
*166166*  *000002* TITLE OF THE INVENTION  PORTABLE
ELECTRONIC DEVICE BACKGROUND OF THE INVENTION The
present invention relates to a portable  5 electronic
device, such as an IC card with an LSI,  an
LSI-attached pamphlet, etc. Noncontact IC cards, in
which the contact of an IC  module fitted in a hole
defined between a card body and an antenna contained
in the body is connected by 10 a conductive elastic
member, are well known as IC cards  (see, for example,
Jpn. Pat. Appln. KOKAI Publication  No. 2001-175837).
When a bending force is exerted on  such an IC card
from the outside, the conductive elastic  member is
deformed to prevent the connection state of 15 the
antenna and the IC module from being degraded by the
deformation of the card. As a result, the connection
state therebetween is maintained satisfactorily.
However, when a bending force is exerted on the  IC
card, it may be also exerted on the IC module. 20 At
worst, the LSI may be broken. In particular, in the
above-described conventional IC card, the IC module
is fitted in a hole formed in the card body by
cutting.  When a bending force is exerted on the card,
the degree  of bending will be higher at and around
the hole than 



25 the other portion, therefore the portion at and
around  the hole will be much more deformed than the
other  portion. As a result, great bending stress will
occur - 2 - in the IC module. BRIEF SUMMARY OF THE
INVENTION .It is an object of the invention to provide
a portable electronic device, such as an IC card with
5 an LSI, an LSI-attached pamphlet, etc., which is
free  from breakage of the LSI even when a bending
force is  exerted on the device. To attain the object,
in accordance with an aspect  of the invention, there
is provided a portable 10 electronic device
comprising: a first portion including  an LSI-mounted
portion; a second portion other than the  first
portion; and rigidity adjusting means for making  the
second portion have rigidity lower than the first
portion, the rigidity being against a bending force 15
exerted on the portable electronic device. In the
portable electronic device, when a bending  force is
exerted on the device from the outside, the  second
portion that has lower rigidity than the first
portion including the LSI-mounted portion is greatly
20 bent, thereby preventing the first portion from
being  greatly bent. Thus, even if the portable
electronic  device is bent, the LSI is protected from
breakage. 



In accordance with another aspect of the  invention,
there is provided a portable electronic  25 device
comprising: a front cover including a first  portion,
a second portion other than the first portion, and
rigidity adjusting means for making the second - 3
portion have rigidity lower than the first portion,
the first portion including an LSI-mounted portion,
the rigidity being against a bending force exerted on
the portable electronic device; a plurality of middle
5 paper sheets; and a binding portion which bind the
front cover and the middle paper sheets at one side.
In the above portable electronic device, when a
bending force is exerted on the portable electronic
device from the outside, the second portion that has
10 lower rigidity than the first portion including the
LSI-mounted portion is greatly bent, thereby
preventing the first portion from being greatly bent.
Thus, even  if the portable electronic device is bent,
the LSI is  protected from breakage. Further, since
the first 15 portion with the LSI is located closer to
the binding  portion than the second portion, great
bending stress  is further prevented from occurring in
the first portion.  Additional objects and advantages
of the invention  20 will be set forth in the
description which follows, and 



in part will be obvious from the description, or may
be  leaned by practice of the invention. The objects
and  advantages of the invention may be realized and
obtained by means of the instrumentalities and .25
combinations particularly pointed out hereinafter.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated 4
in and constitute a part of the specification,
illustrate an embodiment of the invention, and
together  with the general description given above and
the  detailed description of the embodiment given
below, 5 serve to explain the principles of the
invention.  FIG. 1 is a schematic plan view
illustrating the  structure of a noncontact IC card
according to a first  embodiment of the invention;
FIG. 2 is a sectional view of the IC card of  10 FIG.
1; FIG. 3 is a view illustrating a bent state of  the
IC card of FIG. 1; FIG. 4 is a plan view illustrating
a modification  of the IC card of FIG. 1; 15 FIG. 5 is
a plan view illustrating another  modification of the
IC card of FIG. 1; FIG. 6 is a schematic plan view
illustrating the  structure of a noncontact IC card
according to a second  



embodiment of the invention; 20 FIG. 7 is a sectional
view of the IC card of  FIG. 6; FIG. 8 is a view
illustrating a bent state of  the IC card of FIG. 6;
FIG. 9 is a schematic view illustrating the  25
application of the IC card of FIG. 6 to a bankbook;
FIG. 10 is a view illustrating a bent state of the
bankbook of FIG. 9; - 5  FIG. 11 is a schematic view
illustrating a  modification of the bankbook in which
slits are  provided at different intervals; FIG. 12 is
a schematic view illustrating another  5 modification
of the bankbook in which slits of  different widths
are provided; FIG. 13 is a schematic view illustrating
yet  another modification of the bankbook in which
slits of  different lengths are provided; 10 FIG. 14
is a schematic view illustrating another  modification
of the bankbook in which slits are  provided around an
LSI; and FIG. 15 is a sectional view illustrating a
modification of the body of the IC card in which  15
the thickness is varied. DETAILED DESCRIPTION OF THE
INVENTION  



Embodiments of the invention will be described in
detail with reference to the accompanying drawings.
FIG. 1 is a schematic plan view illustrating  20 the
structure of a contact type IC card 1 (portable
electronic device) (hereinafter referred to simply as
"the IC card 1") according to a first embodiment of
the invention. FIG. 2 is a sectional view taken along
line II-II of FIG. 1, and FIG. 3 is a view useful in
25 explaining the behavior of the IC card 1 assumed
when  bending stress occurs in the IC card 1. To
clarify  FIG. 3, the internal structure of the IC card
1 is not 6 - shown therein. The IC card 1 comprises a
card body 8 formed of a  top sheet 2, core sheet 4 and
bottom sheet 6 stacked on  each other and having the
same size, and also comprises 5 an IC module 10. The
sheets 2, 4 and 6 are attached  to each other by
thermal welding or by an adhesive.  The four corners
of the card body 8 are rounded. A hollow portion 12
(mounting portion) for  attaching the IC module 10
therein is formed in a 10 predetermined portion of the
card body 8. The hollow  portion 12 is formed by
cutting the card body 8 from  the top sheet 2 side, so
that it substantially extends  through the core sheet
4 and has a bottom. The IC  module 10 is fixed in the
hollow portion 12 by an 



15 adhesive. The IC module 10 comprises a base plate
13 having  an external connection terminal 11 exposed
at the  surface of the card body 8, and an LSI 15
molded on  the lower surface of the base plate 13. The
LSI 15 20 is connected to the external connection
terminal 11.  The LSI 15 is connected to a
card-processing machine  (not shown) via the external
connection terminal 11 for  transmitting and receiving
various data items. The core sheet 4 has a plurality
of holes 14 25 functioning as rigidity adjusting
means. The holes 14  are provided in the portion
(second portion) of the  card body 8 other than the
portion (first portion) 7 _ around the hollow portion
12. In other words, the  holes 14 are located at
positions at which the rigidity  of the second portion
against the bending of the card  body 8 is made lower
than that of the first portion. 5 More specifically,
the holes 14 are located at  positions at which when
bending stress occurs in the IC  card 1, almost no
stress occurs in the IC module 10  received in the
hollow portion 12. Although in this embodiment, the
holes 14 10 are formed only in the core sheet 4, the
shape, the  number, the depth, etc., of the holes 14
may be set  arbitrarily. For example, the holes 14 may
be formed  



in the top sheet 2 or bottom sheet 6 except for the
peripheral portion of the IC module 10. 15 The above
will be described in more detail. When  the card body
8 is bent as shown in FIG. 3, bending  stress occurs
in the entire card body 8. At this time,  the portion
of the card body near the IC module 10, in which no
holes 14.are formed, is not easily bent,  20 while the
portion in which the holes 14 are formed are  greatly
bent. Thus, when bending stress occurs in the  IC card
1, the portion away from the IC module 10 is  greatly
bent, which prevents significant bending stress  from
occurring in the IC module 10, i.e., prevents the 25
IC module 10 from being broken because of the bending
of the LSI 15. It is a matter of course that the
rigidity adjusting means sufficiently reduces the - 8
rigidity of the portion away from the hollow portion
12, compared to that of the portion near the hollow
portion 12, in light of a reduction in the rigidity of
the card body 8 due to the provision of the hollow 5
portion 12. In the above-described first embodiment,
the  rigidity adjusting means is formed of the holes
14  provided in the core sheet 4. However, this means
may  be formed of slits 16 or 17 shown in FIG. 4 or 5,
which 10 are provided in the core sheet 4 around the
IC module  



10. As can be seen from FIG. 5, the slits may be
curved to surround the IC module 10. Further, as shown
in FIG. 5, slits 18 may be provided in the portion of
the card body 8 remote from the IC module 10. The 15
slits 16, 17 and 18 may be filled with a resin having
an elasticity modulus lower than the core sheet 4.
Referring then to FIGS. 6 to 8, a description will be
given of a noncontact IC card 20 (portable  electronic
device) (hereinafter referred to simply as  20 "the IC
card 20") according to a second embodiment of the
invention. FIG. 6 is a plan view illustrating  the IC
card 20 from which the top sheet 2 is removed.  FIG. 7
is a sectional view of the IC card 20. FIG. 8
illustrates a state in which the IC card 20 is bent.
25 For clarifying the structure of the IC card 20, in
FIG. 6, a coil antenna 22 and LSI 15 provided on an
antenna sheet 24 below the core sheet 4 are denoted by
9  the solid lines. In the second embodiment,
structural  elements similar to those of the IC card 1
of the first  embodiment are denoted by corresponding
reference  numerals, and no detailed description will
be given 5 thereof. The IC card 20 has the antenna
sheet 24 provided  with the coil antenna 22 and the
LSI 15. The LSI 15 is  attached to the sheet 24 by
flip chip. The antenna  



sheet 24 is adhered, using a hot-melt sheet, to the 10
core sheet 4 provided with the holes 14. Also in the
second embodiment, the mounting position of the LSI 15
on the antenna sheet 24, the positions, the number,
.shape, etc., of the holes 14 in the core sheet 4 are
designed so as not to locate the holes 14 in the 15
portion of the core sheet 4 that overlaps the LSI 15.
The holes 14 of the core sheet 4 are filled with  a
resin material that has a lower rigidity than the
material of the core sheet 4. The top sheet 2 is
adhered by a hot-melt adhesive to the surface of 20
the core sheet 4 remote from the antenna sheet 24.
Further, the bottom sheet 6 is adhered by a hot-melt
adhesive to the antenna sheet 24. When, for example,
the IC card 20 is positioned near the radio antenna
of a card-processing machine (not shown), power is 25
supplied to the LSI 15 via the coil antenna 22,
whereby  the IC card operates. As described above,
also in the second embodiment, - 10  the holes 14 in
the core sheet 4 serve as rigidity  adjusting means as
in the first embodiment, which  prevents being stress
from occurring in the LSI 15 when  the IC card 20 is
bent as shown in FIG. 8, thereby 5 protecting the LSI
15 from breakage. Note here that  the resin material
filled in the holes 14 has a lower  



rigidity than that of the material of the core sheet 4
defining the holes 14, therefore the resin material
does not increase the rigidity more than required. 10
Referring to FIGS. 9 and 10, a description will  be
given of a modification of the noncontact IC card 20
of the second embodiment. FIG. 9 shows the internal
structure of the front cover 32 of a bankbook as a
portable electronic device of the invention, while 15
FIG. 10 shows a state in which the bankbook 30 is
bent.  In this modification, structural elements
similar to  those of the noncontact IC card 20 of the
second  embodiment are denoted by corresponding
reference  numerals, and no detailed description will
be given 20 thereof. The bankbook 30 comprises the
front cover 32  having substantially the same
structure as the  noncontact IC card 20, a plurality
of middle paper  sheets 34, and a binding portion 36
located at one end 25 of the bankbook and binding the
cover 32 and sheets 34.  In the bankbook 30, the
antenna sheet 24 with the coil  antenna 22 and the LSI
15 are used as a noncontact tag - 11  and embedded in
the front cover 32. By virtue of this  structure, when
bending stress occurs in the entire  bankbook 30, the
LSI 15 is protected from breakage by  the holes 14
that serves as rigidity adjusting means 



5 and greatly bends. In particular, this modification
is characterized  in that the LSI 15 is located at a
biased position  near the binding portion 36 of the
front cover 32 as  shown in FIG. 9. Namely, the LSI 15
is provided at a 10 position near the binding portion
36 of the front cover  32 that is hard to bend when
the bankbook 30 is opened.  As a result, when the
bankbook 30 is bent, the bending  force is not easily
transmitted to the LSI 15, thereby  more reliably
protecting the LSI 15 from breakage. 15 Further, in
the modification, no holes 14 are  formed in the
portion of the core sheet 4 close to the binding
portion 36 so as to balance the rigidity of  the front
cover 32 when the front cover 32 is turned.  In the
modification, the holes 14 are formed as 20 rigidity
adjusting means in the front cover 32 of the  bankbook
30. However, a plurality of slits may be  formed in
the core sheet 4 of the front cover 32 as  shown in
FIGS. 11 to 14. The bankbook shown in FIG. 11 is
provided with  25 a plurality of slits 41 are extended
over the entire  length of the front cover 32 and
arranged at different  intervals so that the further
from the binding portion - 12  36 the slit is located,
the narrower the interval  therebetween. The bankbook
shown in FIG. 12 is  



provided with a plurality of slits 42 so that the
further from the binding portion 36 the slit is 5
located, the wider the width the slit has over the
entire length of the front cover 32. The bankbook
shown in FIG. 13 is provided with a plurality of slits
43 so that the further from the binding portion 36 the
slit is located, the longer the slit. In any case, by
10 virtue of the arrangement of the slits, the
rigidity of  the front cover 32 is made higher at and
around the LSI  15 so that great bending stress does
not occur in the  LSI 15. Furthermore, in the bankbook
shown in FIG. 14, a  15 plurality of slits 44 having
the same width and length  over the entire length of
the front cover 32 are formed  at regular intervals,
and two slits 45 extending in the  width direction are
formed. The slits 44 reduce the  rigidity of the
portion of the front cover 32 other 20 than the
portion in which the LSI 15 is provided.  In contrast,
the two slits 45 are formed around the  mounting
portion of the LSI 15 so as not to transmit  a bending
force to the LSI 15. The slits 41 to 45  shown in
FIGS. 11 to 14 may also be filled with a resin 25
having an elasticity modulus lower than the core
sheet 4. As described above, in the invention, the
second - 13  



portion of the card body 8 other than the first
portion  of the body including the LSI-mounted portion
is made  to have a lower rigidity than the first
portion.  Accordingly, when a bending force is exerted
on the 5 card body 8, the second portion is greatly
bent, which  prevents bending stress from occurring in
the LSI 15  located in the first portion, i.e.,
protects the LSI 15  from breakage. The present
invention is not limited to the above- 10 described
embodiments, but may be modified in various  way
without departing from the scope. Further, various
inventions can be achieved by appropriately. combining
the structural elements disclosed in the embodiments.
For example, some may be deleted from the structural
15 elements disclosed in the embodiments. Furthermore,
structural elements employed in different embodiments
may be appropriately combined. For instance, in the
above-described embodiments,  the holes 14 or slits
serving as rigidity adjusting 20 means for making the
rigidity of the second portion of  the card body 8
lower than that of the first portion  are formed in
the core sheet 4. However, a plurality  of grooves
with bottoms may be formed in the same region as the
above. In addition, as shown in FIG. 15,  25 the
second portion of the core sheet 4 of the card body  8
may be made thinner than the first portion to reduce  



the rigidity. In particular, it is desirable that the
14  second portion of the layer of the card body 8
that has  the highest rigidity be made thinner than
the first  portion of the same layer to reduce the
rigidity. of the  second portion. 5 Although in the
embodiments, the card body 8 has  three layers, it may
have four or more layers. It is  sufficient if the
rigidity adjusting means, which is  formed of, for
example, the holes 14, is provided in at  least one
layer. LLOYD WISE  15  WHAT IS CLAIMED IS: 1. A
portable electronic device comprising: a front cover
including a first portion, a second  5 portion other
than the first portion, and rigidity  adjusting means
for making the second portion have  rigidity lower
than the first portion, the first  portion including
an LSI-mounted portion, the rigidity  being against a
bending force exerted on the portable  10 electronic
device; a plurality of middle paper sheets; and a
binding portion which bind the front cover and  the
middle paper sheets at one side; wherein the front
cover is bound with the first  



15 portion located closer to the binding portion than
the  second portion. 2. The portable electronic device
according to  claim 1, wherein the rigidity adjusting
means includes  a plurality of holes formed in the
second portion. 20 3. The portable electronic device
according to  claim 2, wherein the holes are filled
with a material  lower in rigidity than a material
defining the holes. 4. The portable electronic device
according to  claim 1, wherein the rigidity adjusting
means includes  25 a plurality of slits formed in the
second portion. 5. The portable electronic device
according to  claim 4, wherein the slits are located
further from the LLOYD WISE  - 16  binding portion
than the LSI-mounted portion. 6. The portable
electronic device according to  claim 1, wherein the
second portion is thinner than the  first portion, and
is included in the rigidity 5 adjusting means. 


