
TITLE OF THE INVENTION         ELECTRONIC DEVICE WITH ELECTROLUMINESCENT
PANEL                       BACKGROUND OF THE INVENTION              This
invention relates to an electronic device  5     with an electroluminescent
panel.              Electronic devices which have a display section
and a key operation section with a plurality of keys         (operation
switches) include a cellular phone, an         electronic calculator, a
liquid crystal TV, a radio  10     with a display capable of receiving a
teletext multi-         plex broadcast, etc. Some of the electronic devices
have a structure in which a light emitting diode (LED)         is arranged
on the rear surface of a transparent         operation panel. This LED
illuminates the key opera-  15     tion section through the panel to
facilitate the key         operation even in a dark place.
Since in the conventional electronic devices, the         LED performs
point emission, only that portion and         its vicinity of the panel, at
which the diode is  20     mounted, is illuminated.  This means that the
keys have         different brightnesses and hence do not have a good
appearance. Moreover, since the LED is attached to the         circuit
board by soldering, the attached portion         becomes locally thick.
This is inconvenient for  25     realizing a thin assembly.  In addition,
when the         display section comprises, for example, a liquid  



crystal display panel which requires a light source,
2-          light sources are necessary for both the key operation
section and the display section. As a result, the         wiring and the
mounting structure of the electronic         device become complicated,
which is a serious obstacle  5     in developing more compact electronic
devices.                      BRIEF SUMMARY OF THE INVENTION
It is an object of the invention to provide an         electronic device
simplifying the mounting structure         equipped with a display section
and an operation  10     section which both require illumination, to
thereby         reduce the size of the electronic device.              To
attain the object, there is provided an         electroluminescent
panel-attached electronic device         comprising: a display panel for
controlling transmis-  15     sion of incident light from an outside to
perform         display; an operation panel having an operation switch
and capable of substantially transmitting light through         at least a
portion thereof which requires illumination;         and a single
electroluminescent panel (hereinafter  20     referred to as "EL panel")
provided on a rear surface         of each of the display panel and the
operation panel         for illuminating the display panel and the
operation         panel.              Since in the above EL-attached
electronic device,  



25     the display panel and the operation panel can be         illuminated
by a single thin EL panel, the electronic         device with the display
panel and the operation panel
-3-          can have a simple mounting structure and hence a much
more compact size.              Preferably, in the EL panel-attached
electronic         device, the substantially overall rear surface of the
5     display panel is adhered to the EL panel by an adhesive.         As a
result, the vibration sound generated from the EL         panel can be
reduced. Further, the emission color of         the EL panel can be
adjusted by diffusing a pigment         into the adhesive.  10
More preferably, the EL panel-attached electronic         device further
comprises a flexible circuit board         electrically connected to the
display panel and the         operation panel, and the flexible circuit
board is         adhered to a rear surface of the EL panel by an  15
adhesive.  In this case, it is also preferable that the         EL panel is
flexible. As a result, an electronic         device is obtained in which
the display panel section         can be folded on the operation panel
section.              Further, the EL panel may have an  20
electroluminescent layer herein after referred to "EL         layer" formed
by diffusing fluorescent material powder         into a dielectric layer,
and a pair of electrodes  



holding therebetween the EL layer, and the EL layer may         be
selectively formed on the display panel and the  25     operation switch.
Yet preferable, in the EL panel-attached elec-         tronic device, the
display panel is a liquid crystal
-4-          display panel which includes a pair of substrates,        each
having electrodes and liquid crystal sealed        therebetween. In this
case, it is also preferable that        the pair of substrates of the
liquid crystal display  5     panel are flexible electrode substrates
obtained by         forming electrodes on flexible films.
Further preferable, in the EL panel-attached        electronic device, the
EL panel has an EL layer        formed by diffusing fluorescent material
powder  10     into a dielectric layer, and a pair of substrates
holding therebetween the EL layer, at least one of the         substrates
which faces the operation panel being         transparent, the substrates
having electrodes formed on         opposed surfaces thereof, a color
adjusting layer for  15     transmitting therethrough light of a desired
wavelength        being selectively formed on a predetermined portion of
a front surface or a rear surface of the transparent at        least one of
the substrates. As a result, multi-color        illumination can be
performed.  20          In addition, the structure of the EL panel- 



attached electronic device is applicable to a cellular         phone.
Another object of the invention is to simplify the         assembled
structure of an electronic device equipped  25     with a liquid crystal
display panel and another display         section which both require
illumination, to thereby         reduce the size of the electronic device.
-5-               To attain this object, there is provided an EL
panel-attached electronic device comprising: an EL         panel having an
EL layer held between a pair of         substrates which have electrodes
formed on opposed  5     surfaces thereof; a liquid crystal display panel
provided on a predetermined surface portion of the EL         panel, having
liquid crystal sealed between the         substrates, each provided with an
electrode, and         capable of controlling the transmission of light by
10    changing orientation of liquid crystal molecules; and         an EL
display section formed on a surface portion of         the EL panel other
than the predetermined surface         portion, the electroluminescent
display section         performing display by light emitted from the
electrolu-  15    minescent panel.              Since in the above
EL-attached electronic device,         the liquid crystal display panel and
another display         section can be illuminated by a single thin EL
panel, 



the electronic device with a plurality of display  20     sections
including the liquid crystal display panel can         have a simple
mounting structure and hence a much more         compact size.
Yet another object of the invention is to provide         a compact
electronic device including an operation  25     panel with a plurality of
operation switches which can         be uniformly illuminated in a dark
place.              To attain the object, there is provided an EL
-6-         panel-attached electronic device comprising: an
operation panel having a plurality of operation        switches and
substantially transmitting light through        at least a portion thereof
which requires illumination;  5     and an EL panel provided on a rear
surface of the        operation panel and formed by holding an EL layer
between a pair of substrates which have electrodes        formed on opposed
surfaces thereof, at least one of the        substrates which is positioned
on the side of the  10    operation panel being transparent.
Since in the above EL panel-attached electronic        device, the EL panel
uniformly illuminates the substan-        tially overall rear surface of
the operation panel, all        operation switches can be uniformly
illuminated and  15    therefore easily operated in a dark place.
In the above-described El panel-attached elec- 



tronic device, it is preferable to selectively provide        a color
adjusting layer for transmitting therethrough        light of a desired
wavelength, on a predetermined  20    portion of a front surface or a rear
surface of the        transparent at least one of the substrates. As a
result, the operation switches of the operation panel        can be
illuminated with light of any desired color,        which enhances the
commercial value of the electronic  25    device.             Additional
object and advantages of the invention        will be set forth in the
description which follows, and
-7-          in part will be obvious from the description, or may be
learned by practice of the invention.  The object and         advantages of
the invention may be realized and         obtained by means of-the
instrumentalities and combina-   5     tions particularly pointed out in
the appended claims.          BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE
DRAWING              The accompanying drawings, which are incorporated
in and constitute a part of the specification, illus-         trate
presently preferred embodiments of the invention,  10     and together with
the general description given above         and the detailed description of
the preferred embodi-         ments given below, serve to explain the
principles of         the invention.              FIG. 1 is a plan view,
showing part of a cellular 



15     phone to which the invention is applied;              FIG. 2 is a
sectional view, taken along lines A -         A of FIG. 1;
FIG. 3 is a sectional view, taken along lines B -         B of FIG. 1;  20
FIG. 4 is a plan view, showing an EL panel         incorporated in the
phone of FIG. I;              FIG. 5 is a plan view, showing a modification
of         the EL panel; and              FIG. 6 is a plan view, showing
another modifica-  25     tion of the EL panel.                  DETAILED
DESCRIPTION OF THE INVENTION              The embodiment of the invention
will be described                                         -8-          in
detail with reference to the accompanying drawings.             FIGS. 1 - 3
show an essential part of a cellular        phone to which the invention is
applied. The cellular        phone has a flexible circuit board 1. An EL
panel 2  5     is adhered to the front circuit board 1 by means        of
an adhesive member 3 formed of, for example, a        double coated
adhesive tape. The EL panel 2 has a        structure comprising a
transparent electrode 5 made of        ITO (Indium Tin Oxide), etc.
provided on the rear  10     surface of a flexible and transparent film
substrate 4        made of PET (Polyethylene Telephtalate), etc., an EL
layer 6 attached to the rear surface of the transparent 



electrode 5, formed by diffusing fine particles of        phosphor in a
dielectric layer, a back electrode 7 made  15    of carbon, etc. is
provided on the rear surface of the         EL layer 6, and a protective
film 8 provided on the         rear surface of the back electrode 7.
As is shown in FIG. 4, the EL panel 2 has a         structure in which a
predetermined gap 13 is provided  20     between an upper panel section 10
with an upper         emission area 9 and a lower panel section 12 with a
lower emission area 11, and a connecting portion 14         is provided at
a lower right portion of the lower         panel section 12. The connecting
portion 14 has two  25     connecting pins 15 connected to the transparent
electrode 5 and the back electrode 7 shown in FIG. 3.         The other
ends of the connecting pins 15 are connected
-9-         to connecting terminals (not shown) of the circuit        board
1.             A liquid crystal panel 21 is adhered to the upper.
emission area 9 of the EL panel 2 via an adhesive  5    member 22 formed
of, for example, a transparent double        coated adhesive tape. Since
the overall rear surface        of the liquid crystal panel 21 is adhered
to the upper        emission area 9, the vibration sound generated from the
EL panel 2 can be weakened. More specifically, the EL  10    panel 2
slightly vibrates and generates small sound 



during emission. This vibration is absorbed in the        adhesive members
3 and 22, thereby weakening the        vibration sound.              The
liquid crystal panel 21 has a structure in  15    which a pair of electrode
plates 23 and 24 are adhered        to each other via a seal member (not
shown) with their        electrode-formed faces opposed, and in which
liquid        crystal (not shown) is sealed between the electrode
plates. Each of the electrode plates 23 and 24 is  20    obtained by
forming an electrode of a predetermined        pattern on a glass substrate
(or a flexible resin film).        The lower end of the glass substrate 23
which is        located on the rear side projects from the lower end of
the front-side glass substrate 24. A semiconductor  25    chip 25
consisting of, for example, an LSI is mounted         on a projecting
portion of the glass substrate 23 for         driving the liquid crystal
panel 21, as is shown in                                         - 10 -
FIG. 1.             An operation panel 31 is mounted on the lower
emission area 11 of the EL panel 2. As is shown in        FIG. 3, the
operation panel 31 has a spacer 34 inter-  5     posed between two
transparent film substrate 32 and 33        and having the number of
openings or through holes 37        which correspond to the number of
operation keys or  



switches 35. When any key 35 on the front-side film        substrate 33 is
pushed by, for example, a finger, a  10    movable contact 36, which is
dedicated to the key, made        of, for example, ITO and provided on the
portion of the        rear surface of the front-side film substrate 33, in
the opening 37, is brought into contact with a pair of        stationary
contacts 38 made of, for example, ITO and  15    provided on the rear-side
film substrate 32 within a         corresponding opening 37 of the spacer
34. Thus, the         movable contact 36 electrically connects the
stationary         contacts 38. On the portions of the front surface of
the front-side surface, corresponding to the respective  20     keys 35,
desired letters, marks and/or symbols are         printed with paints of
the same or different colors.         Further, in this embodiment, the
operation panel 31 is         laminated on the EL panel 2 and fixed thereto
by means         of a case (not shown). Alternatively, the operation  25
panel 31 and the EL panel 2 may be adhered to each         other by an
adhesive. If in this case, the overall         rear surface of the
operation panel 31 is adhered to                     the EL panel, the EL
panel 2 is held between adhesives,         like the upper emission area 9,
with the result that         the vibration sound of the EL panel 2 can be
more         remarkably weakened.  5          Since in the above-described
cellular phone, the  



EL panel 2 as a plane light emitting source is provided        on the rear
surface of the operation panel 31, all keys        35 of the operation
panel 2 can be uniformly illumi-        nated in a dark place so that the
printed letters,  10    works and the like are clearly displayed.  This
means         that the cellular phone can have a good appearance.
Moreover, since the EL panel 2 is also attached to the         rear surface
of the liquid display panel 21, this panel         can be uniformly
illuminated, too. Furthermore, by  15     virtue of the EL panel 2, the
cellular phone can be        made thinner, lighter and more compact than
the        conventional one which uses an emission diode. In
addition, since the connection pins 15 are sufficiently        separated
from the liquid crystal panel 21, the  20     inverter circuit for
obtaining a voltage to be applied         to the EL panel 2 can also be
sufficiently separated         from the liquid crystal panel 21, thereby
minimizing         the adverse influence of the noise of the inverter
circuit upon the display panel.  25          The luminescent color of the
EL panel 2 can be         changed by changing a pigment to be diffused into
the         EL layer 6. In this case, the upper emission area 9
- 12 -          and lower emission area 11 of the EL panel 2 may be set
at the same color or different colors.             Furthermore, the EL
layer 6 of the EL panel 2 can  



be partially formed by printing. For example, as is  5     shown in FIG. 5,
an EL layer 6a can be selectively         formed on that portion of the
lower panel section 12 of         the EL panel 2, which corresponds to each
key 35 of the         operation panel 31 shown in FIG. 1. In this case, the
luminescent color can be changed, for example, in units  10     of one row
of the keys 35 by diffusing different         pigments into EL layers 6a
for corresponding key rows.              Although in the above embodiment,
a pigment or         pigments are diffused into the EL layer 6 of the EL
panel 2, the invention is not limited to this. Instead,  15    the pigment
may be diffused into the adhesive 22 which         adheres the liquid
crystal panel 21 to the El panel 2.         Further, like a modification of
the embodiment as shown         in FIG. 6, a color adjusting layer 39 made
of a         transparent resin material and doped with a desired  20
color pigment may be formed, by e.g. printing, on a         necessary rear
surface portion of the film substrate 4         of the EL panel 2 (in the
modification of FIG. 6, for         example, on that rear surface portion
of the film         substrate which corresponds to a center key 35a).  25
Alternatively, the color adjusting layer 39 may be         formed on a
desired front surface portion of the film         substrate 4.
- 13 -               Although in the embodiment, the overall rear 



surface of the liquid crystal display panel 21 is        adhered to the EL
panel 2 by the adhesive 22, only a        peripheral portion or
predetermined opposite side  5     portions of the rear surface of the
panel 21 may be        adhered to the EL panel 2.             Moreover, the
liquid crystal display panel 21 may        be formed by sealing liquid
crystal between flexible        film electrode substrates, which are
obtained by  10     forming electrodes on a pair of transparent flexible
film substrates. In the case of using the film         electrode
substrates, the resultant cellular phone can         be made thinner and
lighter than the case of using the         glass electrode substrates 23
and 24.  15          Further, if the EL panel is formed of a flexible
substrate and the circuit board is formed of a flexible         member such
as an FPC, the display panel section and         the operation panel
section are coupled such that they         can be folded on each other.  20
In addition, although in the embodiment, a single         EL panel
illuminates the liquid crystal display panel         and the operation
panel, the invention is not limited         to this. The invention is also
applicable to an         EL panel-attached electronic device equipped with
25     a plurality of display sections.  For example, one of         them
is a section of the liquid crystal display panel         and another one is
an electroluminescent display           



- 14 -          section which performs display by light emitted from
the EL panel. The electroluminescent display section        is formed on a
surface portion of the EL panel other        than a predetermined surface
portion where the liquid  5     crystal display panel is provided.  In this
case, the        EL panel with EL layers which are selectively formed is
preferably used.             The EL panel of the invention is not limited
to        the above-described one in which the EL layer is formed  10    of
a dielectric material mixed with fluorescent        material, but may
contain an organic material as an        emission material in the EL layer.
Additional advantages and modifications will         readily occur to those
skilled in the art. Therefore,  15    the invention in its broader aspects
is not limited to         the specific details and representative
embodiments         shown and described herein. Accordingly, various
modifications may be made without departing from the         spirit or
scope of the general inventive concept as  20     defined by the appended
claims and their equivalent.                                           -15-
CLAIMS              1. An electroluminescent panel-attached elec-
tronic device comprising: 



a display panel for controlling transmission of  5     incident light from
an outside to perform display;              an operation panel having an
operation switch and         substantially transmitting light through at
least a         portion thereof which requires illumination; and
a single electroluminescent panel provided on a  10     rear surface of
each of the display panel and the         operation panel for illuminating
the display panel and         the operation panel.              2. The
electroluminescent panel-attached         electronic device according to
claim 1, wherein the  15     substantially overall rear surface of the
display panel         is adhered to the electroluminescent panel by an
adhesive.              3. The electroluminescent panel-attached
electronic device according to claim 2, wherein a  20     pigment is
diffused in the adhesive.              4. The electroluminescent
panel-attached         electronic device according to claim 1, further
comprising a flexible circuit board electrically         connected to the
display panel and the operation panel,  25     the flexible circuit board
being adhered to a rear         surface of the electroluminescent panel by
an adhesive.              5. The electroluminescent panel-attached
- 16 -          electronic device according to claim 4, wherein the  



electroluminescent panel is flexible.              6.  The
electroluminescent panel-attached         electronic device according to
claim 1, wherein the  5     electroluminescent panel has an
electroluminescent         layer formed by diffusing fluorescent material
powder         into a dielectric layer, and a pair of electrodes
holding therebetween the electroluminescent layer, the
electroluminescent layer being selectively formed on  10     the display
panel and the operation switch.              7. The electroluminescent
panel-attached         electronic device according to claim 1, wherein the
display panel is a liquid crystal display panel which         includes a
pair of substrates, each having electrodes  15     and liquid crystal
sealed therebetween.              8. The electroluminescent panel-attached
electronic device according to claim 7, wherein the         pair of
substrates of the liquid crystal display panel         are flexible
electrode substrates obtained by forming  20     electrodes on flexible
films.              9. The electroluminescent panel-attached
electronic device according to claim 1, wherein the
electroluminescent panel has an electroluminescent         layer formed by
diffusing fluorescent material powder  25     into a dielectric layer, and
a pair of substrates         holding therebetween the electroluminescent
layer, at         least one of the substrates being transparent, the
- 17 -  



substrates having electrodes formed on opposed surfaces         thereof, a
color adjusting layer for transmitting         therethrough light of a
desired wavelength being         selectively formed on a predetermined
portion of a  5     front surface or a rear surface of the transparent at
least one of the substrates.             10. The electroluminescent
panel-attached elec-         tronic device according to claim 1, wherein
the         electronic device is a cellular phone.  10         11.  An
electroluminescent panel-attached elec-         tronic device comprising:
an operation panel having a plurality of operation         switches and
substantially transmitting light through         at least a portion thereof
which requires illumination;  15     and              an electroluminescent
panel provided on a rear         surface of the operation panel and formed
by holding an         electroluminescent layer between a pair of substrates
which have electrodes formed on opposed surfaces  20     thereof, at least
one of the substrates which is         provided on the side of operation
panel being transpar-         ent.             12. The electroluminescent
panel-attached elec-         tronic device according to claim 11, wherein
the  25     electroluminescent panel includes a color adjusting
layer selectively formed on a predetermined portion of         a front
surface or a rear surface of the transparent        



-  18  -          at least one of the substrates for transmitting
therethrough light of a desired wavelength.             13. An
electroluminescent panel-attached elec-         tronic device comprising:
5          an electroluminescent panel having a transparent
substrate, substrate, and an electroluminescent layer         held between
the substrates, the substrates having         electrodes formed on opposed
surfaces thereof;              a liquid crystal display panel provided on a
10     predetermined surface portion of the transparent         substrate
of the electroluminescent panel, having         liquid crystal sealed
between the substrates, each         having an electrode and capable of
controlling the         transmission of light by changing orientation of
liquid  15     crystal molecules; and              an electroluminescent
display section formed on a         surface portion of the
electroluminescent panel other         than the predetermined surface
portion for performing         display when illuminated by the
electroluminescent  20     panel.             14. An electronic device with
electroluminescent         panel, substantially as hereinbefore described
with         reference to the accompanying drawings.    


