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DESCRIPTION
DISPLAY UNIT STRUCTURE FOR ZLECTRONIC DEVICE
FIELD OF THE INVENTION

This invention relates to a display unit structure for
an electronic device having a display unit which reflects
a light having a predetermined wavelength and transmits
lights other than the light having a praedetermined
wavelength.

DESCRIPTION OF THE BACKGROUND ART

Recently, a solar battery has been significantly
improved in technologies and been widely used for wvarious
electronic devices as the light source for electronic
watches, electronic calculators, portable radios, and the
like. |

As such a solar battery, an amorphous solar battery
produced by applying amorphous silicon to a glass substrate
or a metal substrate is generally used.

There is the case of using a solar battery of this type
in a display unit structure for an electronic watch as shown
in Figures 9 and 10.

As shown in Figures 9 and 10, this display unit has a
structure in which four solar cells 2 of a planar fan shape
are disposed on the periphery and over a movement 1, an
insulating band 3 is interposed between the solar cells 2,
a transparent plane 4 formed from 2 polycarbonate or acryl
resin is laminated on the insulating band 3 and solar cells

2, and a commexcial name, characters 5 for displaying time,
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and the like are displayed on the transparent plane 4 by
printing or the like. Incidentally, it is impertant that
electronic watches provided with a display unit structure
of this type not only have excellent functions but also

exhibit an excellent appearance.

However, in conventional display unit structures for
electronic watches, the solar cells 2 are a dark brown or
dark blue color so that the watch display is viewed as if
it has a dark brown or dark blue color. 3also, since the
insulating band 3 is interposed between the solar cells 2,
it'is viewed as a material with a planar cross shape. There
are substantial limitations to the design including the
color tone of the watches and the preoduct quality is also
degfaded.

There is a display unit st.ructure for an electronic
device disclosed in Japanese Patent Publication No.
38464/129383 to :solve the above problems.

This display unit structure for an electronic device
comprises a solar battery for supplying power to a movement
for driving a device, a color filter capable of transmitting
a light of a wavelength contributing to power generation of
the solar battery, and a scattering layer made of a white
scattering plate which transmits part of the light from the
color filter and scatters the remainder in all directions.

Here, the scattering layer is, for example, made of an
acrylic opaque plate, produced by applying a delustering

clear lacquer on a half mirror, or produced by roughing one
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of the surfaces, the other surface being laminated with
aluminum to form a mirror.

However, in these display unit structures for
electronic devices, the former scattering layer is seen as
a darkish white because it must partially transmit light,
whereby, for example, a metallic color which exhibits a
high-class appearance cannot be provided. On the other hand,
in the latter scattering layer, the light transmission
varjies and a color shade occurs due to uneven layer thickness.
As a result, the display unit cannot be provided with the
desired color tone, causing the proklem that the degree of
freedom in designing the appearance decreases.,

In addition, conventional display unit structures for
electronic devices are the type in which a light fxaving a
predetermined wavelength is scatte;r-ed in 2ll1 directions.
When an observer views a display unit, the scattered light
can be viewed not only from a specific direction along the
usual line of sighf but also from all dirxections. The
transmittable light tranéferred to a solar battery is
reduced and hence the utilization efficiency of the light
;i_s reduced.

Accordingly, the present invent.on has been achieved
in view of this situation and has an object of providing a
display unit structure in which a display device includes
a hologram layer provided with a virtual mirror plane for
reflecting a 1light having a predetermined wavelength and the

virtual mirror plane of the hol_oc.}ram layer is located in a
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position which allows the virtual mirroxr plane of the
hologram layer to be inclined to the front and back surfaces
of the hologram layer, thereby improving the degree of
freedom in designing the appearance and also improving the

light utilization factor.
DISCLOSURE OF THE INVENTION

The above objects can be attained in the present
invention by the provision of a display unit structure for
an electronic device comprising a display unit including a
hologram layer provided with a wvirtual mirror plane for
reflecting a light having a predetermined wavelength, with
the virtual mirror plane of the hologram layer located in
a position which allows the virtual mirror plane of the
hol-ogram layer to be inclined to the front and back surfaces
of the hologram layer.

By these measures, when an observer arranges the line
of sight on the path of the light having a predetermined
wavelength reflected on the virtual mirror plane of the
holeogram layer, the light having the predetermined
wavelength reaches the observer, whereas lights of
wavelengths other than the specific length penetrates the
hologram layer.

EBRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a vertical sectional view of a main portion
¢f an internal mechanism of a wrist watch provided with a
display unit structure for an electronic device

corresponding to a first embodiment, in which the internal
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structure of the movement and the like are omitted.

Figure 2 is a vertical sectional view of the display
unit structure of the electronic device corresponding to the
first embodiment.

Figure 3 is a vertical sectional view for explaining
incident lights, reflecting lights, and transmitting lights
relating to the display unit structure for the electronic
device corresponding te the first embodiment.

Figure 4 is a vertical sectional view of 2 main portion
of an internal mechanism of a wrist watch provided with a
display unit structure for the electronic device
corresponding to a second embodiment, in which the internal
structure of the movement and the like are omitted.

‘Figure 5 is a vertical sectional view showing the case
where a watch with electro luminescence illumination '
incorporates a display unit structure for the electronic
device corresponding to a third embodiment, in which the
internal structure of the movement and the like are omitted.

Figure 6 is a vertical sectional view showing the case
where an analogously indicative watch is incorporated in a
display unit structure for the electronic device
corresponding to a fourth embodiment, in which the internal
structure of the movement and the like are omitted.

Figure 7 is a vertical sectional view showing a display
unit structure for the electronic dewice corresponding to
a fifth embodiment, in which the internal structure of the

movement and the like are omitted.
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Figure 8 is a vertical sectionzl view showing a display
unit structure for the electronic device corresponding to
a sixth embodiment, in which the internal structure of the
movement and the like are omitted.

Figuze 9 is a top plan view of a main portion of a wrist
watch provided with a conventional display unit structure
for an electronic device. '

Figure 10 is a vertical sectional view of 4 conventional
display unit structure for an electronic device.

DETATLED DESCRIPTION OF THE INVENTION
AND PREFERRED EMEODIMENTS

The present invention will now ke explained in detail.

Figure 1 is a vertical sectional view of a main poxrtion
of an internal méchanism of a wrist watch prdvided with a
display unit structure for the electronic device
corresponding to a first embodiment, Figure 2 is a vertical
sectional view of the display unit structure for the
electronic device corresponding to the first embodiment, and
Figure 3 is a vertical sectional view for explaining incident
lights, reflecting lights, and transmitting lights relating
to the display unit structure for the electronic device
corresponding to ‘the first embodiment.

In these figures, the symbol 1l represents a case
band/case body made of a metal or a synthetic resin, which
is formedentirely froma cylindrical meterial with both ends
open. An internal flange 12 having flange ends 12a, 12b and

pProjecting in the radial direction of the case band/case body
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is integrated with the internal psripheral surface close

to one of the openings (the upper opening in the Figures)

of the case band/case body 11.

The symbol 13 represents a glass made of glass or a
synthetic resin and formed entirely from a transparent
material of a circular shape in section. The glass 13 is
installed inside the openings of the ¢ase band/case body so
that its periphery is connected to the flange end 1l2a.

The symbol 14 represents a case back made of a3 metal
or a synthetic resin. The case back 14 is made of a
non-transparent material and has a 1id body 14a facing the
otr;er. opening end (below in the Figures) of the case band/case
body 11 and an engaging part 14b facing the inside of the
othez': opening of the case band/case kody 11. The c¢ase back
14 is installed in the other opening of the case band/case
beody .11 via a case back packing 10.

.The symbol 15 represents a movement for rotating the
hands. The movement 15 consists of a step motor 15a, a
decelerating train wheel (not shown), and the like and is
held in the case band/case body 11 vie a casing ring/casing
frame 16. |

The symbol 17 represents a hand display unit for
analogously indicating time. The hand display unit 17
includes a minute hand 18 and an hour hand 19 which are a
hour hand and a minute hand respectively. The hand display
unit 17 also includes a center wheel & pinion 20 and an hour

wheel & pinion 21 which are respectively drive shafts for
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the minute hand 18 and the hour hand 19. The hands 18, 19
is rotated by driving the movement 15 to indicate time
variably.

The symbol 22 represents a sclaz cell for supplying
power to the step motor l5a for driving the movement. The
solar cell 22 is disposed between the flange end 12b of the
inside flange 12 and the movement 15 and is connected to the
movement 15 through 2z circuit substrate 23 equipped with a
shaft insertion hole 23a. In the center of the solar cell
22, ashaft insertionhole 22a is provided opening both upward
and down ward (in thé axial direction of the wheels € pinions
20, 21). This solar cell 22 comprises a metal plate (not
shown) formed of a SUS material or the like and an amorphous
siliéon layer (not shov;m) formed oﬁ the metal plate by vapoxr
deposition or the like. Electric power genen-:ated in the
solar cell is stored in a secondary bal:tery oxr in a condenser
(neither are shown) for a while.

The symbol 24 represents a display mechanism including
the hand display'unit 17. The display mechanism 24 also
includes a transmission-type reflecting plate 25 and a
coating layer 26 and disposed at the side opposite to the

movement on the solar cell 22,

The transmission-type reflecting plate 25 is composed
of a base layer 27 provided with a shaft insertion hole 27a
communicating with the shaft insertion hole 22a in the center
thereof and a hologram layer 28 provided with a shaft

insertion hole 28a communicating with the shaft insertion
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hole 27a of the base layer 27. The transmission-type
reflecting plate 25 is disposed at the side of the solar cell
on the inner flange 12. '

The base layer 27 is placed at the side opposite to the
movement on the solar cell 22 and is formed entirely from
a transparent material made of a synthetic resin such as
polyester or polyethylene terephthalate. By these
structures, the incorporation of i:he transmission-type

reflecting plate 23 into the display mechanism 24 and the

.handling of the solar cell 22 can be simply performed.

The hologram layer 28 is formed of a volume type hologram
(Lippman type hologram) and is laminated on the base layer
27 at the side of the hands. This hologram layer 28 is
positioned at an inclination with respect to the surface 28b
and back face 28c of the hologram layer. Also, the hologram
layer 28 includes a virtual mirror plane 29 which, as shown
in Figure 3, receives incident lights A and reflects only
a light bl having a predetermined wavelength in a specific
direction.

Specifically, the hologram layer 28 is dependent on the
wavelength and on the angle of reflection. Because of this,
among the incident lights a from a light source 31, only the
light bl having a predetermined wavelength is reflected onto
the wvirtual mirror .plane 29 in a specific direction which
never coincides with the directions of the paths of surface
reflecting lights b2 and b3 which are each shown as a dotted

line in Figure 3 and reach an obsexver 32. Also, the hologram
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layer 28 has light transmittability and hence, as the solid
line shown in Figure 3, a light b4 of the wavelength other
than the wavelength bl penetrates the transmission-type
reflecting plate 25 and reaches the solar cell 22.

On the other hand, the ceoating layer 26 is provided with
a shaft insertion hele 26a communizating with: the sha.tft
insertion hole 28a and is, as shown in Figures 2 and 3,
attached to the hologram layer 28 at the hands side via an
adhering layer 33. The coating layer 26 is formed entirely
from a transparent or translucent material of a synthetic
resin such as polycarbonate, acrylate, polyester, or the
like. The light resistance and moisture resistance of the
hoelogram layer 28 are increased and also the incorporation
of the transmission-type reflecting plate 25 into the
display mechanism 24 can be simply performed. An auxiliary
display unit 34 (shown in Figure 1) including characters,
patterns, marks, and the like, which constitutes a display
unit'other than the hand display unit 17 is formed on the
hand side of the coating layer.

In addition, the wheels & pinions 20, 21 are inserted
into each shaft insertion hole for the coating layer 26,
heologram layer 28, solar cell 22, and c¢ircuit substrate 23.

In such a display unit structure for an electronic
device, when the incident light a from the light source 31
penaetrates the coating layer 26 and enters into the hologram
layer 28, the light hl héving a predetermined wavelength is

reflected on the virtual mirror plane 29. At this time, if
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the observer 32 arranges the line of sight on the path of
the light bkl having a prédetermined wavelength, the light
bl having a predetermined wavelength rsaches the observer
32 and is viewed as the light of a specific color.

Here, when the observer 32 alters a sight point or the
position of a watch, thereby to disarrange the line of sight
on Ehe path of the light pbl, the light bl never reaches the
cbserver 32.

Accordingly, the so;ar cell 22 can be shielded so that
it is not viewed from the hands side and also a desired color
tone for the display unit (transmission-type reflecting
plaée 25) can be obtained, whereby the degree of freedom in
designing the appearance can be increased.

On the other hand, the light b4 of a wévelength other
than the wavelength hl penetrates the hologram layer 28 and
base layer 27, reaches the solar cell 22, and is utilized
for power generation of the solar cell 22. The generated
power is supplied to the moveﬁent 15 via a condenser (not
shown) to drive the movement 15 and thereby to rotate the
wheels & pinions 20, 21.

Therefore, the incident light which enters the hologram
layer 28 never scatters in all directions to xesult in an
increase in the light enfering the hologram layer 28, whereby
the light utilization efficiency can be promoted.

In addition, the observer 32 arranges the line of sight
in the direction (the path of lights 21) which allows the

hand display unit 17 to be viewed so that the time can be
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read.

Next, a second embodiment will be illustrated with
reference to the drawing.

Figure 4 is a vertical sectionzl view of a main portion
of the internal mechanism of a wrist watch provided with a
display unit structure for an electronic device
corresponding to a second embodiment, in which the same or
equivalent materials as those in Figure 1 are represented
by the same symbols (excluding the solar cell), therefore
detailed descriptions are omitted and, also, in Figure 4,
the internal structure of the movement and the like are
omitted. _

In Figure 4, a solar cell represented by the symbol 41
is similar to the solar cell 22 in the first emb.odiment and
includes a metal plate 42 formed of a SUS material or the
like and of an amorphous silicon layer 43 formed on the metal
plate 42 by vapor depcsition or the like. The solar cell
41 is supported in a case band/case body 11 via a casing
ring/casing frame 16. An electrode 4la cornnecting with a
terminal 23a of a circuit substrate 23 via a compressed coil

spring 44 is formed in the solar cell 41,

In such a display unit structure for an electronic
device, when the incident light & from the light socurce 31
enters a transmission-type reflecting plate 25 (hologram
layer), a light bl is reflected on the virtual mirror plane
29 and a light b4 of the wavelength other than a wavelength

Rl penetrates the transmission-type reflecting plate 25 and
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reaches the solar cell 41. Therefore, a degree of freedom
in designing the appearance can be increased in the same
manner as in the first embodiment.

Next, a third embodiment will be described with
reference to the drawing.

Figure 5 is a vertical sectional view showing the case
where 2 watch with electro luminescence illumination
incorporated in a display unit structure for an electronic
device corresponding to a third embodiment, in which the same
or eguivalent materials as those ir Figures 1 and 2 are
represented by the same symbols, thereby detailed
descriptions are omitted. Alse, in Figure 5, the internal
structure of the movement and the like are omltted

In Flgure 5, the symbol 51 represents an electro
luminescence panel. Wheels s pinions 20, 21 (shown in Figure
1) are inserted into the center of the electro luminescence
panel 51 which is disposed between = movement 15 and a
transmission-type reflecting plate 25. The electro
luminescence panel 51 includes upper and lower circular
transparent sections 52, 53 made of a2 synthetic resin, which
face each other at a specificinterval in a vertical direction
(the axial dire;:tion of the wheels & pinion s 20, 21), inner
and outer cylindrical seal materials 54, 55, which extend
inner and outex peripheries of the transparent materials 52,
53 respectively, and a fluorxescent body 56 of zinc sulfate
or the like which is imposed between both of the sealing

materials 54, 55 and both of the transparent sections 52,
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53. The electro luminescence panel 51 emits light by the

application of an a.c. voltage, whereby a hand display unit

17 is illuminated.

In such a display unit structure for an electronic
device, the electrc luminescence panel 51 can be shielded
so that it is not viewed from the hands side. Also a desired
color tone for the display unit (transm'.ssion-typ_e
reflecting plate 25) can be obtained, whereby the degree of
freedom in designing the appearancs can be increased.

Next, a fourth embodiment will be described with
reference to the drawing.

Figure 6 is a vertical sectional view showing the case
where an analogously indicating watch is incorporated with
a display unit structure for an electronic device
corresponding to a fourth embodiment, in which the same or
equivélent méterials as those in Figures 1 and 2 are
repreéented by the same symbols, therefore detailed
descriptions are omitted. Also, in Figure 6, the internal
structure of the movement and the l:ke are omitted.

In T_-‘igu._re.- 6, the symbol €l represents a metal plate
including a shaft insertion hole 6la into which wheels &
pinion s 20, 21 are ins.erted. The metal plate 61 is disposed
Detween a movement 15 and a transmission-type reflecting
plate 25.

Also, different from the embodiments shown in Figure
1 and 5 an auxiliary display unit 62 including characters,

patterns, marks, and the like is integrally formed with and
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over the entire surface of a coating layer 26.

In such a display unit structure for an electronic
device, the internal structure of a watch can be shielded
so that it is not viewed from the hands side. Also, a desired
color tone for the display unit (transmission-type
reflecting plate 25) can be obtained, whereby the degree of
freedom in designing the appearance can be inczeased.

Next, a fifth embodiment will be described with
reference to the drawing.

Figure 7 is a vertical sectional view showing a display
unit structure for an electronic device corresponding to a
fifth embodiment, in which the same cr equivalent materials
as those in Figure & are represented by the same symbols,
therefore detailed descriptions are omitted.

In Figure 7, the symbol 71 represents a coating layer
which constitutes bart of a display mechanism 24. The
coating layer 71 is provided with a shaft insertion hole 71z
communicating with a shaft insexrtion hole 28a and is attached
to a hologram layer 28 at the hands side via an adhering layer
33. The coating layer 71 is formed of the same transparent
material as the coating layexr 26 in the first embodiment or
of a translucent material. A circular wall 71b covering the
outer periphery of a transparent reflecting plate 25 is
integrated with the outer periphery of the coating layer 71
at the side opposite to the hands (below in Figure 7). The

light resistance and moisture resistance of a hologram layer

28 are further increased.

15

F-539



[ —
04:38PM  FROM-DONALDSON & BURKINSHAW

FEB-04-02

+85-536080¢ T-081  P.D20/028B

'In such a display unit structure for an electronic
device, a metal plate 61 and the like can be shielded so that
it is not viewed from the outside. Also, a desired color tone
for the displayunit (transmission-type reflecting plate 25)
can be obtained, whereby the degree of freedo;zin.designing
the appearance can be increased.

Incidentally, though the case where the virtual mirrox
plane 29 is single is shown in each smbodiment, a plurality
of virtual mirror planes is provided in general as shown in
Figure 8 (sixth embodiment). When the ocbserver 32 arranges
the line of sigﬁt on the path of the'light bl having a
predetermined wavelength reflected on the virtual mirror
plane 29, the light. bl having a predeternined wavelength can
be wviewed as a ligﬁt of a specific color.

INDUSTRIAL APPLICABILITY OF TEE INVENTION

As is clear from the above illustrations, the disblay
unit structure for an electronic device corresponding to the
present invention éan be used for display unit structures
for various electronic devices such as electronic watches,

electronic calculators, portable radies, and the like..
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1. A display unit structure for an electronic device

cémprising a display unit includinc a hologram layer having
a virtual mirror plane for refleciting a light having a
predetermined wavelength, the virtual mirror plane of the
hologram layer being positioned at amn inclination with
respect to the surface and back face of the hologram layer.

2. The display unit structure for an electronic device
according to Claim 1, wherein a coating layer made of a
synthetic resin is disposed on the surface of the hologram
layer,

3. The display unit structure for an electronic device
according to Claim 1 or Claim 2, wherein the coating layer
is made of a synthetic re-sin selected from a group consisting
of a polycarbonate resin, acryl resin, and polyester resin.

4. The display unit structure for an electronic device
according to any one of Claiﬁs 1l to 3, whereinpatterns, marks,
and characters are formed on the ceoating layer.

5. The display unit structure for an electronic device
according to any one of Claims 1 to £, wherein the coating
layer is made of a colored translucent material.

6. The display unit structure for an electronic device
according to any one of Claims 1 to 5, wherein a trxansparent
base layer made of a synthetic resir is disposed on the
hologram layer at the side opposite to a display unit.

7. The display unit structure for an electronic device

according to Claim 6, wherein the movement includes a solar

F-538



— T-081 P.022/028 F-538

-536080
FEB-04-02  04:38PM  FROM-DONALDSON & BURKINSHAW +65-5360809

: A

battery, on which the transparent base layer is laminated.,

8. The display unit structure for an electronic device
according to Claim 6, further comprising an electro .
luminescence element, the transparént bass layer being
laminated on the electro luminescence element.

9. The display unit structure for an electronic device
according to any one of Claims.l to 8, wherein the display
unit is a hand display unit.

10. The disﬁlay unit structure for an electronic device
according to any one of Claims 1 to 9, wherein a side wall
covering the side end surface of the hologram layer is

installed at the edge portion of the coating layex.
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