8 Novenber 2006 REFRI GERATOR BACKGROUND OF THE I NVENTION 1. Field of the

I nvention 5 The present invention relates to a technique preserving food
such as vegetables in a refrigerator. 2. Description of tsh&oRerasedd 6t
Conventional refrigerators have inproved a preserving technique which keeps
freshness of vegetables by 10 irradiating vegetable with the Ilight 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,

chl orophyl | decline of 15 green veggrabeeaThxrs been reduced (see, for
exanpl e, 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 OC or bel ow has been nade (see, for exanple,

JP- A-2001-61459). 20 Conveqptdonad f&i opERt PESeliaysyt he fol I ow ng
probl ens. First, when using—a—reégg%D——gﬁg—appearance of the vegetables

does not |pok alkn .when t he turning on tine is controlled by
detecting fhngggﬁi%E g%%83§9§€%%¥ﬁg of a door, detector nmeans for detecting

the Op%nlng i lThg hg%%ﬂgghzzoggvention relates to a technique

preserving food such as vegetables in a refrigerator.
2. Description of the Reiated 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 1lamp and
controlling turning on thereof by a switch for detecting
the 5pening 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(causaﬂ 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 look appealing. Second, when the
turning on time is controlled by detecting the opening and

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



and closing of a door is required. Third, when irradiating I|ight-from an
upper portion, it is inpossible to irradiate food within a receiving
container located at a |ower portion. Fourth, when irradi &boivagbét gitosf rom

an upper 5 portion, it is difficult to wire electric parts. Fifth, if [|ight
is irradiated froman upper portion or only when a door is closed, it is
difficult to confirmwhether the Ilight is functioning at honme or the store.

In a case of a household refrigerator, various kinds of vegetables or 10
ot her kinds of food in addition to vegetables are preserved and located in

an enpty place,, overlapped or inferlaid. w.,thout.specjfical.ly determning a

pr eservat i%ﬁcpﬁlaocselri% Cp{\;/)a i%ﬁosr p{rgségégﬂcgﬁ%'foﬁlrljgmhkggl %5‘% éﬁagtélﬁgod, or

state. Further,_they may be preserved hy a nmethod of. dividing info 15
pg Py £6 bty

refriger ati’@anF 97 e22e 85r8P§§§°8f tenpet atTRRSSHP Rt L0 MEAHES has a
preservation effect in all preservation forns of a refrigerator and the
refriger atf®ed eqlhittéd: f 6  R663 VEreseCPRGEIRNS S tesaintle afo fegdiavre
effect, low power consunption, and high efficiency, and in addition the 20
refriger aboripam s halowWgthonghiers eigpadiand ndowl 1FBENt ERARCER s UrRBYest ed.
However, when the refrigerator enploys white fluorescent light, it has both
a goodSandpartimeyativel ef detfianbt ebenwihougherctris pegtted udiidfgha rdgd or
bl ue | anp havi ng wavel ength convenient for certain 25 preservation effect, a
practical Iieflrti gesatiaraddmrtetd birom an Sipkdewenbert2006or only when a
door is 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 1life span and low
maintenance is requested. However, when the refrigerator
employs white fluorescent 1light, 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
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obt ai ned

because it still has inconvenient preservation conditions.

OF THE I NVENTION 5 The present invention is contrived in view of the
above-nentioned situation. It is an object of the presend Nivepbetri 8004 o
provide a refrigerator for allow ng food such as vegetables to have an

appeasi ng appearance and

10 preser

SUMVARY

effectively preserving food in various kinds of

vation fornms. It is another object of the present invention to
provide a refrigerator having a long life span and high efficiency by
effectively using snall seniconductor light- emtting el enments (LED).

15 It
havi ng

and be

i s anot her ect resent entiqgn vide.a refriger %or
preservat?Bﬁ %PSSer use qﬁ'céﬁgbeiﬁg?ggga%sgt v%resggygg on
preserved in a necessary place such as the interior of a receiving
cont ai ner SPRAAEEGRSr portion. 20 It is an additional object of the present
invention to provide a refrigerator which can easily maintain LEDs,
assenbl ed 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 by us$ﬁ§MAg¥u@EJTHE ANVENdGEnber 2006 |ight having
no negative effect to food which is used as a
5 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 be 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



light wwthin the refrigerator as well as for food preservation. In order to
achi eve the above-nentioned objects, the 5 refrigerator according to the
present invention includes a plurality of |ight sources8whpramber 2904t es
light wwth a wavelength giving warnth and a control device which
individually controls turning on of the plurality of |ight sources.

Further, it has a receiving container for 10 receiving food which has pl aces
where light fromlight sources are irradiated or not irradiated. According
to the refrigerator of the present invention, it is possible to increase

the nutrifiyse substance wihau,dogeelog the ppeaianae of fogd such as 19

veget abl eS,; “and use rce as a lanp wthin the "refrigerator because
the light _source irradiatg |ight wi.th wavel engt h.givin roth,. Further

si nce thellllgélrrt Widtdes BR€or 5Fr$\gltgoertaheorr ef¥3 geWStlgr dafsgth Cbr e§8ﬂa
invention intermttently irradiate LEDs, alternately 20 controls they are
turned onPBySERFe eSFective LEDs, and thus increases the |ife span of the
LEDs, it is possible to obtain a refrigerator having high efficiency. BRIEF

DESCRI PTI ON OF FRE ORaw NGs I e et hmd2 BoRer 8B éeR§dar®IgdFant dd€s of
this - 4 8 Novenber 2006 invention will becone nore fully apparent from
the fol| o®ifrg sgardioredafeeiing iton thakaprofeht t hevantdapanyicdgides a
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. Fufther, it has a receiving container for
L0 receiving food which has places where light 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 démaging 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 life 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



drawings in which: 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 viewillustrating a vegetable chanbe? Newrobdirng0t® t he
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. 4is a
perspective view illustrating the light irradiation device according to the
first enbodi ment of the 15 present invention; Fig. 5 shows a table

a2t LRgepBeche %'ﬁnsmeoc?&eet wﬁsgl £C0l£n 1 nggg.ahog%y@rg@' epghl) Ofykhe | ght

irradiation evice according to the rst e t he present

i nvention : a tratl mavelen character.istics of
a photore§8§g8 gﬁe%ﬁ F&ﬁ gln qSCHPi)accor q%ﬁ Y%e |r?FC8ﬁ%@EI%Qﬁt of the
present invention; % is acircuit dlagran1|IIustrat|ng the |ight
|rrad|at|9ﬁaﬁé995e18c BF fAg to the first enbodiment of the 25 present

invention; 5 8 Novenber 2006 Fig. 8 is a diag ran1|IIustrat|n the |ight
irradiation devFéd-molinti®g #o %F%%%s%?%?éo%%%orﬂ%ﬁﬁ tolipgtrating a

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

25 present invention;



first enbodi nent of the present invention; Fig. 9 is a flowhart
illustrating the control of 5 light irradiation according to the first
embodi ment of the present invention; Fig. 10 is a tinme En¥PYeteruglPati ng
the control of Ilight irradiation according to the first enbodi nent of the
present invention; 10 Fig. 11 is a block diagramillustrating 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
chanmber according to the first enbodi mrent of the 15 present invention; Fig.

13 is a cross-s%ﬁ%L?nSP Vif&’iEJ“SHHQBE%%.OFPfiuﬁﬁggﬁ%gﬁ{2tgﬁeacﬁﬂr {19 to

the first enbodi the present i"nventi on; Cross-sectiona

view 1T UStEaing ohel . 20, GeL0) BELAT 90 2CEardl D Lo Lhs Lol sermigd ment

of the n vention; CroSs-Sec nal” Vi ew i |'ustrating
other refrigeratqr according to the first, enbodinent of the present
inventionﬁéﬁ%qﬁﬁﬁk W%PEi%grg%%C?¥9§eQEeﬁpV?F $PPating the - 6 8
Novenber 2006 interigr of another vegetahle chanber according to_the first
enbodi nent of tH%“bwegehksiﬁWeﬁ%?%ﬁpart 1llustrating the control of

5 1light 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 is 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 1is a perspective view illustrating the



Fig. 17 is a perspective viewillustrating other refrigerator according to
the first enbodinent of the 5 present invention; Fig. 18 is a
cross-sectional viewillustrating another vegetable chdﬁﬁEWeQPEBra?W@ to
the first enmbodi ment of the present invention; Fig. 19 is a cross-sectional
view illustrating other LOIlight irradiation device according to the first
enbodi nent of the present invention; Fig. 20 is a circuit diagram
illustrating the light irradiation device according to the first enbodi nment
of the present invention; 15 Fig 21 is a diagranlillustrating the rate of

el ectric gggggg ac5L" Ao o e Jduah eTOdiEt ol hoy regent che

i nvention; agran1| ating a nodi exa

of electrlc c ent accordl g the first, Q .enbodi nent of the present
i nventi onf FﬁOdé§GP§ 8% F%Wbﬁ%ﬁ?%qqtiQY%ﬁﬁ%%Pa.nDdlfled exanpl e of
the rate of electrlc current according to the flr%% enbodi nrent of the
present inventi®6hd-- ¥/ & NovenBErsP lvﬁETKFEED SBRF PR FERIOF Fher
PREFERRED ENMBODI MENTS First Enbodi nent Fig is a cross-sectional view

i || ustrat FR§rageratprgeraeor daddor apngth@ afitrisgt enpedimneRt oPLt hkhe

5 present invention;

Fig. 18 is a cross-sectional view 1illustrating
another vegetable chamber according to the first embodiment
of the present invention;

Fig. 19 is a cross-sectional view illustrating other

Lo light irradiaticon device according to the first embodiment
of the present invention;

Fig. 20 is a circuit diagram illustrating the 1light
irradiation device acccrding to the first embodiment of the
present invention;

15 Fig. 21 1is 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 1is a flowchart 1illustrating a modified
example of the rate of electric current according to the

first embodiment of the present invention.



5 present invention.. Fig. 2 is a perspective viewillustrating the outline
of a vegetabl e chanber according to the first enbodinent. Fig. 3 is a graph
illustrating wavel ength characteristics of an LED that PsNAVe®&H é8RBuct or
light-emtting element. Fig. 4 is an .0 enlarged cross-sectional view
illustrating a light irradiation device. As shown in Fig. 1, a refrigerator
body denoted by reference nuneral 1 includes a refrigerating chanber 100

wi th an opening and cl osing door |ocated in an uppernost _5 portion of the
refrigerator 1, a switching chanber 400 wth a drawer-type door which is

| ocat ed under pph@11kef HrgeRAETIONE RaThelE 180 Bntkvhi SiisSBABETSW t ched to
W

tenperature z g, soft

freezing (- . LC ; om a free%ing 20 tenperature’zone (- 18C ), an ice
chanber gg&ﬁﬁt@?%éaéﬁiéér-type door which is located in parallel with the
e door

swi tching chamher, and a_vegetabl e champer 300 wth a ., drawer-1

which is | ocat d4%etaeeﬁsa %ré%&?%% S%ﬁgﬁ%% QZO%E%Wsp%%ékﬁ'?F%ﬁ%%mé?nnst
portion, and the 25 sw tching, chanmper or the ice chanper. An qgperation panel
PO o NPT S CHENEE OFS anfopbh Eton SBREERTeFS GOt rd i ng
setting values such as tenperature of fhe respective chambers, |iquid

crystal RIFeShpl ajRHg téRBer at utd Df the lfespect PRESEREHBELs afid'hat ti ne,

etc. are provided on the _ _
illustrating the outline of a vegetable chamber according

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

wavelength characteristics of an LED that is a

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

0 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

.5 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 is located in parallel with the

switching chamber, and a vegetable chamber 300 with a

drawer-type door which is located between a freeziﬁg

chamber 200 disposed in a lowermost portion, and the

25 switching chamber or the ice chamber. An operation panel



5 door of the refrigerating chanber 100. As shown in Figs. 1 and 2, a
recei ving container 30 nade of a material having no light transmssibility
and a second receiving container 31 made of a nmaterial [Ba¥pongmbaglptoos
transmssibility provided in an upper portion thereof are 10 provided in the
veget abl 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 transmissibility. As shown in Fig. 2, a
light irradiation device denoted by reference 15 nuneral 32 is provided on

t he back side of the second recei.ving, co iper s hat, .i.t_ irradiates |ight
around a S:’Jce%?rﬁlpa(?s Cgr?fo%noppteﬁfgecsléjéloncﬁlrg%}gi \?/:Sﬁgcg 1;1ttré)|lr1lel§n.g ﬁegcdull}%ht
irradi ation device 32 has itslgeak at 59% ngéas shown_in Fig. and is
conmposed OFP&UbSEFAt e2F 0 WHIRH DG ¥ Dur ILEPRC34X TRRECENYE IS Sith

wavel engths ranging from_ 550 to 620 nm are nounted. As shown in Fig. 1,
referencelﬁﬁﬁﬁﬁgl tvedFlesenfs a dE8RpRESREr, FEFRREAEBTRuNePhl 1iie

represents a cooler, reference nuneral 12 represents a fan for sending cold
air 25 codlePast e GuIeers cat hEhaEf Eiger atlfRg @Fgnipsovigedaimh theg 8
Novenber 2006 the freezing chanber 200, reference nuneral 13 represents a
danper5devdas fof that relfiriiggran imgotamdfesol @0 ai rAgeshownntio tHiegs .
refrigerating chanber 100, and reference nunmeral 14 represents an air duct
for introduciend c®) d ai recedlvéshg container 30 made of a material
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 is 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 its 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



5 by the cooler 11 into the refrigerating chanber 100. The 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 HNIVEREHLEIOD1

| ocated on the backside of the refrigerator and controlled by a mcro 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 nounting substrate
33, sem conductor light-emtting elenment LEDs 34, which are the |ight
sources, 15 provided parallel on the nmounting substrate 33, and a |ight

transmtting cover 35 fqr protecting tge LEDs 34. Because the directivity
of "LED t el (g B R IR e Yook S BFICR| BHIBF Pt HoSEPZEREMFBuRL | ng
substrate 33 and the cover 35 are Lixed by screws so that the irradiation
angl e is FGOPEF cRENYE8 BYLt HPRTE? at12% 6F taRPHRE r Percatist . 2 Fhe SEREK
surface of the nmounting substrate 33 is coated by a seal 36 to prevent
circuit frdachetlrr sRériegratdnoheshamprr | 18Rt and sdehereRCHePUEErad | s
built in front of an insulating portion 37 |located on the backside of the
veget abl e ldhardtere 250 390aso0 ailratdugighfofr amtrbducEby 3201¢ &iradioatled i nto
the - 10 8 Novenber 2006 vegetable chanber 300. Here, by fitting an
O ring538s0 se toopeevanit dew f tben aetfadkiergtdmg hehaver 380.t h&hdegr ee
of close contact is increased and thus cold air is intercepted, and dewis
prevent ed submbradtteacBbngofo the control device for controlling the
turning on or turning off of the light irradiation device
32 1is 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 -



5 nmounting substrate 33 or light is prevented frombeing irregularly

refl ected due to water drops. Further, because the cover 35 has protrusions
39, the receiving container is prevented fromstriking &nNPHemesy 006
surface, so the light 1is prevented frombeing irregularly reflected if
damage LO occurs to cover surface. Therefore, the nounting 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 is provided
considering various situations such as handling for the cover 35 during 15

et o RSB S0 AR, e A€ 15 e ool

Furt her, because the iTradi ation icels hé "back si de,
specifically _the back,surface of . the refrigerataor wherge the vegetable
chanber i $° && W§T%ZEF%CEESE thﬁéﬁﬁnﬁbﬁﬁérgﬂgrc8yﬁ§f e’ec€¢?cgﬁgF?§ i's
easy, so that it is e§8¥ towre and it i poggible to manuyfacture, at | ow
cost. FurPher S1RFén COPFa&T 'S ci MR t i ¥UghtPERe FetFi gBl&t oS an

entry or an exit hole is provided on the backside of the refrigerator and
thus the dPtescedtede 280¢r ARN até IRFTCHYn the™azktaréngo thetheont
side of the - 11 8 Novenber 2006 refrigerator is the sane as noving cold
air, that mognttimg dibeErass of3 mE ndiPbtwatd AroerRKedl dramy . bEdbg
storage conpartnents of the refrigerator such as the refrigerating chanber
that has Aoregediavilyy redhtesdtreet dre tthe wageradkeps. Further, because
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, Dbecause 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 is 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

_11_



5 chanber that has a receiving container have a structure that easily
passes cold air, and irradiation of light is also because of the follow ng
the sane direction as the cold air. Further, since the 8 NPYRTREE i devi ce
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 illumnation device is provided on the backside of the
refrigerator, it is easier for a user to confirmthe turning on state

rat her than when provided 15 in the upper side or the side surface, it is
possible to_easily appealEgoods in a store or c gfinn1a turning on state

at home. EGEEHERIARE st ubhtr 83BF e TN At FBAY Rdtter iTt&L ohSt hEPBacksi de
of the refrigerator is relatively stronger than_that of partitions divided
into the g8reefiiogeCdt FOVEREh S Al 4 BRaEKoRCABpRiEd t BOREDEtPEAYRI ni mal |
thereby giving reliability. Fig. 5 shows the absorption wavel engths of
vi sible rcappagttheriisi rofotloe srefrueashowsuah afS ebhe ofeprageragioat h in
unit energy for the respective wavel engths. The 25 LED 34 emits light with
wavel engt khaobevi siltdte hay arearandiving? cchiNovmsbepr2008 tvhgetbbilbl e rays
ranges fromthe violet, which is the shortest wavel ength showm in Fig. 5,
bl ue, Hreenhanpeld ovhat anth=or angsscdiorirhe redtadmerh havehe | sogasture
wavel ength. Further, plants basically grow by photosynthesis and uses
that easily passes cold air, and irradiation of light is
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 in 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 is
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

_12_



5 nutritious substance stored in the photosynthesis as an energy source
when perform ng photonorphogenesis which is required for the qualitative
change in plants such as seed gernmination, flower bud df f¥eresiheratPon,

bl oom ng, expansion of seed |eaf, chlorophyll synthesis, root and 10 trunk
ext ensi on change. As shown in Fig. 6, photonorphogenesis which is not
proper for vegetable preservation such as germ nation or bloom ng anong
themis tended to be pronoted by the blue Iight around 470 rimand the red
| i ght component around 660 nm Further, the 15 absorption peak of

hi h [ ' t I | i t nd. | t
chi orop y\lltvhre: ;%tbé%fé Pé%gsﬁ%a?é%hr%%ﬁe'rgﬂ% COIPPOEN! S, 13Ng, Q‘g@f’S%P@t hgreen

and yello conpone e ot and, " as shown in Fi

energy ef Lholency of Pholosvit DRSS Iis, Lowy at of edilighto, copopent Lhat is

H O .
t he hlghe§ Shor't waverleng wever, h Visible'ray area,

ffecti lor is th d th d effecti lor is th f
he- - phot 6EsnHI S op6Ba Hif TR oPAGE ool or & h d SISt | Vaval ShpoRg

wavel engt hs. However, mavelengthi around bl ue ki%ht p&@ﬁute germ nati on or
bl ooni ng AN thRds REARhPrBBELCROLY ZFIbngY t BPALLSYTEDEELiSorF T V66t abl es.
- 13 8 Novenber 2006 Next, photosynthesis reaction is given by the

f ol | owt ng NEGEHATioNS 6EEPSFangpREtoBEB Kdal tEsHIBEAS $i$02 oo

carbon di oxi de, H2O water, 688 kcal: I|ight
energy source when performing photomorphogenesis which is

required for the qualitative change in plants such as seed
germination, flower bud differentiation, blooming,
expansion of seed leaf, chlorophyll synthesis, root and
10 trunk extension change. As shown in Fig. 6,
photomorphogenesis which 1is 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 yellow 1light
components. On the other hand, as shown in Fig. 6, the
energy efficiency of photosynthesis 1is low at red light
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 light
promote germination or blooming and thus are improper for

25 long-term preservation of vegetables.

- 13 -



5 energy. C6H1206: glucose) The reaction is divided into a |light reaction
using light energy and a dark reaction using no |ight energy. The 1|ight
reaction is a reaction which converts light energy fron? t¥sheri A0S

chem cal energy. Carbon dioxide is not 10 used during this step and pi gnent
such as chl orophyl|l deconposes water into hydrogen and oxygen using |ight
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 |light 15 reaction and carbon dioxide fromthe air. Further,

veget abl es havi incr Iygg . have i_npr.qyed or pr rt r
creates vitaninﬁ%x#fonﬁgﬁué% . ég%gn %gaggé% ro%%abgggénan éZot%ggnic
reaction is..restrained hy using a plurality of LEDs and thus 20

transpi r atPon 8- e FARBIE ™ nd so on, that is, it is possible to effectively

pronot e photosynthesis_by using the red LED as the LED 34. Neverthel ess,
the red |ight @SQBoﬁeﬁgﬁﬁ%K%sg%%ekQ%bera%ﬁégoﬁﬁaﬁﬂgﬁ imd%nd t he

deterioration of vegetable visually seen and gives an inmage 25 of warning,
t her ef ore i npr op€P2f orCARM nGiGriste t hélz0: Mat%rd\b\@r?oe?@zﬁch light
refrigerator. A color friendly LED can be obtai ned when near a glow | anp by
usi ng & ceherayi-viCaiaer nohusaek)as a yellow |ight conponent with a

wavel engt h of about 590 nmor an orange |ight conmponent with a wavel ength
of about 60@ mmaction is divided into a light reaction using light

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

light reaction is a reaction which converts 1light 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 1is 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 1is, 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

__14_



5 which is not a red |ight conponent that gives an unappealing effect,

t hereby achi eving both the photosynthesis effect and illum nation effect.
Further, as shown in Fig. 6, it is possible to obtain f8oHoVPP®EET ¢&PFon

ef fect of photosynthesis. As shown in Fig. 5, color giving LOwarnth can be
obtai ned by using light having a peak value in a range of 580 to 610 rim
that is, a wavelength range froma yellow |ight conponent to an orange

| i ght component. Further, light irradiation devices using a plurality of
LEDs which conbines the red LED and the blue LED 15 irradiate |ight which
is set tortel%%%@%%%rt%tf.on Reak1eh chtaraphy! brand &1 f 86t iothl 34 AW QUER

performance o photosynthesis. That is, 1t is possible to obtain color
P vi'duareresdl (28 + AR RIATIRG o To g FroH mherich par 2 "
Dose bl VAT RE R L, 01 NG, HEDSande combipec huareseent
T adi ot 67 GEAEE 32 i ROHER 311 4T b JEHEr 006 ©F hEDBHGY S0)nEfeal s
and illumnation results at low cost, Further, Fig. 7 shows an electric

circuit divRdcam ofS thetlight 5% adtHhon gevPersntandimty. @1vVesa ahagram

showi ng nounting arrangenent of LEDs 34, where a system 34A
unappealing effect, thereby 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
L0 warmth can be obtained by using light having a peak §alue
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 1light which 1is set to the absorption peak of
chlorophyll and effectively improves performance of
photosynthesis. That is, 1t 1is possible to obtain color
giving warmth by simultaneously emitting a plurality of
colors and obtain individual results by individually
20 emitting 1light. | Further, it 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 is

25 possible to obtain the light irradiation device 32 that has
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5 in which LEDs 34a and 34b of two nounting substrates are arranged

parall el and a system 34B in which LEDs 34c and 34d of two nounting
substrates are arranged parallel are arranged parallel. SLEPSe™RRE 284B, 34c,
and 34d are emtted by making DC5 V to 12 V to be applied and current of
about 10 30 mA to flow. A current value of about 30 mMAis. small 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 wi t hifd the dddatiald 1) JAN9e 13 5ot &9 Yoen 001 ¥+ ongy Sygkem i s
turned on but “illum’nance of about 300 Lx 1s secured when two systens are

turned on and thys dfig LER | ifechs, Lngreased.Hence, ity § SqpossLbl gel o

secur e enough e W t'hout” having to detect the opéning an osi ng of 20

t he door. Further, . by. contraolling lurality  of .LEDs as.a syste t he
board nunﬁ_‘g‘re o?lgﬂg n%r(:ﬁ:%cl()%blu?%r df:leéﬁcbees' re Cl}cekzjl%l‘nd 8t hog i ;és}a%](g?g‘i ble to
sinplify the substrate.., As shown in Fi 7, turning on and turnin ff of
The  LEDs oS0 5 i i At S SR e SRS {58 £ TR BT RigaoR YOE Bt £485. by a
signal _output fromthe m_croconputer and a resistance - 16 8 Novenber 2006
for |idtilfg WtsRntERY & i iyt REPc i ehtO f FORNTG iheS U R ERR2 T RS s@FPes to
the LEDs. In a practical_ nounting substrate, if the resistance is arranged
in the commrandedibga¥at belt RBIuUNEYAECBUBSEr st BRish (IHd9 i §he and

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 1is 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 1is secured when only ‘one
system is 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 by a signal output from the microcomputer and a resistance

._.16._



5 irradiation device 32 can be mnimzed and thus it can be easily arranged
in the vegetabl e chanber and the resistance can be restrained from heating
and thus preservation performance of vegetable prevented NSVERPRINGEGE On
the other hand, if the resistance is arranged in the nounting LO substrate
of the light irradiation device 32, it is 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 conbi nation
lines but it nmay be perfornmed in 8 or 12 conbination lines 15 using at | east

one. Furthe "ﬁﬂp 'ﬁg % # aqgéc rLent, o pr |y b | ect e
depending%8% the %%l r%g Qgﬁf% gﬁggﬂoﬁ'hgg%séggﬁﬁ ug%ﬁgtﬁ%%.gP% or der
to nmake x@gﬁtable have.q?ug%gn%hnutégkive %ybstanceam%th hncrgas d vitamn
C by pronmdfig $YntHests of-"'§1 ucoSE "and $o 8n PhepréserveldCuBhitanl es
and enhanci ng st orage, pro ertg, it is necessar¥ tolimt turning on of four
LEDs, andsPPﬁFFaﬁﬁvnihg et EBUSBRRFRI Ui ndEFERIEFont R d re3BtFeh of
phot osynthesis. By such limtation, the LEDI|ife is increased, so that it
i S unneceSYREFIEE 25 ekhan§Ouidnd ghtWpsthatati o de9fcesherhetédht it is
- 17 8 Novenber 2006 possible to effectively preserve food wi thout using
wast iy eémeegyathoneidrifiad K 32 heappdeatiiigrilvfzed rend| §bugt ort heam nige t he
above-nenti oned conposition will be described.
easily arranged in the vegetable chamber and the resistance
can be restrained from heating and thus preservation
performance of vegetable prevented is enhanced. On the
other hand, if the resistance is arranged in the mounting
Lo 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 is necessary to limit turning on of
four LEDs, and limit turning on pericd or illumination from
dark reaction of photosynthesis. By such limitation, the

LED life 1is increased, so that it is unnecessary to

25 exchange the light irradiation devices. Thereby, it is

- 17 -



5 Cold air cooled by the cooler 11 shown in Fig. 1 is transferred to the
freezing chanber 200 by a fan 12 and the freezing chanber is cooled to
about -18C, that is, a predetermned tenperature. On thé BeHEatard®6a part
of the cold air cooled by the cooler 11 passes through the air _0 duct 14,
is controlled by the opening and closing of a danper 13, and is transferred
to the refrigerating chanber 100, the sw tching chanber 400, and the ice
chanber 500, and the refrigerating chanber 100 is cooled to a

predeterm ned tenperature of about 3C. The switching 15 chanber 400 is

cooled to . QR &S atun ! £ reipaelc]s n to
- 18C. Bec%égglggg gég%?g%?g %hg, ggggﬁgﬁ}e§§$%52§ vedé?%%?gg ??%%ggg
perform’ngn transpiration, it is indirectly cooled to a predeterm ned

e

tenperatu 6P Yabout 5C using radiation fromthe switching 20 chanber 400
and the ice chapber ,50Q in t upper rtion of the vegetabl e chapber 300
and t he freezinggEﬁéﬁﬁgFeﬁﬂoqﬁﬁa Bﬁsrgg&EP ol t?oﬁegflﬁ%gagéﬁétgﬁYén%hanber
300 without direct blowing of cold air. Further, as already described, the
veget abl etBBaRbBEN e3TE PRy € CFPAS St &0+t B3R ng cold air
instead of indirect cooling. - 18 8 Novenber 2006 @As shown in Fig. 2, the
recei Vi ng cont aFRéA 30 rareP @l adcid thec&oalfy cbht ahawer 31 Figprbvided in

the vegetable chanber 300 and when vegetables are received in the
veget abl etchasferrededeot &bleed reeeh s BMRRTh 40 Konea stamm, 12 and the

freezing chamber is cooled to about -18°C, that is, a
predetermined temperature. On the other hand, a part of
the cold air cooled by the cooler 11 passes through the air
.0 duct 14, is 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 preéet temperature, and the
ice chamber 500 is cooled to -18°C. Because the vegetable
chamber 300 restrains vegetables from performing
transpiration, it is 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.

- 18 -



5 etc. having mainly photosynthesis effect are received in the second
recei ving contai ner 31 and root vegetables such as potato, onion, etc. and
so on which are good to preserve in dark place are reced \Wsyefherhe006

recei ving contai ner 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 ght ness type LED 34 is used for turning on four [lanps, it can nake
a light irradiation place have the range from about 300 to 400 Lx and when

it is used for turning on 15 four,lapps, _and.it. _can ke.a light_irradiation
pl ace have thegﬁaﬁﬁﬁg?¥6ﬁ%a:5%t ﬁoogBS fgﬁeEY}W51Q4ﬁ}a Ther %Qnﬁ?daa

mat eri al having no |ight tran%ptssibﬁ%ig%qor food received in tge Eecond
recei vi ng SEGRER KECAY R FEMT i T e RTNG- ¢ ati? atRE YBIRGBPLE

veget abl es received in the 20 receiving container 30. Fig. 9 is a flowhart
i | Tustrat chgmespl 0%0nErd  ofhen he’eIYMP 19T adte® | ohcERIVeds, 1BndtRreg. 10

is adiagram illustrating the control of light irradiation and
phot osynt Negied abfl ev sdaimiisile. VRISTHIWES rsUGly. 29 spiedeli oy Remessippti al
data stored in a mcroconputer of a control - 19 8 Novenber 2006

subst rat e eitic .stlegv 4@y afeén ltyhepheto s gethesisbhafifect sarpowsradiwed ftwo | anps
in the LEDs 34 of the light irradiation device 32 are turned on by two-Ianp
turni ng omhedaderdmd steqe MdimmdcoheaifiPs 34 ehd heodti ghvgetalateat sanh
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

- 19 -



5 device 32 are not turned on by light turning off data in step 42. Next,
in step 43, when the refrigerator perforns a defrost operation, four |anps
inthe LEDs 34 are turned on in step 44, the process goBsNP¥™edt 88%°%6 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 sanme state is enbodi ed. Because the
15 defrost operation of step 43 is controlled to performone tinme on one

day, series_control from.steps 43 46 are erfornmed and.thus Light of 300
Lx or rmréuib§%irFF§di RedtSRr ¥ hSEJF?'?ri ng%‘?le ‘g%/‘.lgﬁr@ﬁ%ﬁn kicﬁﬂf:i g. 19, the
defrost operation in ste% 43 20 is perfaqrmed by turning_on four s in

| a
the LEDs BR¥SI¢€geCanl e$Wor r ddhSed By 1GRfht Fordt1ight FBRctibAnbf
phot osynthesis and two | anps are turned on or turning on is turned off

after 3 héaraddrtilioghdavdss i vh, aheFBbpedaPR bveddtd okeiz PeFibrgreedn The
defrost operation in the 25 refrigerator is an operation for renoving water,
which is dat20 ir8 losenBér a20D6thé n&EDdedB4 ok heheolld Hitr , invadietdion a pin
of the cooler 11 that is an evaporator when cold air circulates to cool the
refri ger adevicEhe3zvaper abar turreed ebni per dtiigigs cyeteingoolfs adatafimhe
refrigerator in a heat exchanger when
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 is 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

- 20 -



5 refrigerant circulating in a conpressor 10 vaporizes, water included in
air of the refrigerator at that tine is fixed to the pin of the cooler as
frost. The frost is evaporated and renoved by activati ny Navemhent 2906
provided in the lower portion of the cooler. LO At this tinme, although the
fan 12 in the refrigerator is stopped, the danper is closed, and cold air
is not blown into the chanbers, blowing of cold air is intercepted and
heat from heater is | eaked, causing tenperature within the refrigerator to
i ncrease. Because photosynthesis operation 15 vigorously generates enough

heat to rﬁ‘iéﬁ%&é‘%citx?”@fé M aPI,tgghEPé&dEOOB. EE‘B bef thgeratal, under the

tenperature o or Iess, it 1s effective to increase irradiation
intensity fromlight source,of the refrigerator.in th defrast .operati on.
Fur thor . Biauke TheSerPESFobotier G 1sh 48 potToPhekes CPheopLd Hur at1 on
when it is the | east door__ opening operation by stori,ng door opening pattern
of the r& ATy chahBer %E?gﬂﬁgBﬂé day, Gt q%fﬁﬁé%f%R}HQrW9¥ﬁ e |light

fromlight source depending on such preset, condjtion. Further, the defrost
oper at i orf991 § h@ifr eebi Q5 ERAATEL ARy bER pér f BEAEd $HCRVOPRF atihé® wi t h
irradiation of - 21 8 Novenber 2006 wultraviolet rays and illum nation of

the réfrixgfaigrrantreinerlathegdehr asEoBpErasPENn10s Vapeeridesd asterst andard
for controlling light irradiation but the tinme duration is set by storing
t he openiinrlkmted| 8i agrofofddore orefhegarghpr at that time 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.
LO 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
15 vigorously dgenerates enough heat to raise the temperature
of the inside of the refrigerator under the temperature of
0°C or less, it 1s effective to increase irradiation
intensity from 1light socurce of the refrigerator in the
defrost .operation. Further, because the defrost operation
20 1s 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 is good to
irradiate light from light source depending on such preset

condition. Further, the defrost operation in the freezing

25 chamber may be performed in cooperation with irradiation of
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5 tinme duration is set in advance and thus turning on may be perforned
during only the tine duration, and the turning on may be turned off during
the other tine duration or the tine duration for raisingy YINSIRERantE for
exanple, the night tinme duration or the other time duration may be set. O
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
dependi ng on the necessity of nourishnent increase for vegetables. Next, by
operating the operation switch of the .5 operation panel 5 provided in the

door of t@?‘t{a fdgerator, s 109, theIehcan e t%gﬁ”%%% L QL é’%%}%’}.a”d

turning off. e operation panel receives sw i nput i n"step | i ght

i ndi cati i,s turn o] t urni on tt .and turning,.of f, i ndication
is tur neggn%‘tf%e eng}gﬁr%ie\r%%%ftf Cf%éep%ol{}fiDPganggs rglbt?sd 0%1% a®i %tggﬁtartdo t he
control substrate. The control .standard of .the signal received in,step 50
rakes 1P st iel TR | BREP S 125 e M e P THOt B BISOFR CLaBpdRd: g on
the data. The LED can be turned on or off_by the switch operatiqgn, that is,
turned offeledV bEEQEIRZtERE 2BPEY I PR BRI ELASPBEr 8Ei BROFhER &NGsBA Il dom
preserves leaf - 22 8 Novenber 2006 vegetables or for the w nter season

when Peaftiegyed@brlekonaie sefddm priosdcredndurhper turRéngperaieyn bsanel may

be provided outside or inside the refrigerator. The operational instruction
on 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.
0 The c¢ycle of turning on and turning off or that of
illuminance up and illuminance down is not required to be
once in one day and may be set depending on the necessity

of nourishment increase for vegetables.
Next, Dby operating the operation switch of the
.5 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 in 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 by the switch operation when a user seldom preserves leaf
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5 the illumnation device of the refrigerator fromthe operation panel is
converted into a signal by an I C adaptor provided in a residence through
internet froma cellular phone and so on in residing an8 ¥eY$TRTed??® t he
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- lanp turning on and
turning off. In addition, two steps of turning on and turning off, for
exanpl e, when giving 15 inportance to a photosynthesis effect, four-Ilanp

turning OR}eIg'é‘E&bli%ss%Pthé!il, ge@sﬁgw&dﬁge@stéerg%&p &Heﬁtil%pnbx%ggagéééﬁp of

the refrigerator when openin oor, two-lanp turning on

sel ect ed, d gi Vi i rtance to the energy saving, turning off may
23 IR P R

be sel ecte three steps of four-lanp turning on, two-Ilanp

turning on, turning off .are connected to high, mddle, and lLow  tenperature

set of the vegeggﬁﬁgegha %,O%ﬁﬁa?h%nhPaﬂehsFE@%lﬁ?g%f%%%g?%nﬁgFﬁﬁaEe

envi ronnment suitable for |eaf ve etablﬁf, the mddl e stage m ddle has a
SRR O COTe

pr eser vat °8n 13516 &b he Yn ¢ RIS L e+ nt BF W EEERPRYORhe

23 8 Novenber 2006 normal vegetabl e chanber, and the | ow stage has
function tH6r ddergyreddialy W EF®lodt ndihexectit 61 28T AERY I cAFPBN RBE rai se
the tenperature setting. Therefore, three stages are applied to the

veget abl e operiat lioh panededes ranvert&etinto 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 light 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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5 special light irradiation to the operation panel and thus the operation
panel interface is sinplified. Further, the LEDs may be turned off b
connecting to the "energy saving mode” or the " power sa%lﬁﬁqu§86"29%¥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 |ast known data before power reset.
Two-lanp turning on, four 15 |anp turning on, and turning off are descri bed,

but | anps,, gﬁnpbt%&;g%%a%aseedcﬁg gpr cassd BYo 0N8,J A, 0L LHLEerLamp: o ur i ng

on or fourS ni ng on nay € Set'ds a group an Pow | 77 hat i on
devi ce nmay be continuousl nlnated regardl ess _of th door. openi ng, that
£ bi skt res i

is, 20 net®5sEP§TPYI G’ nl Gy PEE SRS & A FSed U SR H gf?ﬁF OYur pose.

By the above copnirol reacti phot Qsynt hesi s can be
obt ai ned G#1fBull ?aﬁﬁmpﬁgﬁkﬁéeoﬁegﬁdngd ﬁhﬁé§épr§n IotTRARTET S can be
obtained at two-lanp 25 turning on. Further, because a plurality of LEDs are
- 24 8 Nebehbed Z'GDGthﬁl (R FRtARER y SPUrhled i6n, PP he NEEIFITFY mkp bret
increased and - thus replacement of |ight irradiation devices are
unnec@ssaspediuping ighd |irradfatienr 6fr ither ArpratFier hepnelpagwlisehihe LEDs

can be buried on the backside of the
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.

L0 Finally, in step 53, when power of the refrigerator 1
is reset by being unplugged or power failure and so on, the
data i1s stored and when power 1is applied again, the
progress returns to step 40 and is 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 incréased or decreased by one lamp or three-lamp
turning on or four-lamp turning on may be set as a group
and the low illumination device may Dbe 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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5 refrigerator, dewis prevented fromattached, a degree of close contact
can be increased, and because unintentional contact of a user revent ed,
it is possible to prevent breakdown and secure safety. %d??ﬁ%@erlgoq% not
t hought that light irradiation should be perforned only when door .0 is

cl osed and because it is good to turn on without the detection of the
openi ng and cl osing 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 L5

eff|C|ental€y£$$g£ggi %ghkgg Q%élﬂﬁbnﬂlfg an bgurg Adq o1y

switching © um na ce using a signa gen rated uring the openlng
and cl osi of the door fr ¥iperfo he setting of_the
nicroconpﬁ?%? Fﬁﬁq%?cem?q un?ﬁ%ncg§ y beIE% P¥ h by§sef??%g G current
value so that current |ess than raI f ﬁent %gcures about 100 Lx or about
300 Lx. FURrPRePSSatyygyringy ghPfedE TS 9@ 1% Ds i §hds,

increasing the nunber of the LEEB to turn on at the_sane tinme drops,

i | 1 umi nane@cHaFebefechERE. O3RN FHY hBPI PR (PR rdte i §eraedcnl Bhi n"gh%ol dair
to the - 25 8 Novenber 2006 vegetable chanber as in the other chanbers

i nst ed ofebsiagrafadi atiedn,isaPErverfadr édorora hrtednt Resiegetn b
secured by blowi ng water generated during the frost operation to the

veget abl ecthagbernaadtt men phot doymelRssids caibd bbecause unintentional

contact of a user is prevented, it 1is possible to prevent
breakdown and secure safety. Further, it is not thought
that light irradiation should be performed only when door
.0 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 is the detection means of the
opening and closing for the door are not used. Thereby, it
is possible to compose system at 1low cost and energy
L5 efficient. Furthermore, switching of turning on and
turning off or switching of illuminance level using a
signal generated during the opening and closing of the door
can be freely performed by the setting of the microcomputer.
Further, illuminance may be controlled by setting
20 current value so that current 1less than rated current
secures about 100 Lx or about 300 Lx. Further, as years
pass, 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
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5 pronoted. Circulation of cold air and light irradiation fromlight source
are conpletely unrelated to each other. That is, circulation of cold air is
performed by fan operation or danper operation dependi ng g8.4h6t eFpgrature
detection in the refrigerator and necessary cold air is 10 sent to necessary

place. On the other hand, irradiation of |light is intermttently perforned
by strong illum nation for photosynthesis and is continuously perfornmed by
weak |ight source when opening the door. Further, in the vegetable

chanber, etc., cold air is circulated to an upper 15 part or surroundi ng of
the receiving, container, but is quect din.the direction qf food. By the
circul ati JF9 agléé§ﬁﬁﬁhf§ﬂ%§ dar ?ﬁ%ﬁﬁ(ﬁ?%ﬁ%%??nbn?ﬁe?ﬁeOFeFFFﬁgrator
is supplied and dark reaction of photosynthesis is effectively perforned.
20 Fig. 1¥addakigmapiyadfel FETENHCT QN RGP RtbeDHt CaBf PEheeEHERGe of
glucose and vitam n C when komatsuna is preserved for 3 days conpared by
i ght ill i dakelntdwakeri reenizateh pEriag ofhonérasay. drekptiueindP axi s
shows as a percentage of each ingredient under each condition based 25 on
t he anountthef viegeddicdst s cfardrerd dayd ilers kapiee sasgntsesis26ca8 Noeenber
2006 preserved without irradiating light. That is, the 100% l|ine in the
gr aph % ndipcatres eichat €achuilagiedi et aobdntairaf éed 3 idits isrbHeasdpr as
even when conpared with that of no irradiation. As showmn in Fig. 11, result
60 shows tftem light source are completely unrelated to each other.
That 1is, 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 1is 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 is
directed in the direction of food. By the circulation of
less cold air, carbon dioxide existing in the refrigerator.
is supplied and dark reaction of ©photosynthesis 1is
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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5 result when conparing increments of each ingredient of komatsuna after 3
days when irradiated to about 260 Lx for 3 hours in one day $%th tQ%t of no
irradiation, where reduction of sugar or vitamin is gré&aterstiEn 2%at 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 alanp in the refrigerator is fully perforned, it is possible to

di stinguish the kind or itemto preserve in a darkroom for exanple, PET

bottl e beverage or seasoning, or vegetable or 15 fruit. Therefore, |ight
reaction of photosynthesis, is _full enerat by irradiating.abo 300 Lx
for 3 houP§eFﬁrv§§e Hégﬁ%HE cﬁﬁﬁ?#%ﬁ%ﬁﬁ' nl%éﬁgbe gghgiat%%’fo é?h3506

renainin9121 hours .at 100 Lx or *ess i n ggi h light , reaction is rargly
gener at ed ~6F*€t utthi r@eof‘ﬂ.raﬁ e catss i ESgt §3 e&tﬁ’igtreéitzlesl&omﬁmpi'}n ig. 11.
Fig. 12 is a perspective view of another vegetable chanber accordi ng to the
present i AFESE ondaFsGIsIFhes SEME Bk LRIt PRI COTRAF EAeY &ER. thdtsRdwn in
Fig. 2, the receiving container 30 is made of a material having no 25
transm ssibi linsadiml 19fe- sekdnahrPedeildi Mgl Cont b n&esydt 0 -shgwsgtRevenber
2006 nmade of a material having transmissibility, but as in Fig. 12, the
seconds r eaeisvility wbehai aenpdtihg nibderefieatsntef i alacthaviggeddent of
transmssibility and only sone portion, where light is irradiated fromthe
l'i ght irr &dattisomadeafitter 32 ddys when irradiated to about 260 Lx for
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 is a test result when
10 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 1is possible to
distinguish the kind or item to preserve in a darkroom, for
example, PET bottle beverage or seasoning, or vegetable or
15 fruit. Therefore, 1light 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 1less in which 1light
reaction 1s rarely generated or turning off. The test
20 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

25 transmissibility and the second receiving container 31 is
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5 the back surface, is made of a material having no transmssibility and
provided with a light-transmtting w ndow 40. Then, it does not matter
whet her nmaterial of the receiving container 30 has no t% ARMEsFfi9%y or
transmissibility. 10 According to the present invention having the above-

conposition, light irradiated to the second receiving container 31 that
preserves | eaf vegetables is reflected to the irradiated place in the
container and the velocity of light of the LEDs is transmitted to vegetable

wi t hout 15 danage, whereby light intercepting ability to food preserved in

the receiylog 69NLALNAC AL %Am@gvgpmﬁmg%iﬂftx?glbtréer&revagl{Pﬂg%gt' | s

attached on e sur e setond recelving co causes

scattered, .reflection_aor scat. ing, . t gt ossi ble to_ promte 20
ot ooyt hB6: chgr paaprln rEeRaEhgl Sont R bt 1 {$RRRE Phen RePRRTR
directivit%.‘Figs. 14 and 15 a elcross-sgctiggal vi ews_of anot her. vegetable
chanber aBedrBIng’? o ERESHHESIM lilienfPEn. OhsY SK8%h PRYELGR /2, Whfke

recei ving_container 30 is nade of a_25 material having no transm ssibility

and the séégh8 1s 28TragiRGfentermohs Lisddi vittf TohtdiheteBiCe s34udE of a
material having no transmssibility, but as in Fig. 14, the second
recei Vi ngtheontaicker BIrfiacqrmdel of Badat ePifal chaWatema@l t radshgsi bel ity
and the receiving container 30 is nade of

transmissibility and provided with a light-transmitting

window 40. Then, it 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, light irradiated to the second receiving
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

15 damage, whereby 1light intercepting ability to food
preserved 1in the receiving container 30 is 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

20 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

25 material having no transmissibility and the second
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5 a material having transmissibility and the light irradiation device 32 or
the nmounting substrate 33 is nade to be inclined. Wen Iiﬁg% IS irr%

to the receiving container 30, |ight may be intercepte& N
recei ving container 31. 0 According to the present

508

d
d

i at ed

i nvention having the

above- conposition, |eaf vegetables having |arge | eaf nay be preserved in
ving container 30 in the Iower portion and root vegetabl es having
small and narrow |l eaf and which is not proper to light irradiation may be

t he recei

L5 preserved in the second receiving container in the upper

portion 31,

wher eby they  afig yeabhyadhbanged. iRUrLBgE, &6 aShe¥BelDall hatlbhgORly Some

portion where light is irradiated is made of a material having

transnis%é%ﬂéﬁﬁéﬁf%%%fﬁf zgﬁgOgEfQS{ .b§4ObQ§hpegep¥?ﬁereceivi

light-transmttin wi'nd
are made of r.eflecting material and t@us gt S RQ

. Further®"in fhat case,

sihle to_.
effect of AFHESH ed I ght™> Fi §29%6 i $%a perspggtfvéaaiew%FWPﬁ rafi™ng

anot her
2, the |i
pl ane_of

SRR RN O (R cBr 327 PSP BB P 0% b 1 RBYBnEer

t he second receiving container 31, hut as shown i Fi

.. 16,
be arPanded M?tEreadi de Nagimer wi & anspigsybidd tor ovicdel aﬁEFhe ddkts

an upper
and t hus

L5

25

n
entire §hrfaces
augnent  an

Fi g.
2006
it may
de of

portion of the  vegetabl e chanber 300 and provided to be inclined

irradiation device 32 or the mounting 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.

According to the present invention having the above-
composition, 1leaf 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
preserved in the second receiving container in the upper
portion 31, whereby they are neatly arranged. Further, as
shown in Fig. 15, only some portion where light is
irradiated is made of a material having transmissibility
and the same effect may be obtained by a light-transmitting
window 40. Further, in that case, the entire surfaces are
made of reflecting material and thus it 1s possible to
augment an effect of irradiated light.

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

Fig. 2, the 1light irradiation device 32 is provided in a
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5 light which is irradiated to be inclined to the LED nay to be irradi ated
to be inclined to the entire inside of the second receiving container 31,
whereby reflection fromthe surface of the container or8 NeVEBEET ot Yue to
an uneven portion provided in the surface of the container becones 10
scattered reflection or causes scattering. According to the present

i nvention 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 wi thout | oss
and thus the container having this structure ., obtajnps nore effect than

r ecei vi ngP¢BREaPhelr 6t SECR Qﬁﬁ%hﬁﬁHQBqQPEﬁ%ﬁﬁﬁv%fidﬁuBfa§e§BPHBIé? That
is, even when the door is opened, light of the refrigerator does not go to
the outsi 8é9-sé%hdtt fRY RePIIARES fiRi Bhe | §ider vestaRrods e, | fphakt hin
the refrigerator and has an appeal effect in a store. As shown in Fig. 16,

| i ght soubee prpVistedeah tidre Peatbcaticld | of aadeniprer ppetitéani rof heheept h

direction in the side, but for illumnation in the refrigerating chanber
or phot osyergkéskd er edamibmy, 30 dadkpspuedefl ttee keentnal i2&d pandi thesi s apt
to reflect and is a desirable position. - 30 8 Novenber 2006 Fig. 17

shows ext aligalt appedar arnceinfadiwtad@f togbratiacliavidnga SeparBbemsat/r uot ur e,
Fig. 18 is a cross-sectional view of the vegetable chanber thereof. As
shown in bieg.idfadi @ adf togbkat ic biotyd desotetk bynt efer enca qaunef akhad
i ncl udes
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, light 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
theidoor 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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5 a refrigerating chanber 100 havi ng two openi ng and cl osing doors which
open to right and left fromthe center of the uppernopst %ortion q{o%he
refrigerator 1, an ice chanber 500 having an openi ng arfid €l 8%P%g d36r in
the |l ower portion of the refrigerating chanber 100, a freezi ng chanber 200
10 having an opening and closing door in the lower portion of the ice
chanber 500, and a vegetabl e chanber 300 which is arranged around the ice
chanber 500 and the freezing chanber 200 and havi ng an openi ng and cl osi ng
door. As shown in Fig. 18, in the vegetabl e chanber 300 provided in 15 the

l'ength directiop;ga drawBhukyR&t8eRI1VIRPLIURNYS t3darapdi 3dbayhich is
sui table for snal? fruit or tomato, a rawer-type recelving contai ner 3l1c

whi ch i Ltahl e f 1. ddl ' t - , d
i avor £y DR Bfei'vi A BOrCal RoF CBLA St Che Sul Labie 7o 5 SOCRe0 Bot 16 or

| ar ge-si ze.vegetabl es_are_ arranged fromthe upside. The elenments 32a, 32b,
and 32c aglﬂ'qgﬂ%rt %Ih ra iggftiaor%ed%\%aggsercah Y5441 at & 13 gcmnijr{le ch rﬁ?éi Vi ng

contai ner. According,to th resent Jjinvention having the above- 25
Comasi 11 Bnrerripetded; bPa] pedeted, Hh g 4 e Mieka bl Tngflags
Novenber 2006 effect by light source as described above. Further, when
usi ng onl § FRETEPEFBAENISHGHOGTaF0Q HRY 2BP e S WPr SBEN Y RR] helpetePvi ng

contai ner 31c and root vegetables which is not suitable for |ight
i rradi ati 8ACpFeddiFd QPgmheto right 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 i1ce chamber 500 and the freezing
chamber 200 and having an opening and closing door. As
shown in Fig. 18, in the vegetable chamber 300 provided in
15 the 1length direction, a drawer-type receiving containers
3la and 31b which is suiltable 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
éontainer.
According to the present invention having the above-

25 composition, it is possible to obtain the light irradiation
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5 receiving containers 3la and 31b, it is possible to correspond to various
ki nds of vegetable preservation. Further, when the light irradiation device
32 is attached in plural, different color light irradi &t¥o/EwRey ¢86 my be
provi ded such as the light irradiation device 32 consisting 10 of the yellow
LEDs, the light irradiation device 32 consisting of the red LEDs, the |ight
irradiation device 32 consisting of the ultraviolet rays LEDs and | eaf
veget abl es suitable for photosynthesis may preserve under a red |ight
conmponent, food that desires to restrain breeding of fungus 15 may preserve

under ultrayiolet rays.ligh and _foo hat esires to have bal ance effect
may prese?%l eﬁjﬁd%)ry glly%}? o?v%uFFShtascon%éo%léln}??gE\%érc]’vief‘ irﬁuaroﬁ%aﬂ’onw &Vi ces
are always turned on,

havi ng such.a | yralit f kinds.of othe vel engt
T ] ornt | §oRRT BPIVnG 15he HBURAS it onbd 68t FEUSHAP B Mo S p7S P
illum nation when a defrost operation perforns, it 1is gossible to |
i |1 uni nat 8N&t TEEGL Vdpehi AR ERERREStI S n2Bdd TostY e¥eIeEaPLREr WhiCh néS| i ght
irradiation device is conposed so that the LEDs 34 of the group |ight
i rradi ati BAt deWidadblz igoéonﬂégéﬁ(ﬁl%F%ﬁlﬁ%ﬂQ@y BreRends ofiol Bhed 35
LEDs 34, for exanple, different color such as red or blue, - 32 8 Novenber
2006 % hergreupihgghtoniteadieatsi oPldeviages cab.enmiit |ight pbsaibpeurddity of
wavel engt hs and thus vegetabl e can execute various photonor phogenesi s,
wher eby cabereepohidghtobevanmisuscokondshatf gi vegetnaiphth phasesvagiented and
t hus appear ance
Further, when the light 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 ultraviolet 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 Jjointly 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, if the 1light irradiation device is
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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5 of product or preserved food is inproved. A structure or wring of |ight
source as descri bed above is sinplified by providing in plural LEDs that is
a plurality of optical conductor elements in the mountihdo¥EBEEFat¥ 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

veget abl e chanber, light source may use for illum nation and vegetabl e
preservation having high nutritive value at a turning on state always 15
havi ng | owhd | gnowanda gort byrpadveding aievistesrentnofemboutl igh@0 aifn a

wavel ength at the back side of the |ower portion of the refrigerating

chanber, Igigita1siayr cefmayawskei @Ehs uraidngthas ategysabayi ngan owxielchitigi nance.
Further, during a defrost operation and for a predetermined tinme after a 20

def r ost O%ﬂﬁdw,pmt_&w@%%wgsﬂgp! wadreeht g8 410 o f Nek gasepielbi@isnance
fromlowto high, it is possible to increase irradiation at night and

| norease i@y bt SR WS EUChR SUGRTe CLBCLULSENUYY aRLEARALRG one

LED emtting ultraviolet rays at entrance” of e refrigerating 25 chanber,

a pet ?Of fao'tf3 ?Pé’&ﬁégeokh%;r%@%tr%djefé’é@rEéati;&n%g’}o%di 53 ﬁ§r{}'8¥8 €5,x2006

ultravio rays may sto nthe refrigerat chanber aving less

recei ving _anount. lIn,thi faqr teri.li zati.on, |ight.saurce be
al ways tuWﬁé&Qﬂ1%# 13 r?eégnge gni%ﬁﬁ%ﬁ%fé:%ﬁﬁﬁeaﬁg ﬁPRE&%éﬁgaﬁén

cl osing aproviding 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
10 arranging one LED in the refrigerator chamber of the
refrigerator. That 1is, by providing one element of 600 nm
wavelength at the back side df the vegetable chamber, 1light
source may use for illumination and vegetable preservation
having high nutritive value 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, Dby contro}ling applied voltage to
increase illuminance from low to high, it is possible to
increase irradiation at mnight 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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5 door. Utraviolet rays or red |light conponent is not directly or in a
single color seen when opening a door. Further, If LEDs having other

wavel engt hs such as 600 nm are mixed, it is possible td 8“@@Wg?ﬁe2Wﬁ%ide of
the refrigerator by emitting |ight of alnbst natural world LO which gives
warnth and thus a refrigerator user can feel reassurance instead of
dysphoria or worry when seeing or taking food. In the above description, a
pl ace which does not irradiate light unit or a light interception portion
which 15 intercepts light fromlight source by a structure of the receiving
cont ai ner uils remiinlly tdeseys bechy Hewever , inherhe | se faigefraitgercat ohanhanrber
havi ng no a receiving container, for exanple, a structure which divides and

stores foadvhyig proyvssli ngeshelness Asgsbuncture afm Fi ghi2 orcdsgs. I3drto 16,
20 for exanple, a light interception portion is used as a structure of each

shel f thatstle_%iqirz%c‘tqio\hi,ngw?htl OfouFOE BXANMBEe, alkaPsPareRte@ JiEt oghape
structure which perneates ight in a shelf or inperneable nenber may be

used or apylhQht oiffe wﬂfe@lt o2 oW ddb 2 mttﬁn@dsgﬁl&hgﬁyc%eme 25 or a
structure scatterlng I'i ght |n a shelf may be used - Novenbér 2006

F i BRoIIOMN iR dorbe 8y OBE 'fé@d'ﬂd}gg %ﬁgagfq%erﬁ@ 1§ PHbLed and

fixed to t e air shown in irradration

deviCe 32 Ty Qrange R .. Quka e, s thE.l et 34,200 14 Xgoko e

out si de oﬁlr

Further, If LEDs having other wavelengths such as 600 nm

are mixed, it 1is possible to check the inside of the

refrigerator by emitting light of almost natural world

L0 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 container 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 light 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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5 insulating portion by screws 39. According to the present

i nvention having

t he above- conposition, it is possible to obtain the effects as described
above and because the |ight irradiation device 32 is no8nfRFERSTa2{AF1 of
the refrigerator, when exchanged or LO renoved, 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 |ight irradiation device
an insulation nmaterial of the insulating portion, recycle of the insulation

mat eri al

is easy. 15 The light irradiation device 32 of the present

32 from

i nventi onFustheeyi dad showmeiue@etgabl& chlasbéd gB@0,idnddidtidrs peoveded in
the refrigerating chanber 100, the freezing chanber 200, the ice chanber

400, and Bbeiswiliehiedg seltantieted 508. the &eeeducrears, hecausesiden capacity
of the 20 vegetabl e chanber |acks or the refrigerating chanber has

t enper at upegl ower thanit e tvegetrlle iharmericd egetab) esrr AMYe ben PFESEr Ved

in the refrigerating chanber and thus the

Further, ewenibt bt ihe RIOViged: i DaaBygr ¢fikbgeral AhLhAMes S 3%% %ﬁ

a lanp 25 of the refrigerator and when it 1s controlled to -

600 nm wave

sane effect can be obtai ned.

used as

%bvenber

e

2006 f§nt?hg@%g?255¥8§§%iggﬂ%@{Q%E§$%§t3dj me, when LEDs ot her than about

exanp ultraviolet rays and so on ar

| ndi vi dual Iy usgd L05k0g Y ofhaATPELentt 118818 I yENCs,d N8l er

of pet

LO

15

20

25

composition, it 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
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.

The light irradiation device 32 of the present
invention is 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 recent years, Dbecause the capacity of the
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 is
provided in any refrigerator chambers, it is used as a lamp

of the refrigerator and when it 1is controlled to
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5 bottle tea or juice, and has a sterilization effect of ice or
preservation food and an effect that increases vitamn D in fragrant
nushroom etc. As described above, the present invention® HeYegPeret®%ing
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 container and thus the receiving container has a division which
irradiates light and a division which 15 does not irradiate Iight. Further,

the presenhterwemtiean 1ysessa samicofductsiort i @ltregm Whéng 1@DyTEAthAas | 1 ght
source provided in the light irradiation portion and it is amber LED that

outputs wayel enmdnof ¥bsi blha r ayad B day) ngfarpe%a\ﬂgﬂ% engtip of ;20 about
600 nm and it does not deteriorate a sight effect of od ki nd. Further

the preseugt&gw%tyec&ng gfé udes & Ridrald tlyndpél&@flgsuééahin gH gngf the

light irradiation porti and the LEDs are turned or turne n each

25 predet er i ned t |

Noverber SH0EDES o Thr A on oF t OGN BT | A oRCRL oY cdBTEIA néd t PRE and
th E trolled not to. turned.off. at th d
operatt o %85%1%%%?qurgé%f%ﬁ?T‘S?n?ﬁea‘éi)%e&#%%%%tﬂﬁ%%a%f%%t.gfdé’%H‘ﬂeS‘”

after using for several
% preservagion 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 i1in one
10 division of the vegetable chamber and a light irradiation

portion 1s 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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5 years, it is possible to increase the LED nunber to turn on at the sane
tinme and thus a great use effect or energy saving effect are obtained.
Further, the structure is sinplified if dividing the LEDIWVE™RhI#4%f ity of
LED groups and controlling the divided LED groups. LO Further, according to
t he present invention, the turning on nunber of LEDs is controlled, a
period is set to irradiate with a high illum nance of |ight for severa
hours in one day, and a low illum nance of light is irradiated for the

ot her period, so that it is possible to 15 obtain a preservation effect and
ener gy sasrsgtefheat onFurt hetrnad cof fli hy tachhe rerdesemiinagdent 106, ahy
operating the refrigerator with an operation panel or a renote control

provi ded tAua €00r L@hst herd efshges Bl &d , n@p tepeiahieen gramelt ithd heame
refrigerator, and a cellular phone 20 using conmmuni cation, for exanple, a

light irradiatiglyrihynchinon JRY=RE csusREndathOr +eonpeiatiker sebr of i be
refrigerator chanber "and illum nation may be perforned at the sane tine.

Further, Beeohdhigs! oot REPLERRR SNYRANIORG dedsr B3 RPSBLPleforinor ease

1l !
food preservation performance by - 37 8 Nove rai sing 11Tum nance

O o 1 B 9248 A MR IR g3 s Y, U 08, g 05t

refrigera:[agr t%ecogglinre]g %Pméh%n ret%_%'lst a Jgreat use effect or energy
saving effect are obtained. Further, the structure 1is
simplified if dividing the LEDs to a plurality of LED
groups and controlling the divided LED groups.

Lo Further, according to the present invention, the
turning on number of LEDs is controlled, a period is set to
irradiate with a high 1illuminance 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 light 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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5 invention includes a light irradiation device for irradiating |light
havi ng peak wavel ength of the range from about 590 nmto 600 nm a |ight
interception portion for limting irradiation area, and8aNbvuembar 2006
controller and Ilight giving warnth can use as illum nation of the LO
refrigerator. Further, the light irradiation device is provided on the
backsi de of the receiving container or to be irradiated to be inclined from
the side surface or the wupper surface thereof and because light is
irradiated to the entire reception, nutritive substance is increased 15

wi t hout dagpging appeaiaanecobfvedehabltes.irthelildtghtinid raskatiapn:deyi ce of
the refrigerator according to the present invention makes the LED to

interm tteathyibhr adiat s @urisgPEOVededdth ddial i thc@nts ol s & 591 t hat
turning on is alternately perfornmed by each LED and thus the LED life 20

may be |nﬁggg§egfté§ gg%cBEQQQS%bgﬁgra%ggggdlng to the present invention,
by using individually or in plural "by conbining nonochromatic |ight

em tting diode, Lkgpgrls {hd gkt ad oo froogcegbaanph%vmt gﬁ%sge%d

phot osynt hesi s feéactronh |s 5 Sontrol I ed us i 0Ssi 0 obtaln a
f ood venber preser%gthp ef.fect,.or .nutrition effect

creati ;]g lPXﬁHEORB sugacl; g%SI ncr easﬁr?g VI tél’l‘f’lrﬁdéatél?& st g?l Ill ?atl ?Ir ef fect
200, 20,00y BY IS KO f A Sl Ol o 9L PURAANE o P 1 Lo 01 g
about 590 nm to 600 nm, a light interception portion for
limiting irradiation area, and a turning on controller and
light giving warmth can wuse as 1illumination of the
L0 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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5 in parallel and providing LED which emits [ight and LED which does not
emt, the efficient device is obtained which does not much energy, has |ong
|ife because exchange of the device is unnecessary, and8d¥e&npse 680§ ess
energy, and the conposition to control the device will be described. Next,
LO other control conposition and operation will be described wth reference
to Fig. 20. Fig. 20 is a circuit diagramof the light 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 nRregepvetienng T EDoB4a n\B4btizye, ahdegsd Yand ¢esksiadce that
determ nes current value flowwng to the LEDs in series. Further, signals
from a comedocidevissmarsumid asnaredsingoNptearinate cangustenilheathpnt of
the transistor provided in series, depending on on or off 20 period of LED
and an el e€ffeict @inkcwWd drhat Byepdatisliiye irtter nimdi oindwand éor gragpotheof LED
is conposed and a rapid cycle (for exanple, about 4 kHz) which cannot feel

twinkle phemrauri ngr onibED bedemasgl dywde and evhieRiting to power
carrying/interception is alternately perforned to the LED 25 for the cycle.

- 39 8 Novenber, P00P B¢ thesvid@ingt iien thei sRt @mift £l eehhkc LMW renp) of
current-carrying/interception can be voluntarily controlled by a control

device sughias AJCHREOMRMLET i GOl e aOF: 08 T5 8T o PEs hEANRASERT - Fi g
21 is a diagram
does not much energy, has long life because exchange of the
device is unnecessary, and does use useless energy, and the
composition to control the device will be described. Next,
L0 other control composition and operation will be described
with reference to Fig. 20. Fig. 20 1is 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 1n 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 Dbecomes 1 <cycle and current-

carrying/interception 1is alternately performed to the LED

25 for the cycle.
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5 illustrating current-carrying rate, a ratio of current- carrying period
for 1 cycle. Adjustnent of illum nance of the entire light irradiation
device is made by adjusting the rate of electric curre NowgprpREr200f t hough
the life . of LED depends on the current-carrying period, as in this 10

met hod, the life of LED can be increased if setting interception tinme when
turning on the LED. Further, LED |Iight can be prevented from bei ng
gradually seen if a period of current-carrying/interception is set to be
faster than sense of human eye. 15 Further, if enploying this electric
circuit, consunpur@herguriemttii® furlideradecrenseleandithusaenetgy sé&vi ng
can be obtained. If this cycle is preset, it nay be freely selected as

needed. Fuitrhenht -ReGause d/bRtdddap tiacecd ones eﬁ'obﬁs(ntgﬁlﬂ?t ebheratiien
depending on current-carrying period increases, aratio (the rate of

el ectric eurrentdnOfo1 CHELERE- GRIGHY I N9/ anh@rc%rabmgﬁhtfe'rrmcd scéﬂtyé&een it is

possible to changelessly maintain LED il unlnance long term Fig. 22 is
a diagram.il | atlpg podif.i |l e 25¢9, rat of eI
current. %'p3§%§ |% apg |edt{5§ﬂ; g 8 hbve leé;the re |5erator, at

(st an (Lol et cecpiaa, ot kéfezrga‘i? FLp B Laten o). imen
's Change%atrq:yz%(é) (psetre oéz}of cycﬁeyea[Ade%rsecnPenscseodf a:[ifuminance of

the entire light irradiation device 1s 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 1if 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 is 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 1is adjusted, it 1is
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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5 power is applied (step 53), a current-carrying ratio is changed to 80%
(step 54). Because illum nance characteristic, etc. is different de%ending

on the kind and the nunber of the light-enitting el enen VSY#EPe% K&

Pate of

el ectric current and using tinme may be adjusted so that 10 necessary | owest
illum nance is always obtained if selecting a nunerical value by grasping
data. Further, as shown in Fig. 7, by the nunber change and conbi nati on 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, aheshowfrigertaorhi gat 2Ziasd 238n aivohpesi t conmrehti-gereasingg t he

nunber of

the LEDs to be turned on depending on operation tine or the

rate

of el ectriratdy rienttumnatesat i hedo0dut sbepatiSe.i tWhen Hogdatroisnepaease t he

nunber of
dependi ng
detecting

to short g paidaffeSUd ends | gm.-é@t 59N T 6P St aBCeafs| hYBL paQYEEE GeurCe.
S performed on or off operation with a rapid
Q&iZQQ@eEPrQX}P'@B EQEPehﬁDF§§r§EB§“ %Qtf&giszo In
a I bl e 3

as shown in

havi ng a conposition to be

cyc!e ?y 'bﬁ%&' %s
series nma be prote t'e I nto

t he LEDs_to be turned on or 20 the rate of electric current
2@t detedhwOF at s oappl i etihg sktlelps 51f)or £Xxanptentacsoprposiyt iran i0f

and changing illum nance may be enpl oyed by providing a switch

undl e by a pernea cove

Fig. A4 Bycl’{a{}lgecyvay’tot he éd%ght & S ¢€ %q}\ﬁi.ce CanBQ@a{Jis)éed i%bﬁqlﬂtan%@ange of

the irradi

10

15

20

25

a angl e regardl ess

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
necessary lowest illuminance is always obtained if
selecting a numerical value by grasping data. Further, as
shown in Fig. 7, by the number change and combination of
ILEDs to turn on, it is possible to obtain an efficient
device and a device whose replace is unnecessary during a
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 1is described, but because it is
good to increase the number of the LEDs to be turned on or
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

performed on or off operation with a rapid cycle by
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5 vibration of the refrigerator and short of circuit in the back side is
prevented thanks to coating by the seal 36, by interposing O-ring 38 to
prevent the light source device from being exposing to §hEYRRSE 3806 5

degree of close contact of the |light source device to the nounting LO
substrate is increased and thus cold air is intercepted and the nounting
substrate 33 is 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 bunped on 15
t he cover psunfiade.candaclh f LESechs eShewhi dm ofigi gi2td bin demdges afiay heecover
surface is prevented or breakdown or danage of the nounting substrate 33

and the LER®t34tesl ipreventrthdlEhey ighte aneuiske deyvee BBYabestonhr ohl ed in
series 20 by arranging so that the |ight source device having a

conposi ti @4t 0 goer fy NNy Ofa Pf friePen aghen sidhraCYd 8 cd asderpbhanxtw nkl e
in which hunan eye feels by providing each LED as shown in Fig. 20 in

series hagiQhRelt SREGH fg‘ec o\@av%@ng&Brbaﬂamgoﬁeg%a%e 9@@&?@%%% SB@WH in
Fig. 18. 25 That is, as shown in Fig. 18, in the végetabl é chanber 300,

42 8 Novenher, t%%qp oft ?Bé“"’?‘c fEYL?%ragc%g‘r vi.0g %H&%E" ner &;31a, and; %“E pyh ch is

sui tabl e for frui or tonm awer -type receiving container .31c

whi ch T SUSARe S of, el a0 2b) e2oaBlieh £ Lgaf oygeetabl gg, and a

dramer-ty ecel

interposing O-ring 38 to prevent the light source device

from being 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 mounting substrate 33 is 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 light by

damage of the cover surface is prevented or Dbreakdown or

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

The light source device may be controlled in series

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

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,

_42_



5 container 31d which is suitable for a pet bottle or |arge- size vegetables
are arranged fromthe upside and the elenents 32a, 32b, and ﬁ%c as_|ight
irradiation devices can irradiate light in each recei vith§ ¥GRPEF rie1°8 By
havi ng such a conposition, the sane effect can be obtained as that 0 of
light irradiation by |light source as described above. Wen using only the
el ement 32b, if |eaf vegetables preserve in the receiving container 31c and
root vegetables which is not suitable for light irradiation preserve in the
receiving containers 3la and 31b, it is possible to 5 correspond to various
ki nds of aedebaflre tiypesereoativing Rontteimenshellbheatd gi¥tlb rwhilicht iien devi ce
32 is attached in plural, different color light irradiation devices may be
provi ded swctelebet her | sighlli fratt abrobhodevbge a3Araorsi-styiprg reafe ittieng/el | ow
LEDs, the light irradiation device 32 ?0 consisting of the red LEDs, the

light irrashedinerdeyicend2n Gensdisttagl &f réhemtibbnavisaket « 4l and
| eaf vegetables suitable for photosynthesis nay preserve under a red |ight

conponentgy,; £190daf haf c desi 8§t o1 881 I abAgbr aediurg vl fypQaus rJrY: PIRper ve
under ultraviolet rays light, and food that 25 desires to have bal ance

effecg TRy RELRLYCS AAghianY el QWi rarhd & Noye erbggggienl ggg;ao ponent .

Even 1f irradiation devices having such a pluratity o r

‘(’:"g‘r’]te'rglnggér‘]id% ?ax?ésél\%élgb}r#’é ned- on., ) néhé)é “Ei% o €rdr M naL L he aaq?oa'e-eheen.ti oned
gl um nati on eén a defrost oper lon periorns, It
elements 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
0 of light irradiation by 1light source as described above.

When using only the element 32b, if leaf vegetables
preserve in the receiving contailner 31c and root vegetables
which is not suitable for light irradiation preserve in the
receiving containers 3la and 31lb, it 1is possible to

5 correspond to various kinds of vegetable preservation.
Further, when the light irradiation device 32 is attached
in plural, different color light irradiation devices may be
provided such as the light irradiation device 32 consisting
of the vyellow LEDs, the 1ight 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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S is possible to illumnate at door opening and restrain bad effect.
Further, if the light irradiation device is conposed so that the LEDs 34 of
the group light irradiation devices 32 is conposed of aBpNaY&aMPEy 9Pk nds
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 engt hs and thus vegetabl e can execute various photonorphogenesis,

wher eby color of light becomes color that gives warnth than single red and
thus appearance of product or preserved food is inproved. A structure or 15
W ring of liiggtt sowmaens. déyen Bdd dvrdiaticn ngéviced byvipgowiudiing in
plural LEDs that is a plurality of optical conductor elenents in the
mount i ng substalattey 38, Kiutdd ightotisourwavehgnatk ahenaadwpgsgitng nede obED i n
one substrate or arranging one LED in the refrigerator chanber of the 20

refrigeraticr . jAsirdeser igeedf aboMey  acleor dalbgvéemeéheiortdi gepatao lof andhe
present invention, it is possible to performa control which does not use

usel ess engyidyind hatlhsinasEoRswhih! unidistdayt ypérunitg parvhens;l Qg ng a
door and when 25 opening a door and use as a lanp of the inside of the - 44

8 Novegber; 20065 {19f& i 98" 21 9N at BCLAIJHE: %éﬂiﬂg’eaﬁé!b§éé'ﬂ9%lw heut
damagi ng appearance of food such as vegetables by performng the control to

turn on ore gty of f EEDsnal a gl ugakl tyighespecihing shnequenty fkrgandl ess of

t he sanme
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 light irradiation devices can emit light 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 thé 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 oﬁ when closing a door and when

25 opening a door and use as a lamp of the inside of the
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5 frequency or different frequency at the sanme tine or different time with
an illum nation device having a conbination conposition which does not
seems to use red or blue as nonochrone or raising illuni®ndA¥E™RFT 13906t
source having a preservation effect of food such as vegetables at _0 night
time duration. Further, because |ight source of the refrigerator of the
present invention nmakes LEDs to intermttently irradiates, each LED is
provi ded 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 posskelilre geaaitoer edye timereEB3ind e randritives obtlashahbe refthgetrat or
havi ng good efficiency. Further, by operating of operating neans provi ded
at insi dedamaaihgi deaphearafice geedt orfobé LEDshof aspl wreajdttapleaf kbnpds of
ot her specific wavel ength which are provided in 20 the refrigerator room or

in shel vepcaependnRg e f eedtielr eaei ¥ernSem condueter &fghtrem tdd ng
el enments as light source are selected and thus a swtch to sel ect

wavel engt By yoh 1litght oies ggaveried oreduined afdqd i vigduald ytale asapeeset
time, whereby it i's possible to obtain a convenient 25 refrigerator. For

exanpl €, Ry prQyidi ng.a lhﬁ@fé%'eﬁeti @Requehe 8a%'0vgﬂ*efr s2QQ6 rsuitch that is

tenperature control panel in the refrigerator and selecting and turned on a

LED substal&e dai na gach differgnt waveheRakh or hesPutingyphyrakity of
g different wavel ength to a single

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

.0 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 controcl of the LEDs to

15 save energy, it 1is 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 1light

source are selected and thus a switch to select wavelength

of light 1is 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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5 LED substrate and sel ecting and controlling wavel ength of the kind of
turned on LED anbng them vitamn is increased and thus %FQ Qﬁvér%bos

wavel ength is sel ected depending on a purpose of increasiﬁbenu?ri 1ve
substance, whereby it is possible to turned on in preset control contents.
46 8 Novenber 2006 WHAT IS CLAIMED IS: 1. Arefrigerator conprising, a
plurality of |ight sources di sposed 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 plswatihy ofhdt ghtis sogeapsranthries peowicded i npaneef ri ger atge body.
.0 2. Arefrigerator conprising: a plurality of |ight sources di sposed on
the backsigderi@éribéri nsiddesOfc@r10hr bger af @nd@ obir agli age |4t middh a
wavel ength mainly giving warnth; 15 a receiving container disposed in a
refrigeralpe; o chefelyss {Qic andvaibholh o l%glh REuPRhodispesed: 4 the

receiving container to shield light fromthe |1ght sources, wherein places

that irraghayq |ionts apendl 3665 i1k £ 20 Rt NGl exb ghts ALp Provi ded
in the receivi ng cont al ner.
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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3. The refrigerator according to claim1l1, wherein a yellow |light conponent
or an orange |light 25 conponent which outputs visible rays in a wavel ength
range - 47 8 Novenber 2006 from about 590 to 600 nm i & N¥ayambsg 2006
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 claiml1, further conprising a plurality of the
recei ving containers disposed in the refrigerator to receive food, wherein
the light fromthe light sources is reflected LO or scattered by

i rradi ati wAATora SpRCMEDCcIpoesition of the receiving containers. 5. The
refrigerator according to claim1l, wherein the sem conductor light-emtting
elenents as L5 the light sources are turned on or turned off at a preset
time. 6. The refrigerator according to claim11, wherein the sem conduct or
light-emtting el emenksr-asridlrhher! k8Rbrsauheges are divided into a
plurality of groups and the light sources are turned on or turned off by

each group. 7-aT{a@uEgﬁﬁggig%tqrig%ctcgrodjﬂ&st%icsﬁgadl,or%%w%aeé@sw@ number

or the group nunber o

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

a control device which individually controls the

turning on and turning off of the plurality of 1light

sources and is provided in a refrigerator body.

.0
_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

receive 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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8 Novenber 2006 sem conductor light-emtting elenments as the |ight sources
to be turned on is controlled during the operation of the re%gigq&&%pr. 5
8. The refrigerator according to claim1l1, wherein the séneshduet of
light-emitting elenments 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 claimb5, wherein the nunber or the group
nunber of the sem conductor light-emtting elenents as the |ight sources

to be turned on at the same tinme is increased with the |apse of the

operationepbnt hydief rbger atdr 605 AR. iEheeket tkgeriaidivaaeor dy ngrt oigl ai m
5,. wherein the nunber of the sem conductor light- emtting €l enents as the

light sourgesih9thent Wited OPMOF 20168 MBMNUHICAHLY BY HAld Gn Do gt b PNt
sources is controlled 20 so that a tinme duration to be irradiated by a high

illum nan L .and i dur.ati.qn .t. e J iated by a | ow
iIIuninangggg% F#gﬁ%lggeegg??%?f.gﬁ &%ﬁrﬂﬁ'ggié#ﬁﬁgﬁ%gising: 25 a plurality
of sem conductor light-emtting elenments - 49 8 Novenber 2006 disposed on
t he backside of the inside of a refrigerator to irradiate a specific

mavel%ygth of Ihght; %ﬁg refrigerator according 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
L0 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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a control device set to always turn at |east one of the sem conductor
light-emtting elenents and provided in a 5 refrigerataqr _body, 1ﬁ¥mghe
refrigerator according to claimi1, wherein the iIIuninaﬁ%gogFXP?@ to be
irradiated is set high for a defrost operation and several hours after O
the operation. 13. The refrigerator according to claim?11, further

conprising a cover that covers the sem conductor |ight-emtting L5 elenents
as the light sources, and. passes light but intercepts cold air wthout
communicating with the inside of the refrigerator, wherein the

seni condugé@i cdbhghtt A1 Lt ighet -eharenty aditenddies cayerhar a ifgntedsdordde
refrigerator body. 20 14. The refrigerator according to claim1l, wherein

when turniHopen t$emeeoniict 9r chhghbierit i ne! enBNbee2attibe Idghthsources,
current- carrying/interception is repeated in rapid cycles without a 25
noticeablgaﬁpggggatér50 8 Novenber 2006 15. The refrigerator according to
claim 14, erern a current-carrying/interception ratio is adjusted
depending on the illum nance decline of the 5 sem conductor light-emtting
el ements or the el apsed tine

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 Jgroup number of the
semiconductor light-emitting elements as the light sources
to be turned on at the same time 1s increased 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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of the operation. 16. A refrigerator conprising: a plurality of Iight
sources disposed inside a 10 refrigerator to irradiate a specific

wavel ength of light, respectively; and a control device plRy¢éraes $H e
refrigerator body to control turning on of the plurality of |ight sources
so as to increase the illum nance of light to be irradiated 15 during a
specific tine duration, wherein the illum nance of the plurality of |ight
sources is controlled by controlling the nunber of the plurality of Iight
sources or by changing a current- carrying ratio within a cycle that

per f or nediirsgpescedn 2hewaekhtidaroyi tige 1sider effr gerdiragecartpm fiong: a
plurality of |ight sources disposed inside a refrigerator to irradiate a
speci fi c wavelentgd ha ddpddphic w2be hesgierof hat ghayeradt he sem conduct or
light-emitting - 51 8 Novenber 2006 elenents as the |ight sources, passes

li ght but intertegstr&d! dediitewiddtouto cOMmuNECaluirig W thedde bRsi ¢g of the
refrigerator, and is sealed by a seal; and a control device which is

di sposed {ye asén?fédrgﬂ@%&f 1 5ybedyn 50t 8t 016RBLES! ahRe phUkAiRg 9B and
turning off of the |[|ight sources and which controls individually turning on

and tgrmfgkfg&egg%bﬁqg&ggpductor light-emtting el enents

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

.0 the operation.

13. The refrigerator according to claim 1, further
comprising
a cover that covers the semiconductor light-emitting
L5 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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as the light sources. 10 18. The refrigerator according to claim1l1, wherein
alight irradiation function is stopped by operating an_operating neans
provi ded inside or outside the refrigerator. 15 19. The®rBP¥§HReratB8pe
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 claim1, 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 8 Novenber 2006 or nore, a
veget abl e chanbés5 .t emféreatnate, i garhteof rasxdr@ing haorbetaienpérat ure, and the
irradiation direction of light fromthe |light sources arranged in the
refrigerator chardrerin i saal nogtrehtte ceany icig/ecttiertegst iaorf or mat o5 disr ecti on
or a backward direction of cold air that is circulated in the refrigerator

chanbers. aglusthel r efdpgedaipr @ccotik ngi tbuelabAcd, weenehe asfopenating
nmeans di sposed inside or outside 10 the refrigerator is operated to select
the segi copAUEductor light-emitting elements or the elapsed time

of the operation.

l6. A refrigerator comprising:
a plurality of 1light sources disposed inside a
10 refrigerator to i1rradiate 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 light to be irradiated
15 during a specific time duration,
wherein the illuminance 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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light-emtting elenents to irradiate light as the light sources and to

sel ect the wavelength of light. - 53
8 November 2006

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

5 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.

10 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.

15 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
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

25 chambers set to a refrigerating chamber temperature of 0°C
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8 November 2006

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

circulated in the refrigerator chambers.

21. The refrigerator according to claim 1,

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

sources and to select the wavelength of light.



