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1                            D E S C R I P T I O N                ANTENNA,
METHOD OF MANUFACTURING ANTENNA, AND              ELECTRONIC APPARATUS
EQUIPPED WITH ANTENNA   5                              Technical Field
The present invention relates an antenna, a method         of manufacturing
an antenna, and an electronic apparatus         equipped with the antenna.
10                          Background Art              There is a demand
regarding electronic apparatus         equipped with a radio wave receiving
function that such         apparatus should have functions of television,
radio,         character broadcasting, FM multiple broadcasting, mobile  15
pager, GPS (global position system) and the like, as the         apparatus
becomes highly functional. Some of these         functions have been
realized in practice. Other than         these functions, there are
apparatus which have been         practically realized, for example, a
radio wave wrist  20     watch which adjusts the time by receiving the time
data         transmitted via radio wave, so as to display the
accurate time.              The above-described apparatus require antenna
for         receiving transmitted radio waves. For example, a  25
conventional wrist watch or the like has a structure         in which a
loop antenna is disposed in the wrist band         having a flat surface,
utilizing its shape, or a         structure in which an antenna member
wound in coil-like    
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2          manner is disposed in the watch case.              However, with
the structure in which the antenna is         disposed within the watch
band, an adequate length of         the antenna cannot be provided due to
the limited length   5     of the band, or a sufficient water-proof
property cannot         be maintained due to the structure in which the
antenna         is electrically connected to the internal portion of the
watch case. With the structure in which the coil-like         antenna
member is disposed within the watch case, the  10     shape of the antenna
becomes large as the number of         turns of the coil-like antenna
increases, and therefore         the size or thickness of the wrist watch
increases,         making it difficult to handle the watch. In addition to
that, due to the enlargement of the antenna, the area  15     for
displaying data such as time, must be decreased in         size, making it
difficult for the user to read the data.         This is the case not only
for the wrist watch but also         for other electronic apparatus.
An object of the present invention is to provide  20     such a type of an
antenna that a sufficient length can         be provided despite of its
small size, thereby making it         possible to reduce the electronic
apparatus in thickness         and size.              Another object of the
present invention is to  25     provide an electronic apparatus having a
structure in         which the antenna is built in the case of the
apparatus,         thus making it possible to reduce the apparatus in   
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3          thickness and size.                          Disclosure of
Invention              The antenna of the present invention is character-
ized in that a plurality of insulating film substrates   5     each having
both surfaces, on at least one of which a         spiral wire is provided,
are stacked one on another, and         the wires provided on the
insulating film substrates are         electrically connected to each
other.              This antenna has a structure in which a plurality  10
of insulating film substrates are stacked one on another,         and
therefore it is made thin as a whole. The wires         wound in a spiral
manner are provided on the respective         insulating film substrates
stacked one on another.         With this structure, the total number of
turns of spiral  15     wires can be increased, and therefore a sufficient
length of wire as an antenna can be obtained.              In this antenna,
each insulating film substrate         has a structure in which a
connection portion to be         electrically connected to the wire of
another insulating  20     film which is stacked thereon, is situated at an
end of         the periphery of the film substrate. Thus, the wires
of the insulating film substrates are electrically         connected to
each other via the connection portions.              With this structure,
the wires of the insulation  25     films stacked one on another are
electrically connected         to each other, and therefore a sufficient
length of the         wires as a whole antenna can be obtained.   
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4               The electronic apparatus having the antenna of the
present invention is characterized by including a flat         plate
antenna made of a plurality of flat plate-like         insulating film
substrates each having both surfaces, on   5    at least one of which a
spiral wire is provided, stacked         one on another, such that the
wires provided on the         insulating film substrates are electrically
connected to         each other, and a signal processing unit for
processing         signals received by this antenna.  10          With the
above-described structure in which a         plurality of insulating film
substrates each having         spiral wire formed thereon are stacked one
on another         as an antenna, a sufficient length of antenna can be
obtained despite of its thin structure and small size.  15    The
processing circuit serves to process signals         received by this
antenna, and functions as an electronic         device. Thus, the entire
structure of the electronic         apparatus can be reduced in size.
The electronic apparatus having the antenna of the  20     present
invention is characterized by including a flat         plate antenna made
of a plurality of flat plate-like         insulating film substrates each
having an opening at a         center portion thereof, and both surfaces,
on at least         one of which a spiral wire is provided, stacked one on
25     another, such that the wires provided on the insulating         film
substrates are electrically connected to each other,         a watch face
disposed to be stacked on the flat plate   
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antenna, an analog movement having a shaft of an         indicator hand,
which is pierced through the opening of         the antenna, and an
indicator hand provided on the shaft         of the analog movement, and
rotating above the watch   5     face.              The face disposed to be
stacked on the antenna, the         analog movement having the hand shaft
which is pierced         through the opening of the antenna, and the hand
provided on the hand shaft will make up the main portion  10     of a wrist
watch for indicating the time.  Thus, a wrist         watch as an
electronic apparatus is manufactured.         The antenna of the wrist
watch has a structure in which         a plurality of insulating films each
provided with a         spiral wire formed thereon, are stacked one on
another.  15     Therefore, the antenna can be made thin and small in
size. Further, the display area of the time is not         limited due to
the size of the antenna, and a sufficient         display area can be
obtained. Consequently, the         apparatus can be thinned and reduced in
size.  20                  Brief Description of Drawings              FIG.
1 is a plan view showing the antenna of the         present invention when
it is developed;              FIG. 2 is an enlarged cross section of the
main         portion of the antenna when developed shown in FIG. 1;  25
FIG. 3 is a cross sectional view of an antenna         formed by stacking a
plurality of insulating film         substrates;  
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6               FIG. 4 is an enlarged cross sectional view of         a
portion A shown in FIG. 3;              FIG. 5 is a cross sectional view of
the main         portion of the antenna shown in FIG. 3 which it is built
5     in the apparatus case;              FIG. 6 is a cross sectional view
of a wrist watch         in which the antenna shown in Fig. 3, is built;
and              FIG. 7 is a front view of the wrist watch shown in
FIG. 6.  10             Best Mode of Carrying Out the Invention
FIGS. 1 to 4 show the antenna of the present         invention. FIG. 1
shows the antenna of the present         invention when it is developed,
and FIG. 2 is a cross         section of the main portion of the antenna
when it is  15     developed.  As shown in FIG. 1, insulating film
substrates 2, 3 and 4 each having a circular shape in         its plan
view, are connected in series side by side to         each other in a
horizontal direction. Spiral wires 4, 5         and 6 are provided on
respective sides of the respective  20     insulating film substrates 2, 3
and 4. The wires 5, 6         and 7 can be formed in a similar manner to
that of print         wiring substrates, more specifically, a conductive
material is printed on a insulating film 8 (see FIG. 2)         in a spiral
fashion, and then a insulating resin is  25     laminated on the print
surface.  Subsequently, the         resultant is cut such circular pieces
are joined side by         side to each other, and thus the circular
insulating 
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7          film substrates 2, 3 and 4 joined in series to each
other as shown in FIG. 1 when developed, can be obtained.              In
FIG. 4, a joint piece 9 is a connecting portion         formed at each of a
periphery portion between the   5     substrates 2 and 3 and a periphery
portion between the         substrates 3 and 4, so as to connect the
insulating film         substrates 2, 3 and 4 with each other.  Each
connecting         portion has a through-hole 10 which pierces through
vertically, at an appropriate location. The inner  10     circumferences of
the insulating film substrates 2, 3         and 4 are blank portions 2a, 3a
and 4a, respectively,         where the respective wires 5, 6 and 7 are not
provided.         Each inner circumference has a through-hole 11 which
pierces therethrough vertically. The wires 5, 6 and 7  15     of the
insulating film substrates are joined in series         to each other and
electrically connected to each other         via the through-holes 10 and
11.              FIG. 2 shows a structure in which the wires 5 and 6
formed on the first insulating film substrate 2 and the  20     second
insulating film substrate 3 are electrically         connected to each
other. The second insulating film         substrate 3 and the third
insulating film substrate 4         are connected to each other by means of
the same         structure as that just mentioned. The connection is  25
carried out via the through-hole 11 located in the inner
circumferential section of the insulating film substrate         2 and the
through-hole 11 located between the first and 
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8          second insulating film substrates 2 and 3. Therefore,         as
shown in FIG. 2, a connection pattern 12 is formed on         the rear
surface of the insulating film substrate 8         between the
through-holes 10 and 11. On the surface of   5     the insulating film 8, a
connection pattern 13 is formed         from the wire 5 of the first
insulating film substrate 2         towards the through-hole 11, and a
connection pattern 14         is formed from the wire 6 of the second
insulating film         substrate 3 towards the through-hole 10. The
connection  10     patterns 13 and 14 are connected to the connection
pattern 12 on the rear surface of the insulating film 8         via
conductive materials in the through-holes 11 and 10,         respectively,
and thus the wires 5 and 6 are         electrically connected to each
other.  15          Further, on the insulating film substrates 2 and 4
located on extreme sides and electrically connected to         each other,
connection electrodes 15 and 16 are formed         respectively, to be
electrically connected to the         connection terminals (not shown) in
the electronic  20     apparatus.  These connection electrodes 15 and 16
are         formed on connection pieces 17 extended respectively to
the outer circumferential sides of the first and third         insulating
film substrates 2 and 4 in the direction in         which substrates are
connected in series.  25          In the embodiment shown in the figure, an
odd         number of, specifically, three, insulating film
substrates 2, 3 and 4 are provided, and therefore one of 
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9          the connection electrodes, namely, the connection
electrode 12, is provided on the reverse surface of         the insulating
film 8, whereas the other ones, the         connection electrodes 13 and 14
are provided on the   5     surface of the insulating film 8.  In this
embodiment,         the connection electrode 15 located on the side of the
first insulating film substrate 2 is situated on the         reverse side,
whereas the connection electrode 16         located on the side of the
third insulating film  10     substrate 4 is situated on the obverse side.
With         regard to the connection electrode 15 situated on         the
reverse side, a through-hole 18 is made in the         connection piece 17
on the side of the first insulating         film substrate 2. The
connection electrode 15 and the  15    wire 5 on the first insulating film
substrate 2 are         electrically connected to each other via the
through-         hole 18 due to a similar structure to that described
above, as shown in FIG. 2. Apart from this embodiment,         in the case
where there are an even number of insulating  20     film substrates 2, 3
and 4, both connection electrodes         may be provided on the same side
(for example, adverse         side) as those of the insulating film 8 or on
both sides         respectively.              The antenna 1 of this
embodiment is formed by  25     stacking a plurality of insulating film
substrates 2, 3         and 4 which are developed as described above, one
on         another. FIGS. 3 and 4 show an example in which the 
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10          substrates are stacked one on another. As can be seen
in these figures, each of the connection pieces 9 which         serve as
borders between substrates, is bent over, and         the insulating film
substrates 2, 3 and 4 are thus   5     stacked one on another.  Between
every two of the         insulating film substrates 2, 3 and 4, stacked one
on         another, a both-side adhesive sheet 20 is inserted, and
thus the insulating film substrates 2, 3 and 4 are         adhered to each
other by means of the both-side adhesive  10     sheets 20.  Therefore, the
displacement of the         substrates can be prevented.              Due
to its structure in which a plurality of         insulating film substrates
2, 3 and 4 are stacked one         on another, the antenna is formed thin
as a whole.  15     On the insulating film substrates 2, 3 and 4 stacked
one on another, the wires 5, 6 and 7 connected to each         other are
formed respectively in a spiral manner.         A sufficient length of the
antenna can be obtained.              FIG. 5 shows an internal structure of
an electronic  20     apparatus KK in which the antenna 1 is used.  The
antenna 1 has a flat plate-like structure in which a         plurality of
insulating film substrates 2, 3 and 4 are         stacked one on another,
and it is built in an apparatus         case K. In the apparatus case K, a
circuit substrate 21  25     having a processing circuit S (signal
receiving circuit)         is provided, and the connection electrode 15 of
the         first insulating film substrate 2 and the connection 
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11           electrode 16 of the third insulating film substrate          4
are connected to the circuit substrate 21 via          a connection
terminal.               The processing circuit S of the circuit substrate
5     21 serves to process signals received by the antenna 1.          With
the above-described structure, signals received by          the antenna 1
is input via each connection terminal 22          to the processing circuit
S of the circuit substrate 21,          where the received signals are
processed therein.  10     The electronic apparatus KK described above can
be          formed to have a structure with a sufficient length of
the antenna 1. Consequently, the whole structure of the          electronic
apparatus KK can be made thin and small.              An embodiment in
which the present invention is  15     applied to a wrist watch as an
electronic apparatus will         now be described with reference to FIGS.
1, 3, 4, 6         and 7. As can be seen in FIG. 1 which illustrates the
antenna 1 when it is developed, an opening 19 is made         at a central
section of each of the insulating film  20     substrates 2, 3 and 4. As
shown in FIG. 7 which will         be later explained, the opening 19 is
made such that         a hand shaft 31 of an analog movement 30 can pierce
therethrough. Further, the antenna 1 is made by         stacking insulating
film substrates 2, 3 and 4 one on  25     another as shown in FIG. 3. The
substrates are stacked         in such a manner that the openings 19
thereof are  



aligned to be pierced through as shown in FIG. 4.             WO 97/43798
PCT/JP97/01513                                     12               FIG. 3
shows the insulating film substrates 2, 3         and 4 stacked so as to
make the antenna 1, and as shown         in this figure, the connection
electrodes 15 and 16 of         the first and third insulating film
substrates 2 and 4  5     extend out from the periphery of the stacked
section.              On the antenna 1, a face 32 of the watch is placed
via an insulating double-sided adhesive sheet 20.         The face 32 has a
surface on which time indicators are         printed or lithographed or the
like as shown in FIG. 6,  10     and is formed in substantially the same
shape as that of         the antenna 1.              As shown in FIG. 4,
the face 32 has an opening 33         through which the hand shaft 31 of
the analog movement         is pierced, such that the opening 33 is
connected to the  15     opening 19 of the antenna 1.              FIG. 6
shows the internal structure of a wrist         watch T according to this
embodiment. The wrist watch T         includes a watch case 33 and an
analog movement 30 built         in the watch case 33. On the top of the
watch case 33,  20     a cover glass 34 is engaged, and a rear cover 35 is
mounted to the bottom of the case, thus the internal         structure is
sealed.              The analog movement 30 is built in the watch case
33 from the rear cover 35. Regarding the analog  25     movement 30, the
circuit substrate 38 is held by the         upper and lower housings 36 and
37 to be sandwiched  
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electrical power to the circuit substrate 38         is held in the lower
housing 37. Further, an LSI 40         is mounted on the rear surface side
of the circuit         substrate 38. The LSI 40 includes a clock circuit
(not   5     shown), and a processing circuit (signal receiving
circuit) for processing signals received by the         antenna 1. Further,
the analog movement 30 has the         hand shaft 31 which extends upwards.
A lamination assembly 41 placed on the upper  10     surface of the analog
movement 30 is made by laminating         the antenna 1 and the watch face
32 shown in FIG. 3, and         the lamination assembly is built in the
watch case 33 as         the periphery portion of the upper surface thereof
is         engaged to a stepped portion 33a in the watch case 33,  15
and the lower surface is supported by the analog         movement 30.
The lamination assembly 41 has connection         electrodes 15 and 16
which extend from the periphery as         shown in FIG. 3, and an upper
section of an inter-  20     connector 44 made of an electro-conductive
coil spring         is brought into contact with the connection electrodes
15 and 16. An lower portion of the inter-connector 44         is brought
into contact with a connection terminal         portion (not shown) formed
on the upper surface of the  25     circuit substrate 38.  Therefore,
signals received by         the antenna 1 are input via the inter-connector
44 to  
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processed by the signal receiving circuit of the         LSI 40. With this
structure, the wrist watch becomes         capable of not only indicating
the time, but also other         functions such as radio, mobile pager and
GPS, and thus   5     the utility of the watch can be significantly
improved.              As shown in FIG. 4, the lamination assembly 41 has
the openings 19 and 33 which are connected to each other,         and the
hand shaft 31 of the analog movement 30 is         pierced through the
connected openings 19 and 33.  10    As shown in FIG. 7, the indicators 42
such as hour hand         and minute hand are set on the hand shaft 31, and
as the         indicators rotates above the face 32 of the lamination
assembly 41, the time is indicated. In the indication         of time used
by this embodiment, it is possible that the  15     time data transmitted
via radio wave is received by the         antenna 1, and the received time
data is output to the         signal receiving circuit of the LSI 40.
With the above-described operation, the adjustment         of time for the
indicators 42 can be carried out  20     automatically on the basis of the
time data.  Therefore,         the adjustment of time, which is sometimes
cumbersome,         becomes unnecessary, and the accurate time can be
indicated at all times, which are very advantageous.              The wrist
watch of this embodiment is capable of  25     installing the
above-described useful functions, and it         has the antenna 1, which
is so thin and small that the 
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not only it is possible to maintain a large         indicating area for the
face 32, but also the wrist         watch itself can be made thin and
small.              The present invention is not limited to the above   5
discussed embodiments, but can be remodeled into various         versions.
For example, the present invention can be         applied to a radio,
television, character information         broadcasting, FM multiplex
receiver, mobile telephone,         pager, PGS system, electronic note
book, transceiver, or  10     other electronic devices.  Apart from the
embodiments         discussed, a wire may be formed on both sides of an
insulating film substrate.              The antenna of the present
invention has         a structure in which a plurality of insulating film
15     substrates on each of which a spiral wire is provided,         are
stacked one on another. With this structure, a         fully sufficient
length of antenna can be obtained while         the size of the whole
antenna can be reduced.              The electronic apparatus according to
the present  20     invention is provided with such an antenna inside, and
therefore it can be made small and thin while being         capable of
accurately receiving signals.         



-16-  Claims:    1.    An antenna comprising:        a insulating film
substrate (2, 3, 4) on at least one surface of which a plurality of  spiral
wires (5, 6, 7) are provided and which is bent so that the spiral wires are
stacked to  one another.    2.    An antenna according to claim 1, wherein
each of the insulating film substrates has  an outer periphery having an
end portion on which a connection portion (9) to be  electrically connected
to another one of the spiral wires bent and stacked is formed, and  the
spiral wires are electrically connected to one another via the connection
portion.    3.    A method of manufacturing an antenna, comprising the
steps of:        providing a plurality of spiral wires (5, 6, 7) on at
least one surface of a flat-plate  insulating film substrate (2, 3, 4); and
bending the flat-plate insulating film substrate, on which the spiral wires
are  provided, so that the spiral wires are stacked to one another.    4.
An electronic apparatus equipped with antenna, comprising:         an
antenna (1) wherein an insulating film substrate (2, 3, 4) on at least one
surface  of which a plurality of spiral wires (5, 6, 7) are provided is
bent so that the spiral wires are  stacked to one another; and         a
signal processing unit (S) for processing signals received by this antenna.
-17-  5.    An electronic apparatus equipped with antenna, comprising:
a flat plate antenna (1) wherein a insulating film substrate (2, 3, 4) on
at least one  surface of which a plurality of spiral wires (5, 6, 7) are
provided and center portions of the  spiral wires have respective opening
is bent so that the openings coincide with one another;  and         a
watch face (32) arranged on the flat plate antenna so that a center portion
of the 



watch face coincides with the openings;         an analog movement (32)
having an indicator shaft (31), which is pierced through  the openings (3
1) of the antenna and the center portion of the watch face (32); and
an indicator hand (41) provided on the indicator shaft of the analog
movement, and  rotating above the watch face.    6.     An antenna
comprising:         a plurality of insulating film substrates (2, 3, 4)
arranged side by side and connected  in series by connector pieces, and
each having first and second surfaces facing to each  other; and         a
plurality of spiral wires (5, 6, 7) each provided on at least the first
surface of each  of the insulating film substrates, the spiral wires being
electrically connected to one another  by bending the substrates via the
connection pieces, wherein         either of at least an outer
circumferential section or an inner circumferential section  of each of
said spiral wires has a connection portion electrically connected to
another spiral  wire, and the second surface opposite to the first surface
provided with the spiral wire has  a connection pattern for electrically
connecting the spiral wire to another spiral wire via  said connection
portion.                                                  - 18 -  7.    A
method of manufacturing an antenna, comprising the steps of:
providing a plurality of spiral wires (5, 6, 7) on at least first surfaces
of a plurality  of flat-plate insulating film substrates (2, 3, 4) arranged
side by side and connected in series  by connection pieces, and a
connection pattern for electrically connecting each of the spiral  wires to
another one thereof on each of plural second surfaces opposite to the first
surfaces;         bending the plurality of flat-plate insulating film
substrates via the connection pieces  to stack them to one to another; and
electrically connecting either of at least an outer circumferential section
or an inner  circumferential section of each of the spiral wires to another
thereof via the connection  pattern.    8.    An electronic apparatus
equipped with antenna, comprising: 



an antenna (1) made of a plurality of flat plate-like insulating film
substrates (2, 3,  4) arranged side by side and connected in series by
connection pieces, each having first and  second surfaces, on at least one
of which a spiral wire (5, 6, 7) is provided and on the  other of which a
connection pattern for connecting each of the spiral wires to another is
formed, the insulating film substrates being bent via the connection pieces
so that the  insulating film substrates are stacked one upon another, wires
provided on the insulating  film substrates being electrically connected to
each other; and         a signal processing unit (S) for processing signals
received by this antenna.
- 19 -  9.    An electronic apparatus equipped with antenna, comprising:
a flat-plate antenna (1) made of a plurality of flat plate-like insulating
film  substrates (2, 3, 4) arranged side by side and connected in series by
connection pieces, each  of the insulating film substrates having a spiral
wire (5, 6, 7) formed on at least its one  surface and an opening (19) at
its center portion, the insulating film substrates being bent  via the
connection pieces so that their openings coincide with one another;
a watch face (32) disposed on the flat plate antenna so that the openings
coincide  with a center portion of the watch face;         an analog
movement (30) having a hand shaft (31) which is pierced through the
opening of the antenna and the center portion of the watch face; and
an indicator hand mounted on the hand shaft of the analog movement, and
rotating  above the watch face.    


