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DESCIUPTIOM 

DISPLAY ONIT STRUCTURE FOR ~LECTRONIC 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 predetermined 

wavelength. 

DESCRI:l?TI:ON OF '.l!H!: BACKG.ROOND AR'I' 

Recently, a solar battery has been significantly 

improved in technologies and been widely used for various 

electronic devices as the light sotirce for electronic 

watches, ele.ctronic calcul.ators, po.ctable radios, and the 

J.ike. 

As such a solar battery, an amorphous solar battery 

produced .by applying amorph.ous 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 el.e·=tronic watch as shown 

in ~igures 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 a polycarbonate or acryl. 

resin is laminated on the insulating band 3 and solar eel.ls 

2, and a commercial name, characters 5 for displaying time, 
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and the like are displayed 9n the transparent plane 4 by 

printing or tne like. Incidentally, it is important that 

electronic watches provided with a display unit structure 

of this type not only have excellent functions but also 

exhibit an exce~lent appearance. 

However1 in conventi.onal displ.ay unit structures for 

electronic watches, the solar cell$ 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. Al.so, 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 product quality is also 

degraded. 

There is a display unit structure fo:r an electronic 

device disclosed· in Japanese Patent Publication No. 

38464/1993 to solve the above problems. 

This display unit structure for an electronic device 

comprises a sol.ar battery for supplying power to a movement 

for driving a de'trice, a color filter capable of transmitting 

a light of a wa'trelenqth contributing to powe;r: 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 l.ayer is, fo_r example, made of an 

acrylic opaque plate, produced by applying a delustering 

cl.ear 1.acquer on a half mirror 1 or p.t:ocluced 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 ekam.pie, a metal1ic color which exhibits a 

high-cl.ass appearance cannot be provided. On the other hand, 

in the latter scattering layer, the light transmission 

"Varies and a color shade occurs due to u.neven layer thickness. 

As a result, the display unit cannot be provided with the 

desired color tone, causing the problem 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 having a 

predetermined wavelength is scatter.~d in all. 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 sight but also from aJ.l directions . The 

transmittable light trans!erred to a soiar battery is 

reduced and hence the utilization efficiency of the light 

is 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 light having a p.z::edetermined wavelength and the 

virt:ual mirror plane of the hologram l.ayer is located in a 
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position which allows the virtual mirror 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. 

D~SCLOS'OIU: OF THE INVEN~~ON 

The above objects can be attained in the present 

invention by the provision of a display unit structure for 

an electronic device comprising a d.:i.splay unit including a 

hologram layer provided ~ith.a virtual mirror plane for 

reflect:ing a light having a predeter.mined wavelength, with 

the virtual mirror plane of the holc::igra.m layer located in 

a po_sition which allows the v-i.:ctual mirror. plane of the 

hologram layer to be inclined to the f'ront a.nd back surfaces 

of the hologram layer. 

By these measures, when an obseJ:ver arranges the line 

of sight on the path of the light having a predetermined 

wavelength reflected on the virtual mirror plane of the 

ho1og~am layer, the light having the predetermined 

wave1ength reaches the observer, whereas lights of 

wavelengths other than the specific :ength penetrates the 

hologram layer. 

BRIEF DESCRIPTION OF ~HE D~w.INGS 

Figure l is a vertical sectional view of a main portion 

of 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 section.al view !or explaining 

incident lights, reflecting lights, and transmitting lights 

relating to the display unit structure for the electronic 

de~ice corresponding to the first embodiment. 

Figure 4 is a vertical sectional view of a m.ain portion 

of an interna1 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 znov~ment a~d the like are omitted. 

,.Figure 5 is a vertical sectiona:L vie\¥ showing the case 

where a watch with electro luminescence illumination 

incorporates a display unit structu.re :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 watcJ'l is incorporated in a 

display unit structure for the electronic device 

correspondi.ng to a fourth embodiment, in which the internal. 

structure of the movement and the like are omitted. 

Figure 7 is a vertical sectional 'riew showing a display 

unit structure for the el.ectronic de'\rice 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 sectional view show-ing 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. 

Figure 9 is a top plan view ot a main portion of a wrist 

watch provided with a conventional display unit structure 

for an electronic device. 

Figure l 0 is a vert.ical sectional view of a conventional 

display unit structure for an electronic· device. 

DE'rAILED·DESCRIP~:rON OF 'l?KE INVENTI:ON 

ANP PREFERRED EME.OD~S 

The present in'7ention will. now J:.e exp1ained in detail. 

Figure 1 is~ vertical sectional view of a :main portion 

of an internal mechanism of a wrist watch provided with a 

display unit structure for the elec~ronic device 

corresponding to a first e:mbod.im.ent, Figure 2 is a v-ertical 

sectional '7iew of the display unit structure for the 

electronic aev.ice corresponding to the first embodiment, and 

Figure 3 is a vertical sectiona1 view fc)r explaining incident 

lights, reflecting lights, and transmitting lights rel.ating 

to the display unit structure for the electronic device 

corresponding to ·the first embodiment. 

In these figures, the symbol 11 represents a case 

band/case body made of a metal or a synthetic resin, which 

is formed entirely from a cylindrical material with both ends 

open. .An internal fJ.ange 12 havinq flange ends l2a, 12b and 

projecting in the radial direction of the case band/case body 
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is integrated with the internal p~ripheral surface close 

to one of the o.penings {the upper •:>pening 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 qlass 13 is 

installed inside the openings of the case band/case body so 

that its periphery is connected to the flange end 12a. 

The symbol 14 represents a case back made of a metal 

or a synthetic resin. The case back 14 is made of a 

non-transparent material and has a lid body 14a facing the 

other opening end (below in the Figures) of the case band/case 

body ll and an engaging part l4b ~acing the inside of the 

other opening of the case band/case :t·ody 11. The case back 

14 is instailed in the other opening 0£ the case band/case 

body 11 ~ia a case back packing 10 . 

. The symbo1 15 represents a movement for rotating the 

hands. The movement 15 consists of a step motor 15a, a 

decelerating train wheel (not sho~), and the like and is 

held in the case band/case body 11 via. a casing ring/casing 

frame 16. 

The symbol 17 represents a hand display unit for 

anal.ogous.ly indicating time. The ha11d display unit 17 

includes a minute hand 18 and an hou:r: hand 19 which are a 

hour hand and a minute hand respectivel.y. 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 

\Tariably. 

The symbol 22 represents a sclar cell for supplying 

power to the step motor 15a 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 a circuit subst:::-ate 23 equipped with a 

shaft insertion hole 23a. In the center of the solar cell 

22, a shaft insertion hole 22a is provi.ded opening both upward 

and down ward (in the axial direction of the wheels & pinions 

20, 21). This solar ce1l 22 comprises a metal plate {not 

shown) :formed of a SUS ~ateri.al. or the like and an a.mo.t:phous 

si.licon layer {not shown) formed on the metal plate by vapor 

deposition or the like. Electric power generated in the 

solar cell. is stored in a secondary battery or in a condenser 

(neither are shown) for a while. 

The symbol. 24 represents a display rn.echanism incl.uding 

the hand disp1ay 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 so1ar cell. 22. 

The transmission-type reflecting· plate 25 is composed 

of a base layer 27 provided with a shaft insertion hole 27.a 

communicating with the shaft insertion hole 22a in the center 

thereof and a hologram layer 28 prov~ded 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 p.1.aced at the side opposite to the 

movement on the solar cell 22 and is fo:r:med entirely from 

a transparent material made or a synthetic resin such as 

polyester or polyethylene terephthalate. By these 

structures, the incorporation of the transmission-type 

ref1ecting plate 25 into the display mechanism 24 and the 

handling of the solar cell 22 can be simply performed. 

The hologram layer: 28 i.s formed of a volume type hologram 

(Lippman type hologram) and. is laminated on the base layer 

27 at the side of the hands. This h.olog.ram _layer: ~8 is 
. . 

positioned at an inclination with respect to the surface 28.b 

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 1ights a_ and re£lects only 

a 1.ight 121. having a predetermined w-a~·elength in a specific 

direction. 

Specifica1ly1 the hologram layer 28 is dependent on the 

wavelength and on the angl~ of reflect~~on. Because of this, 

among the i:p.cident lights .a from a light source 31, only the 

light hl having a predetermined wavelength is reflected onto 

the virtual mirror plane 29 in a specific direction which 

never coincides with the directions of the paths of surface 

reflecting lights 1:l2. and l:2l which are each shown as a dotted 

line in Figure 3 and reach an observ-er 32. Also, the hologram 
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layer 2B has light transmittability and hence, as the solid 

line shown in Figure 3, a light~ of the wavelength other 

than the wavelength l2.l penetrates the transmission-type 

reflecting plate 25 and reaches the solar cell 22. 

On the other hand, the coating layer 26 is provided. with 

a shaft insertion hole 26a communi=ating with the shaft 

insertion hole 28a and is, as shown in Figures 2 and 3, 

attached to the holoq:cam layer 28 at the hands side via an 

adhering layer 33. The coating layer 26 is formed entire1y 

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 

ho~ogram. layer 28 are increased an~ also the incorporation 

of the transmission-type reflecting plate 25 into the 

display mechanism 24 can be simply peJ::fo.:rmed. 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, 

hologram layer 28, solar cell 22, and circuit substrate 23. 

In such a display unit structur~ for an electron~c 

device, when the incident light a fron the light source 31 

penetrates the coating layer 2 6 and enters into the hologram 

layer 28, the light ..bl. having 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 ot 

the liqht l:2.l having a predetermined wavelength, the light 

~ having a predetermined wavelength reaches the observer 

32 and is viewed as the iight 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 the path of the J.igbt .bl., the 1.ig.h.t 1:2.1. never reaches the 

observer 32. 

Accordingly, the solar cell 22 c::an be shielded so that 

it is not viewed from the hands side and also a desired color 

tone for the display unit Ctransmi~sion-type reflecting 

pl.ate 25) can be obtained, whereby the deg~ee of freedom in 

designing the appearance can ~e increased. 

on the other hand, the light M of a wavelength other 

than the wavelength l:2l. penetrates the hologram layer 28 and 

base layer 27, reaches the solar cell 22, and is utilized 

for power generation of the s~lar cell 22. The generated 

power is supplied to the movement 15 via a condenser (not 

shown) to drive the movement 15 and 1:herehy to rotate the 

wheels & pinions 20, 21. 

Therefore, the incident J.ight whi-::h enters the hologram 

layer 28 never scatters in all directions to result in an 

increase in the light entering the hol.ogram. l.ayer 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 ;:2,l) which allows the 

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

Next, a second embodiment will be illustrated i..rith 

reference to the drawing. 

Figure 4 is a vertical section<::~l view of a main portion 

of the internal :mechanism of a wrist watch provided ~ith 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 (exciuding the s·olar cell) / therefore 

deta.iled 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 symb~l. 41 

i.s similar to the solar cell 22 in th1: first embodiment and 

includes a metal plate 42 formed of a SUS material or the 

like and of an amorphous silicon layer 43 £o:cmed on the metal 

plate 42 by vapor deposition 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 connecting with a 

terminal 23a of a circuit substrate 23 via a cornpressed coil 

spring 44 is formed in the solar cell 41. 

In such a display unit structur.9 for an electronic 

device, when the incid.ent light .a frot:t the light source 31 

enters a transmission-type reflecting plate 25 (hologram 

layer) , a light :b.l is refl.ected. on the virtual mi.:rro.r plane 

29 and a light M. of the wavelength other than a wavelength 

.bl. penetrates the transmission-type rel:l.ecting pl.ate 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 

refer~nce to the drawing. 

Fiqu.re 5 is a vertical sectiona.l view showing the case 

where a watch with electro luminesc:::ence illumination 

incorporated in a display unit structure for an electronic 

device corresponding to a third embod.im.ent,'-in which the same 

or equivalent :materials as those it Figures 1 and 2 are 

represented by the same symbols, thereby detailed 

descriptions a~e omitted. Also, in Figure 5, the internal 

structure o~ the movement and the like are omitted. 

In Figure 5, the symbol 51 represents· a~ electro 

l umines c;:ence panel. Wheels & pinions 2 D, 21 C shown in Figu.re 

1) are inserted. into the center of the electro luminescence 

panel 51 which is di~posed between a movement 15 and a 

transmission-type reflecting plate 25. The eiectro 

luminescence panel 51 includes upper and lower circular 

transparent sections 52, 53 made of a synthetic :resin, which 

face each other at a specific interval in a vertical direction 

(the axial direction of the wheeJ.s & pinion s 2 0, 21) , inner 

and outer cylindrical seal materials 54, 55, ~h1ch extend 

inner and outer peripheries of the transparent mate.rials 52, 

53 respectively, and a fluor:escent bod.y 56 of zinc sulfate 

or the J.ike which is imposed. between both of the sealing 

mater1als 54, 55 and. both of the transparent sections 52, 
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53. The electro luminescence pane1 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 electro 1uminescence p.anel 51 can be shielded 

so that it is not viet.fed from the hands side. Also a desired. 

color tone for the display unit (transmission-type 

refJ.ecting plate 25) can be obtainec, whereby the degreE! of 

freedom in designing the appearanc1; can he increased. 

Next, a .fourth embodiment wil:L be described with 

re·ference to the drawing . 

.E'igure 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 

equivalent materials as those in ~i~ures l and 2 are 

represented by the same symbols, thi;refore detailed 

descriptions are omitted. Also, in Figure 6, the internal 

structure of the movement ~d the i:_ke are omitted. 

In Figure .. 6, the sy.mbol 61 represents a metai plate 

inciuding a shaft insertion hole 6la into which wheels & 

pinions 20, 21 are inserted.. The metal plate 61 is disposed 

between a movement 15 and a transmission-type reflecting 

plate 25 . 

.Also, different from the embodiments shown in Figure 

l and 5 an auxiliary display unit 62 including characters, 

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

In such a display unit structure for a.n electronic 

device, the internal structure of a watch can be shielded 

so that it is not viewed from the hands side. Also, a desired 

col.or tone fo_r the display unit (transmission-type 

:reflecting plate 25) can be obtained, whereby the degree of 

freedom in designing the appearance can be increased. 

Next, a fifth embodiment will. be described ~ith 

reference to the drawing. 

Figure 7 is a vertical sectionaJ. view showing a display 

unit structure for an electronic dev·ice corresponding to a 

fifth embodiment, in which the same er equiva·J.:ent materials 

as those in Figure 6 are represented by the same symbols, 

therefore detailed descriptions are omitted. 

In Figure 7, the symbol 71 represents a coating layer 

which constitutes part of a display mechanism 24. The 

coating layer il is provided. with a shaft insertion hole 71a 

communicating with a shaft insertion 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 layer 26 in the first embodiment or 

of a transl.ucent material. A circular wall 7lb covering the 

outer periphery of a transparent reflecting plate 25 is 

integrated with the outer periphery o.t: 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. 
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In such a display unit structure for an electronic 

device, a metal pl.ate 61 and the l.ike can be shiel.ded so that 

it j_s not viewed from the outside. Also, a desired color tone 

:for the display unit (transmission-type reflecting plate 25) 

can be obtained, whereby the deg:r;ee of freedom in designing 

the appearance can be increased. 

Incidentally, though the case where the vi.rtua.l mirror 

plane 29 is single is shown in each snnbodiment, a plurality 

of vi.rtual mirror planes is provided in qeneral as shown in 

Figure 8 (sixth embodiment) . When the observer 32 arranges 

the line of sight on the path of t:'le light hl. having a 

predetermined wavelength reflected on the virtual mirror 

plane 2~, the light.bl. ha"7ing a predetermined wa"7elength can 

be viewed as a light of a specitic color. 

INDUSTar.AL APPLI:CABILI:~Y OE' TEE ::.tNVENsrJ:ON 

As is clear from the aboye illustrations, the display 

unit structure for an electronic device corresponding to the 

present invention can be used for display unit structures 

for va:rious electronic devices such as electronic watches, 

electronic calculators, portable radios, and the like .. 
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WHAT IS CLAIMED IS; 

1. A display unit structure for an electronic device 

comprising a display unit includinc;;;· a hologram layer having 

a virtual mirror plane for reflecting a light having a 

predetermined wavelength, the virtual mirror plane of the 

hologram layer being positioned at an inc1ination with 

respect to the su:rface and back face of the hologram layer. 

2. The d.ispl.ay unit structure for an el.ectronic device 

according to Claim l, wherein a coating layer made of a 

synthetic resin is disposed on the surface of the hologram. 

layer. 

3. The d.isplay unit structure f':lr an electronic device 

according to Claim 1 or ~laim 2, wherein the coating layer 

is made of a synthetic resin 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 Claims 1 to 3, wherein patterns, marks, 

and characters are formed on the coating 1ayer. 

5. The display unit structure fer an electronic device 

according to any one of Claims l to ?., wherein the coating 

layer is made of a colored translucent mater~al. 

6. The display unit structure fo;c an electronic device 

according to any one of Claims 1 to 5, wherein a transparent 

base layer made. of a synthetic resic is disposed on the 

hologram layer at the side opposite to a display unit. 

7. The display unit structure fo:i:· an electronic device 

according to Claim 6, ~herein the movement includes a solar 
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battery, on which the transparent ::,ase layer is laminated. 

S. The display unit structure for an electronic device 

according to Claim 6, further comprising an electro 

luminescence element, the transpaJ:ent base layer being 

laminated on the electro luminescence element. 

9. The display unit structure l:or an electronic device 

according to any one of Claims 1 to 8, wherein the display 

unit is a hand display unit. 

l.O. The display unit structure for an electronic device 

according to any one of Cl.aims 1 to 9, wherein a side wal.l 

covering the side end surface of the hologram. 1ayer is 

installed at the edge portion of the coating layer. 
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