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(57) The invention provides a wireless temperature
sensor that is attached to the patient’s skin in order to
measure the patient’s temperature, thereby adopting a
patient moving in the facilities as a measuring object.

The wireless sensor is a wireless temperature sen-
sor having a function of wirelessly transmitting measured
data through a chip antenna, and the chip antenna has
a length of a shortening coefficient so as to be received
in a container, and is received in the container.

In addition, the invention provides a wireless inter-

face device in which a wireless communication function

is provided to a CompactFlash (registered trade mark)
card having a low carrier frequency, a small antenna, an
enlarged communication distance, and low power con-
sumption.

Furthermore, the invention provides a wireless sen-
sor system in which the sensor notifies a patient of sur-
rounding environment information by a wireless commu-
nication device whereby a base station collects the en-

vironment information from a plurality of sensors.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinventionrelatesto a wireless mod-
ule, a wireless temperature sensor that measures tem-
perature of an object to be contacted and transmits a
measured result by means of wireless communication,
a wireless interface device used in an external interface
such as a PDA (Personal Digital Assistant) and PC (Per-
sonal Computer), and a wireless sensor system in which
a sensor notifies a patient of surrounding environment
information by a wireless communication device whereby
a base station collects the environment information from
a plurality of sensors.

2. Description of the Related Art

[0002] Sinceitis necessary to check the patient’s tem-
perature around the clock in a hospital or nursing-care
facility, a medical staff directly measures the patient’s
temperature by means of a clinical thermometer.
[0003] However, in the above-mentioned method of
measuring the patient’'s temperature, since it is neces-
sary to periodically measure temperatures of many pa-
tients of which the medical staff takes care, it takes the
medical staff all times thereof to measure temperature
of many patients. Accordingly, there has been a problem
that the medical staff lacks time.

[0004] Accordingly, a temperature sensor for directly
reading measured data by means of a terminal, for ex-
ample, a temperature sensor that is buried in the body
and measures temperature by using a resonant frequen-
cy has been developed in order to simply measure the

patient's temperature (For example, see JP-A-
62-192137).
[0005] However, since the temperature sensor dis-

closed in JP-A-62-192137 should be buried in the body
of a patient, the use thereof is limited.

[0006] Since it is not necessary that the temperature
sensor be buried in the body of a general patient, the
medical staff should come to see the patients in order to
measure temperature when measuring temperature of
many patients. Accordingly, there has still been a prob-
lem.

[0007] In addition, a method, which measures the pa-
tient’s temperature by connecting the clinical thermom-
eter to a computer, has been proposed. However, it is
not possible to use the method in a case in which the
patient moves in the facilities.

[0008] Furthermore, recently, a local area communi-
cation, for example, a communication in one indoor area
is performed by means of an IC card serving as an inter-
face of a PC card standard (based on the standard ac-
cording to PCMIA) among a PDA, various information
processing systems, and the like (for example, see JP-

10

15

20

25

30

35

40

45

50

55

A-2001-195553).

[0009] The IC card is used as a recording medium for
data, and is also used for expansion of peripheral devic-
es.

[0010] However, as described above, the wireless in-
terface disclosed in JP-A-2001-195553 is formed in the
shape of an IC card.

[0011] Accordingly, the wireless interface does not
correspond to an interface (slot or expansion slot) of an
external memory, which is used for expansion of the
memory, such as a CF (CompactFlash (registered trade
mark)), SD card (registered trade mark), SmartMedia
(registered trade mark) or the like, which has been re-
cently used as a standard of the PDA.

[0012] Inaddition, frequencies of 2.4 and 5 GHz, which
are used in the wireless LAN or the like, are used in the
interface of the IC card as carrier frequencies. However,
there have been problems in that a sufficient communi-
cation distance cannot be obtained by means of the
above-mentioned frequencies and the frequencies are
suitable for a mobile terminal requiring large power con-
sumption such as a PDA.

[0013] Meanwhile, when afaintradio frequency or pre-
determined small power radio frequency is used, a long
communication distance can be obtained and low power
consumption is required, however, the carrier frequency
thereof is low unlike in the wireless LAN. Accordingly,
the wavelength thereof is long and a long antenna is re-
quired, whereby a degree of freedom of the PDA is re-
duced and the appearance of the interface deteriorates.
[0014] Furthermore, when measuring the environment
information, for example, temperature of a measuring ob-
ject, the conventional wireless sensor calculates temper-
ature from the resistance values (measured values of
sensors) measured by sensor devices, and transmits the
temperature (environment information) as calculation re-
sults to a base station (see JP-A-2-138837).

[0015] Forthis purpose, the conventional wireless sen-
sor compensates the environmentinformation (for exam-
ple, temperature) for each sensor device, and then trans-
mits the environment information to the base station,
thereby obtaining accurate numerals of the environment
information.

[0016] However, in the wireless sensor according to
the related art, many operations are performed to convert
physical quantities, that is, measured values (resistance
value, voltage value, current value, pressure value, fre-
quency value, and the like) of the sensorinto environment
information (temperature, humidity, snow cover, concen-
tration of various gases, and the like). Accordingly, there
is a problem that the power consumption thereof is in-
creased.

[0017] Furthermore, in the wireless sensor according
to the related art, the structure of the wireless sensor
becomes complicated to convert physical quantities, that
is, measured values of the sensor into numerals of the
environment information. Accordingly, the price of the
wireless sensor rises.
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[0018] Inordertocope withthe above-mentioned prob-
lems, a wireless sensor according to the related art di-
rectly transmits the measured values measured by the
sensor devices to the base station, and performs an op-
eration for converting the physical quantities, that is,
measured values into numerals of the environment infor-
mation in the base station. As a result, the processing
loads of the sensor devices are reduced and the structure
of the wireless sensor becomes simple.

[0019] Meanwhile, inthe method, since the sensor has
only one function, that is, an operation processing func-
tion corresponding to a predetermined sensor device,
the system of the sensor has a low degree of freedom.
Accordingly, there has been a problem that the structure
of the system has a low degree of freedom in configuring
another system by replacing the sensor device to the
other sensor device or several kinds of sensor devices.
[0020] In addition, when the above-mentioned sensor
system uses a look-up table method to convert the phys-
ical quantities, that is, measured values into the environ-
ment information, the above-mentioned sensor system
uses the same conversion table. Accordingly, it is difficult
to configure a system by using several kinds of sensor
devices

[0021] Furthermore, the above-mentioned sensor sys-
tem converts the physical quantities, that is, measured
values (live data measured by the sensor) of the sensor
into only numerals of the environment information, and
does not perform a correction of the measured values
and a correction of converted environment information.
In addition, the above-mentioned sensor system cannot
cope with the secular change of each sensor.

SUMMARY OF THE INVENTION

[0022] The invention has been made to solve the
above-mentioned problems, and it is an object of the in-
vention to provide a wireless temperature sensor that is
attached to patient’s skinin orderto measure the patient’s
temperature, thereby adopting a patient moving in the
facilities as a measuring object. Furthermore, itis another
object of the invention to provide a wireless interface de-
vice in which a wireless communication function is pro-
vided to a CompactFlash (registered trade mark) card
having a low carrier frequency, a small antenna, an en-
larged communication distance, and low power con-
sumption. In addition, it is still another object of the in-
vention to provide a wireless sensor system that trans-
mits measured values of sensor devices and corrects the
measured values and converted physical quantities,
thereby obtaining accurate environment information.

[0023] According to an aspect of the invention, a wire-
less temperature sensor is sealed in a container of a sen-
sor main body and has a function of wirelessly transmit-
ting measured data through an antenna. The antenna
has a length of a shortening coefficient so as to be re-
ceived in the container, and is received in the container.
[0024] The above-mentioned wireless temperature
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sensor further includes a matching circuit for adjusting
the impedance between the antenna and a line for a
transmission signal.

[0025] In the above-mentioned wireless temperature
sensor, the antenna and an electric circuit including the
matching circuit are formed on one substrate, and the
antenna is mounted on the substrate in an area where a
grounding wire is not formed.

[0026] In the above-mentioned wireless temperature
sensor, the substrate is positioned in the container so
that the substrate is separated from a contact surface to
be attached to a measuring object with a predetermined
distance therebetween.

[0027] In the above-mentioned wireless temperature
sensor, on the substrate, a grounding point of a high fre-
quency circuit is connected to a grounding point of a logic
circuit through a filter for blocking a signal of a carrier
frequency band used for communication.

[0028] In the above-mentioned wireless temperature
sensor, the container has the same size as a 500-yen
coin.

[0029] In the above-mentioned wireless temperature
sensor, the container is formed in the shape of a coin
that has a diameter of 9 to 27 mm and a thickness of 5
to 10 mm.

[0030] In the above-mentioned wireless temperature
sensor, a length of the antenna is shorter than an eighth
of the wavelength of an electric wave having a frequency
to be used.

[0031] In the above-mentioned wireless temperature
sensor, the frequency to be used is in the range of 300
to 960 MHz.

[0032] In the above-mentioned wireless temperature
sensor, the antenna includes an antenna substrate, a
conductor film formed on a part of the antenna substrate,
a feeding point formed on the antenna substrate, a load-
ing part that is mounted on the antenna substrate and
includes alinear-conductor pattern formed on the surface
of an element made of a dielectric material in the longi-
tudinal direction of the element, an inductor part for con-
necting one end of the conductor pattern with the con-
ductor film, and a feeding point used to feed electric pow-
ertoanode between the one end of the conductor pattern
and the inductor part. Further, the antenna is mounted
on the substrate so that the longitudinal direction of the
loading part is parallel to one side of the conductor film.
[0033] According to another aspect of the invention, a
wireless interface device corresponds to an interface of
a memory and includes an antenna having a wireless
communication function. The antenna, which is used to
transmit and receive a carrier wave, has a length of a
shortening coefficient so as to be received in the memory
having a standard dimension. The antenna is mounted
in the wireless interface device.

[0034] Theabove-mentionedwireless interface device
further includes a matching circuit for adjusting the im-
pedance between the antenna and a line for a transmis-
sion signal.
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[0035] In the above-mentioned wireless interface de-
vice, a grounding point of a high frequency circuit is con-
nected to a grounding point of a logic circuit through a
filter for blocking a signal of a carrier frequency band
used for communication .

[0036] In the above-mentioned wireless interface de-
vice, the antenna includes a substrate, a conductor film
formed on a part of the substrate, a feeding point formed
on the substrate, a loading part that is mounted on the
substrate and includes a linear-conductor pattern formed
on the surface of an element made of a dielectric material
in the longitudinal direction of the element, an inductor
part for connecting one end of the conductor pattern with
the conductor film, and a feeding point used to feed elec-
tric power to a node between the one end of the conductor
pattern and the inductor part. Further, the antenna is
mounted in the wireless interface device so that the lon-
gitudinal direction of the loading part is parallel to one
side of the conductor film.

[0037] In a wireless sensor system according to the
invention, the above-mentioned wireless temperature
sensor furtherincludes a plurality of wireless sensors that
is provided at several positions, and that obtains meas-
ured values corresponding to surrounding environment
information by means of a sensor device and transmits
the values; a data-collecting terminal that is provided to
a base station, and that receives the measured values
from the wireless sensors and calculates environment
information from the measured values to collect the en-
vironment information of the several positions; a sensor
for outputting the surrounding environment information
as measured values based on the physical property of
the sensor device; and a wireless transmitting part (a
wireless transmitting / receiving part 2, a wireless trans-
mitting part 2B) for wirelessly transmitting measured data
including the measured values and identification data.
Furthermore, the data-collecting terminal includes a con-
version information memory, which stores conversion in-
formation used to convert a measured value of the sensor
device of each registered wireless sensor into environ-
ment information, and a converter, which determines the
wireless sensor by means of the identification data and
converts the measured value into environment informa-
tion by means of physical property and conversion infor-
mation corresponding to each wireless sensor.

[0038] In a wireless sensor system according to the
invention, the above-mentioned wireless temperature
sensor further includes a memory in which the physical
property and conversion information of the sensor device
is stored. Furthermore, during the registration for the da-
ta-collecting terminal, the wireless terminal transmits the
physical property and conversion information to the data-
collecting terminal, and the data-collecting terminal
stores the physical property and conversion information
in the conversion information memory in correspondence
with the identification number of the wireless sensor.
[0039] In a wireless sensor system according to the
invention, the conversion information includes initial de-
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viation of the physical property and compensation infor-
mation of the physical property.

[0040] In a wireless sensor system according to the
invention, the correction coefficientis stored in the sensor
device used in the wireless sensor as data of the annual
change of the physical property, which is statistically ob-
tained, and a time cycle of correction and the correction
coefficient are transmitted to the data-collecting terminal
at the time of registration.

[0041] In a wireless sensor system according to the
invention, the wireless sensor measures an output volt-
age of a battery for supplying a driving electric power at
a predetermined time cycle, and transmits information
for directing battery replacement to the data-collecting
terminal when the output voltage is smaller than a pre-
determined voltage.

BRIEF DESCRIPTION OF THE DRAWINGS
[0042]

Fig. 1is aconceptual diagram showing a frontmount-
ing surface of a substrate 10 of a wireless tempera-
ture sensor 100 according to an embodiment of a
first aspect of the invention;

Fig. 2is a conceptual diagram showing a rear mount-
ing surface of the substrate 10 of the wireless tem-
perature sensor 100 according to the embodiment;
Fig. 3 is a perspective cross-sectional view showing
the wireless temperature sensor 100 according to
the embodiment;

Fig. 4 is a conceptual diagram showing an example
of circuits of the wireless temperature sensor 100
according to the embodiment;

Fig. 5 is a block diagram showing an exemplary
structure of a matching circuit 8;

Fig. 6 is a graph showing the relationship between
reflection power and control voltage;

Fig. 7 is a conceptual diagram showing a structure
in which ground wires of a high frequency circuit 17
and a digital circuit 18 are connected to each other
through a band reject filter 19;

Fig. 8 is a plan view showing a chip antenna 1a ac-
cording to another embodiment;

Fig. 9is a perspective view showing the chip antenna
1a according to the embodiment;

Fig. 10 is a graph showing a frequency characteristic
of a VSWR of the chip antenna 1a according to the
embodiment;

Fig. 11 is a graph showing the radiation pattern of
the chip antenna 1a according to the embodiment;
Fig. 12 is a schematic view showing a structure 10
of a wireless interface device 2-1 according to a first
embodiment of a second aspect of the invention;
Fig. 13 is a circuit diagram showing an exemplary
structure of an impedance control circuit that is pro-
vided in the wireless interface device 2-1;

Fig. 14 is a graph showing the relationship between
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reflection power and control voltage of the imped-
ance control circuit;

Fig. 15 is a circuit diagram showing a structure of a
GND wire on a substrate that is provided in the wire-
less interface device 2-1;

Fig. 16 is a plan view showing a wireless interface
device 2-10 according to a second embodiment of a
second aspect of the invention;

Fig. 17 is a perspective view showing the wireless
interface device 2-10 according to the embodiment;
Fig. 18 is a graph showing a frequency characteristic
of a VSWR of the wireless interface device 2-10 ac-
cording to the embodiment;

Fig. 19 is a graph showing the radiation pattern of
the wireless interface device 2-10 according to the
embodiment;

Fig. 20 is a view showing a shape of an USB con-
nector 2-40 which is provided with the wireless in-
terface device 2-10 according to the embodiment;
Fig. 21 is a block diagram showing an exemplary
structure of a wireless sensor system according to
an embodiment of a third aspect of the invention;
Fig. 22 is a block diagram showing an exemplary
structure of a temperature sensor, which is an ex-
ample of a sensor device 3-3 shown in Fig. 21; and
Fig. 23 is a sequence diagram showing a flow of a
registration process in a data collection terminal 3-7
of the wireless sensor system 3-1 according to the
embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
<First aspect>

[0043] Hereinafter, a wireless temperature sensor 100
according to an embodiment of the invention will be de-
scribed with reference to Figs. 1 to 11. Fig. 1 is a con-
ceptual diagram showing a structure of a front mounting
surface of a substrate 10 on which components of the
wireless temperature sensor 100 according to the em-
bodiment are mounted. In addition, Fig. 2 is a conceptual
diagram showing a structure in which components are
mounted on a rear mounting surface of the substrate 10.
[0044] Hereinafter, a wireless temperature sensor
100, which is attached to (or comes in close contact with)
a patient’s skin in order to measure the patient’s temper-
ature, will be described as an example of the embodiment
of the invention.

[0045] As shown in Figs. 1 and 2, a chip antenna 1 is
positioned in an area, which is distant from the periphery
of the substrate 10 by a predetermined distance, on the
mounting surface of the substrate 10. Furthermore, the
chip antenna is mounted on the substrate in an area
where a grounding wire (GND wire) is not formed. In ad-
dition, an electronic component such as an IC, which
forms a circuit of the wireless temperature sensor 100,
is mounted in a circuit area where a grounding wire is
formed.
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[0046] For this reason, it is possible to considerably
reduce the ratio of the capacitive coupling between the
chip antenna 10 and the grounding wire. Accordingly, it
is possible to improve the efficiency of the energy for
communication by reducing a coupling loss and limiting
needless energy consumption.

[0047] In addition, a measuring part 2 is a resistance
element (such as a NTC thermistor or the like) of the
sensor for directly measuring temperatures, and is con-
nected to the sensor unit 4 by connecting lines 2a. A
battery 3 is mounted on the rear surface of the wireless
temperature sensor 100 (see Fig. 2) in order to supply
driving electric power to each circuit of the wireless tem-
perature sensor 100.

[0048] Fig. 3A shows a size and shape of the wireless
temperature sensor 100 (container). The wireless tem-
perature sensor has a shape similar to that of a 500-yen
coin, and the chip antenna 1 or the substrate 10 is re-
ceived in a coin-shaped container that has a diameter of
about 9 to 27 mm and a thickness of about 5 to 10 mm
(see Fig. 1).

[0049] Fig. 3B is a cross-sectional view, which shows
the wireless temperature sensor 100, taken along line A
of Fig. 3A.

[0050] As shown in Fig. 3B, the substrate 10 of the
wireless temperature sensor 100, on which the circuits
and the chip antenna 1 are mounted,.is positioned in the
container so that the substrate is separated from a con-
tact surface 100b to be attached to (or come in close
contact with) a measuring surface of a measuring object
(for example, a patient) with a predetermined distance d
therebetween. That is, the substrate is positioned in the
container so that the chip antenna 1 and the measuring
object are separated from each other with a predeter-
mined distance therebetween.

[0051] Since the predetermined distance d is formed,
it is possible to considerably reduce the capacitive cou-
pling between the chip antenna 1 and the measuring ob-
ject. Accordingly, it is possible to considerably reduce
the energy for transmission.

[0052] Furthermore, the measuring part 2 is fixedly dis-
posed to the container so that a unit of the measuring
part protrudes by a predetermined distance outward
through an opening 100a formed on the contact surface
100b.

[0053] As a result, since the measuring part 2 directly
comes in close contact with the patient’s skin, it is not
necessary to wait until the entire container has the same
temperature as the patient and the measuring part can
accurately measure the patient’s temperature. Accord-
ingly, it is possible to cope with the rapid variation of the
patient’s temperature, and to accurately detect the tem-
perature variation.

[0054] Next, the circuits formed on the substrate 10
will be described with reference to Fig. 4. Fig. 4 is a block
diagram showing an exemplary structure of circuits of
the wireless temperature sensor 100.

[0055] An oscillator, which includes a Wien bridge cir-
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cuit stable against voltage variations and temperature
variations, is provided in the sensor unit 4.

[0056] The oscillator determines an oscillation fre-
quency depending on the resistance value of the meas-
uring part 2 including a thermistor and the like. As the
resistance value of the measuring part 2 is varied de-
pending on the temperature variations, the oscillation fre-
quency is varied so as to correspond to the temperature
variations. For this reason, even though there are voltage
variations of the battery 3, it is possible to detect the re-
sistance variations of the measuring part 2 depending on
temperature variations by using the oscillation frequency.
Therefore, it is possible to reliably measure tempera-
tures.

[0057] When the above-mentioned measured data is
received by a receiving unit, the receiving unit extracts
an identification number and an oscillation frequency,
thereby reading out the temperatures corresponding to
the oscillation frequency from a table showing the rela-
tionship between oscillation frequency and temperature.
Then, the read temperatures are time-sequentially stored
in a database as temperature data for every identification
number.

[0058] In addition, predetermined thresholds of an up-
per limit and a limit of the oscillation frequency may be
set in a control unit of the wireless temperature sensor
100. For example, when it is determined that the meas-
ured oscillation frequency is not in the range of an upper
limit threshold to a lower limit threshold, that is, it is de-
tected that the patient’s temperature is not in the normal
range, the sensor may further have a function for giving
notice to the patient or a medical staff by ringing a buzzer.
[0059] A counter 5 counts the number of oscillation
pulses of the oscillator provided in the sensor 4, and
transmits the counted value to a transmitting unit 7 in
every period (for example, thirty minutes). Then, after the
counter resets the counted value to be 'zero’, the counter
newly counts the number of oscillation pulses during a
predetermined period.

[0060] That is, the sensor unit 4 outputs the patient’s
temperature, which is a measuring object, to the counter
5 in the form of the oscillation frequency based on the
resistance value (physical quantity) of the measuring part
2 (such as a NTC (Negative Temperature Coefficient)
thermistor or the like).

[0061] The counter 5 measures the pulses output from
the sensor unit 4 in the form of the counted value (which
represents an oscillation frequency) during a predeter-
mined period, and outputs the counted value as a meas-
ured result to the control unit 6.

[0062] The controlunit6 adds the identification number
of the wireless temperature sensor 100 to the counted
value, and outputs the counted value having the identi-
fication number as measured data to the transmitting unit
7.

[0063] The transmitting unit7 modulates a carrierwave
by using the measured data, and outputs the modulated
carrier wave serving as a RF signal of a transmission
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signal to the matching circuit 8.

[0064] Inaddition, when the chip antenna 1 is received
in the container, which has a diameter of 27 mm and is
formed in the shape of a 500-yen coin, the length of the
chip antenna 1 is limited to about 27 mm. Accordingly,
when afaintradio frequency or predetermined small pow-
er radio frequency of 300, 400, 900, or 960 MHz band is
used as a frequency of the carrier wave to be used, the
chip antenna 1 needs to have the following length due
to the fact that the length of an antenna is a quarter of a
wavelength.

Frequency aquarterof awavelength
300 MHz 250 mm

400 MHz 188 mm

900 MHz 83 mm

960 MHz 78 mm

[0065] Therefore, in the present embodiment, short-
ening coefficients of 89% or more, 85% or more, 67% or
more, and 65% or more are used to design/ manufacture
an antenna for frequencies of 300, 400, 900, and 960
MHz bands, respectively, so that the chip antenna 1 is
received in the container of the wireless temperature sen-
sor 100 having a diameter of 27 mm.

[0066] In the above-mentioned chip antenna 1, a res-
onant circuit for transmitting and receiving an electric
wave is a composed of a resonant circuit, which includes
an inductance component and a capacitance compo-
nent, in order to configure an antenna having a high short-
ening coefficient and a small antenna having a high gain
by using a circuit.

[0067] Furthermore, the chip antenna 1 according to
the present embodiment includes a plurality of resonant
circuits to obtain a high gain. In addition, two or more
resonant circuits, in which the inductance componentand
the capacitance component are electrically connected in
parallel with each other, are electrically connected in se-
ries with each other.

[0068] Moreover, the inductance component includes
a coil, which is made of a conductor and is formed in a
spiral shape orin the shape of a substantial spiral polygon
about an axis thereof. The axis of the coil is provided at
least in the resonant areas adjacent to each other in a
shape of a substantial straight line, and at least one of
parts of the conductor going around the axis is substan-
tially included in the plane inclined with respect to the
axis.

[0069] According to the wireless temperature sensor
100 of the present embodiment, when the wireless com-
munication is performed, a faint radio frequency or pre-
determined small power radio frequency in the range of
300to0 960 MHz band is used as a frequency of the carrier
wave without requiring strict use examination. Accord-
ingly, it is possible to enlarge a communication distance,
and to reduce power consumption.

[0070] In addition, in the present embodiment, the
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wireless temperature sensor 100, which uses a frequen-
cy of the carrier wave having a long wavelength, has
been described. In this case, shortening coefficients are
calculated and used to design the antenna so that the
chip antenna 1 is received in the container of the wireless
temperature sensor 100 having the same size and shape
as those of a 500-yen coin, that is, so that the chip an-
tenna 1 has a length and a width to be received in the
container of the wireless temperature sensor 100.
[0071] However, since the chip antenna 1 includes the
inductance component and the capacitance component,
the chip antenna is easy to be affected by surroundings.
That is, when the wireless temperature sensor 100 is
shipped, there is a case that the impedance of the chip
antenna matching with the impedance of aline for a trans-
mission signal is varied by the influence of a metal case
such as a container of the wireless temperature sensor
100, and the radiation characteristic thereof deteriorates.
In order to remove the influence of the metal case, it is
preferable that the chip antenna 1 be disposed away from
the metal case of the wireless temperature sensor 100.
However, this departs from the original object in which
the chip antenna 1 having a large shortening coefficient
is mounted in the wireless temperature sensor 100.
[0072] Accordingly, the wireless temperature sensor
100 according to the present embodiment is provided
with the matching circuit 8 shown in Fig. 5 for adjusting
the impedance.

[0073] Inthe matching circuit 8, a variable capacitance
diode 13 and a capacitor 15 are connected in parallel
with each other, and a DC blocking capacitor 16 is con-
nected to one end of the variable capacitance diode and
the capacitor connected in parallel with each other. Then,
a coil 14 is connected to the other end thereof. Further-
more, the chip antenna 1 is connected to a node R be-
tween the variable capacitance diode 13 and the capac-
itor 15.

[0074] When the transmission signal (a RF signal that
is a traveling wave) input from the transmitting unit 7 is
reflected at a contact point (node R) having different im-
pedance, the traveling wave is affected by a reflected
wave. Accordingly, a composite wave, in which the
traveling wave and the reflected wave are combined, is
generated on the line. The composite wave is referred
to as a standing wave, and a ratio between the maximum
voltage | Vmax | of the standing wave and the minimum
voltage | Vmin | thereofis referred to as a voltage standing
wave ratio (VSWR). When the reflection does not occur,
the VSWR is 1. That is, as the value of the VSWR is
reduced, the reflection is reduced. In case of a small an-
tenna such as the chip antenna 1, a reference VSWR of
the node R is about 3 or less.

[0075] The control unit 6 measures the VSWR of the
node R, and applies control voltage to the matching circuit
so that the VSWR is about 3 or less. The variable capac-
itance diode 13 has a characteristic in which the capac-
itance thereof is varied due to the applied control voltage
(reverse voltage), thereby adjusting the impedance of
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the line. The relationship between the reflection power
and the control voltage is shown in Fig. 6. A horizontal
axis of Fig. 6 represents the control voltage (V), and a
vertical axis thereof represents the reflection power (VA).
[0076] Therefore, according to the wireless tempera-
ture sensor 100 of the present embodiment, in a state in
which the matching circuitis mounted in the wireless tem-
perature sensor 100, the matching circuit 8 adjusts im-
pedance between the chip antenna 1 and the line for the
transmission signal. As a result, it is always possible to
transmit the transmission signal so that transmission
power has an almost maximum value. Accordingly, it is
possible to prevent the radiation characteristic from de-
teriorating, and to improve receiver sensitivity.

[0077] When the wireless temperature sensor 100
having the chip antenna 1 therein is driven, high frequen-
cy current caused by a digital signal of a digital circuit is
input to a high frequency circuit through the GND
(ground) wire.

[0078] As a result, since a noise caused by the high
frequency current is superimposed on the transmission
signal, there is a possibility that the transmission wave
having a noise component (radiation noise) is radiated
from the chip antenna 1.

[0079] Specifically, if the frequency of the noise is in a
carrier frequency band or in the vicinity of the carrier fre-
quency band, the noise is radiated as a strong radiation
noise. Accordingly, the noise has a negative effect on
the reception characteristic of other wireless devices,
which use the same carrier frequency band as the fre-
quency of the noise.

[0080] However, since the frequency of the radiation
noise is different every device, it is difficult to remove the
radiation noise from the receiving unit.

[0081] For this reason, as shownin Fig. 7, the wireless
temperature sensor 100 of the present embodiment mod-
ulates the carrier wave by using a modulation wave so
as to generate the transmission signal. In addition, the
GND wire of a high frequency circuit 17, to which a signal
is radiated from the chip antenna 1, and the GND wire
of a digital circuit 18 for processing the measured data
are connected to each other through a band reject filter
19 (or band elimination filter). The band reject filter blocks
an only wave of a predetermined frequency band (a car-
rier frequency band used to transmit and receive the data
by the wireless sensor or a frequency range including
the vicinity of the carrier frequency band).

[0082] Thatis, the GND wire of the high frequency cir-
cuit 17 is connected to the GND wire of the wireless tem-
perature sensor 100 through the band reject filter 19.
Accordingly, the high frequency current of the carrier fre-
quency band and of the vicinity of the carrier frequency
band, which is generated by the digital circuit 18, is not
input to the GND wire of the high frequency circuit 17 as
a noise, and it is possible to prevent the radiation noise
from being generated.

[0083] Furthermore, the substrate 10 provided in the
wireless temperature sensor 100 is configured so as to
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reduce the spatial coupling (capacitive coupling) be-
tween the GND wire of the digital circuit 18 and the GND
wire of the high frequency circuit 17. Accordingly, the
GND wires are not formed on the upper and lower sur-
faces of the substrate 10, respectively, and are formed
on one surface of the substrate together with the band
reject filter 19 so as to have a predetermined distance
therebetween. As a result, since it is possible to reduce
the capacitive coupling, thereby further reducing the ra-
diation noise.

[0084] As described above, according to the wireless
temperature sensor 100, a medical staff can collectively
collect the patient’s temperature data at the medical ex-
amination center without visiting the patient to measure
the patient’s temperature. Accordingly, since itis possible
to considerably reduce the medical staff’s efforts, it is
possible to ensure time for other works.

[0085] In addition, according to the wireless tempera-
ture sensor 100, when the wireless communicationis per-
formed, a faint radio frequency or predetermined small
power radio frequency in the range of 300 to 960 MHz
band is used as a frequency of the carrier wave without
requiring strict use examination. Accordingly, it is possi-
ble to enlarge a communication distance (for example,
communication distance using a unit of 100 meters). As
a result, since it is possible to use the entire area in the
facilities as communicable area, it is possible to detect
the patient’'s temperature variation at any place in the
facilities. Furthermore, since a long-distance, communi-
cation is achieved with small energy, it is possible to re-
duce power consumption.

[0086] Moreover, in the wireless temperature sensor
100, the GND wire of the high frequency circuit 17 for
driving the antenna is connected to the GND wire of a
logic circuit of the wireless temperature sensor 100
through the band reject filter 19. Accordingly, the high
frequency current of the carrier frequency band and of
the vicinity of the carrier frequency band, which is gen-
erated by the logic circuit (digital circuit) of the wireless
temperature sensor 100, is not input to the GND wire of
the high frequency circuit 17 as a noise, thereby prevent-
ing the radiation noise from being generated.

[0087] Next, an exemplary structure (chip antenna 1a)
of the chip antenna 1 according to the embodiment of
the invention will be described with reference to Figs. 8
and 9.

[0088] The chip antenna 1a is an antenna, which is
used for a wireless device for mobile communication
such as a mobile phone and a wireless device using a
faint radio frequency or predetermined small power radio
frequency.

[0089] As shown in Figs. 8 and 9, the chip antenna 1a
includes an antenna substrate 20 made of an insulating
material such as a resin, an earth part 21 that is a rec-
tangular conductor film formed on the antenna substrate
20, a loading part 22, an inductor part 23, a capacitor
part 24, and a feeding point P. The loading part, the in-
ductor part, and the capacitor part are provided on one
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surface ofthe antenna substrate 20, and the feeding point
P is connected to a high frequency circuit (not shown)
provided outside the chip antenna 1a. Furthermore, an
antenna operating frequency is adjusted by the loading
part 22 and the inductor part 23 so that the chip antenna
radiates an electric wave having a center frequency of
430 MHz.

[0090] The loading part 22 includes a spiral conductor
pattern 34, which is formed on the surface of a rectan-
gular parallelepiped element 25 in the longitudinal direc-
tion of the element. The rectangular parallelepiped ele-
ment is made of, for example, a dielectric material such
as alumina.

[0091] Both ends of the conductor pattern 34 are con-
nected to connecting electrodes 27A and 27B formed on
the lower surface of the element 25, respectively, so as
to be electrically connected to rectangular mounting con-
ductors 26A and 26B formed on the antenna substrate
20. In addition, one end of the conductor pattern 34 is
electrically connected to the inductor part 23 and the ca-
pacitor part 24 through the mounting conductor 26B, and
the other end thereof serves as an open end.

[0092] In this case, the loading part 22 is positioned
away from the earth part21 so that a distance L1 between
the loading part and one side 21A of the earth part is, for
example, 10 mm. Furthermore, the length L2 of the load-
ing part 22 is, for example, 16 mm.

[0093] In addition, since a physical length of the load-
ing part 22 is shorter than a quarter of an antenna oper-
ating wavelength, a self-resonant frequency of the load-
ing part 22 becomes higher than the antenna operating
frequency of 430 MHz. For this reason, when the antenna
operating frequency of the chip antenna 1a is considered
as areference, it is not possible to conclude that the chip
antenna self-resonates. Accordingly, the chip antenna is
different from a helical antenna that self-resonates at an
antenna operating frequency.

[0094] The inductor part 23 includes a chip inductor
28, and is connected to the mounting conductor 26B
through an L-shaped pattern 29, which is a linear-con-
ductive pattern formed on the antenna substrate 20.
Moreover, the inductor part is connected to the earth part
21 through an earth part connecting pattern 30, which is
a linear-conductive pattern formed on the antenna sub-
strate 20 similar to the L-shaped pattern.

[0095] Aninductance of the chip inductor 28 is adjust-
ed so that the resonant frequency caused by the loading
part 22 and the inductor part 23 is equal to 430 MHz of
the operating frequency of the chip antenna 1a.

[0096] In addition, one side 29A of the L-shaped pat-
tern 29 is parallel to the earth part 21, and a length L3
thereof is 2.5 mm. Accordingly, a physical length L4 of
an antenna element parallel to one side 21A of the earth
part 21 is 18.5 mm.

[0097] The capacitor part 24 includes a chip capacitor
31, and is connected to the mounting conductor 26B
through a mounting conductor connecting pattern 32,
which is a linear-conductive pattern formed on the an-
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tenna substrate 20. Moreover, the inductor part is con-
nected to the feeding point P through a feeding point
connecting pattern 33, which is a linear-conductive pat-
tern formed on the antenna substrate 20 similar to the
mounting conductor connecting pattern.

[0098] A capacitance of the chip capacitor 31 is ad-
justed so as to be match the impedance at the feeding
point P.

[0099] Figs. 10and 11 show afrequency characteristic
of VSWR (Voltage Standing Wave Ratio) at a frequency
of 400 to 450 MHz, and the radiation pattern of a hori-
zontally polarized wave and a vertically polarized wave,
in the above-mentioned chip antenna 1a, respectively.
[0100] As shownin Fig. 10, the chip antenna 1a has a
VSWR value of 1.05 at a frequency of 430 MHz, and has
a bandwidth of 14.90 MHz at a VSWR value of 2.5.
[0101] When the chip antenna 1a according to the
present embodiment is used, it is possible to reduce the
length of the antenna so as to be shorter than an eighth
of the frequency to be used, thereby considerably in-
creasing a shortening coefficient.

<Second aspect>

[0102] A second aspect of the invention will be de-
scribed with reference to Figs. 12 to 20. A wireless inter-
face device 2-1 according to a first embodiment will be
described with reference to drawings. Fig. 12 is a block
diagram showing a structure of the wireless interface de-
vice 2-1 according to the embodiment. In Fig. 12, a CF
card (registered trade mark) is described as an example
of the wireless interface device 2-1. The interface be-
tween the wireless interface device 2-1 and a PDA 7 is
defined in accordance with interface standards of the
wireless interface device 2-1 (I/O card edition standards
of the CF card (registered trade mark) of a CFA; Com-
pactFlash Association).

[0103] The wireless interface device 2-1 has, for ex-
ample, a length of 42.8 mm, a width of 36.4 mm, and a
thickness of 3.3 mm (these are dimension standards of
the CF card (registered trade mark)). The wireless inter-
face device is inserted into a socket of the PDA 2-7 for
the CF card when used.

[0104] Accordingly, the size of an antenna provided to
the wireless interface device 2-1 is limited to a length of
42.8 mm. For this reason, when a frequency between a
faint radio frequency of 300 MHz band and a predeter-
mined small power radio frequency of 900 or 960 MHz
band is used as a frequency of the carrier wave to be
used, the chip antenna 2 (see Fig. 13) needs to have the
following length due to the fact that the length of an an-
tenna is a quarter of a wavelength.

Frequency aquarterofawavelength
300 MHz 250 mm

400 MHz 188 mm

900 MHz 83 mm
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Table continued

Frequency
960 MHz

aquarter of awavelength
78 mm

[0105] Therefore, in the present embodiment, short-
ening coefficients of 84% or more, 79% or more, 50% or
more, and 55% or more are used to design / manufacture
an antenna for frequencies of 300, 400, and 900 MHz
bands, respectively, so that the chip antenna 2-2 is re-
ceivedinthe wireless interface device 2-1 having alength
of 42.8 mm.

[0106] Inthe chip antenna 2-2 used in the present em-
bodiment, aresonant circuit for transmitting and receiving
an electric wave is a composed of a resonant circuit,
which includes an inductance component and a capaci-
tance component, in order to configure an antenna hav-
ing a high shortening coefficient and a small antenna
having a high gain by using a circuit.

[0107] Furthermore, the chip antenna 2-2 of the wire-
less interface device 2-1 according to the present em-
bodimentincludes a plurality of resonant circuits to obtain
a high gain. In addition, two or more resonant circuits, in
which the inductance component and the capacitance
component are electrically connected in parallel with
each other, are electrically connected in series with each
other. Moreover, the inductance component includes a
coil, which is made of a conductor and is formed in a
spiral shape orin the shape of a substantial spiral polygon
about an axis thereof. The axis of the coil is provided at
least in the resonant areas adjacent to each other in a
shape of a substantial straight line, and at least one of
parts of the conductor going around the axis is substan-
tially included in the plane inclined with respect to the
axis.

[0108] Accordingly, since a faint radio frequency or
predetermined small power radio frequency in the range
of 300 to 960 MHz band is used as a frequency of the
carrier wave without requiring strict use examination, the
wireless interface device 2-1 according to the present
embodiment can enlarge a communication distance and
reduce power consumption.

[0109] In addition, even though the wireless interface
device 2-1 according to the present embodiment uses a
frequency of the carrier wave having a long wavelength,
the chip antenna 2-2 can be designed to be received in
the wireless interface device 2-1. That is, shortening co-
efficients are determined and used to design the antenna
so that the chip antenna 2-2 has a length and a width to
be received in the wireless interface device 2-1 such as
a memory card. Therefore, when the chip antenna is
mounted in the wireless interface device, the wireless
interface device 2-1 does not protrude from the PDA 2-7,
thereby not spoiling the appearance design of the PDA
2-7.

[0110] However, since the chip antenna 2-2 includes
the inductance component and the capacitance compo-
nent, the chip antenna is easy to be affected by surround-
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ings. That is, when the wireless interface device 2-1 is
shipped, there is a case that the impedance of the chip
antenna 2-2 matching with the impedance of a line for a
transmission signal is varied by the influence of a metal
case such as a PC or PDA 2-7, and the radiation char-
acteristic thereof deteriorates. In order to remove the in-
fluence of the metal case, it is preferable that the chip
antenna 1 be disposed away from the PC or PDA 2-7.
However, this departs from the original object in which
the chip antenna 2-2 having a large shortening coefficient
is mounted in the wireless interface device 2-1.

[0111] Accordingly, the wireless interface device 2-1
according to the embodiment of the invention is provided
with an impedance adjusting circuit shown in Fig. 13.
[0112] In the impedance adjusting circuit, a variable
capacitance diode 2-3 and a capacitor 2-5 are connected
in parallel with each other, and a DC blocking capacitor
2-6 is connected to one end of the parallel circuit of the
variable capacitance diode and the capacitor. Then, a
coil 2-4 is connected to the other end thereof. Further-
more, one end of the coil 2-4 is grounded. The chip an-
tenna 2-2 is connected to a node R between the variable
capacitance diode 2-3 and the capacitor 2-5.

[0113] When the transmission signal (a RF signal that
is a traveling wave), which is obtained by modulating a
high frequency carrier wave by using data, is reflected
at a contact point (node R) having different impedance,
the traveling wave is affected by a reflected wave. Ac-
cordingly, a composite wave, in which the traveling wave
and the reflected wave are combined, is generated on
the line. The composite wave is referred to as a standing
wave, and a ratio between the maximum voltage | V,;ax
| of the standing wave and the minimum voltage | V ;5 |
thereof is referred to as a voltage standing wave ratio
(VSWR). When the reflection does not occur, the VSWR
is 1. That is, as the value of the VSWR is reduced, the
reflection is reduced. In case of a small antenna such as
the chip antenna 2-2, a reference VSWR of the node R
is about 3 or less.

[0114] A control unit (not shown) measures the VSWR
ofthe node R, and applies control voltage to the matching
circuit so that the VSWR is about 3 or less. The variable
capacitance diode 2-3 has a characteristic in which the
capacitance thereof is varied due to the applied control
voltage (reverse voltage), thereby adjusting the imped-
ance of the line. The relationship between the reflection
power and the control voltage is shown in Fig. 14. A hor-
izontal axis of Fig. 14 represents the control voltage (V),
and a vertical axis thereof represents the reflection power
(VA).

[0115] Therefore, according to the wireless interface
device 2-1 of the present embodiment, in a state in which
the wireless interface device 2-1 is mounted in the PDA
2-7 or the like, the control unit adjusts impedance be-
tween the chip antenna 2-2 and the line for the transmis-
sion signal. As a result, it is always possible to transmit
the transmission signal so that transmission power has
an almost maximum value. Accordingly, it is possible to
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prevent the radiation characteristic from deteriorating,
and to improve receiver sensitivity.

[0116] When the wireless interface device 2-1 having
the chip antenna 2-2 therein is inserted into the socket
of the PDA 2-7 (or PC) for the wireless interface device
2-1tobe used, high frequency current caused by a digital
signal of the PDA 2-7 is input to the wireless interface
device 2-1 through the GND (ground) wire.

[0117] As a result, since a noise caused by the high
frequency current is superimposed on the transmission
signal, there is a possibility that the transmission wave
having a noise component (radiation noise) is radiated
from the chip antenna 2-2.

[0118] Specifically, if the frequency of the noise is in a
carrier frequency band or in the vicinity of the carrier fre-
quency band, the noise is radiated as a strong radiation
noise. Accordingly, the noise has a negative effect on
the reception characteristic of other wireless devices,
which use the same carrier frequency band as the fre-
quency of the noise.

[0119] However, since the radiation noise is different
every device, it is difficult to remove the radiation noise
from the receiving unit.

[0120] For this reason, the wireless interface device
2-1 according to the present embodiment modulates the
carrier wave by using a modulation wave so as to gen-
erate the transmission signal. In addition, the GND wire
of a high frequency circuit and the GND wire of an inter-
face circuit are connected to each other through a band
rejectfilter (or band elimination filter). In this case, a signal
is radiated from the chip antenna 2-2 to the high frequen-
cy circuit, and the interface circuit transmits transmission
data and a control signal to the PDA 2-7 (or PC) and
receives transmission data and the control signal from
the PDA 2-7 (or PC). Furthermore, the band reject filter
blocks an only wave in a predetermined frequency band
(a carrier frequency band at which the card is used and
a frequency range including the vicinity of the carrier fre-
quency band).

[0121] Thatis, theinterface circuitis directly connected
to the GND wire of the PDA 2-7 through a terminal of the
socket. Meanwhile, the GND wire of the high frequency
circuit is connected to the GND wire of the PDA 2-7
through the band reject filter. Accordingly, the high fre-
quency current of the carrier frequency band and of the
vicinity of the carrier frequency band, which is generated
by the circuit of the PDA 2-7 and the interface circuit, is
not input to the GND wire of the high frequency circuit as
a noise, and it is possible to prevent the radiation noise
from being generated.

[0122] Furthermore, the substrate provided inthe wire-
less interface device 2-1 is configured so as to reduce
the spatial coupling (capacitive coupling) between the
GND wire of the interface circuit and the GND wire of the
high frequency circuit. Accordingly, the GND wires are
not formed on the upper and lower surfaces of the sub-
strate, respectively, and are formed on one surface of
the substrate together with the band reject filter so as to
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have a predetermined distance therebetween. As a re-
sult, since itis possible to reduce the capacitive coupling,
thereby further reducing the radiation noise.

[0123] Moreover, according to the wireless interface
device 2-1, as shown in Fig. 15, the GND wire of the high
frequency circuit is connected to the GND wire of a logic
circuit of the wireless interface device 2-1 and the GND
wire of the PDA 2-7 (or PC) through the band reject filter.
Accordingly, the high frequency current of the carrier fre-
quency band and of the vicinity of the carrier frequency
band, which is generated by the circuit of the PDA 2-7
and the logic circuit (interface circuit) of the wireless in-
terface device 2-1, is not input to the GND wire of the
high frequency circuit as a noise, thereby preventing the
radiation noise from being generated.

[0124] Next, a wireless interface device 2-10 accord-
ing to a second embodiment of the invention will be de-
scribed with reference to Figs. 16 and 17.

[0125] The wireless interface device 2-10 according to
the present embodiment is a wireless interface device,
which is used for a wireless device for mobile communi-
cation such as a mobile phone and a wireless device
using a faintradio frequency or predetermined small pow-
er radio frequency.

[0126] AsshowninFigs. 16 and 17, the wireless inter-
face device 2-10 includes a substrate 2-8 made of an
insulating material such as a resin, an earth part 2-9 that
is a rectangular conductor film formed on the substrate
2-8, aloading part 2-5, an inductor part 2-16, a capacitor
part 2-17, and a feeding point P. The loading part, the
inductor part, and the capacitor part are provided on one
surface of the substrate, and the feeding point is con-
nected to a high frequency circuit (not shown) provided
outside the wireless interface device 2-10. Furthermore,
an antenna operating frequency is adjusted by the load-
ing part 2-15 and the inductor part 2-16 so that the wire-
less interface device radiates an electric wave having a
center frequency of 430 MHz.

[0127] The loading part 2-15 includes a spiral conduc-
tor pattern 2-12, which is formed on the surface of a rec-
tangular parallelepiped element 2-11 in the longitudinal
direction of the element. The rectangular parallelepiped
element is made of, for example, a dielectric material
such as an alumina.

[0128] Both ends of the conductor pattern 2-12 are
connected to connecting electrodes 2-14A and 2-14B
formed on the lower surface of the element 2-11, respec-
tively, so as to be electrically connected to rectangular
mounting conductors 2-13A and 13B formed on the sub-
strate 2-8. In addition, one end of the conductor pattern
2-12 is electrically connected to the inductor part 2-16
and the capacitor part 2-17 through the mounting con-
ductor 2-13B, and the other end thereof serves as an
open end.

[0129] In this case, the loading part 2-15 is positioned
away from the earth part 2-9 so that a distance L1 be-
tween the loading part and one side 9A of the earth part
2-9 is, for example, 10 mm. Furthermore, the length L2
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of the loading part 2-15 is, for example, 16 mm.

[0130] In addition, since a physical length of the load-
ing part 2-15 is shorter than a quarter of an antenna op-
erating wavelength, a self-resonant frequency of the
loading part 2-15 becomes higher than the antenna op-
erating frequency of 430 MHz. For this reason, when the
antenna operating frequency of the wireless interface de-
vice 2-10 is considered as a reference, it is not possible
to conclude that the wireless interface device self-reso-
nates. Accordingly, the wireless interface device is dif-
ferent from a helical antenna that self-resonates at an
antenna operating frequency.

[0131] The inductor part 2-16 includes a chip inductor
2-21, and is connected to the mounting conductor 13B
through an L-shaped pattern 2-22, which is a linear-con-
ductive pattern formed on the substrate 2-8. Moreover,
the inductor part is connected to the earth part 2-9
through an earth part connecting pattern 2-23, which is
a linear-conductive pattern formed on the substrate 2-8
similar to the L-shaped pattern.

[0132] An inductance of the chip inductor 2-21 is ad-
justed so that the resonant frequency caused by the load-
ing part 2-15 and the inductor part 2-16 is equal to 430
MHz of the operating frequency of the wireless interface
device 2-10.

[0133] In addition, one side 22A of the L-shaped pat-
tern 2-22 is parallel to the earth part 2-9, and a length L3
thereof is 2.5 mm. Accordingly, a physical length L4 of
an antenna element parallel to one side 9A of the earth
part 2-9 is 18.5 mm.

[0134] The capacitor part 2-17 includes a chip capac-
itor 2-31, and is connected to the mounting conductor
13B through a mounting conductor connecting pattern
2-32, which is a linear-conductive pattern formed on the
substrate 2-8. Moreover, the inductor part is connected
to the feeding point P through a feeding point connecting
pattern 2-33, which is a linear-conductive pattern formed
on the substrate 2-8 similar to the mounting conductor
connecting pattern.

[0135] A capacitance of the chip capacitor 2-31 is ad-
justed so as to be matched with the impedance at the
feeding point P.

[0136] Figs. 18 and 19 show afrequency characteristic
of VSWR (Voltage Standing Wave Ratio) at a frequency
in the range of 400 to 450 MHz, and the radiation pattern
of a horizontally polarized wave and a vertically polarized
wave, in the above-mentioned wireless interface device
2-10, respectively.

[0137] As shown in Fig. 18, the wireless interface de-
vice 2-10 has a VSWR value of 1.05 at a frequency of
430 MHz, and has a bandwidth of 14.90 MHz ata VSWR
value of 2.5.

[0138] When the wireless interface device 2-10 ac-
cording to the present embodiment is used, it is possible
to reduce the length of the antenna so as to be shorter
than an eighth of the wavelength of frequency to be used,
thereby considerably increasing a shortening coefficient.
Accordingly, it is possible to mount the wireless interface
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device 2-10 in an USB (Universal Serial Bus) connector,
which is a standard interface of a PC.

[0139] Figs. 20A to 20C show a shape of the USB con-
nector having the wireless interface device 2-10 (Fig. 16)
of the present embodiment mounted therein. The USB
connector 2-40 is an USB connector corresponding to a
series A plug. The USB connector 2-40 includes a PC
connecting part 2-41 and a wireless communication part
2-42.

[0140] Fig. 20A is a front view of the PC connecting
part 2-41, Fig. 20B is a plan view of the USB connector
2-40, and Fig. 20C is a rear view of the wireless commu-
nication part 2-42. Dimensions L5 to L9 of the USB con-
nector 2-40 can be as follows: L5 = 7.5 mm, L6 = 12.0
mm, L7 =30.0 mm, L8=16.0 mm, and L9 = 10.0 mm.
[0141] Dimensions of the wireless interface device
2-10 shown in Fig. 16 is as follows: L1 = 10 mm and L4
= 18.5 mm. Since the wireless interface device is suffi-
ciently smallerthan the wireless communication part 2-42
of the USB connector 2-40 shown in Fig. 20, the wireless
interface device 2-10 (Fig. 16) can be mounted in the
wireless communication part 2-42 of the USB connector
2-40 shown in Fig. 20.

[0142] As described in each embodiment, each of the
wireless interface devices (1 and 10) according to the
above-mentioned first and second embodiments is pro-
vided with an antenna for transmitting and receiving an
electric wave. In addition, each of the wireless interface
devices (1 and 10) is provided with a transmitting / re-
ceiving circuit, which processes the signal received by
the antenna, or an interface circuit, which interchanges
data with the PDA 2-7 or PC, in addition to the antenna.
As described above, each of the wireless interface de-
vices (1 and 10) is provided with the antenna, the trans-
mitting / receiving circuit, and the interface circuit. Ac-
cordingly, it is possible to perform the wireless commu-
nication by only inserting each wireless interface device
(1 and 10) into the slot of the PDA 2-7 without adding
special functions to the PDA 2-7.

[0143] Furthermore, the wireless interface devices (1
and 10) are separately described in the above-mentioned
first and second embodiments, respectively. However,
the invention is not limited thereto, and the both of the
wireless interface devices can be combined to each oth-
er. For example, the structure of the antenna described
with reference to Figs. 16 and 17 can be applied to the
chip antenna 2-2 shown in Fig. 13 to configure a wireless
interface device.

<Third aspect>

[0144] A third aspect of the invention will be described
with reference to Figs. 21 to 23.

[0145] Hereinafter, a wireless sensor system accord-
ing to an aspect of the invention will be described with
reference to the drawings. Fig. 21 is a block diagram
showing an exemplary structure of the wireless sensor
system. In Fig. 21, a plurality of wireless sensor 3-1 each
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include a wireless transmitting / receiving part 3-2, a sen-
sor device 3-3, and a memory 3-4. The wireless trans-
mitting / receiving part 3-2 wirelessly transmits measured
results with identification numbers as measured data.
The sensor device 3-3 measures physical quantities cor-
responding to environment information such as temper-
ature, humidity, sound volume, and concentration of var-
ious gases, as measured values. The memory 3-4 stores
a physical property, an initial value deviation, a kind of
the sensor device 3-3, conversion information such as
compensation information of the physical property, and
an identification number of each wireless sensor. Here,
the sensor device 3-3 measures temperature by using
the resistance value (for example, a thermistor), which
is a physical quantity as a measured value, and the sen-
sor device 3-3 calculates temperature serving as envi-
ronment information from the resistance value varied de-
pending on the temperature with respect to the sensor
temperature characteristic.

[0146] For this reason, the kind of the sensor device
3-3 represents the resistance value, and the physical
property thereof represents a general formula (which
may be a look up table showing the relationship between
the temperature and the resistance value, and in this
case, reads out the temperature corresponding to the
resistance value) showing the relationship between the
temperature and the resistance value. The initial value
deviation is a deviation of the general formula, for exam-
ple, at 25°C, and the compensation information of the
physical property is a compensating rate (a slope devi-
ation of a variation line, a curvature deviation of a varia-
tion curve, or the like) for the predetermined temperature
to be obtained by the general formula.

[0147] Moreover, when the assembly process of the
sensor is different from that of the sensor device 3-3, the
compensation information of the physical property in-
cludes correction values of sensor peripheral circuits
configuring the sensor device. Accordingly, the sensor
and the sensor device 3-3 can be separately managed
in the assembly process, thereby efficiently managing
the assembly.

[0148] In addition, a correction coefficient for the sec-
ular change (annual change of the physical property) of
the physical quantity, which is measured by the sensor
device 3-3, is stored in the memory 3-4 as coefficient
information in every elapsed period (for example, six
months, one year, or the like). The correction coefficient
is obtained as follows: the annual change of the sensor
is obtained from the evaluation results of a plurality of
similar sensors by an evaluation method such as aging,
andthe annual change is statistically processed to expect
the correction coefficient.

[0149] A base station 3-5 receives data such as meas-
ured values wirelessly transmitted by each wireless sen-
sor 3-1, and transmits the received data to a data-col-
lecting terminal 3-7, which collects and analyzes the en-
vironment information, through a network 3-6. Here, the
network 3-6 is an information network that includes pri-
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vate information communication lines, public information
communication lines, and an Internet. The data-collect-
ing terminal 3-7 includes a converter 3-8, a conversion
information memory 3-9, and a data memory 3-10. The
converter 3-8 converts the measured values into a nu-
meral of the environment information by mean of the con-
version information, the conversion information memory
3-9 stores the conversion information and correction co-
efficient of the sensor device 3-3 of each wireless sensor
3-1incorrespondence with the identification number, and
the data memory 3-10 stores the numeral of the environ-
ment information of each wireless sensor 3-1 and a
mounting position (measuring position) of each wireless
sensor 3-1 for every identification number.

[0150] Next, the sensor device 3-3 of Fig. 21 will be
described with reference to Fig. 22. Fig. 22 is a block
diagram of a temperature sensor, which is an example
of the sensor device 3-3 shown in Fig. 21. In Fig. 22, as
the resistance value of the thermistor 3b is varied de-
pending on the temperature variation, an oscillation fre-
quency is varied in accordance with temperature. Ac-
cordingly, the oscillator 3a determines the oscillation fre-
quency depending on the resistance value of a thermistor
3b. A counter 3c counts the number of pulses oscillated
by the oscillator 3a, and outputs the counted values to
the wireless transmitting / receiving part 3-2 in every pre-
determined period (for example, thirty minutes). Further-
more, after resetting the counted values to be 'zero’, the
counter counts new values during a predetermined pe-
riod. That is, the sensor device 3-3 measures tempera-
ture, whichis the environment information, as the number
(oscillation frequency), of the pulses to be countered for
the predetermined period, and outputs the counted
number to the wireless transmitting / receiving part 3-2.
The counted number of the pulses represents the resist-
ance value (physical quantity) of the thermistor 3b (for
example, a NTC (Negative Temperature Coefficient)
thermistor or the like). A Wien bridge circuit stable against
voltage variations and temperature variations is used in
the oscillator 3a. For this reason, even though there are
voltage variations of the power source, it is possible to
obtain the resistance variations of the thermistor 3b de-
pending on temperature variations by using the oscilla-
tion frequency. Therefore, it is possible to reliably meas-
ure temperatures.

[0151] Next, an exemplary operation of the wireless
sensor system according to an embodiment will be de-
scribed with reference to Fig. 21.

<Registration process of wireless sensor 3-1 to data-col-
lecting terminal 3-7>

[0152] Anexemplaryregistration process of each wire-
less sensor 3-1 to the data-collecting terminal 3-7 in the
wireless sensor system will be described with reference
to Fig. 23. Fig. 23 is a sequence diagram showing the
data transmission and reception, which is performed be-
tween each wireless sensor 3-1 and the data-collecting
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terminal 3-7 through the base station 3-5 and the network
3-6 therebetween. In the following description, the tem-
perature sensor shown in Fig. 22 is used in the sensor
device 3-3.

[0153] When the registration process of each wireless
sensor 3-1 is performed, the wireless transmitting / re-
ceiving part 3-2 commences the registration process of
each wireless sensor 3-1 to the data-collecting terminal
3-7 of each wireless sensor 3-1 by directing the wireless
sensor 3-1 to perform the registration process to the wire-
less transmitting / receiving part 3-2, for example, by
pushing a start button for the registration process.
[0154] The wireless transmitting / receiving part 3-2
transmits a registration request signal, which includes
the address and identification number of each wireless
sensor 3-1, to a predetermined data-collecting terminal
3-7 in accordance with a predetermined address that is
preset in the memory 3-4 (step S1). When the data-col-
lecting terminal 3-7 determines that the transmitted signal
is a registration request signal, the data-collecting termi-
nal 3-7 determines whether the identification number in-
cluded therein is a registerable identification number pre-
set in the signal data memory 3-10. Then, when the iden-
tification numberincluded therein is the registerable iden-
tification number, the data-collecting terminal 3-7 trans-
mits an authentication certificating signal for continuing
the registration process to each wireless sensor 3-1 to-
gether with the identification number in accordance with
the input address. Meanwhile, when the identification
number included therein is not the registerable identifi-
cation number, the data-collecting terminal 3-7 transmits
an authentication certificating signal for stopping the reg-
istration process to each wireless sensor 3-1 so as to
stop the registration process (step S2).

[0155] After that, when receiving the authentication
certificating signal for continuing the registration process,
the wireless transmitting / receiving part 3-2 reads out
the conversion information and the correction coefficient
stored in the memory 3-4. Then, the wireless transmitting
/ receiving part 3-2 transmits the read conversion infor-
mation and correction coefficient to the data-collecting
terminal 3-7 together with the identification number of
each wireless sensor 3-1 (step S3). Here, the conversion
information to be transmitted represents a relationship
between the counted value (oscillation frequency) and
the resistance value during the predetermined period
when the temperature sensor (sensor device 3-3) of Fig.
22 outputs, a general formula between a resistance value
(physical quantity) and temperature, a deviation of the
general formula at 25°C, and a predetermined tempera-
ture compensating rate to be obtained from the general
formula. The correction coefficient is a correction coeffi-
cient for the secular change of a physical quantity to be
measured by the sensor device 3-3 in every elapsed pe-
riod (for example, six months, one year, or the like).
[0156] Moreover, the data-collecting terminal 3-7
stores the transmitted conversion information and cor-
rection information in the conversion information memory
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3-9in correspondence with the identification number that
is received simultaneously with the information (step S4).
[0157] Next, the data-collecting terminal 3-7 reads out
the conversion information and correction information,
which correspond to the registered identification number
of each wireless sensor 3-1, from the conversion infor-
mation memory 3-9. Then, the data-collecting terminal
adds certificating requests to the conversion information
and correction information, and transmits the information
as a conversion information certificating signal to each
wireless sensor 3-1 (step S5). When receiving the con-
version information certificating signal, each wireless
sensor 3-1 reads out the conversion information and cor-
rection information from the memory 3-4. Then, each
wireless sensor compares the read conversion informa-
tion and correction information having the added conver-
sion information certificating signal, and determines
whether they are the same or not. When it is determined
that they are the same, the certificating signal for repre-
senting that they are the same is transmitted to the data-
collecting unit 7. Meanwhile, when it is determined that
they are not the same, the process returns to the step
S3 (step S6). Next, when receiving the certificating signal
for representing they are the same from the wireless sen-
sor 3-1, the data-collecting terminal 3-7 detects that the
conversion information and correction information are
normally stored in the conversion information memory
3-9. Accordingly, the data-collecting terminal detects that
each information is normally registered, and determines
the registration (step S7).

<Measurement of environment information>

[0158] Next, an exemplary operation of measuring the
environment information in the wireless sensor system
according to the embodiment will be described with ref-
erence to Figs. 21 and 22.

[0159] Each wireless sensor 3-1 adds an identification
number to the counted value (measured value) output
from the counter 3c in every predetermined period, for
example, thirty minutes, and transmits the counted value
having the identification number as a measured data to
the data-collecting terminal 3-7 by means of the wireless
transmitting / receiving part 3-2.

[0160] After that, when receiving the measured data,
the data-collecting terminal 3-7 determines whether the
identification number is stored in the conversion informa-
tion memory 7. Then, when the identification number is
detected from the conversion information memory 3-9,
the data-collecting terminal 3-7 reads out the conversion
information and correction information, which corre-
spond to the identification number, by means of the con-
verter 3-8.

[0161] Next, the converter 3-8 obtains the resistance
value of the thermistor 3b from the relationship between
the counted value (oscillation frequency) and the resist-
ance value, on the basis of the read conversion informa-
tion, for example, temperature. The converter 3-8 deter-
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mines whether the elapsed period used to correct the
correction information is passed. When the elapsed pe-
riod is not passed, the resistance value is directly used.
When the elapsed period is passed, the correction coef-
ficient is multiplied by the resistance value, and then the
product is used as a new resistance value. Next, the con-
verter 3-8 includes a value of an initial value deviation as
a compensating value in the general formula represent-
ing a relationship between the resistance value of the
conversion information and temperature, and performs
a calculation for obtaining temperature. Furthermore, the
converter 3-8 multiplies the temperature, which is ob-
tained from the general formula, by the correction coef-
ficient set in every predetermined temperature, in order
to perform a calculation for obtaining temperature as final
environment information. Then, the converter allows the
result of the calculation to corresponds to the identifica-
tion number as temperature at the measured point, and
allows the result thereof to be stored in the data memory
3-10 together with data of the measuring date and hour.
[0162] Inaddition, in case of temperature, the convert-
er 3-8 may obtain temperature from the directly counted
value by means of the general formula representing a
relationship between a counted value and temperature.
In this case, the converter determines whether the
elapsed period used to correct the correction information
is passed. When the elapsed period is not passed, the
temperature is directly used. When the elapsed period
is passed, the correction coefficient is multiplied by the
temperature, and then the product is used as a new tem-
perature.

[0163] Moreover, when transmitting the measured da-
ta, each wireless sensor 3-1 may measure an output volt-
age of the battery for supplying a driving electric power
and may transmit the output voltage with the measured
data. As a result, the data-collecting terminal 3-7 deter-
mines whether the output voltage is lower than a prede-
termined threshold value. When determining that the out-
put voltage is larger than the threshold value, the data-
collecting terminal continues the process. When deter-
mining that the output voltage is smaller than the thresh-
old value, the data-collecting terminal allows the infor-
mation for directing battery replacement to be displayed
on the display.

[0164] Inthe above-mentioned wireless sensor 3-1 ac-
cording to another embodiment, the wireless transmitting
/receiving part 3-2 can be substituted for a wireless trans-
mitting part 2B for only wirelessly transmitting an electric
wave. In this case, at the time of registration, a registra-
tion request signal, which includes an address and an
identification number of each wireless sensor 3-1, is
transmitted to the data-collecting terminal 3-7 by a proc-
ess similar to that of the embodiment. Then, the data-
collecting unit 7 performs processes of authentication /
registration in accordance with the identification number.
For this reason, since it is unnecessary to have areceiv-
ing function, it is possible to reduce the size and power
consumption of the wireless sensor. The other functions
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of the wireless sensor according to another embodiment
are the same as those of the embodiment.

[0165] In addition, a program, which is used to realize
function of the data-collecting terminal 7 shown in Fig.
21, may be recorded on the computer-readable recording
medium, and the program recorded on the recording me-
dium may be read out and executed by a computer sys-
tem in order to collect the environment information. Fur-
thermore, the above-mentioned 'computer system’ in-
cludes an OS (operation system) and hardware such as
peripheral devices. Moreover, the ‘computer system’ in-
cludes a WWW (World Wide Web) system having a
homepage providing environment (or display environ-
ment). The ‘computer-readable recording medium’ is a
portable medium such as a flexible disk, magneto-optical
disc, ROM or CD-ROM, or a storage device such as a
hard disk arranged in a computer system. Moreover, the
‘computer-readable recording medium’ includes a re-
cording medium that holds a program for a predeter-
mined time, such as a volatile memory (RAM) within a
computer system, which serves as a server or clientwhen
the program is transmitted through a network such as
the Internet or a communication channel such as a tele-
phone line.

[0166] The program may be transmitted from a com-
puter system having the program stored in the storage
device thereof or the like to another computer system
through a transmission medium or through transmission
waves in the transmission medium. In this case, the
‘transmission medium’ for transmitting the program is a
medium having a function of transmitting information,
such as a network (communication network) like the In-
ternet or a communication channel (communication line)
like a telephone line. The program may be for realizing
a part of the above-mentioned functions. The program
may be a program that can realize the above-mentioned
functions in combination with a program that is already
recorded in a computer system, that is, a differential file
(differential program).

[0167] Asdescribed above, embodiments oftheinven-
tion have been described with reference to drawings.
However, the specific structure of the invention is not
limited to the embodiments, and the invention has various
modifications and variations within the scope of the in-
vention.

[0168] Itis possible to mount the antenna in or on the
device or substrate, which have limited dimensions, such
asan IC card corresponding to the standard of a PCMCIA
(Personal Computer Memory Card International Associ-
ation) as well as a memory.

[0169] According to the wireless temperature sensor
of the invention, even though a frequency of the carrier
wave having a long wavelength is used, the length of the
antenna is designed so that the antenna is received in
the container. Accordingly, it is possible to make an an-
tenna (chip antenna) small and to seal the wireless tem-
perature sensor in the small container, which allows a
patient to move freely.
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[0170] In addition, according to the wireless tempera-
ture sensor of the invention, in a state in which the con-
tainer is attached to a measuring object, it is possible to
adjusttheimpedance matching between the antennaand
a line for transmission signal. Accordingly, it is always
possible to transmit the transmission signal so that trans-
mission power has an almost maximum value, thereby
preventing the radiation characteristic from deteriorating.
[0171] Furthermore, according to the wireless temper-
ature sensor of the invention, the substrate is positioned
in the container so that the antenna is separated from a
contact surface to be attached to a measuring object with
a predetermined distance therebetween. Accordingly, it
is possible to reduce the capacitive coupling between the
antenna and the measuring object, thereby reducing a
coupling loss. Moreover, it is possible to suppress the
deviation of the impedance between the antenna and the
line for transmitting a transmission signal to the antenna,
thereby performing a transmission with high efficiency.
[0172] In addition, according to the wireless tempera-
ture sensor of the invention, the wireless temperature
sensor is formed in the shape of a 500-yen coin, that is,
a coin having a diameter of 9 to 27 mm and a thickness
of 5 to 10 mm. Accordingly, since the wireless tempera-
ture sensor can be attached to the skin and is easily car-
ried without the common patient’s discomfort, the wire-
less temperature sensor can be more widely used to
measure temperature.

[0173] Moreover, according to the wireless tempera-
ture sensor of the invention, it is possible to reduce the
length of the antenna so as to be shorter than an eighth
of the wavelength of an carrier wave to be used, thereby
considerably increasing the shortening coefficient of the
antenna.

[0174] According tothe wireless interface device of the
invention, even though a frequency of the carrier wave
having a long wavelength is used, the length of the an-
tennais designed with a shortening coefficient that allows
the antenna be received in the wireless interface device.
Accordingly, the antenna does not protrude from the de-
vice, and the appearance design of a small mobile ter-
minal such as a PDA interface does not deteriorate.
[0175] In addition, according to the wireless interface
device of the invention, in a state in which the wireless
interface device is inserted into the socket of a PDA or
the like so as to be mounted in the PDA or the like, it is
possible to adjust the impedance matching between the
antenna and a line for transmission signal. Accordingly,
it is always possible to transmit the transmission signal
so that transmission power has an almost maximum val-
ue, thereby preventing the radiation characteristic from
deteriorating.

[0176] Furthermore, according to the wireless inter-
face device of the invention, a grounding point of a high
frequency circuit is connected to a grounding point of a
logic circuit through afilter for blocking a signal of a carrier
frequency band used for communication. Accordingly,
the high frequency current of the carrier frequency band
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and of the vicinity of the carrier frequency band, which is
generated by the circuit of the PDA and the logic circuit
of the wireless interface device, is not input to the GND
wire of the high frequency circuit as a noise, thereby pre-
venting the radiation noise from being generated.
[0177] Moreover, according to the wireless interface
device of the invention, it is possible to reduce the length
of the antenna so as to be shorter than an eighth of the
frequency of an carrier wave to be used, thereby consid-
erably increasing a shortening coefficient of the antenna.
Accordingly, it is possible to mount the wireless interface
device in the USB connector.

[0178] According to the wireless sensor system of the
invention, the wireless sensors, which are mounted at
several measuring positions to measure environment in-
formation, does not calculate numerals of the environ-
ment information from the physical quantities, that is,
measured values measured by the sensor devices. Ac-
cordingly, the structure of each wireless sensor can be
simple and for general use. As a result, it is possible to
mass-produce the wireless sensors, thereby reducing
the manufacturing cost thereof.

[0179] In addition, according to the wireless sensor
system of the invention, since the data-collecting terminal
calculates the environment information from the meas-
ured values transmitted from the wireless sensors, it is
possible to cope with several kinds of environment infor-
mation. As a result, it is possible to configure a system
corresponding to various sensor devices, thereby im-
proving accuracy of environmental analysis at measuring
positions by the several kinds of environment informa-
tion.

[0180] Furthermore, according to the wireless sensor
system of the invention, physical properties and conver-
sion information of the sensor device in each wireless
sensor areregistered inthe conversion information mem-
ory in correspondence with the identification number of
each wireless sensor at the time of registration. Then,
the environmentinformation is calculated from the meas-
ured values on the basis of the information stored in the
conversion information unit. Accordingly, it is possible to
easily add wireless sensors to the system.

[0181] In addition, according to the wireless sensor
system of the invention, a correction coefficient, which is
used to correct the measured values at a predetermined
time cycle, is registered in the conversion information
memory at the time of registration. Then, the measured
values are corrected by using the correction coefficient,
and correction information is also stored in the conver-
sion information memory. Accordingly, it is possible to
easily correct converted numerals of the environment in-
formation, thereby obtaining accurate environment infor-
mation.

Claims

1. A wireless module comprising:
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an antenna that is provided in a module main
body and has a wireless communication func-
tion,

wherein the antenna has alength of a shortening
coefficient so as to be received in the main body.

A wireless temperature sensor that is sealed in a
container of a sensor main body and has a function
of wirelessly transmitting measured data through an
antenna,

wherein the antenna has a length of a shortening
coefficient so as to be received in the container, and
is received in the container.

The wireless temperature sensor according to claim
2, further comprising:

a matching circuit for adjusting the impedance
between the antenna and a line for a transmis-
sion signal.

The wireless temperature sensor according to claim
3,

wherein the antenna and an electric circuit including
the matching circuit are formed on one substrate,
and the antenna is mounted on the substrate in an
area where a grounding wire is not formed.

The wireless temperature sensor according to claim
4,

wherein the substrate is positioned in the container
so that the substrate is separated from a contact sur-
face to be attached to a measuring object with a pre-
determined distance therebetween.

The wireless temperature sensor according to claim
4 0rb5,

wherein, on the substrate, a grounding point of a high
frequency circuit is connected to a grounding point
of a logic circuit through a filter for blocking a signal
of a carrier frequency band used for communication.

The wireless temperature sensor according to any
one of claims 2 to 6,

wherein the container has the same size as a 500-
yen coin.

The wireless temperature sensor according to any
one of claims 2 to 6,
wherein the container is formed in the shape of a
coin that has a diameter of 9 to 27 mm and a thick-
ness of 5to 10 mm.

The wireless temperature sensor according to ac-
cording to any one of claims 2 to 8,

wherein a length of the antenna is shorter than an
eighth of the wavelength of an electric wave having
a frequency to be used.
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The wireless temperature sensor according to claim
9,

wherein the frequency to be used is in the range of
300 to 960 MHz.

The wireless temperature sensor according to any
one of claims 2 to 10,

wherein the antenna includes an antenna substrate,
a conductor film formed on a part of the antenna
substrate, a feeding point formed on the antenna
substrate, a loading part that is mounted on the an-
tenna substrate and includes a linear-conductor pat-
tern formed on the surface of an element made of a
dielectric material in the longitudinal direction of the
element, an inductor part for connecting one end of
the conductor pattern with the conductor film, and a
feeding point used to feed electric power to a node
between the one end of the conductor pattern and
the inductor part, and

the antenna is mounted on the substrate so that the
longitudinal direction of the loading part is parallel to
one side of the conductor film.

A wireless interface device that corresponds to an
interface of a memory and includes an antenna hav-
ing a wireless communication function,

wherein the antenna, which is used to transmit and
receive a carrier wave, has a length of a shortening
coefficient so as to be received in the memory having
a standard dimension, and

the antenna is mounted in the wireless interface de-
vice.

The wireless interface device according to claim 12,
further comprising:

a matching circuit for adjusting the impedance
between the antenna and a line for a transmis-
sion signal.

The wireless interface device according to claim 12
or 13,

wherein a grounding point of a high frequency circuit
is connected to a grounding point of a logic circuit
through a filter for blocking a signal of a carrier fre-
quency band used for communication.

The wireless interface device according to claim 12,
wherein the antennaincludes a substrate, a conduc-
tor film formed on a part of the substrate, a feeding
point formed on the substrate, a loading part that is
mounted on the substrate and includes a linear-con-
ductor pattern formed on the surface of an element
made of a dielectric material in the longitudinal di-
rection of the element, an inductor part for connect-
ing one end of the conductor pattern with the con-
ductor film, and a feeding point used to feed electric
power to a node between the one end of the con-
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ductor pattern and the inductor part, and

the antenna is mounted in the wireless interface de-
vice so that the longitudinal direction of the loading
part is parallel to one side of the conductor film.

The wireless temperature sensor according to claim
2, further comprising:

a plurality of wireless sensors that is provided
at several positions, and that obtains measured
values corresponding to surrounding environ-
ment information by means of a sensor device
and transmits the values;

a data-collecting terminal that is provided to a
base station, and that receives the measured
values from the wireless sensors and calculates
environmentinformation from the measured val-
ues to collect the environment information of the
several positions;

a sensor for outputting the surrounding environ-
ment information as measured values based on
the physical property of the sensor device; and
a wireless transmitting part for wirelessly trans-
mitting measured data including the measured
values and identification data,

wherein the data-collecting terminal includes a
conversion information memory, which stores
conversion information used to convert a meas-
ured value of the sensor device of each regis-
tered wireless sensor into environment informa-
tion, and a converter, which determines the wire-
less sensor by means of the identification data
and converts the measured value into environ-
ment information by means of physical property
and conversion information corresponding to
each wireless sensor.

The wireless temperature sensor according to claim
2, further comprising:

a memory in which the physical property and
conversion information of the sensor device is
stored,

wherein, during the registration for the data-col-
lecting terminal, the wireless terminal transmits
the physical property and conversion informa-
tion to the data-collecting terminal, and the data-
collecting terminal stores the physical property
and conversion information in the conversion in-
formation memory in correspondence with the
identification number of the wireless sensor.

The wireless temperature sensor according to claim
2,

wherein the conversion information includes initial
deviation of the physical property and compensation
information of the physical property.
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The wireless temperature sensor according to claim
2,

wherein the correction coefficientis storedin the sen-
sor device used in the wireless sensor as data of the
annual change of the physical property, which is sta-
tistically obtained, and

a time cycle of correction and the correction coeffi-
cient are transmitted to the data-collecting terminal
at the time of registration.

The wireless temperature sensor according to claim
2,

wherein the wireless sensor measures an output
voltage of a battery for supplying a driving electric
power at a predetermined time cycle, and transmits
information for directing battery replacement to the
data-collecting terminal when the output voltage is
smaller than a predetermined voltage.
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