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DESCRIPTION
ELECTRONIC APPARATUS AND WIRELESS COMMUNICATION TERMINAL

Field of the Invention

The present inventionisrelated toanelectronic apparatus
and a wireless communication terminal, which contain elements
such as display elements and imaging elements of portable
telephones and the 1ike, and also are equipped with communication
functions, while these elements require high-speed data

transmissions.

Background Art
Veryrecently, while functions ownedbyportable telephones,

notebook type computers, digital cameras, and the like are
conspicuously improved, high resolution and high.precision.are
strongly required for displayelements and imaging elements which
areﬁbullt in these electronlc appllances, so that the structures
of these electronic appllances become more complex. In
partlcular,portabletelephonesarestronglyrequlredtolxamade
compact and in light weight:as well as in low cost, and also
reqﬁiredfxabeoperablej11lowconsumption,whilecamerafunctions
are required to be built in these portable telephones and sizes
of display units of the portable telephones are required to be
increased. Astohousingstructuresof theseportabletelephones,
folded type housings called as “clam shell type housings” and
“flip type housings” have been mainly employed.

Currently, in electronic apparatus containing these
display member elements and imaging elements, strong demands
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are considerably made to manufacture large-sized display units
with high resolution, and further, to make these electronic
appliance compact and in light weight. In response to these
demands, theré are many possibilities that element mounting
boards of these electrénic appliances are divided into plural
sub-boards. In this case, there are many opportunities that
electronic circuits are separated to a display member side and
a control side. Under such a circumstance, lengths of wiring
lines for connecting CPUs to either display elements or imaging
elements arenecessarily increased. Sinceresolutionofdisplay
elements isincreased, frequenciesofsignalstransmittedthrough
these line paths are increased, so that electrical connections
between these electronic elements gradually become difficult.

More specifically, in clam shell type structure, CPUs are
connected to either display elements or imaging elements via
narrow hinge portions. Since the resblution.as to these display
elements and imaging elements is increased, amounts of data
transmitted/received between both boards are also increased,
so that high-speed data transfer techniques are required. To
solve this problem, as high-speed data transfer syétems, for
instance, such a technical idea that LVDS (Low Voltage
Differentialsignaling)isusedtoconnecteitheradisplaymember
or an imaging element has been proposed (Japanese Patent No.
3086456 (column 44), and Japanese Patent No. 3330359 (column
46)). Moreover, Japanese Patent No. 3349426 and Japanese Patent
No. 3349490 have proposed the .new methods, since the
above-described LVDS technical idea cannot sufficiently solve
the problem.

On the other hand, while great progress appears in
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semiconductor manufaéturing techniques, there are such trends
that integration degrees are considerably increased as a
system~on-chip, and thus, all of semiconductor circuits which
are storable within a single.chip are mounted on this single
semiconductor chip. As a result, a total number of pins used
to connect semiconductor chips to external circuits are
considerably increased, and occasionally exceeds several
hundreds of connection pins. On the other hand, while operating
frequencies of semiconductor circuits are similarly increased,
the conventional connecting method for connecting the
semiconductor circuit to the external unit via the wire bonding
may cause a problem as to high frequency characteristics, and
also may cause another problem that signals can be hardly
transmitted/received.between.the semiconductor circuit and the

external unit. With respect to such a problem, several

" researching reports have been made in which semiconductor chips

are mutually connected by way of wireless manners, or circuit
blocks are mutually connected by way of wireless methods in
Japanese magazine “"NIKKEI MICRODEVICE” issued in December, 2003,
page 161; JP-A-10-256478; JP-A-2000-124406; JP-A-2000-68904;
and JP-A-2003-101320. ‘
ﬁowever,astorecentlargescreensizesofdisplaymembers,
even when these technical ideas are executed, sufficiently
satisfiable performance could not be obtained. In other words,
in small-signal serial transfer operations such as LVDS, very
delicate designs as well as adjustments are required in order
to achieve sufficiently satisfiable noise withstanding
characteristics (interference withstanding characteristics and
characteristics capable of avoiding applications of
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interference). In the LVDS technique, since amplitudes of
signalsaresmall, digital ICsnecessarilyhandle analogsignals.
Asaresult, thereisaproblemthat power consumptionis increased.
Also, inorder totransmit signals inhighprecision, well-matched
impedance terminations are required in the LVDS ‘technique.
However, there are a large number of signal lines which require
the impedance terminations, and transfer impedances are low,
e.g., 100 ohms. Accordingly, there is another problem that
électric power consumed in these terminating resistances becomes
not allowable values, namely becomes high.

Furthermore, in such a case that wiring lines pass through
movable portions such as hinge portions, since characteristic
impedances are changed due to bending degrees of these movable
portions, an impedance mismatching phenomenon may occur in
response to conditions, and thus, signal deteriorations may be
induced because of'reflections at the bending portions. As a
consequence, there are cother problems that speeds of data to
be transferred are restricted, and/or limitations are made as
to mounting methods and arrangements of components.

In addition, as apparent from the foregoing descriptions,
since a total number of signals transmitted/received via the
hinge portions amounts to several tens of signal lines, andwiring
lines formed on boards cannot be used, flexible boards are
connected to each othér via connectors. There is such a drawback
that the use of such a flexible board and the connection by such
a connector cause high cost, and further, connection reliability
is low.

Furthermore, increasing of wiring lines required for
transferring data in high speeds requires physical spaces used
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for these wiring lines. Apparently, a large limitation is made
of designs for electronic appliances.

Inaddition, when such large amounts of data are transferred
in high speeds by using long wiring lines, 1f electromagnetic
fields radiated from signal lines are increased, then this may
cause electromagnetic interfgrences which are given to other
electronic appliances, or the own electronic appliances. While
amplitude levels at signal reception terminals have been defined
in rules in signal transfer operation by the conventional signal
lines, even if sufficiently high qualities are secured at the
signal reception terminals, the amplitude levels of the signals
cannot be lowered. In other words, EMI measures cannot be
satisfactorily taken, so that thismaycausedesignsof electronic
appliancestoberestricted, andmaycausecostof these electfonic
appliances to be increased. Also, since electronic circuits on
the transmission side are driven, loads on the signal receﬁ)tion
terminals and stray capacitances of line lines are driven at
the same time, so that extra energy is necessarily required S0
as to transfer signals. That is to say, this may increase power
consumption.

These problems may be entirely solved if the conventional
wireless communication techniques are conducted to
communications executed among the respectiveblocksofelectronic
cir'cuits and integrated circuits, and data transfer operations
in such portions where wiring lines cannot be formed are carried
out by employing wireless data transfer techniques by
electromagnetic waves. In connection with the above-described
conventional wireless communication technique, an attention is
paid to the technical ideas which have been disclosed in Japanese
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magazine “NIKKEI MICRODEVICE” issued in December, 2003, page
16l1; JP-A-10-256478; JP-A-2000-124406; JP-A-2000-68904; and
JP-A-2003-101320.

However, in order to conduct the conventional wireless
technical ideas to data transfer operations within electronic
appliances, mechanisms thereof are very complex and actual
installations thereof can be hardly carried out, as compared
with those of such a case that data have been transferred by
way of conductor lines. In particular, in portable telephone
terminals,boweroftransmittersoftelephonefunctions(namely,
principle object of portable telephone terminals) is extremely
high, and thus, the transmission signals may give large
disturbances towireless connections establishedwithin the same
electronicappliance(portabletélephoneterminal). As apparent
fromtheforegoingexplanations,astéthewirelesscommunication
executed in the same electronic appliance, only electromagnetic
waves having low levels may be limitedly used which do not cause
restriction subjects restricted by the Japanese electromagnetic
wave control law, ana the like. 1In fact, a difference between
these signal levels is reached to 86 dB. Conversely, there are
some possibilities that signals used to connect internal
appliances may be mixed into telephone receivers as noise and
may give disturbances thereto, for example, may lower
sensitivities of these receivers. None of these conventional
techniques discloses effective solving means with respect to
the abové—described problems.

Also, an antenna used to internally connect electronic
appliances constitutes a very difficult problem when the
above-described conventional wireless techniques are carried
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out. None of the above-described Japanese patent publications
5 to 8 describes any effective solving measure. For instance,
the Japanese patent publication 6 describes that the antenna
having the length equal to 1/4 of the wavelength of the
electromagnetic wave having the frequency of 1.5 éHz is formed
on the integrated circuit. However, the wavelength of such an
electromagnetic wave having the frequency of 1.5 GHz is equai
to 20 cm, and thus, it is practically difficult to form such
an antenna having a 1/4-wavelegnth antenna length (namely, 5
cm) on the integrated circuit. Also, the Japanese patent
publications 7 and 8 describe structures that insulating films
are formed on semiconductor chips, and plane-shaped antenna
radiators are positioned on the insulating films of the
semiconductor chips. However, such a fact can be easily
understood by ordinarily skilled engineers. That is, the
electromagnetic waves cannot be effectively radiated from the
antenna radiators positioned on the insulating films due to such
thicknesses substantially equal to the thicknesses of the
insulating films formed on the semiconductor chips.

Further, while communications are executed within
electronic appliances in a point-blank range, propagations of
electromagnetic waves must be considered based upon not only
a fardistance range where thenormal communication line isapplied,
but also a specific propagation characteristic in the vicinity
of the antenna.

To clarify this matter, a simulation executed based upon
the conventional technique will now be explained\Nith reference
to drawings.

Fig. 11l isan illustration of a portable telephone terminal
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equipped with a clam shell structure, namely, a simulation of
a portable telephone terminal which is arranged by both a display
member unit 701 on which a display apparatus is mounted, and
a main body unit 702 on which a baseband processor and an input
apparatus (keyboard) aremounted. Althoughboththedisplaybody
unit 701 and the main body unit 702 may be folded while a line
X-X'" isusedas an axis, as indicated in this drawing, a simulation
is carried out under such a condition that these units 701 and
702 are opened, namely under the normal condition.

In this portable telephone terminal model, in order that
data to be displayed on the display apparatus is transmitted[
fromthemainbodyunit 702 to thedisplaybodyunit 701 by employing
eléctromagnetic waves,.both a transmission-purpose antenna 703
and a reception-purpose antenna 704 are provided thereon
respectively. Also, while a transmission/reception-purpose
antenna 705 of a portable telephone is provided on the display
body unit 701, electric power is fed from the main body unit
702 via a coaxial cable under the normal condition. In this
drawing, any of these antennas were handled as mono-pole antenngs
forthesakeofznléasysimulatidn. :h1anactualembodiﬁentmode,
such low height antennas as an inverted-F type antenna must be
selected as the antennas 703 and 704. However, it is conceivable
that there is no such a large difference in simulationAresults
of two antenna cases. Also, assuming now that the portable
telephone-purpose antenna 705 transmits/receives
electromagnetic waves in a frequency range of 2 GHz which is
used in the third generation portable telephone system, and the
internal appliance communication~purpose antennas 703 and 704
use electromagnetic waves in a frequency range of 5 GHz, such
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cylinders are employed as radiators, the lengths of which are
37.5 mm and 15 mm and correspond to a 1/4 wavelength, and the
diameters of which are 1 mm.

Fig. 12 represents a typical S parameter of an S matrix
in the case that the internal appliance communication-purpose
transmission antenna 703 is set asa pbrt 1, the internal appliance
communication-purpose reception antenna 704 is set as a port
2, and the telephone-purpose antenna 705 is set as a port 3.

| In Fig. 12, a ratio of energy transferred from the internal
appliance communication-purpose transmission antenna 703 to the
reception antenna 704 is S, 7, wheréas a ratio of energy
transferred from the portable telephone antenna 705 to the
internal appliance communication-purpose reception antenna 704
is “S23.” As understood from this drawing, the ratio “S,” is
approximately -16dB in the frequency of 5GHz used in the internal
appliance communication, and the ratio “S,3” is -25 dB in the
frequency of 2 GHz for the portable telephone.

Inother words, a level difference between the transmission
power of the internal appliance communication-purpose
transmission antenna 703 and the transmission power of the
portable telephone-purpose antenna 705 in the internal appliance
communication-purpose reception antenna 704 1is directly
reflected to a DU ratio (Desire/Undesire ratio). Transmission
power for a portable telephone is 23 dBm in maximum, and also,
maximum transmission power which is permitted to a non-licensed
radio station based upon Japanese electfomagnetic wave control
law corresponds to -64.3 dBm converted by'EIRP. In accordance
with the above-described simulation, both signals appear at the
internal appliance communication-purpose antenna 704 as an
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extremely large level difference of approximately 80 dB (23 -
(-64.3) - (16 — 25) = 78.3).

In an internal appliance communication-purpose reception
unit, a filtermeans for removing thisunwantedsignal isrequired.
However, in an actual case, it is practically difficult to mount
a filter capable of removihg‘such an extremely large level
differenceonthis receptionunit. Symbol “S;3” indicatesaratio
of energy which is transmitted from the portable
telephone-purpose antenna 705 to the internal appliance
communication-purpose transmission antenna 703. since both the
antennas correspond to transmission antennas, this energy ratio
“S13” does not cause a problem. However, for example, in a case
that image data acquired by an imaging element mounted on the
display body unit 701 is transmitted to the main body unit 702
in such a portable telephone terminal equipped with the
above-described imaging element, for instance, in a portable
telephone equipped with a camera, the internal appliance
communication-purpose antenna 703 is used as a reception-purpose
antenna, and thus, avalueof this energyratio“S;3”maybeemployed
for a reference purpose. It should also be noted that since the
S matrix corresponds to a symmetrical matrix, Ss; = Si;s3. In this
case, a condition becomes more severe, and thus, ‘the DU ratio
is reached to -90 dB.

As a consequence, the present invention has been made to
solve the above-described various sorts of problems occurred
when a large amount of data are transferred in high speeds and
in the wireless manner between the respective circuit blocks
employed in the conventional electronic appliances, and in
particular, to solve the problems as to the disturbance
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eliminations and the sizes of the antennas in a case that the
strong electromagnetic wave oscillating source is present which
constitutes the principle purpose owned by the electronic
appliance within the own electfonic appliance, and therefore,
has anobject toprovidebothanelectronicapparatusandawireless
communication terminal, which are capable of removing the
drawbacks and the restrictions of the conventional data transfer
system,land can be manufactured in low cost and with high

reliability.

Disclosure of the Invention

To solve the above—&escribed problems, an electronic
apparatus, according to the present invention, is featured by
such an electronic apparatus equipped with at least a first
transmission unit for performing a first communication by an
electromagnetic wave; a second transmission unit for performing
a second communicationbyanelectromagneticwave; andareception
unit for receiving a signal transmitted from the second
transmissionunit; inwhich the electronic apparatus is comprised
of: an antenna inwhich adiameter of a sphere including a radiator
is smaller than 1/ (2n) of a wavelength of an electromagnetic wave
used in either the second transmission unit or the reception
unit.

In accordance with the above-described arrangement, the
signal transmitted from the second transmission unit is received
by the reception unit within the same electronic appliance. If
these transmission and reception units are used so as to transfer
a large amount of data in a high speed within the eleéectronic
appliance, since the data transfer operation is carried:out by
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way of the electromagnetic waves while an air space is used as
a medium, the various sorts of conventional problems caused by

the high-speed and large-amount data transfer operation can be

" solved. Iﬁ addition, since such antennas called as “small

.antennas” are employed as the antennas used in these transmission
and receptionunits, the frequencybands thereof are narrowbands,
and these small antennas represent strong frequency selective
characteristics. As. a result, the disturbances of the
transmission signal transmitted from the first transmissionunit
can be reduced. Also, since the antennas are made compact, a
so-called “proximity area” thereof is narrow. As a consequence,
even when these compact antennas are arranged at narrow places
such as spaces within the same appliance, signal lines can be
designed in an easy manner.

Also, an electronic apparatus, according to the present
invention, is featured by that the antenna is constituted by
the radiator; and a reactance element for canceling a reactance
component of the radiator.

In accordance with the above-described arrangement, since
the reactance element capable of canceling the reactance
component owned by the antenna is provided, the antenna can be
manufactured in high performance, and the superior radiation
efficiency can be obtained. \

Also, an electronic apparatus, according to the present
invention, is featured by that the first transmission.unit, the
second transmission unit, or either a partial circuit or all
circults of the reception unit are constructed on'a semiconductor
integrated circuit; and either a portion or all of reactancé
components of the radiator of the antenna are canceled by both
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a reactance component owned by a wiring line on the semiconductor
integrated circuit, and a reactance component owned by a wiring
line defined from the semiconductor integrated circuit up to
the radiator of the antenna. |

In accordance with the above-described arrangement, both
the transmission unit and the reception wunit wused to
transmit/receive the signals within the electronic appliance
are simultaneously formed on the integrated circuit which
constitutes the electronic appliance, so that the electronic
appliance can be made compact and in low cost, and further, can
be manufacturéd in high reliability. Also, since a portion of
the reactance component owned by the antenna can be compensated
by the stray element owned by such a wiring line defined from
the 'semiconductor integrated circuit up to the antenna, the
electronic apparatus'can eliminate the adverse influence caused
by the stray element such as the inductance of the bonding‘wire
of the semiconductor integrated circuit, which constitutes the
conventional problem.

Also, an electronic apparatus, according to the present
inventidh4 is featured by such an electronic apparatus equipped
with at least a first transmission unit for performing a first
communication by an electromagnetic wave; a second transmission
unit for performing a second communication by an electromagnetic
wave; and a reception unit for receiving a signal transmitted
from the second transmission unit;. in which the electronic
apparatus is comprised of: an antenna in which a diameter of
asphereincludingaradiatorissmallerthanl/ (2%) of awavelength
of an electromagnetic wave used in either the second transmission
unit or said reception unit; evaluation means for evaluating
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a reception condition of the reception unit; control means for
controlling a frequency of an electromagnetic wave transmitted
by the second transmission unit; and feedback means for feeding
back an evaluation result made by the evaluation means to the
control means.

In accordance with the above-explained arrangement of the
present invention, the signal transmitted from the second
transmission unit is received by the reception unit within the
same electronic appliance. If these transmission and reception
units are used so as to transfer a large amount of data in a
high speed within the electronic appliance, since the data
transfer operation is carried out by way of the electromagnetic
waves while an air spaée is used as a medium, the various sorts
of conventional problems caused by the high-speed and
large—amount data transfer operationcanbe solved. Inaddition,
since such antennas called as “small antennas” are employed as
the antennas used in these transmission and receptign units,
the frequency bands thereof are narrow bands, and these small
antennas represent strong frequency selective characteristics.
As a result, the disturbances of the transmission signal
transmitted from the first transmission unit can be reduced.
Also, since the antennas are made compact, a so-called “proximity"
area” thereofisnarrow. Asaconsequence, evenwhenthesecompact
antennas are arranged at narrow places such as spaces within
the same appliance, signal lines canbe designed in an easymanner.
Since such a compact type antenna owns the strong frequency
selective characteristic, this compact type antenna has a high
sensitivity with ©respect to a fluctuation of circuit
manufacturingopérationsandavariationofperipheralconditions.
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However, since the electronic apparatus of the present invention
is equipped with the feedback means and can be controlled to
be continuously operated at an optimum frequency, the unstable
elements caused by this factor can be removed.

Also, an electronic apparatus, according to the present
invention, is featured by that a shape of the radiator of the
antenné is a line shape.

In accordance with the above-described arrangement of the
present invention, while the antenna can be designed in an easy
manner, the'frequency characteristic of the antenna can be made
inthenarrowfrequencyband,andthus,canownthestrongfrequency
selective characteristic.

Also, an electronic apparatus, according to the present
invention, is featured by that the radiator of the antenna is
constituted by a print pattern formed on a printed board.

In accordance with the above-described arrangement of the
present invention/ the antenna can be formed on the integrated
circuit in combination with the wiring pattern, and the mounting
step of the antenna can be simplified. In addition, a
communication appliance can be made compact and in low cost,
while reliability of this communication appliance can be
improved.

Also, awireless communication terminal, according to the
present invention, is featured by such a\Nireless'communication
terminal comprising: a first housingunit; a second housing unit;
a coupling unit for coupling the first housing unit to the second
housing unit in such a manner that a positional relationship
between the first housing unit and the second housing unit is
changeable; an external wireless communication-purpose antenna
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which is mounted on either the first housing unit or the second
housing unit; an ekternal wireless communication control unit
mounted on the first housing unit, for mainly controlling an
external wireless communication performed via the external
wireless communication-purpose antenna; a display unit mounted
on the second housing unit; a first internal wireless
communication control unit mounted on the first housing unit,
for controlling an internal wireless communication executed
between the first housing unit and the second housing unit; a'
second internal wireless communication control unit mounted on
the second housing unit, for controlling an internal wireless
communication executed between the first housing unit and ’che
second ' housing unit; a first . intérnal wireless
commﬁnication—purpose éntenna mounted on the fi.rst housi'ng unit,
in which a diameter of a sphere including a radiator is smaller
than 1/ (2n) of a wavelength of an electromagnetic wave used in
the internal wireless communication; a second internal wireless |
communication-purpose antennamountedon the secondhousingunit,
in which the diameter of the sphere including the radiator is
smaller than 1/ (2%) of the wavelength of the electromagnetic wave
used in the internal wireless communication; and an internal
wireless timing control unit for controlling transmission timing
of the electromagnetic wave transmitted in the internal wireless
communication based wupon transmission timing of the
electromagnetic wave transmitted via the external wireless
communication-purpose antenna.

In accordance with the above-explained arrangement of the
present invenﬁion, the frequency range of the internal wireless
communication-purpose antenna can be made narrow, and the
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frequency selective characteristic can be improved, and further,
the directivity thereof can be relaxed. As a consequence, the
interference between the external wireless communication and
the internal wireless communication can be reduced and the
tdisturbance can be lowered. Even in a case that a clam shell
structure is employed‘in a portable telephone, data transfer
operation between the housings of the portable telephone can
be carried out in a wireless mode under stable condition. As
a result, even 1in the <case that an amount of data
transmitted/received between the housings is increaéed in
correspondence with high resolution of the aispiay'unit:mounted
ontheportabfételephone,whileacmmplexstructureofzicoupling
unit can be suppressed, the cumbersome mounting steps can be
avoided. Asearesult,theportableteiephonecankxamadecompact
and slim in higher reliability, while the cost—up aspect 1is
suppressed; and further, while the portability of the portable
telephone is not deteriorated, the portable telephone can be
manufactured with a large display screen and can be egquipped

with multiple functions.

Brief Description of the Drawings

Fig. 1 is a perspective view for representing a condition that
a clam shell type portable telephone of the present invention
is opened on which an antenna is mounted.

Fig. 2 is a perspective view for representing a condition that
the clam shell type portable telephone of the present invention
is closed on which the antenna is mounted.

Fig. 3 is a perspective view for showing an outer appearance
of a rotary type portable telephone of the present invention,
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on which an antenna is mounted.

Fig. 4 is a diagram for explaining an embodiment of the present
invention.

Fig. 5 is a diagram for explaining an antenna portion in detail
in the embodiment of the present invention.

Fig. 6 isadiagram for describing an effect of the antenna portion
in the - -embodiment of the present invention.

Fig. 7 is'a diagram for indicating a field radiated from a very
small current element.

Fig. 8 is a block diagram for describing an embodiment of the
present inventién.

Fig. 9 is a diagram for explaining another embodiment of the
present invention.

Fig. 10 is a diagram for explaining a further embodiment of the
present invention.

Fig. 11 is a diagram for describing the conventional technique.

Fig. 12 is a diagram for describing the conventional technique.

Best Mode for Carrying Out the Invention

Referring now to drawings, embodiment modes of the present
invention will be described.

Fig. 1 is a perspective view for representing a condition
that a clam shell type portable telephone of the present invention
is opened on which an antenna is mounted. Fig. 2 is a perspective
view forrepresentingaconditionthat theclamshell typeportable
telephone of the present invention is closed on which the antenna
is mounted.

InFig. 1 and Fig. 2, an operation button 4 has been arranged
on a surface of a first housing unit 1, and also, a microphone
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5 has been provided on a lower edge of the first housing unit
1. Also, a display member 8 has been provided on a surface of
a second housing unit 2, a speaker 9 has been provided on an
upper edge of the second housing unit 2, and an external wireless
communication-purpose antenna 6 has been mounted on an upper
edge of the second housing unit 2. In this case, signals which

are transmitted/received by the external wireless communication

antenna 6 can be communicated via a coaxial cable with the first

housing unit 1. Also, the external wireless

communication-purpose antenna 6 may be alternatively mounted

on the first housing unit 1 as indicated by reference numeral

6.

Also, both a display member 11 and an imaging element 12
have been provided on an outer plane of the secopdyhousing unit
2. It should also be noted that as the display members 8 and
11, for example, a liquid crystal display panel, an o;ganic EL
panel, or a plasma display panel may be employed. Also, as the
imaging element 12, either a CCD or a CMOS sensor may be employed.
Also, internal wireless communication-purpose antennas 7 and
10 which.perfofnlan.internal wireless communication between the
first housing unit 1 and the second housing unit 2 have been
provided in both the first housing“unit].énd.the secondﬁhousing
unit 2, respectively.

Then, the first housing unit 1 is coupled via a hinge 3
to the second housing unit 2. Since the second housing unit 2
is rotated by setting the hinge 3 as a fulcrum, the second housing
unit 2 can be folded on the first housing unit 1. Then, since
the second housing unit 2 is closed on the first housing unit
1, the operation button 4 can be protected by way of the second
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housing unit 2, and it is possible to avoid that the opergtion
button 4 is mistakenly operated when the portable telephone is
carried. Also, since the second housing unit 2 is opened from
the first housing unit 1, the operation button 4 can be operéted
while the display member 8 is viewed; a telephone communicationl
can be carried out while the speaker 9 aﬁd the microphone 5 are
used; ax}d also, an imaging operation can be carried out while
the operation button 4 is operated.

In this case, since the clam shell structure is employed,
the display member 8 can be arranged over a substantially entire
area of thé second housing unit 2, and the size of the display
member 8 can be enlarged without deteriorating the portability
of the portable telephone, so that the visible characteristic
can be improved.

Also, since the internal wireless comunication—purpose
antennas 7 and 10 are provided in the first housing unit 1 and
the second housing unit 2 respectively, data transmission
opefations can be carried out between the first housing unit

1 and the second housing unit 2 by way of internal communications

" by using the internal wireless communication-purpose antennas

7 and 10. For example, both image data and voice déta which have
been acquired into the first housing unit 1 via the external
wireless communication-purpose antenna 6 are transmitted to the
secondhousingunit 2bywayof the internalwireless communication
by using the internal wireless communication-purpose antennas
7 and 10, so that an image may be displayed on the display member
8 and voice may be outputted from the speaker 9. Aléo; imaging
data acquired by the imaging element 12 is transmitted from the
second housing unit 2 to the first housing unit 1 by way of the
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internal wireless communication by employing the internal
wireless communication-purpose antennas 7 and 10, and then, may
be sent out to an external unit via the external wireless
éommunication—purpose antenna 6.

As a result, there is no need for transmitting the data
between the first housing unit 1 and the second housing unit
2 by way of a wire manner, but also, a flexible wiring board
equipped with multiple pins is no longer penetrated through the
hinge 3. Accordingly, the complex structure of the'hinge 3 can
be suppressed; the cumbersome mounting steps can be avoided,
the portable telephone can be made compact and slim in higher
reliability,whilethecost—upaspectissuppressed;andfurther,
while the portability of the portable telephone 1is not
deteribrated, the portable telephone can be manufactured with
alargedisplayscreenandcanbeequippedwithmultiple functions.

Fig. 3 is aperspective view for showing an outer appearance
of a rotary type portable telephone of the present invention,
on which an antenna is mounted.

In Fig. 3, an operation button 24 has been arranged on a
surface of a first housing unit 21, and also, a microphone 25
has been provided on a lower edge of the first housing unit 21.
Also, a display member 28 has been provided on a surface of a
second housing unit 22, a speaker 29 has been provided on an
upper edge of the second housingunit 22, and an external wireless
communication-purpose antenna 26 has been mounted on an upper
edge of the second housing unit 22. 1In this case, signals which
are transmitted/received by the external wireless communication
antenna 26 can be communicated via a coaxial cable with the first
housing unit 21. Also, the external wireless
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communication-purpose antenna 26 may be alternatively mounted
on the first housing unit 21 as indicated by reference numeral
26" .

Also, internal wireless communication-purpose antennas 27
and 30 which perform an internal wireless communication between
the first housing unit 21 and the second housing unit 22 have
been provided in both the first housing unit 21 and the second
housing unit2 2, respectively.

Then, the first housing unit 21 is coupled via a hinge 23
to the second housing unit 22. Since the second housing unit
2‘2 is horizontally rotated by setting the hinge 23 as a fulcrum,
the second housing unit 22 can be folcied‘ on the first housing
unit 21. Also, the second housing unit 22 can be shi'fted from
the first housing unit‘Zl. Then, since the second housing unit
22 is arranged in such a manner that this second hoﬁsing unit
22 is overlapped on the first housing unit 21, the operation
button 24 can be protected by way of the second housing unit
22, and it is possible to avoid that the operation button 24
is mistakenly operated when the portable telephone is carried.
Also, since the second housing unit 22 is horizontally rotated
so as to be shifted from the first housing unit 21, the operation
button 24 can be operated while the display member 28 is viewed;
and a telephone communication canbe carried out while the speaker
29 and the microphone 25 are ulsed.

In this case, since the internal wireless
communication-purpose antennas 27 and 30 are provided in the
first housingunit 21 and the second housingunit 22 respectively,
data transmission operations canbe carriedout between the first
housing unit 21 and the second housing unit 22 by way of internal
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communications by using the internal wireless
communication-purpose antennas 27 and 30. For example, both
image data and voice data which have been acquired into the first
housing unit 21 via the external wireless communication-purpose
antenna 26 (or 26’) are transmitted to the second housing unit
22 by way of the internal wireless communication by using the
internal wireless communication-purpose antennas 27 and 30, so
that an image may be displayed on the di.splay member 28 and voice
may be outputted from the speaker 29.

As a result, a flexible wiring board equipped withmultiple
pins isno longerpenetrated through the hinge 23. Accordingly,
the complex structure of the hinge 23 can be suppressed; the
cumbersome mounting steps can be avoided, the portable telephone
can be made compact and slim in higher reliability, while the
cost-up aspect is suppressed; and further, while the portability

of the portable teiephone is not deteriorated, the portable

’telephone can be manufactured with a large display screen and

can be equipped with multiple functions.

It should also be understood that although the portable
telephones have been exemplified in the above-described
embodiment mode, the present invention may be alternatively
applied to video cameras, PDAs (Personal Digital Assistants),

notebook type personal computers, and the like.

Embodiment 1

Fig. 4(A) isaperspectivediagram for showing an embodiment
according to the present invention, and Fig. 4 (B) is a sectional
view of the embodiment of Fig. 4(A), cut away on a plane which
involves a straight line indicated by an arrow “X - Y” in Fig.
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4(A) .

In Fig. 4, reference numeral 101 shows a display member
unit on which a liquid cryetal display member and an imaging
elemen£ are mounted, and the display member is mounted on a

dielectric board 107 in combination with a display member drive

« circuit, and the like. Reference numeral 102 shows a main body

unit; and an input apparatus such as a keyboard, a CPU of the
main body unit 102, a.modulating/demodulating circuit required
inatelephone functionprocessoperation, and the like aremounted
on a dielectric board 108. Display data produced in the main
body unit 102 is processed by a modulating circuit and the like
mounted on thelnéinjbody“unit 102, and,thefeafter, the processed
displaydata is radiatedas electromagneticwaves fromaninternal
appliance cemmunication—purpose transmission antenna 103, and
then, the transmitted display data is received by an internal
appliance communication-purpose reception antenna 104. The
received signal is processed by a reception circuit provided
onthedisplayunit 101 basedupondemodulating process operation,
and then, is converted into display data, so that the confent
of the display data is displayed on the display member provided
on the display unit 101. Reference numeral 105 shows an antenna
used for a portable telephone. Electric power is supplied to
the antenna 105 via a coaxial cable by the main body unit 102.

A positional relationship of the antenna of Fig. 4 and a
used frequency thereof are identical to those of the prior art
shown in Fig. 11. Also, rear planes of the dielectric boards
107 and 108 of both the display body unit 101 and the main body
unit 102 have been covered by a conductor 106 as a ground.piane.
In Fig. 4 (B), the same reference numerals 106 are indicated at
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two positions. This is because the same reference numerals 106
represent the same components which are maintained at the
equi-potential via the hinge portion. Also, although the ground
plane covers the substantially entire plane of the rear pl'anes
of the dielectric boards, this illustration is made in order
to easily perform a simulation. 1In an actual case, this ground
plane is used as the ground of a circuit to be mounted, and thus,
this ground plane becomes a complex pattern.

Fig. 5 is a diagram for explaining the internal appliance
communication-purpose transmission/reception antennas 103 and
104 in more detail, related to the present invention. It should
be understood that the same reference numerals shown in Fig.
4 are employed as those for denoting the same structural elements
of Fig. 5. In this embodiment, as to Dboth the
transmission/receptién antennas 103 and 104, a
rectangular-shaped conductor having a length of 6.5 mm and a
width of 1 mm. is empléyed as an antenna radiator. This
rectangular—-shaped conductor may be qonstituted in the form of
a conductor pattern of a printed board, functioning as a portion
of a circuit board, and owns a merit in manufacturing process,
since such a specific construction and a specific element as
an inverted-F type antenna are not required. A size of this
antenna is nearly equal to 1/10 of the wavelength (6 cm) of the
use frequency (5 GHz), and is shorter than, or equal to 1/(2
n) of the wavelength, and thus, is called as a “small antenna.”
It should also be noted that symbol “r” is a ratio of the
circumference of a circle to its diameter.

In order to increase radiation efficiencies of both the
antennas, the rear surfaces of the radiators are escaped from
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the ground plane. As to the internal appliance
communication-purpose transmission antenna 103, a rectangular
hole 109 having a dimension of 7 X 9.5 mm has been pierced in
the rear surface ground plane. Also, the internal appliance

communication-purpose antenna 104 is constitutedon an edge plane

of the board, and a notch portion has been formed on the ground

plane. It should alsobe noted that these antennas and components
are merely exemplified as one example, and therefore, may be
freelychangedforthesakeofeasycompopentarrangements. While
points indicated by symbols “?(” in Fig. 5 are employed as feeding
points, electric éower is fed between the internal appliance
communication transmission/reception antennas 103 and 104 and
points oﬁ the ground planes locéted just under these antennas
103 and 104.

Fig. 6 indicates calculation results by executing a

simulation of an S parameter when the internal appliance

communication—purposetransmissionahtenna103:Hsusedaseaport
1, the internal appliénce communication-purpose reception
antenna 104 is used as aport 2, and the portable telephone-purpose
antenna is used as a port 3. As apparent from this calculation
result of Fig. 6, a ratio “S;;” of energy transferred from the
internal appliance communication-purpose transmission antenna
103 to the reception antenna 104 is —16 dB in the use fredquency
5GHz, whereas a ratio “S,3” of energy transferred from the portable
telephone antenna 105 to the internal appliance
communication-purpose reception antenna 104 is —-49 dB in the
use frequency 2 GHz. 1In.other words, a difference between the
energy ratios Sz and Sz is reflected to the level difference
between the transmission power of the internal appliance
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communication-purpose transmission antenna 103 and the

transmission power of the portable telephone-purpose antenna

105 in the internal appliance communication-purpose reception
antenna 104, and a DU ratio may be improved by 33 dB. In order
to perform an internal appliance communication without any
problem, the DU ratio must be further improvedby 47 dB. However,

such an interferencemay be sufficiently prevented by adiffusion

gain and the like obtained by a filter and a communication system.

This may cause a system design to become easy, and also, may
cause system performance to be considerably improved.
Generally speaking, an antenna having a size that this
antenna can be stored into a sphere whose diameter is equal to
1/ (2m) of)awaveléngth isreferredtoasa“small antenna.” Within
a distance measured from a radiation source of electromagnetic
waves, which is shorter than, or equal to 1/(2x) of a wavelength,
an electrostatic field and an indﬁctive field'are superior to
a radiative field, and are referred to as a reactive radiation
area. Oneterminalofa smalil antenna is contained in the reactive
radiation area, as viewed from the other terminal of this small
antenna. Also, a phase difference from a center of an antenna
up to a terminal thereof becomes smaller than, or equal to 0.5
radian, and this is an area that a difference between a circular
measure “x” and sin x becomes smaller than, or equal to 2 %,
and also corresponds to an area that sin x can be approximated
by “x.” 1In a system using such a small antenna, there is
substantially no a radiation proximity area which is called as
a Fresnel area, and a communication line can be easily designed.
When the antenna becomes such a small antenna, a radiation
impedance becomes reactive, and a real part of a radiation
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impedance is lowered. This implies that “Q” of the radiation
impedance is increased and a band is narrowed. Also, radiation
directivitybecomes gentle, andagainalong themaximumradiation
direction ié approximated to 1.5.

Fig. 7 is a diagram for indicating a field which is radiated
from a very sma‘ll current element.

In Fig. 7, a radiation electromagnetic field radiated from
a very small current element is conceived as a summation of three
components which are directly proportional to 1/r, 1/r%, and 1/¢°
with respect to a distance “r” from a wave source, which are
called as a radiative fiveld, an inductive field, and an
electrostatic field. When the distance “r” becomes 1/K (symbol
“K” indicates 2n/A), “Kr” becomes equal to 1, and thus, dimensions
of the respective fields are made coincident with each other.
When the distance “r” is smaller thanvl/K, the strengths of both
the inductive field and the electrostatic field become dominant,
as compared with the radiative field. This area corresponds to
a reactive radiation area.

In such a case that a radiator of an'antenna is completely
included by the reactive radiation area, namely, in the case
that a diameter of a sphere which includes the radiator is smaller
than 1/K, i.e., smaller than 1/(2m), a reactance componen‘t of
this antenna becomes dominant, so that both a frequency range
of this antenna and an antenna efficiency thereof are largely
influenced. This phenomenon has been described in detail in,
for instance, the below-mentioned publication:

Chu, L. I. “Physical Limitations of omni-directional
Antennas”, Journal of Applied Physics, 1948, 19, pp. 1163-1175.

McLean, J.S. “A Re—examinations of the Fundamental Li?nits
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on the Radiation Q of Electrically Small Antennas” IEEE trans.
Antennas Propagation Vol 44, pp672-676. 1996.

The embodiments of the present invention utilize this
characteristic of the small antenna, and can effectivelyutilize
a reactance component owned by the antenna by setting a size
of the antenna in.such.a:manner that the diameter of the sphere
including the radiator of the antenna becomes smaller than 1/ (2n)
of a wavelength of a use electromagnetic wave, and also can
eliminate interference by sharpening a frequency selecting
characteristic owned the antenna itself. Also, in the small
antenna, since directivity of this small antenna is relaxed,
even in such a positional relationship between a transmission
side and a reception side in a complex housing structure having
a so-called “two-axial construction”, the Ss;; characteristic
becomes flat and stable operations can be realized. As to this
complex housing structure, in a portable telephone having a clam
shell structure, housings may be rotated, while the straight
line indicated by “2” of Fig. 4(A) is empldyed as an axis.

In this embodiment 1, a simulation is carried out based
upon such a size that a diameter can be stored in a sphere of
1/ (3n) of a wavelength, and then, this embodiment 1 represents
that a superior characteristic can be obtained. Furthermore,
such a size may be alternatively employéd in which’a diameter
may be stored in a sphere of 1/5m of a wavelength. In this
alternative case, it is suitable to arrange an antenna on a chip,
or within a package, or on the package. It is preferable that
a lower limitation as to a size of an antenna is selected to
be larger than, or equal to a line width of a wiring line.'

Fig. 8 is a block diagram for indicating a major portion
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of anelectroniccircuit of anapparatus according to anembodiment
of the preéent invention.

In Fig. 8, a CPU 402 produces display data which should
be displayed based upon information acquired from a portable
telephone circuit 406 and a calculation, and then records the
display data in a video memory 402. A liquid crystal controller
403 reads display data 419 which is displayed on the display
member from the video memory 402 in a predetermined sequence,
and then, outputs the read display data 419 in combination with
a vertical synchronization signal 421, and a horizontal
synchronization signal 420. The display data 419 is
parallel-to-serial-converted by a parallel/serial converting
circuit 404, and then, transmits the parallel/serial-converted
display data 419 to a logic circuit 407. A synchronizing circuit
405 produces a preamble by receiving the horizontal
synchronization signal 420 and the vertical synchronization
signal 421. This preamble is employed so as to establish a
synchronizationwhichis required for communication, for example,
timing for a synchronous detection. The logic circuit 407
receives the signal derived from the parallel/serial converting
circuit 404 and the signal derived from the synchronizing circuit
405 so as to produce a packet (data) used in a wireless
communication, and this packet data is modulated by a modulator
408 based upon a carrier frequency produced by a carrier wave
oscillator 409, andthen, themodulatedpacket data is transmitted
by a transmission antenna 410. This transmission antenna 410
corresponds to the internal appliance communication-purpose
transmission antenna 103 shown in Fig. 4. The above-described
circuit elements are mounted on the display body unit 101 of
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Fig. 4. A portable telephone-purpose antenna 427 is mounted on
the display member unit (101 shown in Fig. 1), and is connected
to the portable telephone ciréuit 406 provided in the main body
unit 102 by using a coaxial cable.

A reception antenna 411 receives the electromagnetic wave
signal transmitted from the transmission antenna 410. The
reception antenna 411 corresponds to the internal appliance
communication-purpose reception antenna 104 shown in Fig. 4.
After this signal has been amplified by a preamplifier 412,
interference waves in an unnecessary fredquency band are
eliminated from this amplified signal by a bandpass filter 413,
and then, the filtered signal is entered to another synchronizing
circuit 414. The bandpass filter 413 may be replaced by such
a notch filter capable of blocking a specific frequency band,
for instance, a telephone-purpose transmitter frequency band.
Alternatively, the bandpass filter 413 may be provided at a
prestage of the preamplifier 412. In the case that the bandpass
filter 413 is provided at the prestage of the preamplifier 412,
since the interference waves are removed before the signal is
inputted to the preamplifier 412, a margin may be produced in
the dynamic range of the preamplifier 412. To the contrary, if
the bandpass filter 413 éwns a loss, then the noise figure of
the preamplifier 412 is deteriorated.

Eveninanyoneof thesecases, since the frequencyselecting
characteristic is realized by the transmission antenna 410 and
the reception antenna 411, a margin may be produced in a design,
so that a system structure may be easiiy made. The synchronizing
circuit 414 detects the preamble contained in the receptionsignal
packet, and produces both synchronization timing and a clock
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which are required for a demodulating operation in conjunction
with a PLL 415. Inresponse toa receptionsignal, a demodulating
circuit 416 demodulates the reception signal packet by using
the outputs of the synchronizing circuit 414 and the PLL 415.
Another logic circuit 418 produces aluarizonfal synchronization
signal 423, avertical synchronization.signal 424, and a transfer
clock 425 of an X driver from the demodulated packet by being
fitted to the timing with respect to display data 422 contained

in the packet. Then, the logiccircuit 418 outputs the horizontal

,synchronizationsignal423,theverticalsynchronizatibnsignal

424, and the transfer clock 425toaliquidcrystal driver employed
in a liquid crystal display member LCD 426 respectively so as
to perform a display operation. The above-explained circuit
elements are mounted on the main body unit 102 of Fig. 4.

As to the oscillation frequency of the carrier wave
oscillator 409, a frequency is selected whiqh does not give
interference to original objects of electronic appliances
utilizing electromagnetic waves such as a radio receiver and
a portable telephone, and also which is not adversely influenced
by these electronic appliances. As explained in this embodiment
1, if the use frequency of approximately 5 GHz is selected, then
the occupied range is approximately 200 MHz even when data of
100 Mbps is transmitted. Therefore, normally, the portable
telephone of this embodiment 1 may be used withouf any problem
in the most opportunity. Apparent from Fig. 6, a —3 dB band 6f

the energy ratio “S;” corresponds to 400 MHz. Thus, even if

"a narrow band is realized by employing such a small antenna,

then there is a sufficient margin in the frequency band.
Since the above-described structure is employed, the
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display data can be transmitted to the display member in the
wireless manner, and also, the following problems which are
conspicuously revealed in connection with enlarging of the
displaybodycanbeeliminéted. Thatis, theseproblems arecaused
by the data transmission in the wire manner, for instance, power
consumption, restrictiéns of wiring positions, EMI controls,
securing-of reliability, and so on. 1In particular, even when
such a transmitter éapable of radiating extremely strong
electromagnetic waves 1s present within the same system, a
.superior system can be supplied without being adversely

influenced by interference.

Embodiment 2

Fig. 9 is a diagram for exemplifying a major unit of a
conceptional idea as to an electronic appliance according to
anocother embodiment of the present invention.

In Fig. 9, reference numeral 501 indicates an internal
appliance communication-purpose transmission antenna which
corresponds to the transmission antenna 103 of Fig. 4. Also,
reference numeral 502 shows an internal appliance
communication-purpose reception antenna which corresponds to
the reception antenna 104 of Fig. 4. Since these antennas 501
and 502 correspond to small antennas, reactance components of
radiation impedance are large and are expressed as “R; + JXi”
and “R; + jX,”, respectively. Normally, in the small antennas,
the reactance components “X;” and‘“Xz” are capacitive and own
negative values. These reactance components X; and X; may be
offset by additionally employing inductance elements 503 and
504, which have values that these reactance components X; and
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X, become zero in a use frequency. Normally, sincecircuitwiring
lines and the like own stray inductances, these stray inductances
may be contained in a portion of the inductance elements 503
and 504.

The stray reactance components can be offset in the
above-described manner which have lowered the efficiency of the
conventional circuit, so that the system having the higher
efficiency and the superior characteristic can be realized.
Reference numeral 508 indicates an input terminal for inputting
a signal from a transmitter output circuit.  An impedance
converting 'operation is carried out by a matching circuit 506
so as to establish a matching condition in such a manner that
an equivalent output impedance 507 of this matching circuit 506
becomes “R,.” It should also be noted that both the matching
circuit 506 and the inductance 503 are formed with the transmitter
output circuit in an integral form to be designed under the normal
condition. The inductance 503 may be designed by considering
the stray reactance componen’;s such as a wiring inductance.
Reference numeral 505 indicates a current source as an equivalent
drive source, as Viewinq the transmitter output from the antenna
side. While a real part “R;” of a radiation impedance of a small
antenna is a small value, the output impedance 507 can be hardly
made coincident with this real part “R;.” However, this
difficultymaygiveaconvenience. Thisreasonisgivenasfollows.
If the real part X; is completelymatched with the output impedance
507, then the effici:ency of the transmitter becomes excessively
high, andtheradiationelectromagnetic fieldbecomes excessively
strong, so that the electromagnetic waves are radiated outside
the system as spurious radiation. Since this circuit portion
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is brought into a mismatching condition, excessive radiation
can be avoided.

Also, since the output impedance may effect Qof the antenna
range to be lowered, it is possible to avoid that the transmission
frequency range becomes excessively narrow due to the compact
size of the antenna. Also, to the reception antenna 502, an
inductanée 504 is additionally provided as a reactance element
capable of offsetting the reactance component of this reception
antenna. Reference numeral 510 shows a matching circuit, and
an input impedance 509 thereof as viewed from the antenna side
in the use frequency is designed in such a manner that this input
impedance 509 becomes “R;.” Thematchingcircuit 510 is designed
by considering a stray reactance and a characteristic of an input
filter. The output signal of the matching c‘ircuit 510 is
transmitted to an internal appliance communication-purpose
reception unit 511.

All of these circuit elements except for the antenna
radiator may be integrated on a semiconductor integrated circuit
so as to be made compact and in low cost. 1In this case, although
the sufficiently superior characteristic could not be
conventionally achieved since the inductance of the bonding wire
causes the disturbance, in accordance with this system of the
present invention, such a stray inductance component may be used
as a portion capable of offsetting the radiation reactance
component of the antenna, so that the adverse influence by the
bonding wire can be removed, and the electronic appliance having
the better characteristic can be made compact and in low cost.
It should also be noted that the S parameter characteristic shown
in Fig. 6 illustratively represents a case that the matching
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condition is established in the manner as explained in this

embodiment 2.

Embodiment 3

Fig. 10 is a block diagram for showing an arrangement of
an electronic apparatus according to a further emboqiment of
the present invention. Since circuit blocks having the same
reference numerals as those of Fig. 8 are the same as those of
Fig. 8, explanations thereof are omitted. These circuit blocks
may be integrated on a semiconductor integrated circuit so as
to be made compact and in low cost. In this case, an internal
appliancecommunicétion—purposetransmission/receptionantenna
may offset a reactance component and may be operated in a narrow
frequency band in accordance with the method as shown in Fig.
9. At this time, an adverse influence caused by an inductance
componentofEibondingwirewhichconnectstheintegratedcifcuit
with the antenna could be eliminated in accordance with the
ébove—describedjnethod. However, these fluctuations may appear
as fluctuations of frequency selection characteristic between
the transmission antenna and the reception antenna. It is a
cumbersome work to control these fluctuations inhigher precision.
This embodiment 3 exemplifies a measure for this cumbersome work. -

That istosay, anevaluatingcircuit 601 evaluates anoutput
of the demodulating circuit 416 of the internal appliance
communication-purpose receivingcircuit basedupon, for instance,
anerrorrateandasignal strength. Then, thisevaluatingcircuit
601 feeds back the evaluated output to the carrier wave oscillator
406 of the internal appliance communication-purpose transmission
circuit, and changes the oscillation frequency thereof so as
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to select an optimum frequency with respect to the internal
appliance communication. Changingof the frequencymaybeeasily
realized by changing a frequency dividing ratio of a frequency
dividing circuit, or by utilizing such a technique of a
voltage-controlled oscillator and a PLL. While the positional
relationship between the transmission and the reception is fixed
in the internal appliance communication, since the strengths
of the radiated electromagnetic waves are very weak and do not
conflict with the frequency allowable deviation rule of the radio
wave control law, the internal appliance- communication may be
freely changed. Alternatively, since the signals for the
feedback purpose are present within the same appliance for
transmission/reception operations, these signals may be
transmitted by way of wire signals. As a result, the signal path
for the feedback operation is not required to be operable in
the wireless manner, and thus the circuit may be simplified.

Inaccordancewifhthepresentinvention,thesystemhaving
the high reliability can be realized in the easy manner or in
the low cost, while permitting the deviation caused by the
fluctuations based upon the wiring line and the semiconductor

integrated circuit process.

Industrial Applicability

The present invention is not limited only to the signal
connections between themain body unit and the displayunit within
the portable telephones, but may be applied to various sorts
of systems that a plurality of wireless systems are mutually
provided within the same appliance, for example, a system in
which awireless LANisbuilt. Conversely, the present invention
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may be utilized in an appliance that an internal appliance
"communication is mutually carried out with a receiver for
receiving very low-leveled electromagnetic waves such as a
portable TV and a GPS terminal equipped with a display member,
whereby the inventive idea may be utilized in order to eliminate
the adverse influences given to the original appliance
communications, which are caused by the internal appliance

communication.
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CLAIMS

1. An electronic apparatus equipped with at least a first
transmission unit for performing a first communication by an
electromagneticxﬁavé; a second transmission unit for performing
a second communicationbyanelectromagneticwave; and areception
unit for receiving a signal transmitted from said second
transmission unit; wherein:

said electronic apparatus is comprised of:

an antenna in which a diameter of a sphere including a
radiator is smaller than 1/(2w) of a wavelength of an
electromagnetic wave used in either said second transmission

unit or said reception unit.

2. An electronic apparatus, as claimed in claim 1 wherein:
saidantenna is constitutedby the radiator; anda reactance

element for canceling a reactance component of said radiator.

3. An electronic apparatus, as claimed in claim 1 wherein:
saidfirsttransmissionunit,saidsecondtransmissionunit,
or either a partial circuit or all circuits of said reception
unit are constructed on a semiconductor integrated circuit; and
either a portion or all of reactance components of the
radiatorof saidantennaare canceledbybothareactance component
owned by a wiring line on said.sémiconductor integrated circuit,
and a reactance component owned by a wiring line defined from
said semiconductor integrated circuit up to the radiator of the

antenna.

4. An electronic apparatus equipped with at least a first
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transmission unit for performing a first communication by an
electromagnetic wave; a second transmission unit for performing
asecondcommunicationbyanelectromagneticwave;andareception
unit for receiving a signal transmitted from said second
transmission unit; wherein:
" said electronic apparatus is comprised of:

an antenna in which.a diameter of a sphere including a
radiator 1is smaller than 1/(2m) of a wavelength of an
electromagnetic wave used in either said second transmission
unit or said reception unit;

evaluation means for evaluating a reception condition of
said reception unit;

control means for controlling a frequency of an
electromagnetic wave transmitted by said second transmiséion
unit; and

feedback means for feeding back an evaluation result made

by said evaluation means to said control means.

5. An electronic apparatus as claimed in any one of claim 1 to
claim 4 wherein:

a shape of the radiator of said antenna is-a line shape.

6. An electronic apparatus as claimed in any one of claim 1 to
claim 5 wherein:
the radiator of sald antenna is constituted by a print

pattern formed on a printed board.

7. A wireless communication terminal comprising:
a first housing unit;
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a second housing unit;

a coupling unit for coupling said first housing unit to
said second housing unit in such a manner that a positional
relationship between said first housing unit and said second
housing unit is changeable;

an external wireless communication-purpose antenna which
ismountedoneithérsaidfirsthousingunitorsaidsecondhousing
unit;

an external wireless communication control unit mounted
on said first housing unit, for mainly controlling an external
wireless communication performed via said external wireless
communication-purpose antenna;

a display unit mounted on said second housing unit;

a first internal wireless communication control unit
mounted.on said first housing‘ﬁnit, for controlling an internal
wireless communication executed between said first housing unit
and said second housing unit;

a second internal wireless communication control unit
mounted on said second housing unit, for controlling an internal
wireless communication executed between said first housing unit
and salid second housing unit;

a first internal wireless communication-purpose antenna
mounted on said first housing unit, in which a diameter of a
sphere including a radiator is smaller than 1/ (27n) of awavelength
of an electromagnetic wave used in said internal wireless
communication;

a second internal wireless communication-purpose antenna
mounted on saidlsecond housing unit, in which the diameter of
the sphere including the radiator is smaller than 1/(2xn) of the
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wavelength of the electromagnetic wave used in said internal
wireless communication; and

an internal wireless timing control unit for controlling
transmission timing of the electromagnetic wave transmitted in
said internal wireless communication based upon transmission
timing of the electromagnetic wave transmitted via said external

wireless communication-purpose antenna.
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