"ELECTRONI C DEVI CE CROSS REFERENCES TO RELATED

APPLI CATI ONS The present invention contains subject
matter related to Japanese Patent Application JP
2006- 184688 filed in the Japan Patent O fice on July
4, 2006, the entire contents of which being

i ncorporated herein by reference. BACKGROUND OF THE
INVENTION 1. Field of the Invention The present
invention relates to el ectronic devices, and
particularly to an elEECTRONICGDEEECE hat is al | owed
to include a solar cell disposed on the backside of a
reflective display that displays characters, graphics,
and so on, with no variation in the power generation
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| BACKGROUND CF THE INVENTION
1. Field of the Invention

The present invention relates to electronic devices,
and particularly to an electronic device that is allowed
to include a solar cell disposed on the backside of a

reflective display that displays characters, graphics,

and so on, with no variation in the power generation

efficiency of the solar cell.
2. Description of the Related Art

When an electronic device is provided with a solar
cell, it is desirable for the solar cell to be provided
on an outside face of the electronic device for efficient
reception of irradiation light. However, when a small
electronic device is provided with a display and a solar

cell, the need to consider the arrangement of the display




provi ded-on an outside face of the small electronic
device. As a nethod for efficiently arranging a

di splay and a solar cell, there has been proposed

e.g. a nmethod in which, as shown in Fig. 1, an

el ectronic paper 1 enploying a polynmer network |iquid
crystal is enployed as a display and a solar cell 2

i s disposed on the backside of the electronic paper 1
(refer to e.g. Japanese Patent Laid-Qpen No.

200 1t1338X7H T SUMVERYL G THIEJUNVENTHONL sp tahe reeddst ity be
configuration exanple shown in Fig. 1, as shown in
Frgvi@ed ofn tdre @nitside dispd ayf artem sMallhes lesttecirioni ¢
paper 1, an area in which characters and graphics are
dwtick spl ayed (non-displaying area 11) allows the
transm ssion of irradiation light, while an area in

whi ch ehkakagkehsdafdrgedFhicienang drsphayed a display and
(displaying area 12) does not allow the transm ssion
Hfsoldr agiat,| ahdngMadWedeld@dssdde Id 9 method in
Therefore, sone extent of power generation efficiency

Rt B0 dial%n mid! be pbtaidned-due tuddie 1

irradiation |ight that transmits through the
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_é”ﬁfgﬂfg%rgﬂéugis&ﬂgi‘%@%¥ 2 is disposed on the backside

of the electronic paper 1 (refer to e.g. Japanese Patent

Laid-Open No. 2001-338273).

SUMMARY OF THE INVENTION

In the existing configuration example shown in Fig.
1, as shown in Fig. 2, of the entire display area of the
electronic paper 1, an area in which characters and
graphics are not displayed (non-displaying area 11)
allows the transmission of irradiation light, while an
area in which characters and graphics are displayed
(displaying area 12) does not allow the transmission of
irradiation light but reflects the light. Therefore, some
extent of power generation efficiency ({about 30 to 50%)
will be obtained due to the irradiation light that

.transmits through the non-displaying area 11 according to

the above-mentioned patent document.




generation efficiency changes dependi ng on the

di spl ayed content on the el ectroni c paper, and
therefore current control is difficult. Consequently,
the electronic device 1is designed in consideration of
the worst case regarding the power generation
efficiency. There is a need for the present invention
to allow a solar cell to be disposed on the backside

of a display in such a manner that the displayed

cont entlievdts  idi spliay dwisstiond mfdthete tWre tdrevguower
generation efficiency of the solar cell. According to
oerepaboon neffiofenbe phaseas déepwedingnont tiee edisplayed
provi ded an el ectronic device that includes a solar
cehtecondn gtitedet ©cbeonnt epaper ) nnidietha@bsHspéi @rrent
efficiency for light having a predeterm ned

veetengt &, danti @:1ef | exdrsenudiraplgy teenfdigdaedie device
carry out displaying by reflecting light having the

D& egles g Addeth Zayes east i and &f | oye therd ¢ ansgd 3§é@£‘r&ing
l'ight other than |ight having the predeterm ned

VR b o hyerdbiea t B5h eCtE Ve displ ay is disposed on an
out si de face of the device package, and the solar cel

R 0 M R i ot s aion
£OOEL et L1 & NS PEESSILd WEVAL b s 188 5P &7 a8 ay
in such a manner that the displayed content on the
display has no influence on the power generation
efficiency of the solar cell.

According to one embodiment of the present
invention, there is provided an electronic device that
includes a solar cell configured to be inferior in the

absorption efficiency for light having a predetermined

wavelength, and a reflective display configured to carry

out displaying by reflecting light having the

predetermined wavelength and allow the transmission of

-light other than light having the predetermined
wavelength. The reflective display is disposed on an
outside face of the device package, and the solar cell is
disposed on the backside of the reflective display.

In the electronic device according to one

embodiment of the present invention, on the solar cell




that is inferior in the absorption efficiency for

light having a predeterm ned wavel ength and is

di sposed on the backside of the reflective display
that carries out displaying by reflecting the |ight
havi ng the predeterm ned wavel ength and all ows the
transm ssion of |ight other than the |ight having the
predeterm ned wavel ength, |ight other than the |ight
~having the predeterm ned wavel ength that has passed
thabugh théerief| éutihe abspipylion e¢htidesmmcy whdchlight
| eads to power generation. One enbodi nent of the
hbaeseqtai pvedétermahédvBavelandtan ardl i$odbepdisposedche
on the backside of a display in such a nmanner that
bhekdi dpl ayedheont ehéconve hei sk 5py ayhahasanoi énfduence
on the power generation efficiency of the solar cell

BRE R PESER PTHEN &Ft T DRAW NGS: Fhgvidgisha bl ock
di agram show ng an existing configuration exanple of
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generating elenent; Fig. 2 is a diagramfor explaining

ih&poa\@mer 9@1@&5 aElhé’nlfr_fﬂﬁtE Ch BN, I hd her COOEL S @t d on
exanple of Fig. |; is a bl ock di agram show ng
ﬁb@éiéﬁgt , 1ight other than the light having the
predetermined wavelength that has passed through the
reflective display is incident, which leads to power
generation.

One embodiment of the present invention allows a
solar cell to be disposed on the backside of a display in
such a manner that the displayed content on the display

has no influence on the power generation efficiency of

the solar cell.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing an existing
coenfiguration example of an electronic device including a
display and a power generating element;

Fig. 2 is a diagram for explaining the power

generation efficiency in the configuration example of Fig.

1;

Fig. 3 is a block diagram showing a first




configuration exanple of a display device to which an
enbodi nent of the present invention is applied; Fig. 4
is a block diagram showi ng a configuration exanple of
a typical full-color electronic paper; Fig. 5is a
di agram for explaining the characteristic of a
di splay layer of a full-color electronic paper; Figs.
6A and 6B are diagrans for explaining the
characteristic of a display |ayer of a full-color
ebetigond cipapexamlgsof 7A dbsio Y8y adevitagramhidr an
explaining the characteristic of a display |ayer of a
énibddtrodor o£l €l rore cepapaivekt fJon 8id samp i @d)r am
showi ng a di splaying exanple of the full-color
el ectranic. papey Oblddk Faddagh shdwiyg d a@ndDduation
expl aining the power generation efficiency in the
shspbry deviceypfcdi gtuBl-c&i@r dPedbrén bt askogh agram
show ng a second configuration exanple of a display
devi ce ptiQ; W Ghy an g ek MR i ithe iiesent
invention is applied; "and Fig. fﬁ I's a diagramfor
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Figs. 64 and 6B are diagrams for explaining the
characteristic of a display layer of a full-color
electronic paper;

Figs. 7A and 7B are diagrams for explaining the
characteristic of a display layer of a full-color
electronic paper;

Fig. 8 is a diagram showing a displaying example of
the full-color electronic paper of Fig. 3;

Fig. 9 is a diagram for explaining the power

generation efficiency in the display device of Fig. 3;

Fig. 10 is a block diagram showing a second

configuration example of a display device to which an
embodiment of the present invention is applied; and
Fig. 11 is a diagram for explaining the power

generation efficiency in the display device of Fig. 10.

DETAILED DESCRIPTICON OF THE PREFERRED EMBODIMENTS




Enbodi nents of the present invention will be

described in detail below with reference to the

drawi ngs. Fig. 3 shows a first configuration exanple

of a display device according to one enbodi nent of

the present invention. A display device 20 includes a
full-color electronic paper 21 that displays

characters, graphics, and so on, a dye-sensitized

solar cell 28, and a display controller 32. The

dye- se¥iddiednds arf d¢dld @ dent dirspogddrnowitiie be
backsi de of the full-color electronic paper 21 and
dosveibadiim adktadi brodightwitiat rdsretcanssi theddrawings.
t hrough the full-color electronic paper 21 into

power. Filke d splcay comineld efon¥2 epRertdales dpmpSian@f a
the power generated by the dye-sensitized sol ar cel
@BspBsy | §Sv DPLr Bt ddeH POYet o t Ond hahiehyimont rof the present
di splaying of the full-color electronic paper 21. A
deser t Pk on Aidils e yeds iRel ow abeutuRd WPirgal -color
full-color electronic paper enploying a cholesteric

éi@&tgo&w%eﬁkew ih eferengs1 49 Fighrdecdy d Y gilce{ag!:hlcs,

full- color el ectronlc paper i ncl udes a bl ue display

%r?é’eéo o) re&?nd on ayerla%/%{ac%éf% di éc’ﬂ s | N a acfﬁgi}play

ight a sorpt ese color dis
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élég%sggggpqﬂﬂgkmck51de of the full-color electronic
paper 21 and converts irradiation light that has
transmitted through the full-colcor electronic paper 21
into power. The display controller 32 operates by using
the power generated by the dye-sensitized solar cell 28
as its operating power to thereby control the displaying
of the fulil-color electronic paper 21.

A description will be made below about a typical
full-color electronic paper employing a cholesteric
liquid crystal with reference to Fig. 4. A typical full-
color electronic paper includes a blue display layer,
green display layer, red display layer, and light
.absorption layer.

Each of these color display layers has a

characteristic of being capable of allowing the

~transmission of light or reflecting light depending on




6 the way of voltage application to the |ayer. The
Iight absorption |ayer has a characteristic of
absorbing light that has transmtted through the

di splay layers to thereby prevent reflection of the
light. For exanple, when red light is reflected by
the red display layer, a human visually recognizes
red color. In contrast, when red light transmts
through the red display |layer, the red light is

|bs ordoe do byve Head e g labsaor pdn ore | dyerlaywr. t e dight
human does not visually recognize red color. By

alvgd epeihdn Npweanthad s ochidwdcteacths ofc |6 fhdbdedmsngv Y ight
speci fic wavel engths can be reflected by or transmt

1 o Ughts theartksipd ey | @ayessgh NEHd i SPINNerl.a wdwad acd er s
and graphics can be displayed in full color. Wether

th@hReb§ rnsSrads 0 isct ik est echLan fiec . Cold @idaaghle,
depending on the way of voltage application to the

WOk eﬁé&rh(c%ﬂﬂ G d-of Vst @da y ShoWkd ifdlap.layer, a

nol ecul es a cholesteric liquid crystal "have a

mﬁhémlrlsﬁmctfg dgreﬁzé@%ufbfalg Gn WRER 1A tOWiyhen

voltage is applied to the cholesteric liquid crystal,

f@c?fl t.C rar%ﬁlst§ftﬁ%ﬁlﬁ%“ Sérstfﬂtéy ali ]}(e@he

perpen ar to the ge ap |ca i'on “direct’ion,
s |nC| | i ght |s to transm.d
rou 1ihe cah rsk% eCi H b qU| q‘%:r ysS SacfrETCalyoenr Tqypr and
tounst raasl'udm hos nc|>tn vFils%ally recognize red color. By

implementing control sco that each of light beams with
specific wavelengths can be reflected by or transmit
through the display layers in this manner, characters and
graphics can be displayed in full color.

Whether light transmits or is reflected can be
.controlled depending on the way of voltage application to
the cholesteric liquid crystal. As shown in Fig. 5,
molecules of a cholesteric liquid crystal have a helical
structure. As shown in Fig. 6, when a low voltage is
_applied to the cheolesteric liquid crystal, the helical
axis of the molecular structure is kept perpendicular to
the voltage application direction, and thus incident
light is allowed to transmit through the cholesteric
liguid crystal layer. In contrast, as shown in Fig. 7,

when a high voltage is applied to the cholesteric liguid




when a high voltage is applied to the chol esteric
liquid 7 crystal and then the voltage is sharply
decreased, the helical axis of the nolecul ar

structure becones parallel to the voltage application
direction, and thus incident light is reflected. This
state is maintained even after the cut-off of the

vol tage, and thus displayed content is kept even when
power supply is absent, i.e., the nenory function as
ongs talv amdgehal Bhectobnige phpesisaigaly biecreasédedhe
Providing the display layer with the reflection

fehtta brexen ¢ tealhakbschyaadstusidting-d heedomsd patahlel
of the cholesteric liquid crystal (hereinafter,

tefeis etblttagasaphel bet i el dpirdethord t disd kitoyw ih@ident
the wavel ength of reflection-target |ight changes in

DIgperis ofetadthey. halnicalstpitechs Therehared RRePERfter
design of the helical pitch allows the display |ayer
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di splay layer reflects, of irradiation I bl ue
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di'spl ay characters and 'so ‘on |n
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green ayer ct’s, iTra
§g§¥¥kééght around a mavelength of 550 nmto thereby

Providing the display layer with the reflection
function can be realized by adjusting the twist pitch of
the cholesteric liquid crystal (hereinafter, referred to
as the helical pitch}). It is known that the wavelength of
reflection-target light changes in proportion to the
helical pitch. Therefore, proper design of the helical
pitch allows the display layer to have a desired
reflection property.

The blue display layer reflects, of irradiation
light, blue light around a wavelength of 450 nm to
thereby display characters and so on in blue, while
allows the transmission of light with other wavelengths.
The green display layer reflects, of irradiation light,
green light around a wavelength of 550 nm to thereby
display characters and so on in green, while allows the

transmission of light with other wavelengths. The red




di splay characters and so on in green, while allows
the transm ssion of light with other wavel engths. The
red 8 display layer reflects, of irradiation |ight,

red Iight around a wavel ength of 650 nmto thereby

di splay characters and so on in red, while allows the
transm ssion of light with other wavel engt hs.
Furthernmore, 1light that has transmtted through al

the display layers is absorbed by the |ight

dbspipyi bavéayeefdesposedf ohrrheiabacksl tighof tdd right
di splay |l ayer. Therefore, the light that has

drausdi &tesvéheonggh af|l 65hendi spl Byetalyperdisslapt
reflected. Thus, by properly conbining the displaying
ohathetebs uendi spl ay 1Aayesd, grieehe di Spbwy tlayer, and
red display |layer, the full-color electronic paper
taanshsphayn ehalagher §1i8ndoshe 8NwhhedBigORLL OMALrthermore,
color.” Simlarly to the above-described typica

f ught cohot h@éeﬁiéﬁﬁftﬂé‘@elfhréﬁk]%f&il €L Oflisplay layers
el ectronic paper 21 of the display device 20 to whi

a0 gvbodhaenty of nd hflgu% eé@@&rwy&mwpef Sdfé’ﬁ%é&@ &@Sthe

t hree cholesterlc [1quid crystal l ayers
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not reflected.

Thus, by properly combining the displaying of the
blue display layer, green display layer, and red display
‘layer, the full-color electronic paper can display
characters and so on in any optional color.

Similarly to the above-described typical full-color

- electronic paper, the full-color electronic paper 21 of

the display device 20 to which an embodiment of the

present invention is applied has three cholesteric liquid

crystal layers (a blue display layer 22, a green display
layer 23, and a red display layer 24).

In the present embodiment, the display area of the
full-color electronic paper 21 is divided into three
areas: a red display area 25 for displaying only red, a
blue display area 26 for displaying only blue, and a

green display area 27 for displaying only green. In each




areas: a red display area 25 for displaying only red,
a blue display area 26 for displaying only blue, and
a green display area 27 for displaying only green. In
each 9 display area, characters and so on are

di splayed in a single color of red, blue, or green.
The di splay device 20 does not include a |light
absorption layer, which is included in the typica
full-color electronic paper. Presently, the power

- geselayi ancef f cChaeacyend anddye-sensi¢idesphayad Teld
is lower than that of an existing solar cel

eipydyi aglsr| oEoned Sikliopnweyer grébe. die: sEnsiltayzetkvice
solar cell has the follow ng advantages: there is a

POs8bbE| hdy thatudé ganidec mapsbast usedi@fer) OMBIch is
costs because silicon is not used; it has high

Rssufedust tR8 efpich encylbesause thecrpomiactalsdng
steps thereof are equivalent to those of a liquid

crystalprMsplay,; (iR NS rdiSi SARE ARGIMIRE T a

organic dye is ™ used; 'the light absorption propérty

dPeLeohs£ap.be sGontroki di Lhiough sglgction 9fF an
Ee t g

organic dye; It can be n ecause a glass substrate
RO aPIO L G0 B0 b TERAT R e, cre
ADOTOL 2 PRSI E0E, ey PRLNBLEOIA 0% Ao
£Q§§eafg a possibility that it can be manufactured at
lower costs because silicon is not used; it has high
mass-production efficiency because the manufacturing
steps thereof are equivalent to those of a liquid crystal
display; dyeing thereof is easy because an organic dye is
used; the light abscrpticn property thereof can be
controlled through selection of an organic dye; it can be
bent because a glass substrate is not used; and it can be
formed into a thinner shape.

As the organic dye, the following dyes are known: a
phenylxanthene dye, phthalocyanine dye, coumarin dye,
cyanine dye, merocyanine dye,'porphyrin dye, and
proflavine dye. These dyes have different coloring
_prOperties as well as different light absocrptiocon
properties. Merely through use of any single dye of these

dyes or combining of any plural dyes, a characteristic
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profl avi ne dye. These dyes have different coloring
properties as well as different |ight absorption
properties. Merely through use of any single dye of
these dyes or conbining of any plural dyes, a
characteristic 10 can be given to the |ight absorption
property, and the <coloring property can be

controlled. Furthernore, it is also expected that a
dye for a further-limted wavelength band will be
tavehtedivent be fhe ulegheselaschpandn devedopyendnd the
Therefore, the light absorption property and the
coloring property can be controlled. byrurtHdmiorg, it is
these dyes. In ternms of utilization of the
absyeedesctiébechat eatdye pbrbei Agreveabl BnDPfed wavelength
controlling the |ight absorption property, the

B¥ed SRNB1 thZ eghsoheds Ceh | t B8 Fstufor pese ofctt iee

bl ocks that are each inferior in the absorption

DEPPEEENAOr 1T AW NG 1R P %{Hgdl%%lo‘é‘ﬁ‘fﬁlo%&z&tt@ and

(an inferior-in-red sol’ar ceII | ock 29,
e ro£el Co e
5 o oy Ml o bl T 1

ior-in-red solar cell block 29 can hardly
%%%%%r? r%d l'ight around a wavel ength of 650 nn1|nto

pOVET B eSS LA A L Qe el RIatin g
f%ature of being capable of controlling the light
absorption property, the dye-sensitized solar cell 28 is
formed of three blocks that are each inferior in the
absorption property for light having a predetermined
wavelength {(an inferior-in-red solar cell block 29, an
inferior-in-blue solar cell block 30, and an inferior-in-
green solar cell block 31).

The inferior-in-red solar cell block 29 can hardly
convert red light around a wavelength of 650 nm into
power but can convert light with other wavelengths such
as blue light around a wavelength of 450 nm and green
light around a wavelength of 550 nm into power. The
inferior-in-blue solar cell block 30 can hardly convert
blue light around a wavelength of 450 nm into power but
can convert light with other wavelengths such as red

light around a wavelength of 650 nm and green light
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i ght around a wavel ength of 550 nminto power. The
inferior-in-blue solar cell block 30 can hardly
convert blue light around a wavel ength of 450 nminto
power but can convert light with other wavel engths
such as red |ight around a wavel ength of 650 nm and
green light 11 around a wavel ength of 550 nminto
power. The inferior- in-green solar cell block 31 can
hardly convert green 1|ight around a wavel ength of 550
aneund o2 powes ldwyticant Thhventihighpowst h dthkeerinferior-
wavel engt hs such as blue light around a wavel ength of
Honeransoad ¢élhtbhookingl acameavet@ngtdonfe 650y reen
into power. The bl ocks of the dye-sensitized sol ar

tedht 28raunad 4 hea vk Behdyh as 2855 ©f nif hientf il powedt asut can
el ectronic paper 21 have the arrangenent rel ationship

shovert Nl g With SpEedf i gadd Yendthes i @t 108 - ud edight
solar cell block 29 is disposed on the backside of

s hsun @k di SRl B @18 25150 hgn 4 eFdPrridhd! 48 sk af

cell block 30 is disposed on the backside of the blue

Wil &Yo@ &8s 2650 The i &rbQfsd n- green solar cell
bl ock éﬁ is di sposed on the backside of the green

di spl aynar @3 (2 E&akhksdykﬂs% %iqg§%5a%0qg$i%%é|028 and

according to the present “enbodi nent, a solar
tpgevi:%]fsﬁa%gtﬁg%{ h%%etnieé aELilﬂ]—cecglfci)rCie‘%Lnngtrvc\érgihc rpeas eerCt21
have the arrangement relationship shown in Fig. 3.
Specifically, the inferior-in-red solar cell block 29 is
disposed on the backside of the red display area 25. The
inferior-in-blue solar cell block 30 is disposed on the
backside of the blue display area 26. The inferior-in-
green solar cell block 31 is disposed on the backside of
the green di;play area 27,

That is, in the display device 20 according to the
present embodiment, a solar cell having high power
generation efficiency with respect to colors other than
the color displayed in the corresponding display area
(i.e., light having the wavelengths corresponding to the
colors} is disposed on the backside of the electronic
paper. Therefore, even when the displaying state of the

electronic paper varies, it is possible to minimize the

change of the amount of light as the power generation
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the color displayed in the correspondi ng display area
(i.e., light having the wavel engths corresponding to
the colors) is disposed on the backside of the

el ectronic paper. Therefore, even when the displaying
state of the electronic paper varies, it is possible
to mnimze the change of the anount of |ight as the
power generation 12 target, reaching the surface of
the solar cell. For exanple, there will be a case
heget bl veadkidgsphaysdriacethe €mti selbdbl ueetl splEyr
area, and a case where all of incident |ight

txamghe | sthéreughll hiee eh echsoniice papeluénist hesehaye® in
bl ue display area. Wen blue is displayed in the

engi ¢t bteieb s pliayplayeared | eg@NEYc£O8PPRERESal N of
i ncident |ight other than the frequency conponent for

bhaedésansight t br QHGR1 £ Heth BbeGH I Ok Ce PAREF oML & Np@per in
predeterm ned transmttance and enter the solar cell

thetbhsi s0l@rueehi sgisposedaon the backside of the
el ectroni c paper has high power generation efficiency

Wi th r%ﬁ@%ﬁbﬂ&é|ﬂ§”&ié§ﬂ%ﬁ%99§9%%% éﬂ%{¥g(ﬂfﬁénd¥§3§§y

than blue, the total powe eneration efficiency
%‘ﬁ%ﬁt%éﬁ?&#%{e g}?”@&nﬂé@ﬁ@ﬂgdﬂ{\nf CJE &Eaff?h’ﬁmg{ﬁe?l’éhan
ght” transm ts t hroug e electronic
§aP0F redled &) BolohAlle ¥LLRRIO: - 406 ST AYu S VLGS
electronic paper with a predetermined transmittance and
enter the solar cell. If this solar cell disposed on the
backside of the electronic paper has high power
generation efficiency with respect to light corresponding
to colors other than blue, the total power generation
efficiency does not greatly change compared with the case
where all incident light transmits through the electronic
paper.

In terms of this viewpoint, the display device 20
employs the above-described arrangement configuration.
This can realize stable power supply.

A descripticn will be made below about the
operation of the display device 20 by using an example
shown in Fig. 8. In this example, red characters “HOLIDAY

SPECIAL PRICE!” are displayed in the red display area 25,

blue characters “¥9800” are displayed in the blue display
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enpl oys the above-descri bed arrangenent confi guration.
This can realize stable power supply. A description
wi |l be nade bel ow about the operation of the display
device 20 by using an exanple shown in Fig. 8. In
this exanple, red characters "HOLI DAY SPECI AL PRI CE!"
are displayed in the red display area 25, blue
characters "19800" are displayed in the blue display
13 area 26, and green characters "ONLY 10 PRODUCTS"
area dpsphagedréent beagreearsi SpNRAY A0 eBROQJUCTYHT ahe
respective display layers fromthe blue display |ayer
@Pspbayde iedtdespraynl|dyerl2d ander2ihe red di spl ay
area 25, the display controller 32 inplements voltage
appl i catdorticomagsgedti vehel ifsgd oM Ingyamnmom the blue
Specifically, a conparatively high voltage is applied
ONty14p Bapart2oftdhend egedi 8pspyalayeye2424{ p@fder the
corresponding to the characters "HOLI DAY SPECI AL

PRI G sp1ap0atdatos edehd ol 5688y b@oﬁ@f&??éﬁd?:@ylrﬁﬁlénents

part. I'n Tontrast, a conparatively low voltage is

foptigd 5£§’pil‘§at9&he&orﬂ’@fél of n thge rfcglgév?‘ﬂll@ymér?ﬁ/ﬁ 24

part” over  which characters are not dlsp ayed) and

b g m cenl o) wees i ond e

She, TESPEChi e & Sﬁ'leayréc?y&{épiéyniéyer b} e (part
corresponding to the characters “HOLIDAY SPECIAL PRICE!”)
so that red light can be reflected by this part. 1In
contrast, a comparatively low voltage is applied to the
other part of the red display layer 24 (part over which
characters are not displayed) and the blue and green
display layers 22 and 23 so that the irradiation light
can transmit therethrough.

For the respective display layers from the blue
display layer 22 to the red display layer 24 under the
blue display area 26, the display controller 32
implements voltage application control in the following
manner. Specifically, a comparatively high voltage is
applied only to a part of the blue display layer 22 (part
corresponding to the characters “¥9800”) so that blue

light can be reflected by this part. 1In contrast, a

comparatively low voltage is applied to the other‘part of

14




di splay layer 22 to the red display |ayer 24 under the

bl ue display area 26, the display controller 32

i npl enents voltage application control in the

following manner. Specifically, a conparatively high
voltage is applied only to a part of the blue display

| ayer 22 (part corresponding to the characters

"Y9800") so that blue Ilight can be reflected by this
part. In contrast, a conparatively |ow voltage is
applbbde tdidhbawtheyrepal2 Gfaidd ¢her biluechdi Sl ctlayerare
22 (part over which characters are not displayed) and

fidte @ seha gl radd dilspl ayedayRidé 28d @nsbh 24y skajdwad 23
the irradiation light can transmt therethrough. For

dme zespecthae thepl eyadvyersn f10gmt heabl tieanchispl ay
| ayer 22 to the red display |ayer 24 under the - green
hsplayraiga 27, the display controller 32 inplements
vol tage application control in the follow ng manner.

Speci figcal lhe %e%@%@%&%%iW@%?ﬂﬁgﬂld@@f%a&%ohﬁth%pmlh%d
only to a part of 'the green displaylayer 23 (part

EESEEPoIaD 15 L Al E el LD, PR e
R0 35 P OFBRE 21 e VYL S0 L DL 58 10
éﬁﬁ?%%§#§§]vo EH&E“&ﬁp fga {gﬁ égﬁ%géﬁmﬁp éHgifgfigﬁfﬁ%
manner. Specifically, a comparatively high voltage is
applied only to a part of the green display layer 23
{part corresponding to the characters “ONLY 10 PRODUCTS”)
so that green light can be reflected by this part. 1In
contrast, a comparatively low voltage is applied to the
other part of the green display layer 23 (part over which
Characters‘are not displayed) and the blue and red
display layers 22 and 24 so that the irradiation light
can transmit therethrough. |

Due to this displaying contrel, as shown in Fig. 9,
the inferior-in—fed solar cell block 29 in the dye-
sensitized solar cell 28 is typically irradiated with
light other than the red light as the irradiation light
- that has transmitted through the full-color electronic
paper 21. Furthermore, the inferior-in-klue solar cell

block 30 is irradiated with light other than the blue

15




di splay layers 22 and 24 so that the irradiation |ight
can transmt therethrough. Due to this displaying
control, as shown in Fig. 9, the inferior-in-red
solar cell block 29 in the dye- sensitized sol ar cel
28 is typically irradiated with 1ight other than the
red light as the irradiation light that has
transmtted through the full-color electronic paper
21. Furthernore, the inferior-in-blue solar cell

bigok 89 tlse i ¥rmeidteibm Tighi ghiatotheey tdwarsniiietdd ue
15 light as the irradiation light that has transmtted
through the full-color eleciran e paper 21. Moreowel, the
the inferior-in-green solar cell block 31 is

i feeh e -eth Widden |d@gdr aidier ek tie of eernrddiHdedsvith
the irradiation light that has transmtted through

1hend Wwinheolharelacd ronien paper 2. fonsequeidd Yon theght
dye-sensitized solar cell 28 can achieve stabl e power

genenald o Sldh o enevenisugInand | Me lcdie: dnplash c

content on the ful I-color el ectroni c paper 21. Fig.

%‘%\)/époé"f ac%gx%% en?l f ?;%t Eﬁr’&@é@ kg -Qf %olg'rs B3y 28

Ice according to o I ment O t he present

LT 0L ARl 300891 5 40,15, 00 l%elde“% of the

repIaC|ng color Foni ¢ paper

dl St%%p d.ew Ce t%}ﬁscplsvwhayeci: &ntenbe/ on eorfull—color

Fohi o pape

electronic paper 21.

Fig. 10 shows a second configuration example of a
display device according to one embodiment of the present
invention. A display device 40 is obtained by replacing
the full-color electronic paper 21 of the display device
20 shown in Fig. 3 by a color electronic paper 41.

In the full-color electronic paper 21 of the
display device 20 shown in Fig. 3, all of three layers
(red, green, and blue) are overlapped with each other
écross the entire display area. However, a configuration
like that of the color electronic paper 41 of the display
device 40 is also available. Specifically, in this
configuration, over an inferior-in-red solar cell block
29, a green display layer 44 and a blue display layer 43
are not disposed but only a red display layer 42 is

disposed. Over an inferior-in-blue solar cell block 30,
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In the full-color electronic paper 21 of the display
device 20 shown in Fig. 3, all of three |layers (red,
green, and blue) are overl apped with each other

across the entire display area. However, a
configuration |ike that of the color electronic paper
41 of the display device 40 is also avail abl e.
Specifically, in this configuration, over an
inferior-in-red solar cell block 29, a green display
tlay ered4d eyl ay bl aree i £ ayd | dyergdden atiespinty di sypaos etk
but only a red display |layer 42 is disposed. Over an

ard eidtordispddare ot asn oel thdlwoke 30 sdie ¢ heayed 43 is
di splay layer 42 and the green display |layer 44 are

M4 p Sk SPOS B U ta O Ay 1@ rBlive oGiespl ay 1lbay k143 H1®ck 31,
di sposed. Over an inferior-in-green solar cell block

e rddeaissh ) spdpyr | ayeind 2 and, e bl A sl @yr 43

| ayer 43 are not disposed but only the green di'splay

T
Aé]iaé/ng{??ﬁ%id%%%})cgr ed dov&llt Ut?hee di s%{I)arHyl%iw cep%b&@rhpels

% % ght transmttance of the electronic paper can
e '‘enhanced for the respective solar cell blocks. In

?ﬂ.d: gL R AR LS AT 3,80 1R conpare

th éhhe éjllss];ﬁl a}y daerxreiace0f26,h anc?lt%re elicﬁ'} ' nJ_laCn mlptetrance
of the electronic paper can be enhanced for the
respective solar cell blocks.

In addition, similarly to the display area of the
full-color electronic paper 21 of the display device 20,
the display area of the color electronic paper 41 is
divided into three areas: a red display area 25 for
displaying only red, a blue display area 26 for
displaying only blue, and a green display area 27 for
displaying only green.

The same components of the display device 40 as
those of the display device 20 are given the same
numerals, and therefore the description thereof is
omitted.

The operation of the display device 40 will be

described below by using the displaying example shown in

Fig. 8.
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divided into three areas: a red display area 25 for

di splaying only red, a blue display area 26 for

di spl aying only blue, and a green display area 27 for
di spl aying only green. The sane conponents of the

di spl ay device 40 as those of the display device 20
are given the sane nunerals, and therefore the
description thereof is omtted. The operation of the
di splay device 40 will be described bel ow by using

t he di spimyihey mechnplsplshowrdan 256 g B.spllayarorttm]ller
red display area 25, a display controller 32
Baplepkatsnvel tageagpphpsht cobvicontsot roh ihethe
foll owi ng manner. Specifically, a conparatively high

Yol lagend Smampet ed IpHA ficaa 1par ta Aontdie-ateid; divs pliagh
| ayer 42 (part corresponding to the characters

vEA PAY s SEECI A PRVGE £9 dinglgrt the 1o dbgphayppiga
25 so that red light can be reflected by this part.

1Ay&pNis aglarf cSPPPAHELHYEY Vi d OV Ol 2081 S 8PREGEEDAY
to the other part of the red display [ayer 42 (part

I
OVEET M SR Y PCLELST Of e 04 %is}?i@’e eé”@'%t&? bhae
and green display layers 43 an 4 so that the

f.:écﬁ aﬁi&{ﬁ ocpalll ikggtrgﬁfeé{@@%tthig tl?a(le{ .hr Oilllxg%ontrast, a
comparatively low voltage is applied to the other part of
‘the red display layer 42 (part over which chéracters are
not displayed) and the blue and green display layers 43
and 44 so that the irradiation light can transmit
.therethrough.

For the blue display area 26, the display
contreller 32 implements voltage application control in
the following manner. Specifically, a comparatively high
voltage is applied only to a part of the blue display
layer 43 (part corresponding to the characters “¥¢9800")
under the blue display area 26 so that blue light can be
refilected by this part. 1In contrast, a comparatively low
voltage is applied to the other part of ﬁhe blue display
“layer 43 (part over which characters are not displayed)
and the green and red display layers 44 and 42 so that

the irradiation light can transmit therethrough.

For the green display area 27, the display

18




For the blue display area 26, the display controller

32 inplenents voltage application control in the
foll owi ng manner. Specifically, a conparatively high
voltage is applied only to a part of the blue display

| ayer 43 (part corresponding to the characters "9800")
under the blue display area 26 so that blue light can

be reflected by this part. In contrast, a
conparatively low voltage is applied to the other
pantroilehe3dl imptesphay vohyage 48pbacat bvercomichl in
characters are not displayed) and the green and red
thspfayléaiey smddnand 4dexa filatl 1y¢,he idanatiaitdicRely high
light can transmt therethrough. For the green display
asbeadd, i$ heppll sehaynli8ceontpott esf 3ghé PresendBsplay
vol tage application control in the follow ng manner.
Bppsifacalpyrt ac6orPabShAVEY Ve bi @he ¥QhtagE-+S BmPLY eth
only to a part of the green display I|ayer 44 (part
EREHESPONMI NGAL P tHE SRELRACHLLS1 2 PNYed 027 Pm#%&gh reen

under the green display area so that green

taghve-4.efhect &eh by Lhi }§gy P& is p%ﬁ@pmfna%cn

ﬁ?t’ a
conparatively low voltage 1s a ed to the other part

%ﬁgﬁéf@%ﬂggfgrgéﬁp&@¥té%¥e{s3§pé$§géh€gg§hgwg§m r (Prt of

acters not dis aye ue and r
DAL YL A7 1 808 4 SRl Mol LF UALAE L e
are not displayed) and the blue and red display layers 43
and 42 so that the irradiation light can transmit
" therethrough.

Due to this displaying control, as shown in Fig. 11,
the inferior-in-red solar cell block 29 in a dye-
sensitized solar cell 28 is typically irradiated with
light other than the red light as the irradiation light
that has transmitted through the color electronic paper
41. Furthermore, the inferior-in-blue solar cell block 30
is irradiated with light other than the blue light as the
irradiation light that has transmitted through the color
electronic paper 41. Moreover, the inferior-in-green
solar cell block 31 is irradiated with light other than
the green light as the irradiation light that has

transmitted through the color electronic paper 41.

Consequently, the dye-sensitized solar cell 28 can
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Due to this displaying control, as shown in Fig. 11,
the inferior-in-red solar cell block 29 in a dye-
sensitized solar cell 28 is typically irradiated with
light other than the red light as the irradiation

light that has transmitted through the col or

el ectronic paper 41. Furthernore, the

inferior-in-blue solar cell block 30 is irradiated
with light other than the blue |light as the

fchadiat sbableghowehagehasat iansaf fiedenhyoiigheshective
color electronic paper 41. Moreover, the

phf eheodisplgyedn cosakat oal ItHd askl 3l ékedttradiatether 41,
with light other than the green |light as the

i rradi atgen figditl ¢ hatvdrasihdd ansdtdLdid hough #dwe
color electronic paper 41. Consequently, the

dysré@ﬂérglasdgﬁ@bnicgeéfe2§1§9na}8daénaﬁgssst@Pé@n light
power generation efficiency irrespective of the

Shapbayed] cont e@ﬁt@f‘ the 9@£@£l§£egﬁ.t9@acs@§@§fcéill block
Specifically, even when an area I n whi red

@@a£@§§€£§t9fug£ﬁ@htﬁésafﬁed%ﬁgé gné?é@ﬂ@ﬁ'eﬁff@ ncy

light and b 't ght enter erlor-ln red sol ar

Gfléhglfﬁker%$ CPﬁsféﬁ”%gl 9n9e$fu§lég§ f@:@ées not

generation efricliency o e Inreriror-in-r sola
Cobigdl e ARG, Wen SIALES 04 Sl T
SR LW I S TR L e
and green light enter the inferior-in-blue solar cell
block 30 constantly, and thus the power generation
efficiency of the inferior-in-blue solar cell block 30
does not change. Similarly, even when an area in which
green characters or graphics are displayed changes, red
light and blue light enter the inferior-in-green solar
cell block 31 constantly, and thus the power generation
efficiency of the inferior-in-green solar cell block 31
does not change. Thus, even when displaying of characters
or graphics changes, stable power generation efficiency
can be obtained.

It should be noted that embodiments of-the present
invention can be applied also to a display device that

does not display all of three colors of red, blue, and

green but displays only one of these colors unlike the
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bl ock 30 constantly, and thus the power generation
efficiency of the inferior-in-blue solar cell block 30
does not change. Simlarly, even when an area in which
green characters or graphics are displayed changes,

red light and blue light enter the inferior-in-green
solar <cell block 31 constantly, and thus the power
generation efficiency of the inferior-in-green solar
cell block 31 does not change. Thus, even when
gbspeagengrobed hfii ast esnsd secgndphocsighengesy stabbdbes.
power generation efficiency can be obtained. It

shoul d Bwarbirehtishatf emaoginedrs ofnvddig ipreseid be applied
i nvention can be applied also to a display device that
toes. ot 1di sphaygphte@fcihc@er cOtor8s pfnéetlie bl diBscardhic
green but displays only one of these colors unlike the

2Oy aboye: HepediNeds f 6 54 r apsh se£Rds CoNdhoay at i on

exanpl es.  Enbodi ments of the present invention can be

appl i edrd .9 e (n'dtte(?grt@ltaecd egﬂo(a“ﬂﬂe)nt%aroqs(}:h%e%r%%%nt

el ectronic devices incl udlng a sol ar cel

Aol @Yon | 4 rShos dlﬁﬁlf‘é’(ﬁteg? T 8%5';?&8 Jfl;@é‘ézslk%dt he

present i nvention are no

, i o
R 'n%"%?p‘erf?@%é R Rt R ng from

11@(:(30128;(3:5)]_p eaé] thé ellrrll twfghcgl.ll']te c?erga?lgtnltnén J%]r}llt%e scope and

spirit of the present invention.
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21 WHAT IS CLAIMED IS: 1. An electronic device
conprising: a solar cell configured to be inferior in
absorption efficiency for light having a predeterm ned
wavel ength; and a reflective display configured to
carry out displaying by reflecting |light having the
predeterm ned wavel ength and allow transm ssion of
light other than |ight having the predeterm ned

wavel ength, wherein the reflective display is disposed
BABNIBDUCEATMEDf B8e of a devi ce package, and the sol ar

cell is disposed on a backside of the reflective
di spl ayL. 2anTkécekeehiandevdew eempeceidgng to cl ai m
1, wherein the solar cell includes a plurality of

bl ocks & hafl arare 18acderfifRibed dd) RDSARAIYYr in
efficiency for light having a respective one of

Aeyerengbhse fif f £ psepy F60M i @REMHY v a ApFeddrmined

reflective display includes a plurality of display

@5@@@65@@5;qg9@ carry out displaying by reflecting
i ght having a respective one of wavel engt hs

Id: g{ﬂer ent JAn8aeh Athan AR & il W dd 38 W-554,0%,f
displaying by reflecting light having the predetermined
wavelength and allow transmission of light other than
light having the predetermined wavelength, wherein

the reflective display is disposed on an outside
face of a device package, and

the solar cell is disposed on a backside of the
reflective display.

2. The electronic device according to claim 1,
wherein

the solar cell includes a plurality of blocks that

are each inferior in absorption efficiency for light

having a respective one of wavelengths different from

each other, and

the reflective display includes a plurality of
display areas that each carry out displaying by
reflecting light having a respective one of wavelengths
different from each other and allow transmission of light

other than light having the predetermined wavelength.
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ot her than |ight having the predeterm ned wavel engt h.
22 3. The electronic device according to claim1 or 2,
wherein the solar cell is a dye-sensitized solar cell
4. The el ectronic device according to any one of
claims 1 to 3, wherein the reflective display is an

el ectronic paper. 23

3. The electronic device according to claim 1 or 2,

wherein

the solar cell is a dye-sensitized solar cell.

4. The electronic device according to any one of
claims 1 to 3, wherein

the reflective display is an electronic paper.
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