REFRI GERATOR BACKGROUND OF THE INVENTION 1. Field of the Invention 5 The
present invention relates to a technique preserving food such as vegetabl es
in arefrigerator. 2. Description of the Related Art Conventi onal
refrigerators have inproved a preserving technique which keeps freshness of
vegetables by 10 irradiating vegetable with the light froma red LED from
an upper portion (see, for exanple, JP-A-2002-267348). Further, by
providing a white fluorescent lanp and controlling turning on thereof by a
switch for detecting the opening and closing of a door, chlorophyll decline
of 15 green vegetabl es has been rREFREGERSE@R for exanple, JP-A- 9-28363).
Further, a study on a respiration action or a |ow tenperature obstacle
caused by LED irradiation at a non-freezing tenperature of food at 0OC or
bel ow has been nade (see, for exanple, JP-A-2001-61459). 20 Conventi onal

refrigerators have the fokhewcRgungr e ems myEditTtoMen using a red LED, the
appearance of the vegetabl'es does not ook appealing. Second, when the

turning Oq_tlﬁgéﬂ&s6¥Ngﬂénﬁﬁ¥%3¥ﬁ(qgtectlng t he opening and 25 closing of a

door, deteéctor means for detecting the opening - 1 and closing of a door
s rqulred. 17"?3% m@%QSEBEad'chéEklon relates to a technique

preserving food such as vegetables in a refrigerator.
2. Description of the Related Art
Conventional refrigerators have improved a preserving
technique which keeps freshness of vegetables by
10 irradiating vegetable with the light from a red LED from an
upper portion (see, for example, JP-A-2002-267348) .
Further, by providing a white fluorescent lamp and
controlling turning on thereof by a switch for detecting
the opening and closing of a door, chlorophyll decline of
15 green vegetables has been reduced (see, for example, JP-A-
9-28363) . Further, a study on a respiration action or a
low temperature obstacle caused by LED irradiation at a
non~-freezing temperature of food at 0°C or below has been
made (see, for example, JP-A-2001-61459).
20 Conventional refrigerators have the following
problems.
First, when using a red LED, the appearance of the
vegetables does not 1look appealing. Second, when the
turning on time 1is controlled by detecting the opening and

25 closing of a door, detector means for detecting the opening



i ght froman upper portion, it is inpossible to irradiate food within a
recei ving container |located at a | ower portion. Fourth, when irradiating
light froman upper 5 portion, it is difficult to wire electric parts.

Fifth, if |light is irradiated froman upper portion or only when a door is
closed, it is difficult to confirmwhether the |light is functioning at hone
or the store. In a case of a household refrigerator, various kinds of
veget abl es or 10 other kinds of food in addition to vegetables are preserved
and located in an enpty place, overlapped or interlaid wthout specifically
determ ni nghd presenyavfoa pgbaceisnrevaliireds pléeseddyatihem fiormsd satcin@s
space, period, or state. Further, they nay be preserved by a nethod of

di vidi ng i Mgt 5fFenr hgeupbieen paidt ifgrgezet r egarbess ibfl et enperatadLatdi ght
irradiation has a preservation effect in all preservation forms of a

refrigeratggo@nd,{hei £ efd i grl OFi dequidiadh f:06r fROdh pr@sesyatd om dgef hat
have no negative effect, |low power consunption, and high efficiency, and in

addi ti on Cgb%l@P ﬁefr'§8%@£9r RAYLS Hafwraﬂh r}g%luf niPaR 3Rd LAW ypper

mai nt enan S requeste Fbmever when rigerator enploys ite
fluorescent 1. has b o] n ne ative effect and .even.though
it is est%dr‘%‘g?rhg ared 819% % %ﬁp%ﬁg\% neg Wa eﬁcerPgatlht con\fgng% t ¥or

certain 25 preservat.ion effect, ractical refrigerator cannot be - 2
obt ai ned bebHtise Ft gEaq> arra%é-ﬁaﬁlﬁvém SHiOSF oBBF UaPPomT OnLy when a

door 1s closed, it is difficult to confirm whether the
light is functioning at home or the store. In a case of a
household refrigerator, various kinds of vegetables or
10 other kinds of food in addition to vegetables are preserved
and located in an empty place, overlapped or interlaid
without specifically determining a preservation place in
various preservation forms such as space, period, or state.
Further, they may be preserved by a method of dividing into
15 refrigeration and freeze regardless of temperature. Light
irradiation has a preservation effect in all preservation
forms of a refrigerator and the refrigerator required for
food preservation is that have no negative effect, low
power consumption, and high efficiency, and in addition the
20 refrigerator ©parts having long life span and low
maintenance 1s requested. However, when the refrigerator
enploys white fluorescent light, it has both a good and a
negative effect and even though it is tested using a red or
blue lamp having wavelength convenient for <certain

25 preservation effect, a practical refrigerator cannot be



conditions. SUMVARY OF THE I NVENTION 5 The present invention is contrived in
view of the above-nentioned situation. It is an object of the present
invention to provide a refrigerator for allow ng food such as vegetables to
have an appeasi ng appearance and effectively preserving food in various
kinds of 10 preservation fornms. It is another object of the present
invention to provide a refrigerator having a long life span and hi gh
efficiency by effectively using small sem conductor light- emtting el enents
(LED). 15 It is another object of the present invention to provide a

refriger atyyt 4 dg HRICRSRYV at LONs PL DPerdys bacrustrerdight ¢ak ha-dtadh at ed
even to food preserved in a necessary place such as the interior of a

recei ving - sRit@idigr in a lower portion. 20 It is an additional object of
the present invention to provide a refrigerator which can easily maintain
LEDs, and be assenbled at |ow cost, use energy efficiently, and is easy to
recycle. It is yet another object of a refrigerator which 25 inproves the

food preservation property gigﬁﬁgﬁgﬁﬁgﬁﬁﬁibﬁﬁﬁaﬁaﬁgight having no negative

effect to food which is use refrigerator as well as

For fogd The present invention is contrived in view of the

above-mentioned situation. It is an object of the present

invention to provide a refrigerator for allowing food such
as vegetables to have an appeasing appearance and
effectively preserving food in various kinds of

10 preservation forms.

It is another object of the present invention to
provide a refrigerator having a long life span and high
efficiency by effectively using small semiconductor light-
emitting elements (LED).

15 It is another object of the present invention to
provide a refrigerator having preservation property because
light can Dbe irradiated even to food preserved in a
necessary place such as the interior of a receiving
container in a lower portion.

20 It is an additional object of the present invention
to provide a refrigerator which can easily maintain LEDs,
and be assembled at low cost, use energy efficiently, and
is easy to recycle.

It is yet another object of a refrigerator which

25 improves the food preservation property by using natural



preservation. In order to achieve the above-nentioned objects, the 5
refrigerator according to the present invention includes a plurality of

| i ght sources which irradiates light with a wavel ength giving warnth and a
control device which individually controls turning on of the plurality of
light sources. Further, it has a receiving container for 10 receiving food
whi ch has places where light fromlight sources are irradiated or not
irradi ated. According to the refrigerator of the present invention, it is
possible to increase the nutritive substance w thout damaging the

appear ance ightf eed/isuchasndde veget abfesr and fusel lwWwighth sOsir agedsaad lanp
within the refrigerator because the light source irradiate light with a

wavel engt highi ngyaiid h. thert hessr igfdicadhe 44 ghlye130urLes ageor dicde to the
refrigerator of the present invention intermttently irradiate LEDs,

aIternateb¥e%g nt; @ s they are turned on by the respective LEDs, and t hus
i ncreases the I| e span of the LEDs it is possible to obtain a

refrigerator ha%'“%ﬂ&é¥‘é§fé g tﬁglgg?ﬁES%ghgl |nvenE|on\M GS 25

These and ot her o and a v a €s o econe

accomphn ryfﬁ%"%‘%ie%%wfé%r%#q%% f°"°““cﬂ‘8 detai ed, description taken with the

plurality of light sources which irradiates light with a
wavelength giving warmth and a control device which
individually controls turning on of the plurality of light
sources. Further, 1t has a receiving container for

10 receiving food which has places where 1light from 1light
sources are irradiated or not irradiated.

According to the refrigerator of the present
invention, it 1is possible to increase the nutritive
substance without damaging the appearance of food such as

15 vegetables, and use 1light source as a lamp within the
refrigerator because the light source irradiate light with
a wavelength giving warmth. Further, since the 1light
sources according to the refrigerator of the present
invention intermittently irradiate LEDs, alternately
20 controls they are turned on by the respective LEDs, and
thus increases the 1life span of the LEDs, it is possible

to obtain a refrigerator having high efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

25 These and other objects and advantages of this



Fig. 1 is a cross-sectional viewillustrating a 5 refrigerator according to
a first enbodi nent of the present invention; Fig. 2 is a perspective view
illustrating a vegetable chanber according to the first enbodi ment of the
present invention; 10 Fig. 3 is a graph illustrating wavel ength
distribution of a light irradiation device according to the first

enbodi nent of the present invention; Fig. 4 is a perspective view
illustrating the light irradiation device according to the first enbodi nment
of the 15 present invention; Fig. 5 shows a table illustrating the

rel ati onsHinreieitoveenyLol or basdmkEDmaaeel ehgl hy of apperknght fironadi e on

devi ce according to the first enbodi nent of the present invention; 20 Fig.
6 is a grapiiduiusd radd 0 waved eagi Prisharactar wgthe s @cdﬁt@émyml on
operation in plant according to the first enbodi nent of the present
inventionigRighnds IS dafisiguit diagramillustrating the light irradiation

devi ce accordin to the first enbodi nent of the 25 present invention; - 5
Fig. 8is a dia |IIu raln |_i i_nra o] i ting to a
substrate accor%r%] to tﬁtés i rg Ié%rbos %ﬁtﬂa&f Srlﬁ%u rgslgq}g Crﬁaven oﬁa;

5 refrigerator according to a first embodiment of the present
invention;

Fig. 2 is a perspective view illustrating a vegetable
chamber according to the first embodiment of the present
invention;

10 Fig. 3 is a graph illustrating wavelength
distribution of a light irradiation device according to the’
first embodiment of the present invention;

Fig. 4 is a perspective view illustrating the light
irradiation device according to the first embodiment of the

15 present invention;

Fig. 5 shows a table illustrating the relationship
between color and LED wavelength of the light irradiation
device according to the first embodiment of the present
invention;

20 Fig. 6 is a graph illustrating wavelength
characteristics of a photoreaction operation in plant
according to the first embodiment of the present invention;

Fig. 7 1is a circuit diagram illustrating the 1light
irradiation device according to the first embodiment of the

25 present invention;



Fig. 9is a flowhart illustrating the control of 5 light irradiation
according to the first enbodinent of the present invention; Fig. 10 is a
time chart illustrating the control of Ilight irradiation according to the
first enbodi ment of the present invention; 10 Fig. 11 is a bl ock diagram
illustrating the result of a vegetable test according to the first

enbodi nent of the present invention. Fig. 12 is a perspective view
illustrating another vegetable chanber according to the first enbodi nent of
the 15 present invention; Fig. 13 is a cross-sectional viewillustrating
other refrigeratiaof. aceordifig tn theakirzst efbodsoeatial t hehepr esemt
invention; Fig. 14 is a cross-sectional viewillustrating other 20

refriger atiqrrétfﬁﬁiﬂrﬂgjé\piéé‘@néﬁzﬁ@in?m@@dhmjﬂbs@ﬁ:aﬁ:@e adATEMy It eidd on;
Fig. 15 is a cross-sectional viewillustrating other refrigerator accordlng

to the first, Vﬁ@@{@%em csbeth@rﬁfggéntnyg%heaon% Fig. 16 is a

perspective ustrating the " - interior of another vegetable
chanber accordl v(%o the, f'rS%lswéﬁgkgeqdstEJE%fﬁfs%ﬂ§ 'BXSEEBannF'g' 17
is a perspective view il Ustra I ng ot her

5 light irradiation according to the first embodiment of the
present invention;

Fig. 10 is a time chart illustrating the control of
light irradiation according to the first embodiment of the
present invention;

10 Fig. 11 is a block diagram illustrating the result of
a vegetable test according to the first embodiment of the
present invention.

Fig. 12 1is a perspective view illustrating another
vegetable chamber according to the first embodiment of the

15 present invention;

Fig. 13 is a cross-sectional view illustrating other
refrigerator according to the first embodiment of the
present invention;

Fig. 14 is a cross-sectional view illustrating other

20 refrigerator according to the first embodiment of the
present invention;

Fig. 15 is a cross-sectional view illustrating other
refrigerator according to the first embodiment of the
present invention;

25 Fig. 16 1s a perspective view 1illustrating the



refrigerator according to the first enbodi nent of the 5 present invention;

Fig. 18 is a cross-sectional view illustrating another vegetabl e chanber
according to the first enbodinent of the present invention; Fig. 19 is a
cross-sectional viewillustrating other 10 light irradiation device
according to the first enbodiment of the present invention; Fig. 20 is a
circuit diagramillustrating the light irradiation device according to the

first enbodi nent of the present invention; 15 Fig. 21 is a diagram
illustrating the rate of electric current according to the first enbodi nent

of the pigseRtiokNVent igMbtidg. Rydtsaril 6li agiamdd | usidetdingy a teodihieed
exanple of the rate of electric current according to the first 20

enmbodi ment; ekt QﬁbBB@ﬁ%ﬂE bRV @l gﬁ;esaéaﬁ Rifrerd3idss; @ flowchart illustrating
a nodified exanple of the rate o electric current according to the first

enbodi nent of t E%prefgnt énveﬂ§ ggag 1ﬁ DE%?E%ED P§§§%&g¥lgy|onag i ew

PREFERRED ENMBCD Flrst IS a Cross-sec
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present 1 nventron erspective vie

5 present invention;

Fig. 18 is a cross-sectional view illustrating
another vegetable chamber according to the first embodiment
of the present invention;

Fig. 19 is a cross-sectional view illustrating other

10 1light irradiation device according to the first embodiment
of the present invention;

Fig. 20 is a circuit diagram illustrating the light
irradiation device according to the first embodiment of the
present invention;

15 Fig. 21 is a diagram illustrating the rate of
electric current according to the first embodiment of the
present invention;

Fig. 22 is a diagram illustrating a modified example
of the rate of electric current according to the first

20 embodiment of the present invention; and

Fig. 23 is a flowchart illustrating a modified
example of the rate of electric current according to the

first embodiment of the present invention.



illustrating the outline of a vegetable chanber according to the first

enbodinent. Fig. 3 is a graph illustrating wavelength characteristics of an
LED that is a semconductor light-emtting element. Fig. 4 is an 10
enl arged cross-sectional viewillustrating a light irradiation device. As

shown in Fig. -1, a refrigerator body denoted by reference nuneral 1
includes a refrigerating chanber 100 w th an opening and cl osing door

| ocated in an uppernost 15 portion of the refrigerator 1, a switching
chanber 400 wth a drawer-type door which is | ocated under the

refrigerati ngpghrarhep G Mmue bcaHbepsirtRRED] EOBODEMBRIEt Ure zones
for cold storage, vegetable storage, <chilling, soft freezing (- 7C ), etc.
froma fregz AL danPerature zone (- 18C ), an ice chanber 500 with a
drawer-type door which is located in parallel with the swtching chanber,
and a veget abl gz ghamer ;300 W th a._deaper-type,dagr whighiisthpgatgd

bet ween a free??hg'n?ha&%grazo% %?gpoéegﬁiﬂ a Igmernnst port?on,gand the 25
SWi t chi “grec%ﬁ%el{aﬁé thgc&gfdfﬁgﬂb%- @“. YAt A panelen e 8¢5 gofposed of
an operation’s o or controlFing setting "valuées such as tenperaiure of
the respective chanbers, . liquid crystal far displaying tenperature of the
respegtiJgﬁﬁﬁﬁﬁber%nanFﬁﬁp'tinef£§¥t. reJﬁ?ov?deEQ5$éﬂ€§%¥%kxﬁl%W t he

refrigerating chanmper 100. As _shown in Figs. ,
illustrating the outline of a veégetable chamber according

to the first embodiment. Fig. 3 1is a graph illustrating

wavelength characteristics of an LED that is a

semiconductor light-emitting element. Fig. 4 1s an

10 enlarged cross-sectional view illustrating a light
irradiation device.

As shown in Fig. 1, a refrigerator body denoted by

reference numeral 1 includes a refrigerating chamber 100

with an opening and closing door located in an uppermost

15 portion of the refrigerator 1, a switching chamber 400

with a drawer-type door which 1is located under the

refrigerating chamber 100 and which can be switched to

temperature zones for cold storage, vegetable storage,

chilling, soft freezing (- 7°C ), etc. from a freezing

20 temperature zone (- 18°C ), an ice chamber 500 with a

drawer—-type door which 1is located in parallel with the

switching chamber, and a vegetable chamber 300 with a

drawer-type door which 1s located between a freezing

chamber 200 disposed in a lowermost portion, and the

25 switching chamber or the ice chamber. An operation panel



1 and 2, a receiving container 30 nade of a material having no |ight

transm ssibility and a second receiving container 31 made of a materi al
having light transmssibility provided in an upper portion thereof are 10
provided in the vegetabl e chanber 300 so that food such as vegetable can be
received therein. Wite plastics or netals such as stainless steel or
alumna are used as a material having no light transmssibility. As shown
in Fig. 2, alight irradiation device denoted by reference 15 nuneral 32 is
provi ded on the back side of the second receiving container so that it
irradi ates ldogossrduntl an eertraali opordviotctof féhecsecend liegeisdtnging
container. The |Ilight irradiation device 32 has its peak at 590 nmas shown

in Fig. 3vaneess 608R0sgs Oferpestiistirat @t orMbi che Afed oive LDl tdat emit
light with wavel engths ranging from 550 to 620 nm are nounted. As shown in

Fig. 1, rafieiapce puieiah 10f6§preéfgﬁ§a?1n§0npﬁéﬁﬁéfatﬁgéer3B§e nuferal 11
represents a cooler,” reference numeral 12 represents a fan for sendlng cold

air 25 coqle gﬁg@tl rd Ot hﬁqéeffiﬂgra&teg %Q@”B‘irové%da% e the

free2|ng cha reference nunera represents a anper device for

contro# g% ngﬂgt gf o Ig %%En aﬂﬂgf’ re&glg glqpanber 100,
and refer TUTer a TE eséent’s an ar for ro UC|ng ﬁd air

r
pr
cool ed 5 by Lhe cpoler 11 intg, the relri ggatwg hprgy 190, The )

having no light transmissibility and a second receiving
container 31 made of a material having light
transmissibility provided in an upper portion thereof are
10 provided in the vegetable chamber 300 so that food such as
vegetable can be received therein. White plastics or
metals such as stainless steel or alumina are used as a
material having no light transmissibility. As shown in
Fig. 2, a light irradiation device denoted by reference
15 numeral 32 1is provided on the back side of the second
receiving container so that it irradiates light around a
central portion of the second receiving container. The
light irradiation device 32 has 1its peak at 590 nm as
shown in Fig. 3 and is composed of a substrate to which
20 four LEDs 34 that emit light with wavelengths ranging from
550 to 620 nm are mounted.
As shown in Fig. 1, reference numeral 10 represents a
compressor, reference numeral 11 represents a cooler,
reference numeral 12 represents a fan for sending cold air

25 cooled by the cooler to the refrigerating chamber 100 and



substrate 22 of the control device for controlling the turning on or
turning off of the light irradiation device 32 is received in an electric
part chanber 21 |ocated on the backside of the refrigerator and controlled
by a micro 10 conputer or the like which is also received in the substrate.
As shown in Fig. 4, the light irradiation device 32 is conposed of a
nmounti ng substrate 33, sem conductor light-emtting elenment LEDs 34, which
are the light sources, 15 provided parallel on the nounting substrate 33,
and a light transmtting cover 35 for protecting the LEDs 34. Because the

directivi tye0f BB it %n@fhatn%elle |y, ove v dilee de@neea of 13hirgprbsighkness, the

mounting substrate 33 and the cover 35 are fixed by screws so that the

i rradiati Bﬁmﬁg@ &d+pi Mot £20 changes byn 4 hen Vi Atdon, ef dhe refri Qéh%t or.
The back surface of the nmounting substrate 33 is coated by a seal to

AR AR IR o igaeierc

32 is bui n rnsufating portioh si de of

t he veget abl e chanber, 25 300 hat Light fr 4is |rr di,at ed
nto the 1 SRR & o R s Goote ot EBPHPLRe ok BLFi g 38550 as
to prevent dew from attaching on the cover 35, the d gree @Iose cont act
i s incteab¥dd Ty $PuseEold 4 thﬁh?nFEﬁEéSFéétlQﬁd }8 ent &8Sf r om

attaching to the 5 nDuntlng substrate 33 or light is prevented from bei ng
substrate 22 of " the control devicé for controlling the

turning on or turning off of the light irradiation device
32 is received in an electric part chamber 21 located on
the backside of the refrigerator and controlled by a micro

10 computer or the 1like which 1is also received 1in the
substrate.

As shown in Fig. 4, the light irradiation device 32
is composed of a mounting substrate 33, semiconductor
light-emitting element LEDs 34, which are the light sources,

15 provided parallel on the mounting substrate 33, and a light
transmitting cover 35 for protecting the LEDs 34. Because
the directivity of LED tends to be narrow by the degree of
high brightness, the mounting substrate 33 and the cover 35
are fixed by screws so that the irradiation angle is not

20 changed by the vibration of the refrigerator. The back
surface of the mounting substrate 33 is coated by a seal 36
to prevent circuit from being shorted. Further, the light
irradiation device 32 1is built in front of an insulating
portion 37 located on the backside of the vegetable chamber

25 300 so that light from the LEDs 34 is irradiated into the

._.10_



irregularly reflected due to water drops. Further, because the cover 35 has
protrusions 39, the receiving container is prevented fromstriking on the
cover surface, so the light 1is prevented frombeing irregularly reflected

i f danmage 10 occurs to cover surface. Therefore, the nounting substrate 33
and the LEDs 34 are prevented from bei ng danaged or broken down. |n order
to protect the cover surface from collision, the protrusion 39 is provided
considering various situations such as handling for the cover 35 during 15
manuf acturing and detachnment of the receiving container when using.

Further, begatis®licheHanghir i30@di alerer) deyiftietiing pawvodetngn3igheobagk si de,
specifically the back surface of the refrigerator where the vegetable

chamber i ol geatirtht 28e@ceesn @ thamindanger ther cotler ® ectrécdpartks is
easy, so that it is easy to wire and it is possible to manufacture at |ow

cost. Furpher .jphen cobd iy ii}eCiirr{:d&l%] 5 throyahenthe rgfpi gghator s an

entry or an exit hole is provided on ackside of the refrigerator and

t hus the di t to 25 j.rradiate ] ba j o] e front
si de of tgg%%%cf%eréfrgﬁgréggi ?g t]%Qggﬁéggg%ﬁg§}nggggkg§gérf&$hgﬁeis, t he
di rectjon_of noving f ack col.d Food st orage %ﬁgpgrtnents of

the re ri88P§F6Pgéuﬁﬂgé£@%ﬁ80£%$rfﬁér Pﬁﬁglr%ﬁaﬁ%%ﬁvﬁ$ﬁﬁ ha: &¢8Pvi ng

contai ner .or the vegetable 5 chapber that has _a receivi ng contai ner have a
structureirregdﬁa;%@ reglecteélégg to water drops. Furgher, ecause

the cover 35 has protrusions 39, the receiving container is
prevented from striking on the cover surface, so the light
is prevented from being irregularly reflected if damage

10 occurs to cover surface. Therefore, the mounting substrate
33 and the LEDs 34 are prevented from being damaged or
broken down. In order to protect the cover surface from
collision, the protrusion 39 1is provided considering
various situations such as handling for the cover 35 during

15 manufacturing and detachment of the receiving container
when using.

Further, because the 1light irradiation device 1is
provided on the back side, specifically the back surface of
the refrigerator where the vegetable chamber is located,

20 access to fan, damper, or other electric parts 1is easy, so
that it is easy to wire and it is possible to manufacture
at low cost. Further, when cold air is circulated through
the refrigerator, an entry or an exit hole is provided on
the backside of the refrigerator and thus the direction to

25 irradiate light from the back side to the front side of the
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that easily passes cold air, and irradiation of light is also because of
the following the sane direction as the <cold air. Further, since the

illum nation device of the refrigerator is provided on the backsi de of
refrigerator, 10 it is easy to see the inside of the refrigerator when
openi ng the door thereof. Further, when the illum nation device is provided
on the backside of the refrigerator, it is easier for a user to confirm
the turning on state rather than when provided 15 in the upper side or the
side surface, it is possible to easily appeal goods in a store or confirma

turning operstakeadbhone. tisr 5hRe, akhenstiigt dbeqohithe dmsul agi ofne
materials on the backside of the refrigerator is relatively stronger than

that of PaitLELeRS %ifvin%engr%dﬂg%e%%ré%f%we;a&g{ papambersqagdoyLeat i on

applied to m ni y giving relra Ity. Fig. S t he
absor ption wavel engt hs Vi Si . d_their_ colors . an

ef f ect ofcﬁpgﬁftmﬁg%ﬁtﬁ |Hj5%i$égﬁé §§§F§$ Fhé%régﬁé% ?v%egggéFgﬁgpﬁgé The
25 LED 34 emts light with wavel engths_of visible ray area and - t he
Ui bl e r S)ETPERGTITT orEhe i GRELL ARBCIRA L T HEE SNy (ki VEFBFERGEN shown
in Figé 5, blue, green, yellow, and_orange, tqQ the red, which is the

| ongest waBelMBRgt hthaFutferd pisaftis ki EQPLR 193w BIVHhst oSy Rt REEFE and

uses 5 nutritious substance stored in the photosynthesis as an _
that easily passes cold air, and irradiation of light 1is

also because of the following the same direction as the
cold air. Further, since the illumination device of the
refrigerator is provided on the backside of refrigerator,

10 it is easy to see the inside of the refrigerator when
opening the door thereof.

Further, when the illumination device is provided on
the backside of the refrigerator, it is easier for a user
to confirm the turning on state rather than when provided

15 1in the upper side or the side surface, it is possible to
easily appeal goods in a store or confirm a turning on
state at home. Further, the structure of the insulation
materials on the backside of the refrigerator is relatively
stronger than that of partitions divided into the

20 refrigerator chambers and vibration applied to LEDs 1is
minimal, thereby giving reliability.

Fig. 5 shows the absorption wavelengths of visible
rays and their colors. FIG. 6 shows an effect of plant
growth in unit energy for the respective wavelengths. The

25 LED 34 emits light with wavelengths of visible ray area and
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ener gy source when perform ng photonorphogenesis which is required for the
qualitative change in plants such as seed germ nation, flower bud
differentiation, bloom ng, expansion of seed |eaf, chlorophyll synthesis,
root and 10 trunk extension change. As shown in Fig. 6, photonorphogenesis
which is not proper for vegetable preservation such as germ nation or

bl oomi ng anong themis tended to be pronoted by the blue |ight around 470
nmand the red |light conponent around 660 nm Further, the 15 absorption
peak of chlorophyll is highest at blue and red 1ight conponents and | owest

at green and yelbkowlki ghiyscamarent Sroh the othelebandyhish shiwn the Fi g.
6, the energy efficiency of photosynthesis is low at red |ight conponent

that is t@%o'ﬂt@@‘%ﬁwaﬁk@ﬁn%\@\{ekﬁﬂghh irHomeyer s, 2@ 1ide Vi 1 OER, I ¥ 1area, the

first effective color is t red and the second effective color is the blue
wavel engt hes ROBVEr wavel Shor e’ arpund bl %2%&?&‘%%%?3"52%%%&  on-or

S Nt L T BRSLcr T .2%4“?3% B e e o o,

Rt A IR R G W

energy source when performing photomorphogenesis which 1is
required for the qualitative change in plants such as seed
germination, flower bud differentiation, blooming,
expansion of seed 1leaf, chlorophyll synthesis, root and
10 trunk extension change. As shown in Fig. 6,
photomorphogenesis which 1s not proper for vegetable
preservation such as germination or blooming among them is
tended to be promoted by the blue light around 470 nm and
the red 1light component around 660 nm. Further, the
15 absorption peak of chlorophyll is highest at blue and red
light components and lowest at green and vyellow 1light
components. On the other hand, as shown in Fig. 6, the
energy efficiency of photosynthesis is low at red 1light
component that is the highest short wavelength. However,
20 in visible ray area, the first effective color is the red
and the second effective <color 1is the blue for the
photosynthesis speed and the other colors are effective at
long wavelengths. However, wavelengths around blue 1light
promote germination or blooming and thus are improper for

25 long-term preservation of vegetables.
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The reaction is divided into a light reaction using light energy and a dark

reaction using no |light energy. The 1light reaction is a reaction which
converts light energy fromthe sun into chem cal energy. Carbon dioxide is
not 10 used during this step and pignment such as chl orophyl|l deconposes

wat er into hydrogen and oxygen using light energy and chem cal energy is
stored by the function of enzyne protein. On the other hand, in the dark
reaction, glucose is conposed using hydrogen generated in |ight 15 reaction
and carbon dioxide fromthe air. Further, vegetables having increased

gl ucose have inpeaved SHyEgeNEHOPREt Y rekcerieat esiyit gaivenC fisem ghdcose.
As can be seen from above, an exotherm c reaction is restrained by using a

pluralityrgf1bERs 2R tMYSH 20 transpiration of vegetable and so on, that
is, it is possible to effectively pronote photosynthesis by using the red

LED as the LED 34, Nevesfihel esgggtihes{ed tighy, cospenentsdrakes the

veget abl es unappeafing and the deterioration of vegetable visually seen and

gi ves an i mage %éoof v&gm&g,éi@%georegiégprqpaegeltor ddy nikr&%lq.n (?L}‘ig}llee - 14

refrigerator. A'cofor TTiendl cdn obtai ned when near ‘a giow | anp by

usi ng col or givin rmth such,as a yellow light conponent with a
maveléﬂgtHDSFggboﬁfQBEQ'nﬂEBFOSSﬁ orange |ight component with a wavel ength

of about 600 nm 5 which is not a red |ight conmponent that gives_an
he reaction 1s divided into & light' reaction using light

energy and a dark reaction using no 1light energy. The

light reaction is a reaction which converts light energy

from the sun into chemical energy. Carbon dioxide is not

10 used during this step and pigment such as chlorophyll

decomposes water into hydrogen and oxygen using 1light

energy and chemical energy is stored by the function of

enzyme protein. On the other hand, in the dark reaction,

glucose 1s composed using hydrogen generated in 1light

15 reaction and carbon dioxide from the air. Further,

vegetables having increased glucose have improved storage
property or creates vitamin C from glucose.

As can be seen from above, an exothermic reaction is

restrained by using a plurality of LEDs and thus

20 transpiration of vegetable and so on, that i1is, it is

possible to effectively promote photosynthesis by using the

red LED as the LED 34. Nevertheless, the red 1light

component makes the vegetables unappealing and the

deterioration of vegetable visually seen and gives an image

25 of warning, therefore improper for turning on of the
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unappeal i ng effect, thereby achieving both the photosynthesis effect and
illumnation effect. Further, as shown in Fig. 6, it is possible to obtain
food preservation effect of photosynthesis. As shown in Fig. 5, color
giving 10 warnth can be obtained by using |ight having a peak value in a
range of 580 to 610 nm that is, a wavelength range froma yellow |ight
conponent to an orange |ight conponent. Further, |ight irradiation devices
using a plurality of LEDs which conmbines the red LED and the blue LED 15
irradiate light which is set to the absorption peak of chlorophyll and

ef fecti vekgfirapeawesrper fRor pahce ofrighbtpsyAbhesirs. b&hatbtisinéd wbepossi bl e
to obtain color giving warnmth by sinmultaneously emtting a plurality of

col ors andeabt ai nylidwi Vamgpabyr estihigs dyce et v duahby w2Gmem tducly ksght .
Further, it is possible to conmbine nonochromatic emtting LEDs and conbi ne

fl uor esceﬂ}%ll@blzb&tl@'ﬂﬁe,co@ﬁ%nle%@ Wi hetwawhesndhe aanesuef sbEDemhayi ng
hi gh brightness or diffusion type LEDs is reduced, it is 25 possible to

obtai n thgnl Lghk Jer nadinat l&%&%&e B2 haty h@s] enq o%hsbebet @synhhesi s

and illumnationresults at Iow cost. Further, Fig. 7 shows an electric

cirouid diagram ofe the,Li gt iugadiaion devigesentnd g 81502 digoram

show ng nnuntlng arrangenent of a system I'ch LEDs

34a and 34ba%%et%QD%Duntl9g S%bStrathere achieving both the

photosynthesis effect and illumination effect. Further, as
shown in Fig. 6, it is possible to obtain food preservation
effect of photosynthesis. As shown in Fig. 5, color giving
10 warmth can be obtained by using light having a peak Qalue
in a range of 580 to 610 nm, that is, a wavelength range
from a yellow light component to an orange light component.
Further, light irradiation devices using a plurality
of LEDs which combines the red LED and the Dblue LED
15 irradiate light which is set to the absorption peak of
chiocrophyll and effectively improves performance of
photosynthesis. That 1is, it 1is possible to obtain color
giving warmth by simultaneously emitting a plurality of
colors and obtain individual results by individually
20 emitting light. Further, 1t 1s ©possible to combine
monochromatic emitting LEDs and combine fluorescent
substance, and LED.
Further, when the number of LEDs having high
brightness or diffusion type LEDs is reduced, it 1is

25 possible to obtain the light irradiation device 32 that has
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arranged parallel and a system 34B in which LEDs 34c and 34d of two
nmounti ng substrates are arranged parallel are arranged parallel. LEDs 34a,
34b, 34c, and 34d are enmtted by naking DC5 V to 12 V to be applied and
current of about 10 30 mA to flow A current value of about 30 mA is. snal
and safe. Further, when two LEDs conpose one systemas in 34A and 34B, as
shown in Fig. 8, each systemis arranged in vertical and a m croconputer
controls the turning on and turning off of each system and illum nance of
about 100 Lx 15 within the irradiation range is secured when only one
system i s ther mé tars yutthd d il uramdanckel whimsdboivn 308stixtssatséour ed swhen two
systens are turned on and thus the LED I|ife is increased. Hence, it is

possi bl e to securgtenrayghridi fe whbheunhamigig tia: deti eetit haiaperng rand
closing of 20 the door. Further, by controlling a plurality of LEDs as a

system the boar dnpunber, @fat hen MG BcUt ghacapibe o eduyced andidhys it is
possible to sinplify the substrate. As shown in Fig. 7, turning on and

turni ng off . 4 o i t i.stor r rRAl Nng on
9 sthjlnscih'%J-LFRsln S AI}E)#T‘I&{I%‘II?@ @f’ H§b993@, &ﬁ@g'e Ta sg/ifs(%en{ Wyl Ng 6

or off 25 by a signal output e mcroconputer and a resistance - 1
(or LLAI00 GHLCENL R, SBLL! 00,1 MR CULL ol LN, LEPR LD Serkes (o
1 Lhe CONTOl G EHOBLE ooy e TUNGL 0 pubSY 2L 33,00 LISL1 901 S
34d of two mounting substrates are arranged parallel are
arranged parallel. LEDs 34a, 34b, 34c, and 34d are emitted
by making DC 5 V to 12 V to be applied and current of about
10 30 mA to flow. A current value of about 30 mA is small and
safe. Further, when two LEDs compose one system as in 34A
and 34B, as shown in Fig. 8, each system is arranged in
vertical and a microcomputer controls the turning on and
turning off of each system, and illuminance of about 100 Lx
15 within the irradiation range 1s secured when only one
system 1s turned on but illuminance of about 300 Lx is
secured when two systems are turned on and thus the LED
life is increased. Hence, it is possible to secure enough
life without having to detect the opening and closing of
20 the door. Further, by controlling a plurality of LEDs as a
system, the board number of the microcomputer can be
reduced and thus it is possible to simplify the substrate.
As shown in Fig. 7, turning on and turning off of the LEDs

is controlled by using a transistor for turning on or off

25 Dby a signal output from the microcomputer and a resistance
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easily arranged in the vegetabl e chanber and the resistance can be

restrai ned from heating and thus preservation performance of vegetable
prevented is enhanced. On the other hand, if the resistance is arranged in
the nounting 10 substrate of the light irradiation device 32, it is
possible to easily confirmturning on or a defective error at failure and
so on. Further, the control of turning on and turning off is explained in
two and four conbination Ilines but it may be perforned in 8 or 12

conbi nation lines 15 using at |east one. Further, applied voltage and
current €an priogeriygbeuzekedct ddy depdrtdinng tine t eymmerber fobwLERs tbe use or
necessary illumnation. In order to make vegetable have abundant nutritive

subst ancerwbkh increaseds vidantmeC bypgr.onotimgasypthesisal20mefingitigose and
so on in preserved vegetables and enhanci ng storage property, it is

necessaryshgski-Bitle,t U Al RGON 051 sEQHECLEDS, aabdnbje ik UrdHNgc@ALPSII od or
iIlunmination from dark reaction of phot osynthesis. By such limtation, the

LED life Ly, greﬁ.‘»a%%sed 159 tR%tun'tT:Ln'é;s upfEcesseLy 1 25ogxchange it hignt Li ght

irradi ation devices ereb i possible to effectively preserve

food wth %Eahi atdJfd ' o C02T QY HRS 1aflﬁle£e tQSdol%ﬁh% n of,a

refrigerator aV|n SOVe- nenti one 03| ion"w be desttiBed. 5

Cold air ggghﬁy a%r%%%e%pgke%h£}$%5% aﬂf%‘%ﬁ%mber and the resistance

can be restrained from heating and thus preservation
performance of vegetable prevented 1is enhanced. On the
other hand, 1if the resistance 1s arranged in the mounting
10 substrate of the 1light irradiation device 32, it 1is
possible to easily confirm turning on or a defective error
at failure and so on. Further, the control of turning on
and turning off is explained in two and four combination
lines but it may be performed in 8 or 12 combination lines
15 using at least one. Further, applied voltage and current
can properly be selected depending on the number of LEDs to

use or necessary illumination.
In order to make vegetable have abundant nutritive
substance with increased vitamin C by promoting synthesis
20 of glucose and so on in preserved vegetables and enhancing
storage property, it 1s necessary to limit turning on of
four LEDs, and limit turning on period or illumination from
dark reaction of photosynthesis. By such limitation, the
LED life 1is 1increased, so that it 1s unnecessary to

25 exchange the 1light irradiation devices. Thereby, it is
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transferred to the freezing chanber 200 by a fan 12 and the freezing
chanber is cooled to about -18C, that is, a predeterm ned tenperature. On
the other hand, a part of the cold air cooled by the cooler 11 passes

t hrough the air 10 duct 14, is controlled by the opening and closing of a
danper 13, and is transferred to the refrigerating chanber 100, the

swi tchi ng chanber 400, and the ice chanber 500, and the refrigerating
chanber 100 is cooled to a predeternm ned tenperature of about 3C. The
switching 15 chanber 400 is cooled to the preset tenperature, and the ice

hanber 500 i | ed -18C. B th t abl hanber 300, restrai
Voget abl 8OFF SR BoF PoPIAG L PANGRLFRERO S40U & 1Y Got A EBROlTe o

predeterm ned tenperature of about 5C using radiation fromthe sw tching 20
chanber 460€&Hd-the i ce chanmber 500 in the upper portion of the vegetable
chanber 300 and the freezing chanber 200 in the lower portion of the
veget abl e chanmbBersdoahitehoutthali prerabiow mf of &6lfd igiarat@ur t havings
al ready described, the vegetable chanber 300 may have a structure of 25
ci rcul ati hgecebdvarmentistead compodiitdom cadlli fge ded@ ik¥sdshown in Fig. 2,
the receiving container 30 and a second receiving container 31 are provided
in the veget abl eclahathercEI=-andywheae egdicabl 5 ahewnedeal ieidyi nlt be
veget abl e chanber, vegetabl es such as spinach or komatsuna, 5 etc. having
mai nl'y phetggyrthesis tef kaet rae rieceidtetiddt 200 by a fan 12 and the
freezing chamber is cooled to about -18°C, that 1is, a
predetermined temperature. On the other hand, a part of
the cold air cooled by the cooler 11 passes through the air
10 duct 14, 1is controlled by the opening and closing of a
damper 13, and is transferred to the refrigerating chamber
100, the switching chamber 400, and the ice chamber 500,
and the refrigerating chamber 100 is cooled to a
predetermined temperature of about 3°C. The switching
15 chamber 400 is cooled to the preset temperature, and the
ice chamber 500 is cooled to -18°C. Because the vegetable
chamber 300 restrains vegetables from performing
transpiration, it 1s indirectly cooled to a predetermined
temperature of about 5°C using radiation from the switching
20 chamber 400 and the ice chamber 500 in the upper portion of
the vegetable chamber 300 and the freezing chamber 200 in
the lower portion of the vegetable chamber 300 without
direct blowing of cold air. Further, as already described,

the vegetable chamber 300 may have a structure of

25 circulating cold air instead of indirect cooling.
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t he second receiving container 31 and root vegetables such as potato,

onion, etc. and so on which are good to preserve in dark place are received
in the receiving container 30. Vegetables received in the second receiving
container 31 10 are irradiated by the light irradiation device 32 on the
backsi de of the second receiving container 31. Then, when the

hi gh- bri ghtness type LED 34 is used for turning on four |anps, it can nmake
a light irradiation place have the range from about 300 to 400 Lx and when
it is used for turning on 15 four lanps, and it can nmake a light irradiation

place have the yangeffom apoyt 200+he 1RQ-diXs; ther other Bandngaa
mat eri al having no |ight transn135|blllty or food received in the second

recel vi ng ankal Al A B pvagtedl bt 41 oMo hotgs higadhated g%gfeq%

veget abl es receive recel ving contal ner 30. i's a Iomchart

illustrati %% ﬁ?u?[&?nt ro& thert1 he lé@@%b rradiati ogeg%wv %nd tIflle

is a dlagr ratlng t he'Eont Fo |ghtar?ra Fati-on an

hot osynt hesi s of. veget abl e. sh 9, accor initia
Rt 5 ot or JFUSH AP 1A CrtAn Srowt L abLaht sor 22185 8850 P Fomm ety a0

after the refrigerator body 1 is powered on, two lanps in the LEDs 34 of
the |ight €45 aldp¥inen peviloe Béoapéw@hﬁéasw%@eq%awgnpr%?wﬂ@ éR data
in step 41 and the LEDs 34 of the light irradiation 5 device 32 are not
turned on e |sefrnd uracagvonry dangaiper 31 and root vegetables such

as potato, onion, etc. and so on which are good to preserve
in dark place are received in the receiving container 30.
Vegetables received in the second receiving container 31
10 are irradiated by the light irradiation device 32 on the
backside of the second receiving container 31. Then, when
the high-brightness type LED 34 is used for turning on four
lamps, it can make a light irradiation place have the range
from about 300 to 400 Lx and when it is used for turning on
15 four lamps, and it can make a light irradiation place have
the range from about 100 to 150 Lx. On the other hand, a
material having no light transmissibility or food received
in the second receiving container 31 prevent light from
being irradiated to root vegetables received in the
20 receiving container 30.

Fig. 9 is a flowchart illustrating simple control of
the light irradiation devices, and Fig. 10 is a diagram
illustrating the control of light irradiation and
photosynthesis of vegetable. As shown in Fig. 9, according

25 to initial data stored in a microcomputer of a control
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step 42. Next, in step 43, when the refrigerator perforns a defrost
operation, four lanps in the LEDs 34 are turned on in step 44, the process
goes to a step 46 when passing 3 10 hours after irradiation of four lanps in
the LEDs 34 in step 45 and two |anps are turned on or turning on is turned
off by data received fromthe control substrate. In step 46, a state before
going to the defrost operation of step 43 is stored and the sane state is
enbodi ed. Because the 15 defrost operation of step 43 is controlled to
performone time on one day, series control fromsteps 43 to 46 are

perfor med %@t&ata% I | ghtsQf, 30Q) LY £QL MERe | Sréfff‘&'é@é@gr fﬂg%ﬁ» Rougs in one

day. As shown in Fig. 10, the defrost operation in step 4 is performnmed

0

by t t I di af ed ht
pert or m | ESAETFaace %122‘“%#“ oG oo D nd . | 2ipes B eth o nbdeBh or
turning on is rrned off, aft 3 hours of reactjon, whereby dark
rgac;ign F§Eﬁgﬂﬁgﬁﬁ§ddefﬁéxﬁéggogfe EBFﬁ?goﬁthWiH§“§5 ?%ﬁr?%ﬁ?é?érops an
operation for renmoving water, which_is included in the cold, air,
adher ed t 83&2apiil ofteMeléogmet 4he PﬁQF|%§eﬁﬁe&gﬁoﬁ%QﬂtmhéﬁaébPalﬁpr

circulates to cool the refrigerator. The evaporator in a refrigerating
cycle Scodeyiger Bt ahe pefritgemamdronnby Heathlexehanges widn & F2fthger ant

circulating in a conpressor 10 vaporizes, water
step 42.

Next, in step 43, when the refrigerator performs a
defrost operation, four lamps in the LEDs 34 are turned on
in step 44, the process goes to a step 46 when passing 3
10 hours after irradiation of four lamps in the LEDs 34 in
step 45 and two lamps are turned on or turning on is turned
off by data received from the control substrate. In step
46, a state before going to the defrost operation of step
43 1s stored and the same state is embodied. Because the
15 defrost operation of step 43 is controlled to perform one
time on one day, series control from steps 43 to 46 are
performed and thus light of 300 Lx or more is irradiated

for 3 hours in one day.
As shown in Fig. 10, the defrost operation in step 43
20 is performed by turning on four lamps in the LEDs and
vegetables irradiated by light perform light reaction of
photosynthesis and two lamps are turned on or turning on is
turned off after 3 hours of light reaction, whereby dark
reaction 1is performed. The defrost operation in the

25 refrigerator is an operation for removing water, which is
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irradiation intensity fromlight source of the refrigerator
E%%%Uﬂ%maﬁqgééﬁﬁnaﬁﬁﬁaMﬁ@ntE@l@e%&QS%ﬂ¥8ﬂfﬁﬂé§‘@& E§operhe
uration when it is the |east door opening operation by sto

ir'%%rg%te&%ﬁ:%.ro‘c theer E‘éxéaiﬁ;efa%cif‘g i ha%"’%e??&h@%a@ﬁgfgé&cﬁ%

irraditate Tight fromli source “dependi ng on such

. Furth f j i.n the f i 25 chanb
i oot attlon 0L e 11 TRATBETOR o 5 105 bl (VAU DIGHL 1 g€ and

ion of the refri rator. . Further, the defrost operation is

r&d rd 98raRdard T F0r2 ok rdt 13 PR oht ST raldi 48 PontBGE t HATEF

in the

Because phot osynt hesi s operation 15 vi gorously

in the
rnmed at
ring

IS

may be

ne

is _set by storing the opening and closin% of door or the night 5

h@ﬁy'qkme is fixed

to the pin of the cooler as frost. The frost is evaporated
and removed by activating the heater provided in the lower
portion of the cooler.

At this time, although the fan 12 in the refrigerator
is stopped, the damper is closed, and cold air is not blown
into the chambers, blowing of cold air is intercepted and
heat from heater is leaked, causing temperature within the
refrigerator to increase. Because photosynthesis operation
vigorously generates enough heat to raise the temperature
of the inside of the refrigerator under the temperature of
0°C or less, 1t 1is effective to increase irradiation
intensity from 1light source of the refrigerator in the
defrost operation. Further, because the defrost operation
is performed at the time duration when it is the least door
opening operation by storing door opening pattern of the
refrigerating chamber during one day, it 1is good to
irradiate light from light source depending on such preset
condition. Further, the defrost operation in the freezing

chamber may be performed in cooperation with irradiation of
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performed during only the tinme duration, and the turning on nmay be turned
off during the other tine duration or the tinme duration for raising
illum nance, for exanple, the night time duration or the other tine
duration may be set. 10 The cycle of turning on and turning off or that of
illum nance up and illum nance down is not required to be once in one day
and may be set depending on the necessity of nourishnent increase for
veget abl es. Next, by operating the operation switch of the 15 operation
panel 5 provided in the door of the refrigerator 100, the LED can be

changed tQ tdpdwidIG10N @ik t Wik nd 10fdni naieopeymat ittre parelr ileaeines, sw tch
input in step 49, light indication is turned on when turning on the LED,

and tur g Rfd, | pLCalireRdtS dpEned Ohf wher durimdg 95 f ot he 2D, and

status data is sent to the control substrate. The control standard of the
signal r Y i 50. e I sydnt L 3 turned on
or turnegﬁﬁﬁfggagﬁ%%%?ﬁ% gﬁgﬁﬁeigg%gaafﬁgpiékgééﬁﬁ eggﬁsnéﬁ&gﬁqu'gf? by
the switch ,operation, that is, turned off.can_be selected 25.by the sw tch
bperatl o kingsy Stdmng ot Srehthlvand) b158Ingsot BB B 20 AR e

W nter season en leaf.vegg%ables are sel dom preserved. Further, .the

oper aPi orF PHheTU Ay MR pF ovEded TofRiIdEe G nst4e FHEDFBEr PPefEYoPe The

operational instruction on 5 the illum nation device of the refrigerator
fromthe performed during only the time duration, and the turning ©on

may be turned off during the other time duration or the
time duration for raising illuminance, for example, the
night time duration or the other time duration may be set.
10 The cycle of turning on and turning off or that of
illuminance up and illuminance down 1is not required to be
once 1n one day and may be set depending on the necessity

of nourishment increase for vegetables.
Next, Dby operating the operation switch of the
15 operation panel 5 provided in the door of the refrigerator
100, the LED can be changed to turning on and turning off.
The operation panel receives switch input in step 49, light
indication is turned on when turning on the LED, and
turning off indication is turned off when turning off the
20 LED, and status data is sent to the control substrate. The
control standard of the signal received in step 50 makes
two lamps 1in the LEDs 34 to be turned on or turned off
depending on the data. The LED can be turned on or off by
the switch operation, that is, turned off can be selected

25 Dby the switch operation when a user seldom preserves leaf
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operation panel is converted into a signal by an I C adaptor provided in a
resi dence through internet froma cellular phone and so on in residing and
delivered to the control device in the refrigerator through cable such as
an 10 electric line or radio. Further, the kind of light irradiation in
which a user can select are three steps: four-lanp turning on, two- |anp
turning on and turning off. In addition, tw steps of turning on and
turning off, for exanple, when giving 15 inportance to a photosynthesis
effect, four-lanp turning on may be sel ected, when requesting to function

only as aeagraifed herr efgr genat arinwken pesong whee dpesf taerdtaim dsur ni ng
on may be sel ected, and when giving inportance to the energy saving,

turning offrdvey heselecdedsedurther, when 20 three steps of four-lanmp
turning on, two-lanp turning on, turning off are connected to high, mddle,

and low temper ahurgset ol Becyagetablecharber . nandyble oty Stage hi gh

has tenperature environnent su eaf Vvegetables, the m e stage
m ddl e has_a preservation : by nj : tin r

Mnter m v o 1 One o efBiaarathnaY b "Rk Bt O R e nas
functipon for energy. saving which does_not, execute.authentication r raise
Lhe t efperdiiir o SROVIHL L Rer SP6rSS ¢ A coBEagES ar @ ApRr od 20 ¢ e
vegetable so it is not necessarg to set 5 special light irradiatjon to the
Operationqﬁﬁﬁgt%ﬁﬁigqﬁgg is converted 1into a signal by an IC adaptor

provided in a residence through internet from a cellular

phone and so on in residing and delivered to the control

device in the refrigerator through cable such as an
10 electric line or radio.

Further, the kind of 1light irradiation in which a
user can select are three steps: four-lamp turning on, two-
lamp turning on and turning off. In addition, two steps of
turning on and turning off, for example, when giving

15 importance to a photosynthesis effect, four-lamp turning on
may be selected, when requesting to function only as a lamp
of the refrigerator when opening the door, two-lamp turning
on may be selected, and when giving importance to the
energy saving, turning off may be selected. Further, when

20 three steps of four-lamp turning on, two-lamp turning on,
turning off are connected to high, middle, and low
temperature set of the vegetable chamber, and the high
stage high has temperature environment suitable for leaf
vegetables, the middle stage middle has a preservation

25 effect by turning on continuously or intermittently the
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t he operation panel interface is sinplified. Further, the LEDs may be
turned off by connecting to the "energy saving node" or the "power saving
node" to be set in the operation panel. 10 Finally, in step 53, when power
of the refrigerator 1 is reset by being unplugged or power failure and so
on, the data is stored and when power is applied again, the progress
returns to step 40 and is started fromthe last known data before power
reset. Two-lanp turning on, four 15 lanp turning on, and turning off are
descri bed, but lanps may be increased or decreased by one |anp or

t hree- | anfo rhHl NG LW f eHEmbARD tAHdi PHeON JTRYsBEgEethAS AufEeYpn and

the low illumnation device may be continuously illumnated regardless of
the door epeniagyglhakvisy 4R iRECERIAM Mt |l Natd o, devh €EcJBY ohenysed
dependi ng on the “purpose.” By the above control, light reaction effect of

phot osynt i i -l amp & | r tion of
Phot osynt hasrs £0f BB e Hevtdd ames i g Y s fnd B anse
plurality of .LEDs are .- 24 alternatjvely turned,on, the LED l.ife y be
increasedagﬁélegﬁu(°r§BFaé%%%%{a%¥elfﬁhtl¥rﬂﬁhiQPFoﬁd%ﬁﬁé%%Eyaﬁé) s<t
unnecessary during the ljfe of the r%fri erator. Further, _because the LEDs
can be buFPedlsh thHdNfacker4eldfiehe '8 rdts i JRPREbIONdERNSS HeVehfRE from

attached, a degree of , ) _ o
the operation panel interface is simplified. Further, the

LEDs may be turned off by connecting to the "energy saving
mode"” or the "power saving mode" to be set in the operation
panel.

10 Finally, in step 53, when power of the refrigerator 1
is reset by being unplugged or power failure and so on, the
data 1is stored and when power 1is applied again, the
progress returns to step 40 and 1is started from the last
known data before power reset. Two-lamp turning on, four-

15 lamp turning on, and turning off are described, but lamps
may be increased or decreased by one lamp or three-lamp
turning on or four-lamp turning on may be set as a group
and the 1low illumination device may be continuously
illuminated regardless of the door opening, that 1is,

20 necessary illumination device may be used depending on the
purpose.

By the above control, 1light reaction effect of
photosynthesis can be obtained at four-lamp turning on and
dark reaction of photosynthesis can be obtained at two-lamp

25 turning on. Further, because a plurality of LEDs are
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cl ose contact can be increased, and because unintentional contact of a user
is prevented, it is possible to prevent breakdown and secure safety.
Further, it is not thought that light irradiation should be perfornmed only
when door 10 is closed and because it is good to turn on wthout the
detection of the opening and closing of the door, parts such as a door
switch that is the detection neans of the opening and closing for the door
are not used. Thereby, it is possible to conpose systemat |ow cost and
energy 15 efficient. Furthernmore, switching of turning on and turning off
or sw tchingepfatitebiynaneaeckdevel, usinguBD 5igeahagemer atred-aigddigathde
opening and cl osing of the door can be freely perforned by the setting of

the microgREpUt efep RFdRELs | IJfum Nagee mMyrbedeantnal | edebycsettigge 20
current value so that current |l ess than rated current secures about 100 Lx

or about é&ﬁeééssgygt ?Egin@ﬁ RAS; rPASE, thie Ld.ghidiess,.of the LEDs

declines, increasin nunber of the LEDs to turn on at the sane iinE.
O PR BRI Ser o, ERSEUILPSE b DR RILIBeLaton b ov g
USing T BHL G0 VRLET e g oL, PIar SR heRL 2o U SEcod b
and thus pROLOSYRLReSS SaD B8 I RO F4oHaLl il lnapd Ihont
irradiati
contact of a user is prevented, it is possible to prevent
breakdown and secure safety. Further, it 1is not thought
that light irradiation should be performed only when door
10 is closed and because it is good to turn on without the
detection of the opening and closing of the door, parts
such as a door switch that 1is the detection means of the
opening and closing for the door are not used. Thereby, it
1is possible to compose system at low cost and energy
15 efficient. Furthermore, switching of turning on and
turning off or switching of illuminance level wusing a
signal generated during the opening and closing of the door
can be freely performed by the setting of the microcomputer.
Further, 1illuminance may be controlled by setting
20 current value so that current less than rated current
secures about 100 Lx or about 300 Lx. Further, as years
rass, the brightness of the LEDs declines, increasing the
number of the LEDs to turn on at the same time drops,

illuminance may be secured.

25 Further, in the refrigerator blowing cold air to the



fromlight source are conpletely unrelated to each other. That is,
circulation of cold air is perfornmed by fan operation or danper operation
depending on the tenperature detection in the refrigerator and necessary
cold air is 10 sent to necessary place. On the other hand, irradiation of
light is intermttently performed by strong illum nation for photosynthesis
and is continuously perforned by weak 1ight source when opening the door.
Further, in the vegetable chanber, etc., cold air is circulated to an upper
15 part or surrounding of the receiving container, but is directed in the
di recti on wgdtoddle Byhdrmieerci zasulat tha ofhetresbambkdsaiinsteadhof disixide
existing in the refrigerator is supplied and dark reaction of

phot osynt hesdisati ison efeicé i vebyupeed of oedph200Biygthekiiss carghaphs afultdwe t est
results in the anount of the change of glucose and vitam n C when komat suna

is preseryedpfelidgday sompanedabydl iditind | vAENaNGR @ngdpapatibhadiat i on
peri od of one day. Eongltudlnal axis shows as a percentage of each

i ngr edi ent yndeye £acly, ondif i ffe Pasgda 25t 0t NenarBURh t8fe J170T dj£nts, af ter
3 days mheﬁﬂﬂoné?%%ﬁa iIs - 26 epreserved mfthgut ir&édigtﬁng i ght. That

s, the 10;$°8mo'€é‘§. ! ”cH*}%uﬁi\rﬂic%ni ngt ;;%tgg‘%v\:%‘ﬁ{t %&@Oiy%gd!i%aéﬁ;%ﬁ%r} af ter

3 days is ‘the Sane” as éven when conp no irra As
Zggﬁnihgrgég%%g}%gﬁgsgbhr%% %ﬂg¥scgﬂglgté?§uh%re %_Egpmggrgg%hIQ%ﬁﬁggnts of
That is, circulation of cold air 1is performed by fan
operation or damper operation depending on the temperature
detection in the refrigerator and necessary cold air is
10 sent to necessary place. On the other hand, irradiation of
light is intermittently performed by strong illumination
for photosynthesis and is continuously performed by weak
light source when opening the door. Further, in the
vegetable chamber, etc., cold air is circulated to an upper
15 part or surrounding of the receiving container, but 1is
directed in the direction of foecd. By the circulation of
less cold air, carbon dioxide existing in the refrigerator
is supplied and dark reaction of photosynthesis is
effectively performed.
20 Fig. 11 is a graph of the test results in the amount
of the change of glucose and vitamin C when komatsuna is
preserved for 3 days compared by light illuminance and an
irradiation period of one day. Longitudinal axis shows as

a percentage of each ingredient under each condition based

25 on the amount of ingredients after 3 days when komatsuna is
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komat suna after 3 days when irradi ated to about 260 Lx for
day with that of no irradiation, where reduction of sugar or vitamn is
greater than that of no irradiation. Further, result 61 is a test result
when 10 irradiated to 100 Lx, the effect declines, but when having the
above construction, a function as a lanp in the refrigerator is fully

3 hours in one

performed, it is possible to distinguish the kind or itemto preserve in a

darkroom for exanple, PET bottle beverage or seasoning, or vegetable or
fruit. Therefore, light reaction of photosynthesis is fully generated by
i rradi ati ng.ahQute 3001 Lxohier é%@&%{étiﬁk% qnerday ang darksreagid on gy be
generated for the remalining 21 hours a

eaction ha,parely generatefl AnduNag able Thechesto20,1asul il pesul

62 shown in Fi

hanb di t h t tion. FIG 13 i - - ti I
Vi ow ther 637 <TAS SHOln 1 I ST (15 SV Let Yo CBREAP R 130 RhAmad of a

mat eri al

is - 27 "Rade Al mRRri afShaPPHE transhy ssibr | 8P U 15ut© AsSPRVWE ghe 12,

100 Lx or less 1 n which |ight

i i'S a perspective viéw o er vegeta

15

having no 25 transm ssibility and the_second receiving container 31

the second receiving container 31 is nade of a material A having no
t ransn® ssitlsisliltty ghenonF9mBakEngor tPeRemaREfe OF i gtich s inaraiiand fafom t he

light irradiation device 32 of 5 the back surface,

havi ng nokomatsuna after 3 days when irradiated to about 260 Lx for

10

15

20

25

3 hours in one day with that of no irradiation, where
reduction of sugar or vitamin is greater than that of no
irradiation. Further, result 61 1is a test result when
irradiated to 100 Lx, the effect declines, but when having
the above construction, a function as a lamp in the
refrigerator is fully performed, it is possible to
distinguish the kind or item to preserve in a darkroom, for
example, PET bottle beverage or seasoning, or vegetable or
fruit. Therefore, light reaction of photosynthesis is
fully generated by irradiating about 300 Lx for 3 hours in
one day and dark reaction may be generated for the
remaining 21 hours at 100 Lx or less in which 1light
reaction 1is rarely generated or turning off. The test
result is result 62 shown in Fig. 11.

Fig. 12 is a perspective view of another vegetable
chamber according to the present invention. FIG. 13 is a
cross-sectional view thereof. As shown in Fig. 2, the
receiving container 30 is made of a material having no

transmissibility and the second receiving container 31 is

_27_.
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transm ssibility and provided with a light-transmtting w ndow 40. Then, it
does not matter whether material of the receiving container 30 has no

transmissibility or transmssibility. 10 According to the present

i nvention

havi ng the above- conposition, light irradiated to the second receiving

the irradi ated
pl ace in the container and the velocity of light of the LEDs is transmtted
to vegetable without 15 damage, whereby light intercepting ability to food
if an uneven
portion igaatt aghed o dhies SUREACey 0t rahBRi§eEBAd ikEGeinithga §OnhaiFagr, b|31’ :

is possible to

pronot e 292Ph9585¥@EB%%F%e%%ﬁ%%hg’%d%ﬂ§¥ﬁ%ﬁ”3¥ﬂﬁé”ﬁﬁﬁéméb LERs+hayLng
strong directivity. Figs. 15 are cross sectional views of another

bl 2,
R g s #;2%@6%%5\5 T Sy U1eFe0
t dt 8 t i d f
T e TR % et;' P Bt beasafae  °

container 31 that preserves |eaf vegetables is reflected to

preserved in the receiving container 30 is inproved Further,

| i ght causes scattered reflection or scattering, so that it

recei ving con% i ner 31 nade of a terial havin ransm

and the rEB&iv

transmssibility and the |ight

ssibilit
r?&kcorﬁ%ﬁ <30 1% M@ of O8 a matBrie ar1]av|l?@‘71ng Y

no

transmissibility and provided with a light-transmitting

window 40, Then, i1t does not matter whether material of

the receiving container 30 has no transmissibility or

transmissibility.

10 According to the present invention having the above-

composition, 1light irradiated to the second receiving

15

20

25

container 31 that preserves leaf vegetables is reflected to
the irradiated place in the container and the velocity of
light of the LEDs 1is transmitted to vegetable without
damage, whereby 1light intercepting ability to food
preserved 1in the receiving container 30 1is improved
Further, if an uneven portion is attached on the surface of
the second receiving container 31, light causes scattered
reflection or scattering, so that it is possible to promote
photosynthesis effect in a more broad area with LEDs having
strong directivity.

Figs. 14 and 15 are cross-sectional views of another
vegetable chamber according to the present invention. As
shown in Fig. 2, the receiving container 30 is made of a

material having no transmissibility and the second
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irradiation device 32 or the nounting substrate 33 is made to be inclined.
When light is irradiated to the receiving container 30, |light may be
intercepted in the second receiving container 31. 10 According to the
present invention having the above- conposition, |eaf vegetabl es having

| arge | eaf may be preserved in the receiving container 30 in the | ower
portion and root vegetables having small and narrow | eaf and which is not
proper to light irradiation may be 15 preserved in the second receiving
container in the upper portion 31, whereby they are neatly arranged.

Further, AsSceshoMg idbitidfined, 3anl ¥s SR POLE on whals ild0hhakd nd rradi at ed
is made of a material having transmssibility and the sane effect nay be

obtai ned by, a i ghipt§anom Liing 20, ui ndew 40, FunLhetcdiy thalc £g5g, the

entire surfaces are nm ecting terial and thus 1t 1s poss?ble to
augnment an e{fect of géradiated h%%ht. fig. 16 ista Pe%spegt%ve Vi ew

i |1 ustratTHy-ahdther °vegetabl €"¢hanber™ accdr ditfy 1o The praseEn? i Mv@nti on.
In 25 Fig. 2, the,blﬂh% irradi tion device 32 is ?rovig%d_in a .- %g pl ane
of the setbMSTLER! B nYt¥oAPE 1EF FECHUIIE SHRWAIRAT Elg.t51629% Py be
arranged in the side. Oherwise, it my be provided at the back side of an

upper Spordi ofidfehel veyEtE e cheamdhlSDOChhHIPr ovided tBhee i ht¥ihed and

thus 5 light which is irradiated to be inclined to the LED may to
irradiation device 32 or the mounting substrate 33 is made

to be inclined. When light is irradiated to the receiving
container 30, 1light may be intercepted 1in the second
receiving container 31.

10 According to the present invention having the above-
composition, leaf vegetables having large leaf may be
preserved in the receiving container 30 in the lower
portion and root vegetables having small and narrow leaf
and which 1s not proper to 1light irradiation may be

15 preserved in the second receiving container in the upper
portion 31, whereby they are neatly arranged. Further, as
shown 1in Fig. 15, only some portion where 1light is
irradiated is made of a material having transmissibility
and the same effect may be obtained by a light-transmitting

20 window 40. Further, in that case, the entire surfaces are
made of reflecting material and thus it is possible to
augment an effect of irradiated light.

Fig. 16 1is a perspective view illustrating another
vegetable chamber according to the present invention. 1In

25 Fig. 2, the light irradiation device 32 is provided in a
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be irradiated to be inclined to the entire inside of the second receiving
contai ner 31, whereby reflection fromthe surface of the container or
reflection due to an uneven portion provided in the surface of the
contai ner becomes 10 scattered reflection or causes scattering. According
to the present invention having the above- conposition, because |ight
emtted fromthe side surface or the back side of the upper surface is
reflected to the side surface fromfacing plastic material, light is
irradiated 15 without | oss and thus the container having this structure

obtai ns mprenef bectHehar JRERIN G HiaY atdieFa Phe PLBEI LEENHE Uh@wWnNin
preservation of vegetable. That is, even when the door is opened, |ight of

the refri g;rat qls dQgs nrzagﬁ ey aﬁpar&{kg? opt SEHE. 5386t haétﬁQ?wg@gp mer &,

has “an agbea

ef ficient serveés “as anp w n the refrigerator an
effect in_a store h n, Fig..l I ght source may see be
| ocat ed |R ak (fzoitﬁ%ﬁal fk 5 Cp h %lrectl AT NP9 tﬁg §ﬁ eP %ﬁ? for

illumnation in he refriger n hanber ph ynt eS| on, the
back S|dev89€tﬁ%’5bﬁ?ﬁ£b%%5%§¢ g%%sngvéSFg 5 3¥ Q dé Pabl e
position. - %% 17 shows external appearance of t he refrlgerator

havi ng® a %éﬁ&Faﬂ@%ﬁ uct utet 2 gredstpsbg drssdnsectiondre LFBuwieY the

veget abl e chanber thereof. As shown in Fig. 17, a refrigerator body denoted
by refereb@ehﬁﬁﬁ#%ﬂtQth@l@ﬁxﬁ@ﬁ%ﬂ@%@rt@eﬁﬁﬁr@néhﬁﬁbémsmﬁﬁh@ﬁlﬁ et wo
openi ng and cl osi ng

second receiving container 31, whereby reflection from the

surface of the container or reflection due to an uneven
portion provided in the surface of the container becomes
10 scattered reflection or causes scattering.

According to the present invention having the above-
composition, because light emitted from the side surface or
the back side of the upper surface is reflected to the side
surface from facing plastic material, 1light is irradiated

15 without loss and thus the container having this structure
obtains more effect than receiving container of other
structure in preservation of vegetable. That is, even when
the door is opened, light of the refrigerator does not go
to the outside, so that the lamp more efficiently serves as

20 a lamp within the refrigerator and has an appeal effect in
a store. As shown in Fig. 16, light source may be seen to
be located in a central portion in the depth direction in
the side, but for illumination in the refrigerating chamber
or photosynthesis reaction, the back side of the central

25 portions is apt to reflect and is a desirable position.
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doors which open to right and left fromthe center of the uppernost portion
of the refrigerator 1, an ice chanber 500 having an opening and cl osing
door in the lower portion of the refrigerating chanber 100, a freezing
chanber 200 10 havi ng an opening and closing door in the |ower portion of
the ice chanber 500, and a vegetabl e chanmber 300 which is arranged around
the ice chanber 500 and the freezing chanber 200 and having an openi ng and
closing door. As shown in Fig. 18, in the vegetable chanber 300 provided in
15 the length direction, a drawer-type receiving containers 3la and 31b

which is suitablreg f0ﬂ75@de§'éﬂﬂeﬁﬁaﬁ(%E?éhréhcgr@ﬂethEYE@f&@%@kﬁk@@
contai ner 31c which is suitable for | e-si ze veget abl es such as | eaf

vegetabl e F’% ?éeéoeétéye%r&e%' W, NG £oNt agnars 31d-pRkch kg tguikabl e for
a 20 pet ott or large-size vegetables are arranged fromthe upside. The

el ements 42a,, 34b..;and 32c 45 d 19 éfrfﬁéfééP” QQ¥' § WAyl E6adi ate |ight

in each recelving conta ner. Accor i ng € presen nven i on~havi hg the
above- 25 conmposition, é)éf SSIb| to ob]%i?ﬁ t he I| 1! radlgtlon -
effect by?l FGHE SSIALET s G5 Ther, nﬂ% ﬁa usi A the
el ement 32b, if |eaf vegetables prgﬁgrve iin the receiving contglner 31lc and

r oot ﬁ%ge?aMQ£¥%ﬂﬁ§ﬁ$%Q9 FRATUREH t eNRYATG) GO i9RSRARY | BRpFeSErPE in the

5 receiving containers 3la and 31b, it is p055|ble to
doors which open to rlght and left from the center of the

uppermost portion of the refrigerator 1, an ice chamber 500
having an opening and closing door in the lower portion of
the refrigerating chamber 100, a freezing chamber 200
10 having an opening and closing door in the lower portion of
the ice chamber 500, and a vegetable chamber 300 which is
arranged around the ice chamber 500 and the freezing
chamber 200 and having an opening and closing door. As
shown in Fig. 18, 1in the vegetable chamber 300 provided in
15 the length direction, a drawer-type receiving containers
3la and 31b which is suitable for small fruit or tomato, a
drawer-type receiving container 31c which is suitable for
middle-size vegetables such as leaf vegetables, and a
drawer-type receiving container 31d which is suitable for a
20 pet bottle or large-size vegetables are arranged from the
upside. The elements 32a, 32b, and 32c¢ as light
irradiation devices can irradiate light in each receiving
container.
According to the present invention having the above-

25 composition, it is possible to obtain the light irradiation
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correspond to various kinds of vegetable preservation. Further, when the
light irradiation device 32 is attached in plural, different color |ight
irradi ation devices nay be provided such as the light irradiation device 32
consisting 10 of the yellow LEDs, the light irradiation device 32

consisting of the red LEDs, the light irradiation device 32 consisting of
the ultraviolet rays LEDs and | eaf vegetables suitable for photosynthesis
may preserve under a red light conponent, food that desires to restrain
breedi ng of fungus 15 nmay preserve under ultraviolet rays light, and food
that desefésctoblyaviel diat anceretf ect dmycpilesér ebowneder Runytdidow wheght
conponent. Even if irradiation devices having such a plurality of kinds of

ot her wavekengt Bnake talenvayisertateskion, i fi flep@i Ridde therfay pRgséhee in
above-nentioned control and 20 raising illumnation when a defrost operation

performs, tht re3QSSHP! EohPaihbUmMNAL €2l deRIt opegthgpard n@stdi nsbad
effect. Further, if the light irradiation device is  conposed so that the

LEDs 34 of, he_s%r-%@)fﬂé ghfo i I T adigati on; - deyi £es, 32 Fgeggm%sedirpf Bhe

plurality of kinds of colored 25°LEDs 34, for exanp ifferent color such

as redq or_hl . - 3 he_grqup J.i_ght__iyragdi.ati on devjce nemt._light of
a plg}alf §g§¥laave%8ﬁéﬁﬁggé%d ?%Ss &%ﬁ%ta k@ céﬁ:ex%%utéoggé??gusto

hot h i s, b I f_lLight_b I t hat _gj m h
Phan o1 nGFa-FRRAT t hios BEPLAPANCE B! B odiote b7 feckr vear TobiRs

i nproved. A structure or , _ o , _
Further, when the 1light irradiation device 32 is attached

in plural, different color light irradiation devices may be
provided such as the light irradiation device 32 consisting
10 of the yellow LEDs, the 1light irradiation device 32
consisting of the red LEDs, the light irradiation device 32
consisting of the ultraviclet rays LEDs and leaf vegetables
suitable for photosynthesis may preserve under a red light
component, food that desires to restrain breeding of fungus
15 may preserve under ultraviolet rays light, and food that
desires to have balance effect may preserve under a yellow
light component. Even if irradiation devices having such a
plurality of kinds of other wavelength are always turned on,
if Jointly performing the above-mentioned control and
20 raising illumination when a defrost operation performs, it
is possible to illuminate at door opening and restrain bad
effect. Further, 1f the 1light irradiation device 1is
composed so that the LEDs 34 of the group light irradiation
devices 32 is composed of a plurality of kinds of colored

25 LEDs 34, for example, different color such as red or blue,
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wiring of light source as described above is sinplified by providing in
plural LEDs that is a plurality of optical conductor elenents in the
nounting substrate 33, but light source may use when arranging one LED in
one substrate or 10 arranging one LED in the refrigerator chanber of the
refrigerator. That is, by providing one elenent of 600 nm wavel ength at the
back side of the vegetable chanber, light source may use for illum nation
and veget abl e preservation having high nutritive value at a turning on
state always 15 having low illum nance or by providing one el enent of about
600 nm wavdleengk duRt likdthatkraddetepnt HEeVinks pont i Ipibf Lighd of a
refrigerating chanber, |ight source may use for turning on always having

| ow i | | umipdayed itiur ohervathirémgtlas defd oshuepeveg¢oaband dar gxecute
predetermned tine after a 20 defrost operation, by controlling applied
vol t age t variocrsegase idhamnphamnere §om Woertbyhicghi,on tof s1pgksi bleecthes
increase irradiation at night and increase vitamn by creating reducing

sugar. O henwrsehaty ArfangiaignionethaD semdléi Agdubhfiavhoketphays adlce
entrance of the refrigerating 25 chanber, a pet bottle beverage that hates

decol ofi zatd PrWuict 83 pielkedVicd] etod@YSs MhpTe® . N 4 her taER{198r ati ng
chanber having less receiving anount. In this case, for sterilization,

LN Sout SR TR LIS 020 e el erpRepieg oo and
hot providing in plural LEDs that 1is a plurality of optical
conductor elements in the mounting substrate 33, but light
source may use When arranging one LED in one substrate or
10 arranging one LED in the refrigerator chamber of the
refrigerator. That is, by providing one element of 600 nm
wavelength at the back side of the vegetable chamber, 1light
source may use for illumination and vegetable preservation
having high nutritive wvalue at a turning on state always
15 having low illuminance or by providing one element of about
600 nm wavelength at the back side of the lower portion of
the refrigerating chamber, light source may use for turning
on always having low illuminance. Further, during a
defrost operation and for a predetermined time after a
20 defrost operation, by controlling applied voltage to
increase illuminance from low to high, it 1is possible to
increase irradiation at night and increase vitamin by
creating reducing sugar. Otherwise, by arranging one LED

emitting ultraviolet rays at entrance of the refrigerating

25 chamber, a pet bottle beverage that hates decolorization by
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directly or in a single color seen when opening a door. Further, |If LEDs
havi ng ot her wavel engths such as 600 nm are mxed, it is possible to check
the inside of the refrigerator by emtting light of alnost natural world 10
which gives warnth and thus a refrigerator user can feel reassurance

i nstead of dysphoria or worry when seeing or taking food. In the above
description, a place which does not irradiate light unit or a light
interception portion which 15 intercepts light fromlight source by a
structure of the receiving container is mainly described. However, there is
a refrigenatorvéhasberrdwnyi mpihosaoreceivi ndiconedirnger sftgmyg egxhapber a
structure which divides and stores food by providing shelves. A structure
of Fig. 2hewikigs.ldstoré6ei0nfbjor @xaupte, a |lrght thater cegpteon portion is
used as a structure of each shelf that is a receiving portion. For

exanpl e, krapsparamtonr, neighbapsostcsctiae wai chlpeyseat€snedi ght bm a
shel f or inperneable nenber may be used or a light irradiation windowin a

part of arghakh e@f RhRY d@e28 Y A IJMEAY er st d eshNghbhgbloking ghel f
may be used. - 34 Further, as shown in Fig. 4, the Ilght |rrad|at|on

?ﬁglfﬁhh?alF?agrgpﬁgﬁ%ggﬁﬁkéegﬁggh;hgfﬁgﬁa%uf%(%¢% gg?ﬁﬁhgf the allgdug?
14 and Tixed to ihe, putgide of \Lhg éolé?“é%‘%h“%ﬁeor[tb8@n9¥1gscé W30
Further, If LEDs having other wavelengths such as 600 nm
are mixed, it 1is possible to check the inside of the
refrigerator by emitting 1light of almost natural world
10 which gives warmth and thus a refrigerator user can feel
reassurance instead of dysphoria or worry when seeing or

taking food.

In the above description, a place which does not
irradiate light unit or a light interception portion which
15 intercepts light from light source by a structure of the
receiving contalner is mainly described. However, there is
a refrigerator chamber having no a receiving container, for
example, a structure which divides and stores food by
providing shelves. A structure of Fig. 2 or Figs. 12 to 16,
20 for example, a 1light interception portion is used as a
structure of each shelf that is a receiving portion. For
example, transparent or net shape structure which permeates
light in a shelf or impermeable member may be used or a

light irradiation window in a part of a shelf may provide

25 or a structure scattering light in a shelf may be used.
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According to the present invention having the above- conposition, it is
possible to obtain the effects as described above and because the |ight
irradiation device 32 is nounted to a wall of the refrigerator, when
exchanged or 10 renpoved, the air duct 14 may be not disjointed, so that it
is possible to exchange the light irradiation device 32 and because it is
easy to separate the light irradiation device 32 froman insulation
material of the insulating portion, recycle of the insulation material is
easy. 15 The light irradiation device 32 of the present invention is
provi ded FArthervedet ath@veharbdriB00! . btibej Lighd phonadbationt Hevice
refrigerating chanber 100, the freezing chanber 200, the ice chanber 400,
and the swRt ¢lsi g rdlsahiserd S0ged| hor Ebentiyedist bebauset the shpeasi & of the
20 veget abl e chanber |acks or the refrigerating chanber has tenperature

| ower thaFighe 1®egehablle gbhanteradisagetrablesi caray2 beapr eseangd in the
refrigerating chanber and thus the sane effect can be obtained. Further,
even if ibutsider @f dewk idi anyueef Lhganat ari xelardershe i dut sigsedrasha | anp
25 of the refrigerator and when it is controlled to - 35 intermttently

use ondy fig3AQRL Gt iR/t iWheh - ERs-afhesg than about 600 nm wavel ength, for
exanpl e, LED of ultraviolet rays and so on are individually used in the any

chanber, it hasaless ol yence,s noealen:chanas et 9t Ehe L8avar i ui ce,

and has a sterilization ct of7icC

composition, 1t 1s possible to obtain the effects as
described above and because the light irradiation device 32
is mounted to a wall of the refrigerator, when exchanged or

10 removed, the air duct 14 may be not disjointed, so that it
is possible to exchange the light irradiation device 32 and
because it is easy to separate the light irradiation device
32 from an insulation material of the insulating portion,
recycle of the insulation material is easy.

15 The 1light irradiation device 32 of the present
invention 1is provided in the vegetable chamber 300, but it
is provided in the refrigerating chamber 100, the freezing
chamber 200, the ice chamber 400, and the switching chamber
500. In zrecent vyears, Dbecause the capacity of the

20 vegetable chamber lacks or the refrigerating chamber has
temperature lower than the vegetable chamber, vegetables
may be preserved in the refrigerating chamber and thus the
same effect can be obtained. Further, even 1if it 1is
provided in any refrigerator chambers, it is used as a lamp

25 of the refrigerator and when it 1is controlled to
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or preservation food and an effect that increases vitamn D in fragrant
mushroom etc. As described above, the present invention has a receiving
container mainly receiving vegetables in one 10 division of the vegetable
chanber and a light irradiation portion is arranged on the backside of the
receiving container. The light interception portion is provided in the
recei ving contai ner and thus the receiving container has a division which
irradiates light and a division which 15 does not irradiate light. Further,
t he present invention uses a sem conductor light-emtting element as |ight
source proéowntgsniithentdy | wght dlpadifari ook t itdmeandwheni SEitbepthED t hat
out puts wavel ength of visible ray area having a peak wavel ength of 20 about
600 nm antant ddesitnot 6det emmor atevalanghit, ef fect afxarfder ki hdD Foift her,
the present invention includes a plurality of LEDs as |light source of the

i ght irradicabivonleer tiagis =it dherl s arrediwidedl o osetiut Aedhef &niyn each
25 predetermned time and specifically, the respective LEDs - 36 are

turned oncgepberned; of fhdH aachs predetlRndnednt i §8180d cidige aldr LEDS are
controlled not to turned off at the same tine during an operation of the

refrigeratgi or the Jriabiaess.ph hED aroun.lis depl idied aRLer Ysi pgef or

several 5 years, i's PoOsSsSI ncrease the D nunber to turn on

or preservation food and an effect that increases vitamin D
in fragrant mushroom, etc.

As described above, the present invention has a
receiving container mainly receiving vegetables in one

10 division of the vegetable chamber and a light irradiation
portion 1is arranged on the backside of the receiving
container. The light interception portion is provided in
the receiving container and thus the receiving container
has a division which irradiates light and a division which

15 does not irradiate light.

Further, the present invention uses a semiconductor
light-emitting element as 1light source provided in the
light irradiation portion and it is amber LED that outputs
wavelength of visible ray area having a peak wavelength of

20 about 600 nm, and it does not deteriorate a sight effect of
food kind.

Further, the present invention includes a plurality
of LEDs as light source of the light irradiation portion
and the LEDs are turned on or turned off in each

25 predetermined time and specifically, the respective LEDs
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at the sanme tinme and thus a great use effect or energy saving effect are
obt ai ned. Further, the structure is sinplified if dividing the LEDs to a
plurality of LED groups and controlling the divided LED groups. 10 Further,
according to the present invention, the turning on nunber of LEDs is
controlled, a period is set to irradiate with a high illum nance of |ight
for several hours in one day, and a lowillum nance of light is irradiated
for the other period, so that it is possible to 15 obtain a preservation
effect and energy saving effect. Further, according to the present

i nvent i onariey tugpedatdmgot heureedi géfatior esialh rire dpeeanl vadpahee enda
renote control provided in a door of the refrigerator, an operation panel

i n the refthugeradtlor Endane cebhtikat lpone t2@ cusimmnesbnmimi gat tor, skowe
exanple, a light irradiation function my be suspended or tenperature set

of the refikegedairahChaiberopdktidummt i e mayebeigerhooredoat thee same
time. Further, according to the present invention, it is 25 possible to

increase £QQdHRHREN VAt ITND REFS QY NBNCRBYined 3drtéal 8§58yl Eb¥nsaaaeq 10f
light to irradiate in a special tinme duration such as during a defrost

?gﬂ ?té O”Pz%%‘}sf,oritsﬁvserp?dssihf}ﬂ% Sté‘fitr‘?ér%i‘see def L PEEDPHS@%EO'EO 'E.‘d&hh%, the

ger at or accordi ng to the present I nvention I ncludes a |Ig t

irradiati%@(%ﬂ%C%é%g time and thus a great use effect or energy
saving effect are obtained. Further, the structure 1is
simplified 1if dividing the LEDs to a plurality of LED
groups and controlling the divided LED groups.

10 Further, according to the present invention, the
turning on number of LEDs is controlled, a period is set to
irradiate with a high illuminance of 1light for several
hours in one day, and a low illuminance of 1light is
irradiated for the other period, so that it is possible to

15 obtain a preservation effect and energy saving effect.

Further, according to the present invention, by
operating the refrigerator with an operation panel or a
remote control provided in a door of the refrigerator, an
operation panel in the refrigerator, and a cellular phone

20 using communication, for example, a 1light irradiation
function may be suspended or temperature set of the
refrigerator chamber and illumination may be performed at
the same time.

Further, according to the present invention, it 1is

25 possible to increase food preservation performance by
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irradiating |ight having peak wavel ength of the range from about 590 nmto
600 nm a light interception portion for |Ilimting irradiation area, and a
turning on controller and 1light giving warnth can use as illum nation of
the 10 refrigerator. Further, the light irradiation device is provided on
t he backside of the receiving container or to be irradiated to be inclined
fromthe side surface or the upper surface thereof and because light is
irradiated to the entire reception, nutritive substance is increased 15

wi t hout damagi ng appearance of vegetables. The lig irradi ation device of
the refri §eigaiog addowmdinggac qﬂwellqﬂfes%tlql’rﬁ/@h%t%nl%akeépﬁﬁéaﬁmlfn@
intermttently irradiate or is provided in plural and controlled so that

t ur ni ng oduriagiant encdt elsy derifngr redlefr esichopERbhdnt And £he EEDerifle 20
may be increased. As described above, according to the present invention,
by usi ng hbdirgi dualelry tore idefdastalodyracaindi ni ng nonochromatic |ight
emtting diode, light is irradiated to food other than vegetabl es and

phot osynt hesi s reaethieq?) | 8h&@5 o dethand clddusiinly | Bopassd bbeetsengbt ain a
food - 38 preservation effect or nutrition effect by creating reducing

sugar @and;ihReneasinng YhtaghesC, and st@td | i zatden atefdrect RRA &0 OforBy
dividing into individual or group the plurality of light emtting di ode and

connect i ng L9 RN 1 Pardl eho 2pdaRr UbdiRGGHED i o erbhge! 9Bl and

about 590 nm to 600 nm, a light interception portion for
limiting irradiation area, and a turning on controller and
light giving warmth <can use as 1illumination of the
10 refrigerator. Further, the 1light irradiation device 1is
provided on the backside of the receiving container or to
be irradiated to be inclined from the side surface or the
upper surface thereof and because light is irradiated to
the entire reception, nutritive substance 1is increased
15 without damaging appearance of vegetables. The 1light
irradiation device of the refrigerator according to the
present invention makes the LED to intermittently irradiate
or is provided in plural and controlled so that turning on
is alternately performed by each LED and thus the LED life
20 may be increased.

As described above, according to the present
invention, by using individually or in plural by combining
monochromatic light emitting diode, light is irradiated to
food other than vegetables and photosynthesis reaction is

25 controlled and thus it is possible to obtain a food
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whi ch does not emt, the efficient device is obtained which does not nuch
energy, has long |ife because exchange of the device is unnecessary, and
does use usel ess energy, and the conposition to control the device will be
descri bed. Next, 10 other control conposition and operation will be
described wth reference to Fig. 20. Fig. 20 is a circuit diagramof the

| ight irradiation device when turning on the light irradiation device by a
different nethod as shown in Fig. 7. As shown in Fig. 20, current is
limted to several tens mA 15 or several mA by providing each LED 34a, 34b,
34c, and BhEscaNatiesi stefckct haPrdetetifilfeLTeur EAECTal RY f 1 6WFA§LIES t he
LEDs in series. Further, signals froma control device such as a

m croconpuedncang cwgsut aryd thecieapstngf viieninr dnsiztdrspeovvidedtinnseri es,
depending on on or off 20 period of LED and an electric circuit that repeats
the turnefdeon and tsor pwinng Bif dafvilkdEDgl s ndeposEdsiahthla sapydoupythe (for
exanpl e, about 4 kHz) which cannot feel tw nkle when turning on LED becones

1 cycl e apdueHlfient ofcar {yhhgemiteiagptdiadd sandt ephakelty mertor pedeto the
LED 25 for the cycle. - 39 Further, a ratio (the rate of electric current)

of curent- GaIFyi NG i Bher GRRY¢ i €AN 1S ek Lk alcdrd it scont fak! ethg byrs
control device such as a m'croconputer to control on or off of the

transi stofniEhdgodl bt Hi2gr aMed d i UStdAl |l FU T £0t s GRE LY LAGWRELR.
ratio of current-

does not much energy, has long life because exchange of the
device is unnecessary, anhd does use useless energy, and the
composition to control the device will be described. Next,

10 other control composition and operation will be described
with reference to Fig. 20. Fig. 20 is a circuit diagram of
the 1light irradiation device when turning on the 1light
irradiation device by a different method as shown in Fig. 7.
As shown in Fig. 20, current is limited to several tens mA

15 or several mA by providing each LED 34a, 34b, 34c, and 34d
and resistance that determines current value flowing to the
LEDs 1in series. Further, signals from a control device
such as a microcomputer are output to the input of the
transistor provided in series, depending on on or off

20 period of LED and an electric circuit that repeats the
turning on and turning off of LED is composed and a rapid
cycle (for example, about 4 kHz) which cannot feel twinkle
when turning on LED becomes 1 cycle and current-
carrying/interception is alternately performed to the LED

25 for the cycle.

_39_



carrying period for 1 cycle. Adjustnent of illum nance of the entire |ight
irradiation device is nade by adjusting the rate of electric current.
Further, although the |ife of LED depends on the current-carrying period,
as in this 10 nmethod, the life of LED can be increased if setting
interception tinme when turning on the LED. Further, LED 1ight can be
prevented frombeing gradually seen if a period of
current-carrying/interception is set to be faster than sense of hunan eye.
15 Further, if enploying this electric circuit, consunption current is
further decreasédiirdicen,hug erdrigy $bréngadan b edlsciiried. cufrents ofcle is
preset, it may be freely selected as needed. Further, because LED

i 11 um nanece drewsr-ech ity i 1§y et €r¢epat doncae peadivnduoh acudye wondaralylieny
period increases, a ratio (the rate of electric current) of

current-canf yd ngbhbtel cepliier tdudh i $s ad) udted.cdrputser posscbherbd on

changel essly maintain LED illum nance for long term Fig. 22 is a diagram
illustratigyg a ppdi bired texxanpd @525 Sfot he rareqof eliectidic gurrgnigrad power
is applied to - 40 the refrigerator, at first an initial current-carrying

ratio s tynn Lo 60%(steRr SDrvidhen 1 yeay is,PaSS af Qwer is
applieg (é?@ﬁﬁgj ,Jgﬁ%u%reﬁ%-cafgyﬁgsjggtig eVs chaﬁaed tgg%0@6%§F€% 52).

mﬂ]eﬁt Yg%:aﬁrrayri%q?gfgfgogf thE: % %%efe .i SA%DjQHt%r(LStgP ?%lim@nance of
yi-ng OIES

the entire light irradiation device is made by adjusting

the rate of electric current. Further, although the life

of LED depends on the current-carrying period, as in this

10 method, the 1life of LED can be increased if setting
interception time when turning on the LED. Further, LED
light can be prevented from being gradually seen if a
period of current-carrying/interception is set to be faster
than sense of human eye.

15 Further, if employing this electric circuit, consumption
current is further decreased and thus energy saving can be
obtained. If this cycle 1is preset, it may be freely
selected as needed.

Further, because LED illuminance lowered by

20 deterioration depending on current-carrying period
increases, a ratio (the rate of electric current) of
current-carrying/interception time is adjusted, it is
possible to changelessly maintain LED illuminance for long

term. Fig. 22 is a diagram illustrating a modified example

25 of the rate of electric current. If power is applied to
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changed to 80% (step 54). Because illum nance characteristic, etc. is

di fferent depending on the kind and the nunber of the light-emtting

el enent using, the rate of electric current and using time nay be adjusted
so that 10 necessary lowest illum nance is always obtained if selecting a
nunerical value by grasping data. Further, as shown in Fig. 7, by the
nunber change and conbination of LEDs to turn on, it is possible to obtain
an efficient device and a device whose replace is unnecessary during a 15
using period of the refrigerator. Further, as shown in the Figs. 22 and 23,
a conposi tihén dlefirgegadiny t Fe nddB&t ofn t RBLILERS t 6UBE SR fed OR DY
dependi ng on operation tinme or the rate of electric current is described,
but becaus@tiitc iiss tgooeed R nEpehde tHEcAuRBer ofhehRellEP&rt ¢ sheaimated on
or 20 the rate of electric current depending on deterioration of the LEDs,
for exanpleftear quowpesi {5 oappfliddt dettiepg FNd hangragtiEkumynagce atayo be
enpl oyed by providing a swwtch to short a part of current limtation

resi stancd.s AHdgfdd stoirtes deytep bayi. ngileeg 0Bp9shirs0areo phe se2b gardror med
on or off operation with a rapid cycle by - 41 providing each LED as shown

in Figs Z%dwkrse&gesa%@mé& (Bretected, i nt ocarbundleabyvanker peabbe jcover 35
as showmn in Fig. 4. By this way, the |ight source device can be fixed

wi t hout C}H&Gﬁg% the, irradi ati o angl e 4jegar dl egg Qfise Vi Qnatiam Qf-d he
refrigerator and short of circuit 1'n the
characteristic, etc. is different depending on the kind and
the number of the light-emitting element using, the rate of
electric current and using time may be adjusted so that
10 necessary lowest illuminance 1s always obtained if
selecting a numerical value by grasping data. Further, as
shown in Fig. 7, by the number change and combination of
LEDs to turn on, it 1is possible to obtain an efficient
device and a device whose replace 1is unnecessary during a
15 using period of the refrigerator. Further, as shown in the
Figs. 22 and 23, a composition of increasing the number of
the LEDs to be turned on depending on operation time or the
rate of electric current is described, but because it 1is
good to increase the number of the LEDs to be turned on or
20 the rate of electric current depending on deterioration of
the LEDs, for example, a composition of detecting and
changing illuminance may be employed by providing a switch
to short a part of current limitation resistance.

A light source device having a composition to be

25 performed on or off operation with a rapid cycle by
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back side is prevented thanks to coating by the seal 36, by interposing
O-ring 38 to prevent the |ight source device frombeing exposing to the
cover 35, a degree of close contact of the light source device to the
mounting 10 substrate is increased and thus cold air is intercepted and the
nounting substrate 33 is exposed or irregular reflection of [ight by
trickle is prevented. Further, as shown in Fig. 19, because the cover 35
has a protrusion 39, the receiving container is prevented from bei ng bunped
on 15 the cover surface and diffused reflection of light by damage of the
cover surpao¥iids nyr evant edEOr d¥ eakdonn oy Fdarmag® oint Bermmntivay bebstrate
33 and the LEDs 34 is prevented. The |ight source device may be controlled
i n seriespr2fechyear narg rzg ksmdlratbyt e peé g alsberceveevibeabashognain
conposition to performon or off operation in a cycle faster than tw nkle

in which ygan sgye shealrsi PywPy ovide ngi ghach oz casdsshoywn ¢an Fbg. f2&eldn
series has other specific wavelength in the vegetable chanber as shown in

Fig. 18. 25¢That | Shadgeshown ikReFi 9rrd8iaithohheavgaet abkgchanher 360, -
42 a drawer-type receiving containers 3la and 31b which i's suitable for

smal | E} r U%b‘%&t&%@t&f andr %‘Q%&%Blé&%tro%ceéﬁ’& ”?}éo pnta {Egrbﬁc;ijs'ft ‘Qﬁr‘]gcghies

suitabl e for mddl e-size vegetabl’es such as af vege

f;f‘é"gf'ty%%crke% 3 NG SN DET 3 ML SN 5 BHLTBY! EnLOL81P8k bRt e or

interposing O-ring 38 to prevent the light source device

from being exposing to the cover 35, a degree of close

contact of the 1light source device to the mounting

10 substrate is increased and thus cold air is intercepted and

the mounting substrate 33 1is exposed or irregular

reflection of light by trickle is prevented. Further, as

shown in Fig. 19, because the cover 35 has a protrusion 39,

the receiving container is prevented from being bumped on

15 the cover surface and diffused reflection of 1light by

damage of the cover surface is prevented or breakdown or

damage of the mounting substrate 33 and the LEDs 34 is
prevented.

The 1light source device may be controlled in series

20 by arranging so that the 1light source device having a

composition to perform on or off operation in a cycle

faster than twinkle in which human eye feels by providing

each LED as shown in Fig. 20 in series has other specific

wavelength in the vegetable chamber as shown in Fig. 18.

25 That is, as shown in Fig. 18, in the vegetable chamber 300,
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si ze vegetabl es are arranged fromthe upside and the elenents 32a, 32b, and
32c as light irradiation devices can irradiate light in each receiving
container. By having such a conposition, the sanme effect can be obtained as
that 10 of light irradiation by Iight source as described above. Wen using
only the elenent 32b, if |eaf vegetables preserve in the receiving

contai ner 31c and root vegetables which is not suitable for |ight
irradiation preserve in the receiving containers 3la and 31b, it is
possible to 15 correspond to various kinds of vegetable preservation.
Further, ahewamiss1hWia refadvanborraeid deeB? 33 aat2aéhed b i whalchr als
different color light irradiation devices may be provided such as the |ight
irradi ationidevlieef82 svasisfingt ot theayel | ewdrEbsr-ttheod ighteiviagi ati on
device 32 20 consisting of the red LEDs, the light irradiation device 32
consi st i ngowtaiheruBticawhdlcet iraaysulfEilsl andoleafi dvegetsdleesve et dlabée f or
phot osynt hesis may preserve under a red |ight conponent, food that desires

to restraiichregdi ngegf fuagusaplBY, Preaser ve ukdelvdd-tty@d ol edcéaysnd i ght,
and food that 25 desires to have bal ance effect may preserve under a yellow

- 43 slighlbneorpepent g BueRyi fid rsrlﬁcﬁa?fsi@nf@@vgcgéth@wtr&qesqsah ftarféural ity
of klnds of other wavel ength are always turned on, if jointly perform ng

the aboves/ipOli DAL LONLLOIL A0 oL Ald0g | H nald o ghede a dahr osie

operation perfor i S possi um nate at "‘door openi ng and
restrain ngments 32a, 32b, and 32c as light irradiation devices can

irradiate light in each receiving container. By having
such a composition, the same effect can be obtained as that

10 of light irradiation by light source as described above.
When using only the element 32b, if leaf vegetables
preserve in the receiving container 31c and root vegetables
which is not suitable for light irradiation preserve in the
receiving containers 31la and 31b, it is possible to
15 correspond to various kinds of vegetable preservation.
Further, when the light irradiation device 32 1is attached
in plural, different color light irradiation devices may be
provided such as the light irradiation device 32 consisting
of the vyellow LEDs, the 1light irradiation device 32
20 consisting of the red LEDs, the light irradiation device 32
consisting of the ultraviolet rays LEDs and leaf vegetables
suitable for photosynthesis may preserve under a red light
component, food that desires to restrain breeding of fungus
may preserve under ultraviolet rays 1light, and food that

25 desires to have balance effect may preserve under a yellow
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effect. Further, if the light irradiation device is conposed so that the
LEDs 34 of the group light irradiation devices 32 is conposed of a
plurality of kinds of colored LEDs 34, for exanple, different color such as
red or blue, 10 the group light irradiation devices can emt |light of a
plurality of wavel engths and thus vegetabl e can execute various

phot onor phogenesi s, whereby col or of |ight beconmes color that gives warnth
than single red and thus appearance of product or preserved food is

i nproved. _A structure or 15 mﬁrin% of light source as descri bed above is
sinplifiediyt GFHRINGTY i nTyisdy &t BB k19 Septarsl PEYIBE SPicd
conductor elenments in the nounting substrate 33, but |ight source may use
when arr aiditig lorfe/ IHD ¥indhets ehat'eavelengEangr Agadhna YSEDYR achen,
refrigerator chanber of the 20 refrigerator. As described above, according
t o t he refifi geratrgrl yof patfeprigsenttieaveatdooarmentienpdssicbhériod pemfdor m a

control which does not use useless energy, that is, use as illumnation by
turni ng omrasem| DI ungi e doot  ahdnwhe Xy e i pwr @t door pandouss , asta | anp
of the inside of the - 44 refrigerator by increasing nutritive substance

Wi thout damagidisppesns anteufinkeed asuchhas segetpl esqbyesperfior maag t he
control to turn on or turn off LEDs of a plurality of specific frequency

g regardl esgafedthe samprénbiequercytae dhfibarent rkbaquency aydhesang tine
composed so that the LEDs 34 of the group light irradiation
devices 32 is composed of a plurality of kinds of colored
LEDs 34, for example, different color such as red or blue,

10 the group 1light irradiation devices can emit 1light of a
plurality of wavelengths and thus vegetable can execute
various photomorphogenesis, whereby color of light becomes
color that gives warmth than single red and thus appearance
of product or preserved food is improved. A structure or

15 wiring of light source as described above is simplified by
providing in plural LEDs that is a plurality of optical
conductor elements in the mounting substrate 33, but light
source may use when arranging one LED in one substrate or
arranging one LED 1in the refrigerator chamber of the

20 refrigerator.

As described above, according to the refrigerator of
the present invention, it is possible to perform a control
which does not use useless energy, that is, use as

illumination by turning on when closing a door and when

25 opening a door and use as a lamp of the inside of the

_44_



different tine with an illum nation device having a conbination conposition
whi ch does not seens to use red or blue as nonochronme or raising

illum nance of light source having a preservation effect of food such as
veget abl es at 10 night time duration. Further, because |light source of the
refrigerator of the present invention nmakes LEDs to intermttently

irradi ates, each LED is provided not to be turned on instantaneously or by
converting in the predeterm ned cycle, and alternative control of the LEDs
to 15 save energy, it is possible to increase the LED |life and thus obtain
the refri§efaterrpRaPFngPyoodnerrpdildscy NUtHtiie | BiPDperati nglbhowperati ng
means provided at inside or outside the refrigerator the LEDs of a plurality
of kinds démaghepg spamddraives el edgt hfawd chsacd pravi degdatald@s heby
refrigerator roomor in shelves depending on food to receive, sen conductor

| i ght-em ptrogreiegenttss asohtgbl tsoutcenaove sef ettied aonflf t hE®sa M &ch to
sel ect wavelength of light is converted or turned off individually at a

preset tipeurwheegbyoft dpseposst blfrdquahipi reyaa@veyd ertf 25heef shger at or .
For exanple, by providing a LED selection - 45 switch that is tenperature

contro papehukAciheorrefif kgeraher apdqaehegti Bg apHet UEARE ORiReLED:
substrate having each different wavel ength or by nounting plurality of

70 £ EBRDBITS i Tty vt gk s 60 bt nd
combination composition which does not seems to use red or
blue as monochrome or raising illuminance of light source
having a preservation effect of food such as vegetables at

10 night time duration. Further, because light source of the
refrigerator of the present invention makes LEDs to
intermittently irradiates, each LED is provided not to be
turned on instantaneously or by converting in the
predetermined cycle, and alternative control of the LEDs to

15 save energy, 1t is possible to increase the LED life and
thus obtain the refrigerator having good efficiency.

Further, by operating of operating means provided at
inside or outside the refrigerator the LEDs of a plurality
of kinds of other specific wavelength which are provided in

20 the refrigerator room or in shelves depending on food to
receive, semiconductor light-emitting elements as light
source are selected and thus a switch to select wavelength
of light is converted or turned off individually at a

preset time, whereby it is possible to obtain a convenient

25 refrigerator. For example, by providing a LED selection
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the kind of turned on LED anong them vitamn is increased and thus LED
havi ng wavel ength is sel ected depending on a purpose of increasing
nutritive substance, whereby it is possible to turned on in preset control
contents. - 46 WHAT IS CLAIMED IS: 1. Arefrigerator conprising: a
plurality of |ight sources disposed on the backside 5 of the inside of a
refrigerator to irradiate light with a wavelength mainly giving warnth; and
a control device which individually controls the turning on and turning off
of the plurality of light sources and is provided in a refrigerator body.
10 2. A rafrtiger attdratconpusi si hgmparpltural i t yootrbilght psoatcesidi sposed on
the backside of the inside of a refrigerator to irradiate light with a
wavel engtie fed dd ya go vi Bgdwag et d t ilibg aahec eiwimgd cont ad neEDdissposethtian a
refrigerator to receive food; and a light shielding part disposed in the
recei vi ntha ey akaeh A rshiredt | ihghe1Engnmt e b @hinosaunes,p wheseihy, pl aces
that irradiate light and places that 20 do not irradiate |ight are provided
in the recei yings NtBEPET hadinlheas £f i G0F alakcaceRitdi Nngota daignd,

5 LED substrate and selecting and controlling wavelength of
the kind of turned on LED among them, vitamin is increased
and thus LED having wavelength is selected depending on a
purpose of increasing nutritive substance, whereby it is

possible to turned on in preset control contents.
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wherein a yellow |ight conmponent or an orange light 25 conponent which

outputs visible rays in a wavelength range - 47 fromabout 590 to 600 nm
is emtted individually or in conbination with other color |ight by using
sem conductor light-emtting elenments as the light sources. 5 4. The

refrigerator according to claim1, further conprising a plurality of the
recei ving containers disposed in the refrigerator to receive food, wherein
the light fromthe |ight sources is reflected 10 or scattered by
irradiation to a specific position of the receiving containers. 5. The
refri ger aPgATadSoCAdiPdd o IS ai m 1, wherein the sem conductor light-enitting
elements as 15 the |light sources are turned on or turned off at a preset
time. 6. The refrigerator according to claim1l, wherein the sem conductor
light-emtting elements as 20 the |light sources are divided into a
plurality of graups andefflre deirghtorsasngas sanrey:t urned on or turned off by
each group. 7. The refrigerator according to claiml1, 25 wherein the nunber
f)_r Lhe group nupbenueflit A&t sergreonshictess |d dpoeadt bhnghel rerksdas the
I ght sources

5 of the inside of a refrigerator to irradiate light with a
wavelength mainly giving warmth; and

a control device which 1individually controls the

turning on and turning off of the plurality of 1light

sources and is provided in a refrigerator body.

10
2. A refrigerator comprising:
a plurality of light sources disposed on the backside
of the inside of a refrigerator to irradiate light with a
wavelength mainly giving warmth;
15 a receiving container disposed in a refrigerator to

recelive food; and
a light shielding part disposed in the receiving
container to shield light from the light sources,
wherein places that irradiate light and places that
20 do not irradiate 1light are provided 1in the receiving

container.

3. The refrigerator according to claim 1,
wherein a yellow light component or an orange light

25 component which outputs visible rays in a wavelength range
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to be turned on is controlled during the operation of the refrigerator. 5
8. The refrigerator according to claim1, wherein the sem conduct or
light-emtting elenents as the |light sources are controlled so as not to be
turned off at the sane tine during the operation of the refrigerator. 10
9. The refrigerator according to claim5, wherein the nunber or the group
nunber of the sem conductor light-emtting elenents as the |ight sources

to be turned on at the sanme tine is increased with the |[|apse of the
operation of the refrigerator. 15 10. The refrigerator according to claimb5,
wher ei n t Heonundiesuof e semamnduat ars | eghttteein i hdhgiaheeyt solms ihhe

| i ght sources to be turned on or a current-carrying ratio of the |ight

sources i $oa@ihE@liloed WwOsocthalr adlide dugati of s heyi seadcahedchyra hi gh
illum nance of light and a tinme duration to be irradiated by a |ow

i ITum nange @f lehght: 131e SRInerkds £ rald | DSt 0L, ¢PARLI sing: 25 a plurality

of sem conductor light-emtting elenents -"49 disposed on the backsi de of
the inside of a refrigerator to irradiate a specific wavel ength of |ight;
and a control device set to always turn at |east one of the sem conductor

I|ght-§n1tt|ng %Lenengiea@%ﬂ¥éggég¥%fnagCording to claim 1, further

comprising
a plurality of the receiving containers disposed in
the refrigerator to receive food,
wherein the light from the light sources is reflected
10 or scattered by irradiation to a specific position of the

receiving containers.

5. The refrigerator according to claim 1,
wherein the semiconductor light-emitting elements as
15 the light sources are turned on or turned off at a preset

time.

6. The refrigerator according to claim 1,
wherein the semiconductor light-emitting elements as
20 the light sources are divided into a plurality of groups
and the light sources are turned on or turned off by each

group.

7. The refrigerator according to claim 1,

25 wherein the number or the group number of
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5 refrigerator body. 12. The refrigerator according to claim1l1, wherein the
illum nance of light to be irradiated is set high for a defrost operation
and several hours after 10 the operation. 13. The refrigerator according to
claim1l, further conprising a cover that covers the sem conductor
light-emtting 15 elenents as the |ight sources, and passes |ight but
intercepts cold air without communicating with the inside of the
refrigerator, wherein the sem conductor light-emtting elenments and the
cover are fixed to the refrigerator body. 20 14. The refrigerator according
to cl ai m demibendiintwhen itgntrHeny. tori rse né bameluics oe sl itdglet -leighit | pgureéenent s
as the light sources, current- carrying/interception is repeated in rapid
cycl es w thobe aur2ledain céablcenthanded -dadi nd 5théheprefatiiger at Hrthaecor di ng
to claim14, wherein a current-carrying/interception ratio is adjusted
dependi ngrenrt§erktbum nance decline of the 5 semi conductor light-emtting
el enments or the elapsed tine of the operation. 16. A refrigerator
conpri si ng:

5 8. The refrigerator according to claim 1,
wherein the semiconductor light-emitting elements as
the light sources are controlled so as not to be turned off

at the same time during the operation of the refrigerator.

10 9. The refrigerator according to claim 5,
wherein the number or the group number of the
semiconductor light-emitting elements as the light sources
to be turned on at the same time 1s 1increased with the
lapse of the operation of the refrigerator.
15
10. The refrigerator according to claim 5,
wherein the number of the semiconductor light-
emitting elements as the light sources to be turned on or a
current-carrying ratio of the light sources is controlled
20 so that a time duration to be irradiated by a high
illuminance of light and a time duration to be irradiated

by a low illuminance of light are set.

11. A refrigerator comprising:

25 a plurality of semiconductor light-emitting elements
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a plurality of light sources disposed inside a 10 refrigerator to irradiate
a specific wavelength of light, respectively; and a control device provided
in arefrigerator body to control turning on of the plurality of Iight
sources so as to increase the illumnance of light to be irradiated 15
during a specific tine duration, wherein the illum nance of the plurality of
light sources is controlled by controlling the nunber of the plurality of

| i ght sources or by changing a current- carrying ratio within a cycle that
performed repeated 20 current-carrying. 17. Arefrigerator conprising: a
pluralitydb$PPsghtoBoliReebagksposeq T ﬁg‘iedénéldteeforﬁ Fertorideriteadiate a
speci fic wavel ength of light; 25 a cover that covers the sem conduct or
light-emi¥iadgiatsla spbefeits wevehengitghelsdhobds, gpakses |ight but
intercepts cold air without comunicating with the inside of the
refrigerator, amdcbstsedl edvhycea selal foandwaysoritumwt aeviieeswhicste it

di sposed in a refrigerator 5 body so as to control the turning on and
turni ng offie ofeheontitgbbrsoupbes cand twhigclr learintad sarididi naeikpddl yid ug ni ng on
and turning off the sem conductor light-emtting elenents as the |ight

sources. A0rd8gedheorebbiigerator according to claiml,

12. The refrigerator according to claim 1,
wherein the illuminance of light to be irradiated is
set high for a defrost operation and several hours after

10 the operation.

13. The refrigerator according to claim 1, further
comprising
a cover that covers the semiconductor light-emitting
15 elements as the 1light sources, and  passes light but
intercepts cold air without communicating with the inside
of the refrigerator,
wherein the semiconductor light-emitting elements and
the cover are fixed to the refrigerator body.
20
14. The refrigerator according to claim 1,
wherein when turning on semiconductor light-emitting
elements as the light sources, current-
carrying/interception is repeated in rapid cycles without a

25 noticeable change.
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wherein a light irradiation function is stopped by operating an operating
means provided inside or outside the refrigerator. 15 19. The refrigerator
according to claim1l, wherein the tenperature inside the refrigerator to
performlight irradiation fromthe |ight sources is changed by operating an
operating neans provided inside or outside the refrigerator. 20 20. The
refrigerator according to claiml1l, wherein the inside of the refrigerator
are divided into a plurality of refrigerator chanbers, the |ight sources
are arranged in at |east one of the refrigerator 25 chanbers set to a
refrigerating chanber tenperature of 0OC - 52 or nore, a vegetable chanber
tenperature, and a freezing chanber tenperature, and_the irradiation
direction of |ight- frdiftheirighiaktotreescafiBiged FhatRelfefri gerator
chanmbers is alnost the sane direction as a forward 5 direction or a backward
direction of colwhafieinhat i sumsierdulcamEyy ingtieteefergerat oragianbers. 21.
The refrigerator according to claim11, wherein an operating neans di sposed

i nside or awidsd Idepdrediesri geratbe | s$lopmiabedet o deelldcte t hef the

sem conductor light-emtting elenments to irradiate light as the |ight
sources anskbriicsehectot he iwavelengtthngf ¢i@iénts or the elapsed time

of the operation.

16. A refrigerator comprising:
a plurality of 1light sources disposed inside a
10 refrigerator to irradiate a specific wavelength of 1light,
respectively; and
a control device provided in a refrigerator body to
control turning on of the plurality of light sources so as
to increase the illuminance of 1light to be irradiated
15 during a specific time duration,
wherein the 1illuminance of the plurality of 1light
sources 1is controlled by controlling the number of the
plurality of 1light sources or by changing a current-
carrying ratio within a cycle that performed repeated

20 current-carrying.

17. A refrigerator comprising:
a plurality of 1light sources disposed inside a
refrigerator to irradiate a specific wavelength of light;

25 a cover that covers the semiconductor light-emitting
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10

15

20

25

elements as the light sources, passes light but intercepts
cold air without communicating with the inside of the
refrigerator, and is sealed by a seal; and

a control device which is disposed in a refrigerator
body so as to control the turning on and turning off of the
light sources and which controls individually turning on
and turning off the semiconductor light-emitting elements

as the light sources.

18. The refrigerator according to claim 1,
wherein a light irradiation function is stopped by
operating an operating means provided inside or outside the

refrigerator.

19. The refrigerator according to claim 1,

wherein the temperature inside the refrigerator to
perform light irradiation from the light sources is changed
by operating an operating means provided inside or outside

the refrigerator.

20. The refrigerator according to claim 1,

wherein the inside of the refrigerator are divided
into a plurality of refrigerator chambers, the 1light
sources are arranged in at least one of the refrigerator

chambers set to a refrigerating chamber temperature of 0°C
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or more, a vegetable chamber temperature, and a freezing
chamber temperature, and the irradiation direction of light
from the 1light sources arranged 1in the refrigerator
chambers 1is almost the same direction as a forward
direction or a backward direction of cold air that is

circulated in the refrigerator chambers.

21. The refrigerator according to claim 1,

wherein an operating means disposed inside or outside
the refrigerator is operated to select the semiconductor
light-emitting elements to i1rradiate 1light as the 1ight

sources and to select the wavelength of light.



