
(19) United States 
US 2006O116168A1 

(12) Patent Application Publication (10) Pub. No.: US 2006/0116168 A1 
Kushima (43) Pub. Date: Jun. 1, 2006 

(54) RADIO COMMUNICATION TERMINAL, 
RADIO COMMUNICATION TERMINAL 
HOUSING CASE, RADIO COMMUNICATION 
TERMINAL SHEET AND RADIO 
COMMUNICATION TERMINAL DISPLAY 
DEVICE 

(75) Inventor: Hidekiyo Kushima, Kawasaki-shi (JP) 
Correspondence Address: 
PILLSBURY WINTHROP SHAW PITTMAN, 
LLP 
P.O. BOX 105OO 
MCLEAN, VA 22102 (US) 

(73) Assignee: KABUSHIKI KAISHA TOSHIBA, 
Tokyo (JP) 

(21) Appl. No.: 11/222,846 

(22) Filed: Sep. 12, 2005 

Radio reader/writer 

231 

Main 
Control 
unit 

(30) Foreign Application Priority Data 

Nov. 30, 2004 (JP)...................................... 2004-346483 

Publication Classification 

(51) Int. Cl. 
H04B I/38 (2006.01) 

(52) U.S. Cl. ......................................... 455/558; 455/575..1 

(57) ABSTRACT 

A radio communication terminal of one example of the 
present invention is a radio communication terminal pro 
vided with an electronic device shielded to prevent electro 
magnetic interference, in a housing, and comprises an inte 
grated circuit, a first resonant circuit for making non-contact 
communication with an external device, and a second reso 
nant circuit resonating with the first resonant circuit. 

Main 
control 
unit 

120 

  



Patent Application Publication Jun. 1, 2006 Sheet 1 of 8 US 2006/011.6168 A1 

3. 

s 

s 

  
  



Patent Application Publication Jun. 1, 2006 Sheet 2 of 8 US 2006/011.6168 A1 

141 

-143 143 

110(111) 110(111) 

132 132 

133 

120(121) 120(121) 
144 

131 

145 

  



Patent Application Publication Jun. 1, 2006 Sheet 3 of 8 US 2006/011.6168 A1 

100 100 
141 1 

141 

120(121) 

120(121) 

110(111) 110(111) 

132 132 

133 

144 

  



Patent Application Publication Jun. 1, 2006 Sheet 4 of 8 US 2006/011.6168 A1 

141 

143 143 

133 

142 142 
110(111) 110(111) 

-132 132 

120(121) 
144 

144 

131 

145 

  



US 2006/011.6168 A1 

131 

131 

152 

152 

F. G. 5 

er 

a' 

w 

F.G. 6 

Open and close 

Patent Application Publication Jun. 1, 2006 Sheet 5 of 8 

1 

) 

Open and close 

  



Patent Application Publication Jun. 1, 2006 Sheet 6 of 8 US 2006/011.6168 A1 

120(121) 162 

132 
161- 110(111) 

N 133 Open and close \ 

121 1 

  

  



Patent Application Publication Jun. 1, 2006 Sheet 7 of 8 US 2006/011.6168 A1 

300 

110(111) 
143 

320(321)- H-320321) 

F. G. 9 
Provide On either side 

520 

521 

500 
F. G. 11 

522 

  



Patent Application Publication Jun. 1, 2006 Sheet 8 of 8 US 2006/011.6168 A1 

420 400 
-1 

421 

132 

110(111) 
133 

145 

420(421) 

400 (Stick On enther face) 

F. G. 10 

  



US 2006/011.6168 A1 

RADIO COMMUNICATION TERMINAL RADIO 
COMMUNICATION TERMINAL HOUSING CASE, 
RADIO COMMUNICATION TERMINAL SHEET 
AND RADIO COMMUNICATION TERMINAL 

DISPLAY DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based upon and claims the 
benefit of priority from prior Japanese Patent Application 
No. 2004-346483, filed Nov.30, 2004, the entire contents of 
which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a radio communi 
cation terminal having a non-contact communication func 
tion of making radio communication using an induced 
magnetic field between a non-contact IC card reader/writer 
device (hereinafter referred to as reader/writer) by being 
placed in the inductive magnetic field radiated from an 
antenna of the reader/writer. The present invention relates to, 
for example, a portable phone having a non-contact IC card 
function used by holding it up to the antenna of the reader/ 
writer at an automatic ticket gate installed at a ticket gate in 
a railroad Station. 

0004. The present invention relates to a radio communi 
cation terminal housing case for housing Such a radio 
communication terminal. The present invention relates to a 
radio communication terminal sheet capable of being 
mounted on the radio communication terminal. The present 
invention relates to a radio communication terminal display 
device capable of being mounted on the radio communica 
tion terminal. 

0005 2. Description of the Related Art 
0006. As a conventional non-contact IC card (hereinafter 
referred to as IC card), one which is used at the automatic 
ticket gate installed at the ticket gate in the railroad station 
is known for example. This IC card has an integrated circuit 
(IC) for processing a plurality of calculations and controls 
and has a resonant circuit for making non-contact commu 
nication with an external device, and the resonant circuit is 
Sometimes composed of a loop coil, a capacitor and a resin 
material covering the IC. Such an IC card sometimes has the 
resonant circuit having no capacitor. 
0007. The loop coil, the capacitor and a capacitor com 
ponent parasitic on or set to the connecting part of the IC 
compose the resonant circuit resonating with the induced 
magnetic field radiated from the antenna of the reader/writer 
on the automatic ticket gate side. This conventional IC card 
utilizes a Voltage induced by the resonant circuit to generate 
operation power for the IC from a power supply circuit of a 
rectifying circuit, etc., of the IC and performs communica 
tion, control and data writing and reading to and from a 
memory. 

0008. In recent years, a variety of radio communication 
terminals such as a portable phone with a function owned by 
this type of IC card incorporated therein have been come 
into existence. This radio communication terminal is very 
Small in size. Therefore, it cannot mount a loop coil with a 
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size larger than the loop area to obtain the operation power 
necessary for the IC card. Accordingly, most of the IC cards 
are structured in which the operation power for an IC 
(hereinafter referred to as non-contact IC) incorporated in 
the communication terminal to have a function equivalent to 
that of the IC card and is supplied form a battery of the 
communication terminal and a small size of a loop coil is 
employed for use in communication. Since the communi 
cation terminal has electronic components and the battery to 
achieve a variety of terminal functions thereinside other than 
a communication function (phone function), it has a metal 
member (radio wave shielding object) to prevent the influ 
ence (noise, etc.) of the communication function onto the 
incorporated electronic components. Then, the communica 
tion terminal is miniaturized as mentioned above, so that 
there is the metal member close to or back face of the 
mounted loop coil for the housing of inner components in 
the communication terminal. 

0009. Therefore, the magnetic field radiated from the 
loop coil generates an eddy current on the Surface of the 
metal member to Suppress the magnetic field, so that the 
density of the magnetic field becomes weak as a result. To 
Solve Such a problem, a technique to make the loop coil 
movable and to form a gap between the loop coil and the 
metal member is disclosed in Jpn. Pat. Applin. KOKAI 
Publication No. 2003-330898. 

0010. However, other problems such that a trouble to be 
required to purposely move the loop coil at communication, 
a movable section is damaged, the cost of the communica 
tion terminal equipment is increased on ground of the 
mounting of the movable section, etc. 
0011. There is a method for improving the magnetic field 
intensity on a loop coil front face by inserting a ferrite 
material, etc., between the loop coil and a metal plate and 
securing high magnetic permeability while Suppressing a 
magnetic loss So as to reduce the influence of the eddy 
current on the back face of the loop coil. Although the 
magnetic field intensity on the front face of the loop coil can 
be improved by this method, it is impossible to generate a 
similar magnetic field at the rear of the metal plate disposed 
on the back face of the loop coil. 
0012 Meanwhile, the communication though the IC card 

is one to demodulate variations of the introduced magnetic 
field radiated from the reader/writer to receive data and one 
in a load Switching system to reply the data to the reader/ 
writer by switching the loop coil receiving the induced 
magnetic field radiated from the reader/writer to vary a 
space impedance with the induced magnetic field related 
thereto and by utilizing a part of energy of the induced 
magnetic field. 

0013 Consequently, in the case that the front face of the 
loop coil mounted on the radio communication terminal is 
held up so as to face the antenna, the loop coil can generate 
an extremely strong induced power compared to the case 
that the back face of the loop coil is held up so as to face the 
antenna. As a result, this large difference in induced power 
comes out as a difference in a communication distance 
between front face holding up and back face holding up. 
0014. Therefore, the portable phone prints a mark on a 
housing side with the loop coil mounted thereon and dis 
plays a face to be held up toward the reader/writer. However, 



US 2006/011.6168 A1 

in the case that the portable phone is used at the automatic 
ticket gate installed at the ticket gate in the railroad Station, 
wrong faces are frequently held up because passengers are 
in hurry, and Such problems of occurrence of passage 
interference Such as frequent closing of the ticket gate and 
the problem of incomplete processing such as entrance with 
a portable phone which is in a state of processing incomple 
tion occur. 

BRIEF SUMMARY OF THE INVENTION 

0015. An object of the present invention is to provide a 
radio communication terminal, a radio communication ter 
minal housing case, a radio communication terminal sheet 
and a radio communication terminal display device, capable 
of stabilizing communication with a reader/writer. 
0016 A radio communication terminal of one example of 
the present invention is a radio communication terminal 
provided with an electronic device shielded to prevent 
electromagnetic interference, in a housing, comprising: an 
integrated circuit; a first resonant circuit connected to the 
integrated circuit to make non-contact communication with 
an external device; and a second resonant circuit resonating 
with the first resonant circuit. 

0017. A radio communication terminal housing case of 
one example of the present invention is a radio communi 
cation terminal housing case to house a radio communica 
tion terminal provided with a first resonant circuit connected 
to an integrated circuit to make non-contact communication 
with an external device, comprising: a second resonant 
circuit resonating with the first resonant circuit. 
0018. A radio communication terminal sheet of one 
example of the present invention is a radio communication 
terminal sheet enabled to attach to a radio communication 
terminal provided with a first resonant circuit connected to 
an integrated circuit to make non-contact communication 
with an external device, comprising: a second resonant 
circuit resonating with the first resonant circuit. 
0.019 A radio communication terminal display device of 
one example of the present invention is a radio communi 
cation terminal display device enabled to attach a radio 
communication terminal provided with a first resonant cir 
cuit connected to an integrated circuit to make non-contact 
communication with an external device, comprising: a sec 
ond resonant circuit resonating with the first resonant circuit; 
and light emitting means emitting light by a current induced 
by the second resonant circuit. 
0020 Additional objects and advantages of the invention 
will be set forth in the description which follows, and in part 
will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realized and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0021. The accompanying drawings, which are incorpo 
rated in and constitute a part of the specification, illustrate 
embodiments of the invention, and together with the general 
description given above and the detailed description of the 
embodiments given below, serve to explain the principles of 
the invention. 
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0022 FIG. 1 is a view showing an example of a sche 
matic configuration of a radio communication terminal (for 
example, portable phone) regarding an embodiment of the 
present invention and a radio reader/writer of a communi 
cation partner of the radio communication terminal; 
0023 FIGS. 2A and 2B are views showing a configu 
ration example 1 of the radio communication terminal; 
0024 FIGS. 3A and 3B are views showing a configu 
ration example 2 of the radio communication terminal; 
0025 FIGS. 4A and 4B are views showing a configu 
ration example 3 of the radio communication terminal; 
0026 FIG. 5 is a view showing a configuration example 
4 of the radio communication terminal; 
0027 FIG. 6 is a view showing a configuration example 
5 of the radio communication terminal; 
0028 FIG. 7 is a view showing a configuration example 
6 of the radio communication terminal; 
0029 FIG. 8 is a view showing a configuration example 
of a second resonant circuit applicable to the configuration 
examples 4, 5 and 6 of the radio communication terminal; 
0030 FIG. 9 is a view showing an example of a radio 
communication terminal housing case for housing the radio 
communication terminal; 
0031 FIG. 10 is a view showing an example of a radio 
communication terminal sheet capable of being mounted 
(stuck) on the radio communication terminal; and 
0032 FIG. 11 is a view showing an example of a radio 
communication terminal display device capable of being 
mounted (stuck) on the radio communication terminal. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0033 Hereinafter, embodiments of the present invention 
will be described by referring the drawings. 
0034 FIG. 1 is the view showing the example of the 
schematic configuration of the radio communication termi 
nal (for example, portable phone) regarding the embodiment 
of the present invention and the radio reader/writer of the 
communication partner of the radio communication termi 
nal. 

0035 A radio communication terminal 100 has a com 
munication function (phone and data communication), a 
plurality of inner devices/circuits (main control unit 131, 
etc.) achieving a variety of terminal functions and a shield 
for preventing electromagnetic interference of the inner 
devices/circuits by means of this communication function 
and also has a first resonant circuit 110, a second resonant 
circuit 120, an IC 132 (referring to as non-contact IC), a 
connecting line 133 and the like. The first resonant circuit 
110 is composed of a first loop coil 111 and a first capacitor 
112 for communication. The second resonant circuit 120 is 
composed of a second loop coil 121 and a second capacitor 
122 for communication and is not electrically connected to 
the first resonant circuit. 

0036) A non-contact IC 132 is supplied operation power 
from a battery (battery 145 shown in FIG. 2B) and con 
nected to the main control unit 131 through the connecting 
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line 133. Furthermore, this non-contact IC 132 and the first 
loop coil 111 are connected each other. 
0037. In this embodiment, the shapes of the first loop coil 
111 and the second loop coil 121 are formed in rectangular 
shape and wound n times, respectively. The first capacitor 
112 is used for resonance adjustment of the first resonant 
circuit 110. In similarity, the second capacitor 122 is used for 
resonance adjustment of the second resonant circuit 120. 
The first and the second capacitors 112 and 122 are some 
times not necessary to be provided according to the reso 
nance adjustment. For example, a Substitute article for the 
first capacitor 112 may be disposed inside the non-contact IC 
132. The first loop coil 111 and the first capacitor 112 
respectively connected to this non-contact IC 132 are 
referred to as a non-contact IC unit. 

0038 A radio reader/writer 200 has a resonant circuit 
210, a main control unit 231 and the like. The resonant 
circuit 210 has a loop antenna for communication 211 and a 
capacitor 212. The main control unit 231 has a CPU, a 
memory, a logic circuit and the like. Furthermore, the radio 
reader/writer 200 also has a radio conversion unit having a 
modulation circuit and a demodulation circuit. The reader/ 
writer 200 is connected to a host device such as an automatic 
ticket gate installed at the ticket gate in the railroad station 
for example. 
0039. With the system composed of the foregoing radio 
communication terminal 100 and the radio reader/writer 
200, data transmission and receipt by radio can be estab 
lished between the radio communication terminal 100 and 
the radio reader/writer 200. 

0040. By using the above-mentioned system, in the case 
of radio communication between the non-contact IC 132 
mounted on the radio communication terminal 100 and the 
radio reader/writer 200, the host device transmits a com 
mand to the radio reader/writer 200, the radio reader/writer 
200 which has received the command from the host device 
converts the command into one for the non-contact IC 132 
by means of the radio conversion unit to transmit it to the 
non-contact IC unit via the loop antenna 210. 
0041. The non-contact IC unit replies a response to the 
radio reader/writer 200 in response to the command received 
therefrom. The radio reader/writer 200 which has received 
the response from the non-contact IC unit converts the 
response from the non-contact IC unit to transmit it to the 
host device. 

0042. By the way, as shown in FIG. 1, if the first loop coil 
111 composed of the non-contact IC unit is disposed in a 
magnetic field A radiated from the loop coil 211 of the radio 
reader/writer 200, the magnetic field radiated from the loop 
coil 211 of the reader/writer 200 passes through the first loop 
coil 111 composed of the non-contact IC unit. At this time, 
the non-contact IC unit receives the magnetic field which 
has passed though the first loop coil 111 to obtain induced 
power necessary for communication. 
0043. The amount of the power supplied to the non 
contact IC unit varies in accordance with the intensity of the 
magnetic field received by the first loop coil 111 and the 
stronger the magnetic field intensity becomes the larger 
induced power can be obtained. In general, the closer the 
non-contact unit approaches the loop coil 211 of the radio 
reader/writer 200, the larger the induced power obtained 
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from the first loop coil 111 becomes and as far as getting 
away from the loop coil 211, the induced power is apt to 
become Small. 

0044) If the intensity of the magnetic field radiated from 
the loop coil 211 of the radio reader/writer 200 is constant, 
the larger electro motive force generated from the first loop 
coil 111 composed of the non-contact IC unit can make 
stable communication even if the communication distance is 
further long. That is, to secure stable communication per 
formance in a long communication distance it is necessary 
that the induced power is large also for the communication 
made at the first loop coil 111 composed of the non-contact 
IC unit. 

0045. In the radio IC card, there is no shielding member 
to shield the magnetic field passing through the loop coil 
mounted on the radio IC card. In contrast, in the radio 
communication terminal 100, for example, a plurality of 
electronic components and batteries to achieve a phone 
function are incorporated therein, these electronic compo 
nents and batteries are shielded so as to prevent electromag 
netic interference. Otherwise stated, in the case of the radio 
communication terminal 100, a shielding member to shield 
the magnetic field passing through the first loop coil 111 is 
mounted thereon. Therefore, a metal object and a metal plate 
exist close to or back face of the first loop coil 111 composed 
of the non-contact IC unit mounted on the radio communi 
cation terminal 100, a wide magnetic field in a free space is 
not formed as an IC card and communication sensitivity is 
deteriorated as a result. 

0046 That is to say, since the presence of a metal just 
below an antenna converts the magnetic field which has 
passed through the antenna into an eddy current on the face 
of the metal, the magnetic field intensity is weakened, then, 
only Small induced power can be generated as a result. 

0047 Therefore, in the present invention, the second loop 
coil 121 and the second capacitor 122 composes the second 
resonant circuit 120 to dispose it nearby the first loop coil 
111 composing the non-contact IC unit, then, the radio 
communication terminal 100 can increase the induced power 
obtained from the first loop coil 111 composed of the 
non-contact IC unit. By approximating or matching the 
center of the first loop coil 111 to the center of the second 
loop coil 121, the radio communication terminal 100 can 
further increase the induced power generated from the first 
loop coil 111. 
0048. The shape of the second loop coil 121 is may be 
rectangular or circle for example and may be any shape. 
Opposed ends of the second loop coil 121 are connected to 
the second capacitor 122 to configure the resonant circuit. 
The number of windings of the second loop coil 121 and the 
capacity of the second capacitor 122 are set in advance to 
values matched to resonate with a frequency drifted from a 
radio communication frequency in consideration of influ 
ence of the radio communication frequency used in the 
system and of the Surrounding metal object, etc. 

0049. As a result, when the radio communication termi 
nal 100 is placed in the specified magnetic field, the first loop 
coil 111 composing the non-contact IC unit mounted nearby 
the second loop coil 121 and the second capacitor 122 
induces the power most efficiently by re-radiating the mag 
netic field caused by the number of windings of the second 
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loop coil 121 and the capacity of the second capacitor 122 
(generation of electromagnetic field B). 
0050. That is, when holding up one face (for example rear 
face) of the housing of the radio communication terminal 
100 into the electro magnetic field A radiated from the loop 
coil 211 of the radio reader/writer 200, the second resonant 
circuit 120 composed of the second loop coil 121 and the 
second capacitor 122 mounted on the one face side resonates 
with the magnetic field to re-radiate the received magnetic 
field (generation of electromagnetic field B). With this 
re-radiation, a Snake path stronger than the case of no 
presence of the second resonant circuit is generated onto the 
metal plate of which the rear is in the state of the presence 
of the magnetic field generated around the second resonant 
circuit 120. 

0051. This strengthened snake path of the magnetic field 
increases the power induced at the first loop coil 111 
composed of the con-contact IC unit mounted on the rear 
side of the metal plate and the radio communication terminal 
100 can obtain the power roughly the same power as that 
when the other face (for example front face) of the housing 
of the radio communication terminal 100 is held up. As a 
result, a Sufficient communication distance can be secured 
even when one face (for example rear face) of the housing 
with the first loop coil 111 composed of the non-contact IC 
unit incorporated in the radio communication terminal 100 
mounted thereon is held up toward the loop coil 211 of the 
radio reader/writer 200. 

0.052 As mentioned above, with mounting the first reso 
nant circuit 110 composed of the first loop coil 111 and the 
capacitor 112 and the second resonant circuit 120 composed 
of the second loop coil 121 and the capacitor 122 onto the 
metal back face, when the rear side of the face of the first 
loop coil 111 connected to the non-contact IC 132 is held up 
in the electromagnetic field A radiated from the radio 
reader/writer 200, the second resonant circuit 120 composed 
of the second loop coil 121 and the second capacitor 122 
resonates. Then, the second loop coil 121 generates a 
magnetic flux and brings it into a Snake path toward the 
metal back face, and as a result, the radio communication 
terminal 100 amplifies the power generated from the first 
loop coil 111 and enables making the communication dis 
tance long. 
0053. Thereby, in the communication between the radio 
communication terminal 100 and the radio reader/writer 
200, the radio communication terminal 100 can secure the 
stable communication by holding up the loop coil mounted 
thereon without regard to the front or rear of the loop coil 
face. 

0054 Hereinafter, the configuration examples 1-8 of the 
radio communication terminal 100 will be described. 

0055 FIGS. 2A and 2B are the views showing the 
configuration example 1 of the radio communication termi 
nal. FIGS. 3A and 3B are the views showing the configu 
ration example 2 of the radio communication terminal. 
FIGS. 4A and 4B are the views showing the configuration 
example 3 of the radio communication terminal. 
0056. As shown in FIGS. 2A, 2B, 3A, 3B, 4A and 4B, the 
radio communication terminal 100 has the first resonant 
circuit 110, the second resonant circuit 120, the main control 
unit 131, the non-contact IC 132, the connecting line 133, a 
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reception port 141, a transmission port 142, a liquid display 
143, an operation button section 144, a buttery 145, and the 
like. As described above, the first resonant circuit 110 is 
composed of the first loop coil 111 and the first capacitor 112 
for communication. One second resonant circuit 120 is 
composed of the second loop coil 121 and the second 
capacitor 122 for communication. The main control unit 131 
and the battery 145 are shielded with the shielding member 
to prevent electromagnetic interference. 

0057. As shown in FIGS. 2A, 2B, 3A, 3B, 4A and 4B, the 
loop area formed by the second loop coil 121 is larger than 
that formed by the first loop coil 111. The second loop coil 
121 is arranged at an outer circumference of the loop formed 
by the first loop coil 111. The second loop coil 121 is 
arranged so that the whole thereof is not hidden in a shadow 
of the shielding member. That is, at lest a part of the second 
loop coil 121 is projected from the shade of the shielding 
member. It is further preferable for the loop area formed by 
the second loop coil 121 is larger than the area of the 
shielding member. Thereby, even if the first resonant circuit 
110 is disposed on one side of the shielding member of the 
main control unit 131, the power generated from the first 
loop coil 111 can be amplified by a resonant effect of the 
second resonant circuit 120. Accordingly, the holding up of 
any face of the radio communication terminal 100 toward 
the radio reader/writer 200 can establish the stable commu 
nication. 

0.058. Furthermore, as shown in FIGS. 4A and 4B, with 
arrangement of the second loop coil 121 along with the outer 
circumference of the housing of the radio communication 
terminal 100, it can obtain a further effective resonant effect. 
0059 FIG. 5 is the view showing the configuration 
example 4 of the ratio communication terminal. FIG. 6 is the 
view showing the configuration example 5 of the ratio 
communication terminal. FIG. 7 is the view showing the 
configuration example 6 of the ratio communication termi 
nal. FIG. 8 is the view showing configuration example of the 
second resonant circuit 120 applicable to the configuration 
examples 4, 5 and 6 of these radio communication terminals. 
0060. As shown in FIGS. 5, 6 and 7, each of the radio 
communication terminal 100 has the first resonant circuit 
110, the second resonant circuit 120, the main control unit 
131, the con-contact IC 132, connecting line 133, the 
reception port 141, the transmission port 142, the liquid 
crystal display 143, the battery 145, a hinge 151 (movable 
section), a connector 152, a unit 161, a unit 162 and the like, 
respectively. As mentioned above, the first resonant circuit 
110 is composed of the first loop coil 111 and the first 
capacitor 112 for communication. One second resonant 
circuit 120 is composed of the second loop coil 121 and the 
second capacitor 122 for communication. The main unit 131 
and the battery 145 are shielded for preventing the electro 
magnetic interference. 
0061 The housing of the radio communication terminal 
100 is composed of the first unit 161 and the second unit 162 
connected with each other through the hinge 151. For 
example, the housing of the radio communication terminal 
100 is configured to enable folding the first unit 161 and the 
second unit 162 using the hinge 151 as the base point. Or, 
the housing of the radio communication terminal 100 is 
configured to make the first unit 161 be freely rotatable 
(slidable) to the second unit 162. The connector 152 con 
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nects the electronic device (for example, main control unit 
131) of the first unit 161 to the electronic device (for 
example, liquid crystal display 143). 

0062). As shown in FIGS.5, 6 and 7, the loop area formed 
by the second loop coil 121 is larger than that formed by the 
first loop coil 111. The second loop coil 121 is arranged at 
an outer circumference of the loop formed by the first loop 
coil 111. The second loop coil 121 is arranged so that the 
whole thereof is not hidden in the shadow of the shielding 
member. That is, at lest a part of the second loop coil 121 is 
projected from the shade of the shielding member. It is 
further preferable for the loop area formed by the second 
loop coil 121 is larger than the area of the shielding member. 

0063 As shown in FIG. 5, even if the first resonant 
circuit 110 is disposed on one side with an interposition of 
the shielding member of the main control unit 131 in the 
second unit 162, and even if the second resonant circuit 120 
is disposed on the other side with an interposition of the 
shielding member of the main control unit 131 in the second 
unit 162, the power generated from the first loop coil 111 can 
be amplified by a resonant effect of the second resonant 
circuit 120. Accordingly, the holding up of any face of the 
radio communication terminal 100 in either state in which 
the radio communication terminal 100 is folded or folded 
with a slide rotation toward the radio reader/writer 200 can 
achieve the stable communication. 

0064 And as shown in FIG. 6, even if the first resonant 
circuit 110 is disposed on one side with the interposition of 
the shielding member of the main control unit 131 of the 
second unit 162, and even if the second resonant circuit 120 
is disposed on the same side, the power generated from the 
first loop coil 111 can be amplified by the resonant effect of 
the second resonant circuit 120. Accordingly, the holding up 
of any face of the radio communication terminal 100 in 
either state in which the radio communication terminal 100 
is folded or folded with the slide rotation toward the radio 
reader/writer 200 can achieve the stable communication. 

0065 And as shown in FIG. 7, even if the first resonant 
circuit 110 is disposed on one side with an interposition of 
the shielding member of the main control unit 131 of the 
second unit 162, and even if the second resonant circuit 120 
is disposed on the other side with the interposition of the 
shielding member of the liquid crystal display in the first unit 
161, the power generated from the first loop coil 111 can be 
amplified by the resonant effect of the second resonant 
circuit 120. Accordingly, the holding up of any face of the 
radio communication terminal 100 in either state in which 
the radio communication terminal 100 is folded or folded 
with the slide rotation toward the radio reader/writer 200 can 
achieve the stable communication. 

0.066 As shown in FIG. 8, the second loop coil 121 has 
a switch 123 to open and close the loop with linkage 
(synchronization) with a movement of the hinge 151. 
Thereby, in the state of folding the radio communication 
terminal 100 or folding it with the slide rotation, the second 
loop coil 121 can exert the resonant effect of the second 
resonant circuit 120. 

0067 FIG. 9 is the view showing the one example of the 
radio communication terminal housing case for housing the 
radio communication terminal. As shown in FIG. 9, the case 
300 houses, for example, the radio communication terminals 
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100 (but, it may not provided with second resonant circuit 
120) shown in FIGS. 5, 6 and 7. Each case 300 may be 
structured so as to enable housing the radio communication 
terminal 100 (but, may not provided with second resonant 
circuit 120) shown in FIGS. 2A, 2B, 3A, 3B, 4A and 4B, 
respectively. The case 300 has a second resonant circuit 320 
composed of a second loop coil 321 resonating by the 
magnetic field from the radio reader/writer 200 of a com 
munication partner of the radio communication terminal 100 
together with the first loop coil 111 mounted thereon. 
0068 That is, when each case 300 houses the radio 
communication terminal 100 (but, may not provided with 
second resonant circuit 120) shown in FIGS. 5, 6 and 7. 
respectively, to hold up the case 300 toward the radio 
reader/writer 200, the radio communication terminal 100 
can amplify the power generated from the first loop coil 111 
thereof by the resonant effect from the second resonant 
circuit 320 in the case 300. Accordingly, the holding up of 
either face of the case 300 with the radio communication 
terminal 100 housed therein toward the radio reader/writer 
200 can cause the stable communication. 

0069. Like this, the use of the case 300 can increase the 
loop area of the second loop coil 321 to exert further 
dramatic effect resulted from the resonant effect. 

0070 FIG. 10 is the view showing one example of the 
radio communication terminal sheet capable of being 
mounted (stuck) to the radio communication terminal. As 
shown in FIG. 10, a radio communication terminal sheet 
400 can be mounted to, for example, the radio communica 
tion terminals 100 (but, may not provided with second 
resonant circuit 120) shown in FIGS. 5, 6 and 7. The sheet 
400 may be structured so as to be usable by being mounted 
to the radio communication terminals 100 (but, may not 
provided with second resonant circuit 120) shown in FIGS. 
2A, 2B, 3A, 3B, 4A and 4.B. This sheet 400 has a second 
resonant circuit 420 composed of a second loop coil 421 and 
a second capacitor 422 resonating together with the first loop 
coil 111 mounted on the radio communication terminal 100 
by the magnetic field from the radio reader/writer 200 of the 
communication partner of the radio communication terminal 
100. This loop coil 421 may be formed by printing, wiring 
or etching. The second capacitor 422 may be an actual 
component and also one made by pattern printing. The 
central section of the sheet 400, in other words, an inside 
section of the second loop coil 421 may be a hollow. And the 
sheet 400 is made of a material not to shield the electro 
magnetic field. 

0071 Otherwise stated, by mounting the sheet 400 to one 
face of the radio communication terminal 100 (but, may not 
provided with second resonant circuit 120) in the sate of 
folding or folding with a slide rotation thereof, the radio 
communication terminal 100 can amplify the power gener 
ated form the first loop coil 111 thereof by the resonant effect 
of the second resonant circuit 420 of the sheet 400. Accord 
ingly, the holding up of any face of the radio communication 
terminal 100 with the sheet 400 mounted thereto toward the 
radio reader/writer 200 can achieve the stable communica 
tion. 

0072. As described above, by utilizing the sheet 400, the 
radio communication terminal 100 can increase the loop 
area of the second loop coil 421 to obtain the great effect 
resulted from the resonant effect. 
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0073 FIG. 11 is the view showing one example of the 
radio communication terminal display device capable of 
being mounted (stuck) to the radio communication terminal. 
As shown in FIG. 11, a display device 500 can be mounted 
to, for example, the radio communication terminal 100 (but, 
may not provided with second resonant circuit 120) shown 
in FIGS. 2A, 2B, 3A, 3B, 4A, 4B, 5, 6 and 7. The display 
device 500 has a second resonant circuit 520 composed of a 
second loop coil 521 resonating together with the first loop 
coil 111 mounted on the radio communication terminal 100 
by the magnetic field from the radio reader/writer 200 of the 
communication partner of the radio communication terminal 
100. Furthermore, the second loop coil 521 is provided with 
display means such as a light emitting diode. This loop coil 
521 maybe formed by printing, wiring or etching. The 
central section of the display device 500, in other words, the 
inside section of the second loop coil 521 may be a hollow. 
The display device 500 is made of a material not shielding 
the electromagnetic field. 
0074 That is to say, when mounting the display device 
500 to the radio communication terminal 100 (but, may not 
provided with second resonant circuit 120) to hold up the 
radio communication terminal 100 with the display device 
500 attached thereto toward the radio reader/writer 200, the 
radio communication terminal 100 can amplify the power 
generated form the first loop coil 111 thereof by the resonant 
effect of the second resonant circuit 520 of the display 
device 500. Accordingly, the holding up of any face of the 
radio communication terminal 100 with the display device 
500 mounted thereto toward the radio reader/writer 200 can 
achieve the stable communication. As described above, by 
utilizing the display device 500, the radio communication 
terminal 100 can increase the loop area of the second loop 
coil 521 to obtain the great effect resulted from the resonant 
effect. Moreover, a light emitting diode 522 provided with 
the second loop coil 521 of the display device 500 emits 
light by receiving the magnetic field from the radio reader/ 
writer 200. Thereby, the display sheet 500 can guide the 
communication status. For example, in response to the light 
emitting state of the diode 522, the radio communication 
terminal 100 can maintain further excellent communication 
state by approximating it to the radio reader/writer 200. 
0075 Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the specific 
details and representative embodiments shown and 
described herein. Accordingly, various modifications may be 
made without departing from the spirit or scope of the 
general inventive concept as defined by the appended claims 
and their equivalents. 

What is claimed is: 
1. A radio communication terminal provided with an 

electronic device shielded to prevent electromagnetic inter 
ference, in a housing, comprising: 

an integrated circuit; 

a first resonant circuit connected to the integrated circuit 
to make non-contact communication with an external 
device; and 

a second resonant circuit resonating with the first resonant 
circuit. 
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2. The radio communication terminal according to claim 
1, wherein 

a loop area formed by a loop coil of the second resonant 
circuit is larger than that formed by the first loop coil. 

3. The radio communication terminal according to claim 
1, wherein 

the loop coil of the second resonant circuit is arranged at 
an outer circumference of a loop formed by the loop 
coil of the first resonant circuit. 

4. The radio communication terminal according to claim 
1, wherein 

the loop coil of the second resonant circuit is arranged 
along with an outer circumference of the housing. 

5. The radio communication terminal according to claim 
1 wherein 

the loop coil of the first resonant circuit is arranged on one 
side of the radio communication terminal with inter 
position of a shield member shielding the electronic 
device, and 

the loop coil of the second resonant circuit is arranged on 
the other side of the radio communication terminal. 

6. The radio communication terminal according to claim 
1, wherein 

the housing is composed of two units connected with each 
other through a movable section, and 

the loop coils of the first and the second resonant circuits 
are arranged at one unit among the two units. 

7. The radio communication terminal according to claim 
1, wherein 

the housing is composed of two units connected with each 
other through a movable section, 

the loop coil of the first resonant circuit is arranged at one 
unit among the two units, and 

the loop coil of the second resonant circuit is arranged at 
the other unit among the two units. 

8. The radio communication terminal according to claim 
7, wherein 

the second resonant circuit has a Switch for opening and 
closing the second resonant circuit by linking with a 
movement of the movable section. 

9. A radio communication terminal housing case to house 
a radio communication terminal provided with a first reso 
nant circuit connected to an integrated circuit to make 
non-contact communication with an external device, com 
prising: 

a second resonant circuit resonating with the first resonant 
circuit. 

10. A radio communication terminal sheet can be mounted 
to a radio communication terminal provided with a first 
resonant circuit connected to an integrated circuit to make 
non-contact communication with an external device, com 
prising: 

a second resonant circuit resonating with the first resonant 
circuit. 
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11. A radio communication terminal display device can be a loop coil of the second resonant circuit is arranged so 
mounted to a radio communication terminal provided with a that a center of the loop coil of the second resonant 
first resonant circuit connected to an integrated circuit to circuit gets closer to a center of a loop coil of the first 
make non-contact communication with an external device, resonant circuit. 
comprising: 13. The radio communication terminal according to claim 

1, wherein 
a second resonant circuit resonating with the first resonant s 

circuit; and a loop coil of the second resonant circuit is arranged so 
that a loop area formed by the second resonant circuit 
is larger than that of a shielding member incorporated 
in the radio communication terminal. 

light emitting means emitting light by a current induced 
by the second resonant circuit. 

12. The radio communication terminal according to claim 
1, wherein k . . . . 


