/OFF control With this control signal, so that 
the resonance capacitance of the resonance capacitor 41 is 
changed and the resonance frequency of the non-contact 
Wireless communication antenna 11 is adjusted. 

In addition, as an example, a capacitance ratio betWeen the 
?rst and second capacitors 51 and 52 is a capacitance ratio of 
“1:2” so that the resonance capacitance of the resonance 
capacitor 41 may be changed linearly at the time of adjusting 
the resonance frequency. 

[Adjustment Operation of Resonance Frequency] 
Next, the adjustment operation of the resonance frequency 

of the non-contact Wireless communication antenna 11 Will 
be described. The resonance frequency is adjusted in a situ 
ation Where the mobile phone is assembled at the time of 
shipment, at the time of manufacturing, at the time of repair 
ing etc, of the mobile phone according to the present embodi 
ment. An engineer Who performs the adjustment supplies the 
control signals of “00”, “10”, “01”, and “l l” (:control sig 
nals of four patterns of “0” to “3”) from the control unit 14 as 
shoWn in FIG. 1 to each of the FET 53 and 54 one by one via 



US 8,260,200 B2 
7 

the terminals 55 and 56 as shown in FIG. 3. Thus, in accor 
dance With the control signals, each of the FETs 53 and 54 is 
performed ON/OFF control, and the resonance frequency of 
the non-contact Wireless communication antenna 11 is 
changed. 

In other Words, When both of the FETs 53 and 54 are 
controlled to be turned off by supplying the control signal of 
“00” to the respective gates of the FETs 53 and 54, the 
capacitors 51 and 52 are grounded through parasitic capaci 
tances of the FETs 53 and 54, respectively. In this case, it 
seems that the comparatively small amount of parasitic 
capacitance is inserted in parallel to inductance (L) of the 
non-contact Wireless communication antenna 11. 
On the other hand, When both of the FETs 53 and 54 are 

controlled to be turned on by supplying the control signal of 
“l l” to the respective gates of the FETs 53 and 54, the 
capacitors 51 and 52 are grounded through the FETs 53 and 
54, respectively. In this case, a sum of the capacitances of the 
capacitors 51 and 52 is inserted in parallel to the inductance 
(L) of the non-contact Wireless communication antenna 11 as 
it is, so that the resonance frequency of the non-contact Wire 
less communication antenna 11 shifts greatly toWard the 
loWer one, compared With the case Where both of the FETs 53 
and 54 are controlled to be turned off. 

Further, When the control signal of “10” is supplied to the 
gate of each of the FETs 53 and 54, the ?rst FET 53 is 
controlled to be turned on and the second PET is controlled to 
be turned off, and then the capacitance of the second capacitor 
52 is inserted in parallel to the inductance (L) of the non 
contact Wireless communication antenna 11. When the con 
trol signal of “01” is supplied to the gate of each of the FETs 
53 and 54, the ?rst FET 53 is controlled to be turned off and 
the second FET 54 is controlled to be turn on, and then the 
capacitance of the ?rst capacitor 52 is inserted in parallel to 
the inductance (L) of the non-contact Wireless communica 
tion antenna 11. As described above, since the capacitance 
ratio of the ?rst capacitor 51 to the second capacitor 52 is set 
as “1:2”, the control signal supplied to the gate of each of the 
FETs 53 and 54 is changed betWeen “00” and “l I’’, so that the 
resonance frequency of the non-contact Wireless communi 
cation antenna 11 changes linearly as shoWn in FIG. 4. 

The engineer brings the memory 13 shoWn in FIG. 1 into 
store any one ofthe control signals “00” “01”, “10”, and “l l” 
Which has been supplied at the time of obtaining a desired 
resonance frequency, as FET ON/OFF control data. Hereaf 
ter, the control unit 14 ?xedly performs ON/OFF control of 
each of the FETs 53 and 54 on the basis of the FET ON/OFF 
control data. Thus, the resonance frequency of the non-con 
tact Wireless communication antenna 11 is alWays controlled 
by the adjusted resonance frequency. 

Advantages of First Embodiment 

As is clear from the above description, in the mobile phone 
of this ?rst embodiment, the adjustment circuit 50 changes 
the resonance capacitance of the resonance capacitor 41 con 
nected in parallel to the non-contact Wireless communication 
antenna 11, thereby electrically adjusting the capacitance of 
the non-contact Wireless communication antenna 11. 
More speci?cally, the adjustment circuit 50 includes the 

?rst capacitor 51 and the ?rst FET 53 connected in series 
betWeen the resonance capacitor 41 and grounding, and the 
second capacitor 52 and second FET 54 Which are similarly 
connected in series betWeen the resonance capacitor 41 and 
grounding. The ON/OFF control of each of the FETs 53 and 
54 is performed by changing the control signal supplied to the 
gate of each of the FETs 53 and 54 betWeen “00” and “l l”, 
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8 
and the capacitance of the ?rst capacitor 51 and/or the capaci 
tance of the second capacitor 52 are added to the capacitance 
of the resonance capacitor 41, to change the resonance 
capacitance of the resonance capacitor 41. Then, based on the 
change of this resonance capacitance, the resonance fre 
quency of the non-contact Wireless communication antenna 
11 is changed, so that the resonance frequency of the non 
contact Wireless communication antenna 11 is adjusted to a 
desired resonance frequency. 

Thus, even in the case Where the variation in the precision 
of component assembly, the variation in characteristic of each 
of the electric and electronic components, etc. take place, 
such variations are absorbed and the resonance frequency of 
the non-contact Wireless communication antenna can easily 
be adjusted to Within a predetermined resonance frequency 
range. Accordingly, since the resonance frequency for each 
mobile phone is adjusted uniformly and the variation in the 
resonance frequency for each of the mobile phones can be 
prevented, it is possible to prevent the occurrence of the 
service unavailable area as shoWn in FIG. 5. 

Further, even in the case Where the variation in the preci 
sion of component assembly, the variation in characteristic of 
each of the electric and electronic components, etc. take 
place, such variations are absorbed and the resonance fre 
quency of the non-contact Wireless communication antenna 
can easily be adjusted to a predetermined resonance fre 
quency. Accordingly, the variation in the precision of com 
ponent assembly, and the variation in characteristic of each of 
the electric and electronic components, etc. can be tolerated. 
Further, as shoWn in FIG. 5, a management range, such as 
variation in the precision of component assembly and the 
variation in characteristic of each of the electric and elec 
tronic components, can be extended, and each mobile phone 
can easily be manufactured. 

Further, When the control signals of “00” through “1 l” are 
supplied to each of the FETs 53 and 54 by setting the capaci 
tance ratio of the ?rst capacitor 51 to the second capacitor 52 
as “1:2”, the capacitance of the non-contact Wireless commu 
nication antenna 11 can be changed linearly. As a result of 
this, the resonance frequency of the non-contact Wireless 
communication antenna 11 to be adjusted With the control 
signals can also be changed linearly, and it is possible to 
perform the adjustment of the resonance frequency of the 
non-contact Wireless communication antenna 11 more sim 
ply and easily (see FIG. 4). 

In the explanation of the above-described embodiment, the 
resonance capacitance of the resonance capacitor 41 is 
changed by four steps With tWo capacitors 51 and 52 and tWo 
FETs 53 and 54 to adjust the resonance frequency of the 
non-contact Wireless communication antenna 11, it is, hoW 
ever, possible to adjust the resonance frequency of the non 
contact Wireless communication antenna 11 by changing the 
resonance capacitance of the resonance capacitor 41 by tWo 
steps With one capacitor and one FET. Further, the resonance 
capacitance of the resonance capacitor 41 may be changed by 
eight steps With three capacitors and three FETs, to adjust the 
resonance frequency of the non-contact Wireless communi 
cation antenna 11. In other Words, the numbers of the capaci 
tors and FETs for changing the resonance capacitance of the 
resonance capacitor 41 can be changed With a design. The 
more numbers of capacitors and FETs are provided, the ?ner 
adjustment of the resonance frequency can be attained. 

Second Embodiment 

Next, the mobile phone according to a second embodiment 
of the present invention Will be described. When the RFID 



US 8,260,200 B2 

LSI of a balance-type receiving system is used as the RFID 
LSI 43, non-contact Wireless-communication data are 
received differentially. Thus, it is preferable that voltages 
excited at both ends of the non-contact Wireless communica 
tion antenna 11 are possibly caused to be at the same level in 
order to improve the non-contact Wireless-communication 
characteristic (S/N). 

For this reason, as shoWn in FIG. 6, the adjustment circuit 
50 is connected to both of the cathode side and the anode side 
of the resonance capacitor 41, Whereby the excitation volt 
ages at the non-contact Wireless communication antenna 11 
can be balanced, and the non-contact Wireless-communica 
tion characteristic can be improved, and also the same advan 
tage as that of the mobile phone of the ?rst embodiment as 
described above can be obtained. 

Third Embodiment 

Next, the mobile phone according to a third embodiment of 
the present invention Will be described. In the mobile phone 
of the ?rst and second embodiments as described above, 
although the capacitance value of the resonance capacitor 41 
is changed in the adjustment circuit 50 to adjust the resonance 
frequency, there is a possibility that the characteristic may 
change With the setting state (state) of the adjustment circuit 
50 in these cases. For example, When three adjustment cir 
cuits 50 as described above are provided, and these three 
adjustment circuits 50 are controlled by 3-bit control signals 
of “000” through “1 l l” by eight states in total, it is assumed 
that every resonance frequency in each state is adjusted to the 
same. In this case, since the capacitance value of the reso 
nance capacitor 41 connected to the non-contact Wireless 
communication antenna 11 is different for each state even if it 
is of the same frequency, a difference occurs in circuit imped 
ance. As a result, the communication characteristic changes, 
and an available frequency band also changes for each state. 
In other Words, although it is good to manage the resonance 
frequency, there is a possibility that the communication char 
acteristic is also changed at the same time. 

For this reason, an issued arises in that it is necessary for a 
designer of the mobile phone to knoW the frequency charac 
teristics in every state, and to ?nd a frequency band Which 
secures the communication characteristic for every state, 
Which leads to increased evaluation person-hours. Further, as 
shoWn in FIG. 7, a frequency bandWidth to be a portion Where 
the frequency bands overlap With one another and Which is 
available for use by all of eight states in total is a frequency 
bandWidth (management range shoWn in FIG. 7) that is used 
?nally in the mobile phone. Therefore, if it is a design concept 
using all the eight states to adjust the frequency bandWidth, it 
is necessary to specify the narroWest frequency tolerance 
range in the states as a speci?cation and to mass-produce the 
mobile phone. 

HoWever, the mobile devices, such as a mobile phone, may 
have a large initial variation range for every device (i.e., for 
every set) and have a considerably narroW frequency band 
Width Which can secure performance, and there may be a 
mobile phone set Which is dif?cult to adjust by the adjustment 
circuit 50. For this reason, in terms of a design and manufac 
turing, it is not easy to manage the resonance frequency range 
in a very narroW range. 

Con?guration of Third Embodiment 

The mobile phone of the third embodiment includes a 
resonance frequency shift circuit 60 Which shifts the reso 
nance frequency of the non-contact Wireless communication 
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10 
antenna 1 1 toWard the loWer one together With the adjustment 
circuit 50 as shoWn in FIG. 8. The resonance frequency shift 
circuit 60 is subjected to the on/off control in accordance With 
the state of the adjustment circuit 50, thereby adjusting the 
resonance frequency of the non-contact Wireless communi 
cation antenna 11 to the desired resonance frequency and to 
improve the communication characteristic. It is noted that, in 
the description of the third embodiment, the same reference 
characters are used for the same parts Which shoW the same 
operation as that of the mobile phone of the ?rst and second 
embodiments, and the detailed explanation Will not be 
repeated. 

FIG. 9 shoWs a block diagram of the principal part of the 
mobile phone of the third embodiment. As shoWn in FIG. 9, 
the principal part of the mobile phone of the third embodi 
ment includes the adjustment circuits 50 provided for both the 
cathode side and the anode side of the resonance capacitor 41 
to balance the excitation voltages of the non-contact Wireless 
communication antenna 11, the resonance frequency shift 
circuit 60 including a capacitor 61 and PET 62 Which are 
provided betWeen the non-contact Wireless communication 
antenna 11 and the ground, and a selection circuit 63 for 
performing the on/ off control of the resonance frequency shift 
circuit 60 in accordance With the state of each adjustment 
circuit 50. 

Each adjustment circuit 50 includes three capacitors and 
three FET Which are each connected in series betWeen one 
end of the resonance capacitor 41 and grounding, or betWeen 
the other end of the resonance capacitor 41 and grounding. In 
addition, although it is an example, a capacitance ratio of 
three capacitors of each adjustment circuit 50 is set as a 
capacitance ratio of “1 22:3” so that the resonance capacitance 
of the resonance capacitor 41 may be changed linearly at the 
time of adjusting the resonance frequency. 
The gate of the respective FETs of each adjustment circuit 

50 is connected to any one of port terminals 64a, 64b, and 640 
of the port controller 64 Which is supplied With the 3-bit 
control signal from the control unit 14. In other Words, it is 
con?gured that the port controller 64 is supplied With the 3-bit 
control signals of “000” through “1 l I’’ from the control unit 
14, the ?rst port terminal 64a is a port Which outputs the 
control signal of a least signi?cant bit (LSB) of the 3-bit 
control signals, the second port terminal 64b is a port Which 
outputs the second bit control signal of the 3-bit control 
signals, and the third port terminal 640 is a port Which outputs 
a control signal of the most signi?cant bit (MSB) of the 3-bit 
control signals. The respective port terminals 64a to 640 are 
connected to the gates of the respective FET of each adjust 
ment circuit 50. Thus, the respective adjustment circuits 50 
are controlled by the 3-bit control signal to be eight states in 
total. Accordingly, in the mobile phone of the third embodi 
ment, the adjustment circuit 50 can adjust the resonance 
frequency of the non-contact Wireless communication 
antenna 11 more ?nely than the mobile phone of the ?rst 
embodiment and the second embodiment. 
The selection circuit 63 includes anAND gate 70, as shoWn 

in FIG. 10. One input terminal of the AND gate 70 is con 
nected to RFID LSI 43 so that a high-level signal is alWays 
supplied. Further, the other input terminal of AND gate 70 is 
connected to the third port terminal 640, of the port controller 
64, to Which the control signal of the most signi?cant bit is 
outputted. Furthermore, an output terminal of the AND gate 
70 is connected to a gate of PET 62 of the resonance fre 
quency shift circuit 60. Accordingly, the FET 62 of the reso 
nance frequency shift circuit 60 is controlled to be turn on 
When the most signi?cant bit of the control signal is at a high 
level. 








