PHOTOVOLTAI C HEAT | NSULATI ON DEVI CE The invention relates to a
heat insul ation device, and nore particularly to a photovoltaic heat
i nsul ati on device that can generate electric energy from sol ar
5energy. In view of the present situation of global climte
change, environnmental pollution, resource shortage, etc., renewable
energy has advantages of cleanliness, reduction of roomtenperature
gas di scharge, ener gyPHQDOYOLTAFENGIEAT oBNSELAT IO eI @8 nunbers of

countries therefore take renewabl e energy into consideration for
their energy polff'€i é8Vette ¢y pe® bt & Fenkiabl e @het B Ui 8 tpeRerievice,

generation b resent. ., v rro § Sorts f .phot.oval taic
units have %gabeeEGSEVeg%p%g%ﬁg onlyp?or |ns §Pla%e§ﬁ: ﬁSJiatlo

cal cul ators, gel,eetr itg, o ogdyst eenterzaanﬁerootéte&te@cveéﬂectﬁ £8bGr s AU
al so for |nstal | ation as part of the building structures, such as

roofs, &all senskyli.ghts, w ndows, etc., where solar energy is
converted into electric power. 20 For t hose photovoltaic units that
are installed i ANt Féepuiclfdithg Praran esitiatopdeptt olbhded sdfifiadient
transparency o that users can vi M/e#%foor scenery fromindoors, the

phot ovol t ai cCURPES  are WadR P ARSI UFhaPef &5 O he® c SAPEHALival
phot ovol tai c EB'tSrQE%wggaéﬂgﬂgf3 (h§%9¥iﬁ§n§ghglCb%nElggﬁﬁlneﬁf

i nsul ati on. In addition to the su Ines in room

radi ation andedlitta-od Qiﬁtrbbgthﬁe@dtfé)r%@és gbRe d00MBarghot gy
does this raise the tenperature in the roons, but it also mhrtens the

obj ect 80 exposedft-getmnwe b ny adiedtd .on and Dhtraawumkpt hiightrsTheo £

conventional photovoltaic unit therefore has poor
sunl i ght - shr%PHPﬁéléﬁteetheﬂﬁﬁééﬁer‘tW%%n FﬁéeﬁﬁﬁﬂdVoI?%Pégﬁmt%$to

ooerate, oD etk oA b, aeneraled: MhLbayon sas vendors, der,
insul ating neaheane s Jimde; pfi splgﬁﬁtée Jeierhakont B ee%&a%%ﬁy.
At present, various sorts of photovoltaic units have

15 beendevelopednotonly forinstallationoncalculators,
electric products, transportation vehicles, etc., but
also forinstallationaspartofthebuildingstructures,
such as roofs, walls, skylights, windows, etc., where
solar energy 1is converted into electric power.

20 For those photovoltaic units that are installed in
the building structures, in order to have sufficient
transparency so that users can view outdoor scenery from
indoors, the photovoltaic units are made translucent.
Therefore, the conventional photovoltaic units are

25 unable to provide sufficient heat insulation. In

addition to the sun light that shines in a room, heat

radiation andultra-violet light also enters the rooms.



10 the conventional insulating nmenbrane is poor and prone to becom ng
fragile. Thus, the heat insulation effect is adversely affected and
the | ong-term appearance of the building structure may becone

spoil ed. The main object of this inventionis to provide a 15

phot ovol tai ¢ heat insulation device with good esthetic properties,
good heat insulation effect, good solar light reflection effect and a
significaﬁpti@@ﬂea§@eéft¢GMEﬂI§eneﬁéﬁi@@mp%xmmdrﬁgiy tlae photovol tai c
heat insul ation device of the present invention conprises at

| east one Hﬁoﬁ&bo@%é?cwﬁﬁﬁfﬂ%%aﬁh?n8PQ&€§*% ToParePanél HuvihgeFnner
and outer %kﬁ.ghé%qtagdhﬁﬁhxggsylg% Qr Hhat has @htransggégghoa?lleast

substrat e at 0 the inner of ﬁ e 50l ar pana

one film layaicforaedeon 254he dranspasept reustrat e, s Qhskr
features and advantages of the present invent ion will becone

appafent isurtlhieyif ot sbwengidef ai kededescr ipiionvet, t hewpeef erted
enbodi ments with reference to the acconpanying draw ngs, of which:
Fig. 1 isPadtomliperspeetivendewof hineh hieest cpreecest: enbodi nent

rdin t he. present
?ngnfrgagﬁ%!talﬂlhgg%gI¥%% gkgnaé%gggeaa%%%ék gft%nsulgkfng

membrane to the photovoltaic unit, since the insulating
membrane is made of plastic material, the endurance of
10 the conventional insulating membrane is poor and prone
to becoming fragile. Thus, the heat insulation effect
is adversely affected and the long-term appearance of
the building structure may become spoiled.
The main object of this invention is to provide a
15 photovoltaic heat insulation device with good esthetic
properties, good heat insulation effect, good solar
light reflection effect and a significant increase of
power generation.
Accordingly, a photovoltaic heat insulation device
20 of the present invention comprises at least one
photovoltaic unit that includes a solar panel having
inner and outer sides, and a heat insulator that has
a transparent substrate attached to the inner side of
the solar panel, and at least one film layer formed on
25 the transparent substrate.
Other features and advantages of the present

inventionwill become apparent inthe followingdetailed



Fig. 2 is a fragnentary sectional view of the first preferred
enbodinment; Fig. 3 is a fragnentary sectional view of the second
preferred enbodi nent of the present invention; 10Fig. 4 is a
fragnentary sectional view of the third preferred enbodi nent of the
present invention; Fig. 5is a fragnentary sectional view of the
fourth preferred enbodi mrent of the present invention; Fig. 6 is a
fragnment ary &estropal ovi eivtdfe phe frirftdnl ¢Bpoefierareds enttddi a€ntreafce he
present invention; Fig. 7 is a fragnentary sectional view of the

si xth pref erf@dteRbBGCHER2 Bf 1 R Bedprodedts i mEnvhéRD :

Fig. 1 is a front perspective view of the first
preferred;embodiment of a photovoltaic heat insulation
5 device according to the present invention;
Fig. 2 is a fragmentary sectional view of the first
preferred embodiment;
Fig. 3 1is a fragmentary sectional view of the second
preferred embodiment of the present invention;
10 Fig. 4 is a fragmentary sectional view of the third
preferred embodiment of the present invention;
Fig. 5 is a fragmentary sectional view of the fourth
preferred embodiment of the present invention;
Fig. 6 is a fragmentary sectional view of the fifth
15 preferred embodiment of the present invention;
Fig. 7 is a fragmentary sectional view of the sixth
preferred embodiment of the present invention;
Fig. 8 is a fragmentary sectional view of the seventh
preferred embodiment of the present invention;
20 Fig. 9 1is a fragmentary sectional view of the eighth
preferred embodiment of the present invention;
Fig. 10 is a fragmentary sectional view of the ninth
preferred embodiment of the present invention;
Fig. 11 is a fragmentary sectional view of the tenth
25 preferred embodiment of the present invention;
Fig. 12 1s a fragmentary sectional view of the

eleventh preferred embodiment of the present invention;



Fig. 8 is a fragnentary sectional view of the seventh preferred
enbodi nent of the present invention; 20Fig. 9 is a fragnentary
sectional view of the eighth preferred enbodi nent of the present
invention; Fig. 10 is a fragnentary sectional view of the ninth
preferred enbodi nent of the present invention; Fig. 11 is a
fragnentary sectional view of the tenth 25preferred enbodi ment of the
present inverfion]l3F ga dragneatbragrentaryadect évnd theewoifthe
el eventh preferred _enbodi nent of the present invention;

preferred embodiment of the present invention;

Fig. 14 is a fragmentary sectional view of the
thirteenth preferred embodiment of the present

5 invention;

Fig. 15 1is a fragmentary sectional view of the
fourteenth preferred embodiment of the present
invention;

Fig. 16 is a fragmentary sectional view of the

10 fifteenth preferred embodiment of the present
invention;

Fig. 17 is a fragmentary sectional view of the
sixteenth preferred embodiment of the present invention;
and

15 Fig. 18 1is a fragmentary sectional view of the
seventeenth preferred embodiment of the present
invention.

Before the present invention is described in greater
detail with reference to the accompanying preferred

20 embodiments, it shouldbenotedhereinthat likeelements
are denoted by the same reference numerals throughout
the disclosure.

As shown in Figures 1 and 2, the first preferred
embodiment of a photovoltaic heat insulation device

25 according to the present invention is shown to include

a plurality of juxtaposed photovoltaic units 1 that are

assembled together to form a structure, such as a roof,



Fi g. 13i safragnent arysecti onal vi ewof t hetwel fth preferred enbodi nent of
t he present invention; Fig. 14 is a fragnentary sectional view of
the thirteenth preferred enbodi nent of the present 5invention;

Fig. 15 is a fragnentary sectional view of the fourteenth preferred
enbodi ment of the present invention; Fig. 16 is a fragnmentary
sectional view of the 10fifteenth preferred enbodi nent of the present
i nvention; walFigskylighta fwagwentarptsecti onal Fvgewneofl t hewelve

si xt eent hpr ef err edenbodi ment of t hepresenti nvention; and 15Fig. 18 is a
fragnent ary Rt PBAAL 2V ICeWbEtEhé S&Pent BEht ROPLET &t et FbodFENtE of

the presentEth 8%59@aic heat insulation device. FEach

photovoltaic unit 1 includes a solar panel 21, a
5 photocatalyst layer 22 attached to an outer side 211
of the solar panel 21, and a heat insulator 3.
The solar panel 21 may be, but is not limited to,
a non-crystalline silicon solar panel, a
monocrystalline silicon solar panel, a polycrystalline
10 silicon solar panel, a semiconductor solar panel, a
thin-film solar panel that is made from nanocrystalline
silicon (nc-Si), microcrystalline silicon, (mc-Si),
copper indium diselenide (CIS), copper indium gallium
diselenide (CIGS), or GaAs multijunction, a
15 dye-sensitized solar cell, or an organic/polymer solar
cell.
The solar panel 21 in this embodiment is made by
forming a solar panel layer on a glass substrate through
a spluttering process. The photocatalyst layer 22 is
20 used for protection and isolation purposes. Because
the photocatalyst layer 22 facilitates removal of dust
from the solar panel 31 by water, the solar panel 21
may have a clean outer surface. The photovoltaic unit
1 may further include a hub (not shown) to connect the
25 solar panel 21 to a converter (not shown) to output
electric power.

The heat insulator 3 has a transparent substrate 31



Before the present invention is described in greater detail with
reference to the acconpanying preferred 20 enbodinents, it should be
noted herein that |ike elenents are denoted by the sane reference
nuneral s t hroughout the disclosure. As shown in Figures 1 and 2,
the first preferred enbodi nent of a photovoltaic heat insulation
device 25 according to the present invention is shown to include
apl ural i t yofjiuxtapdsedphot ovoletraiscdmids2 lof hiaheaselassenilegdd 21,
together to forma _structure, such as a roof, wall, skylight, w ndow,
etc. In Fi gUr® 21T idfel 0¥SphdLovOF REACORNT RS Ur 2 80 ivPapssbd tirg te

i.ce, Each phot quol taic unit

1 mel udes' 5 SOTaP ERRTR T & 4 Db Bcat Al A0 Aot 23 i1 ached t o
an outer sjde,Rdlefrthe sokan paveb 21,7andraheat ;i osulpt of 3.5
The sol ar panel 21 nmay be, but is not limted to, a nhon-crystalline
silidon salartpanel, paarmnacrysd @l hgne agield,cam Soh atia panel formed
apol ycrystal line
directly on the first surface 311 by spray coating. In
this embodiment, the solar panel 21 is bonded to the
outer side of the film layer 32 through a transparent
adhesive 4 that may be made from EVA, PVB, etc.

10 The transparent substrate 31 may be selected from
the group consisting of transparent glass, colorless
glass, colored glass, semi-reflection glass,
total-reflection glass, slight-reflection glass and
low-radiation high-~transparent glass. The aforesaid

15 glasses are capable of secondary reflection of light.

The film layer 32 may also be a digital image layer
that is formed on the transparent substrate 31 using
a computer and a digital spray coating technique. The
film layer 32 is made from a plastic coating material

20 that includes ananti-ultravioletmaterial. Acoloring
agent may be added to the plastic coating material so
that the transparent substrate 31 may be formed with
amonochromeblock, apattern, characters, oradisplayed
image or information. By controlling the concentration

25 of the coloring agent and the amount of the plastic

coating material applied to the transparent substrate

31, the light transmittance of the transparent substrate



10 silicon solar panel, a sem conductor solar panel, a thin-film
sol ar panel that is nmade from nanocrystailine silicon (nc-Si),

m crocrystalline silicon, (nc-Si), copper indiumdiselenide (CYS),
copper indiumagalliumdiselenide (AGS), O GAs nultijunction, a 15
dye-sensitized solar cell, or an organic/polyner solar cell. The
solar panel 21 in this enbodinent is made by formi ng a sol ar panel

| ayer on a gi’amseysubstipatse aedw ollgte acspinuts ediimgtIpe pdess.i Theating
phot ocat al yst | ayer 22 is 20 used for_protection and isolation

pur poses. Bé%%%%%l?ﬁe pHOY oc&t®al y&t | aleprooaraqn i t 4664 -enovall h6F

dust Trom the, ool af . panelo 31 by parer, the sl ap; pancl .23 py have a

cl ean outer SurTace. ovoltai ¢ uni ér i nclude a

hub (not shown)rbo connesiibheon?S eakar,pansl o2l e augorvert er (ot
shown) to output electric power. The heat insulator 3 has a

transparent sudstsaties3te tonneicie@dah@ ansemidre Sideg@iReof tbhe oxal ar
panel 21, and a filmlayer 32 formed on the transparent substrate 31.
The transparemuisiubst? atter 82t Has -oppdsi £é i Lot/ edird 3econy ssmrTades

311, 312. The. filmlayer 32 is a 5 patterned plastic coating |ayer,
whi ch iy b FoPhBl UPPEA T of AHRaFi § i Hiirt Zdeadrit By SSprape o

coating. |n & higoanhodizmnt; the solan pansl, 21:is bonded Locthe .,

outer side i mTayer 32 through a transparent esive

may be nade dresmEVA B, telL. pal@chhe Eramspanentosubstieater 3knmy
be selected fromthe group consisting of transparent glass, colorless

gl ass,10col orEtbgbass faden heetl echsonagliass, deotiale r ef [Bectd wse gltdss,
slight-reflection glass and | owradiation high-transparent glass. The
af oresai d 15Yl2seEe14Pe Ccapaiite df SéSondddy &kt | oR2 BEPRLGRCY -

outdoor scenery can be viewed from indoor. Inaddition,
because the film layer 32 is formed on the transparent
substrate 31, it is durable.

15 When sunlight shines on the photovoltaic units 1,
the solar panels 21 convert the sunlight into electric
energy. Parts of the visible light and ultravioclet
light that penetrate the solar panels 21 and go toward
the heat insulators 3 are reflected by the film layers

20 32 toemit outward through the solar panels 21. As such,
undesired extra light is prevented from entering the
building structure and from de-coloring and yellowing
things inside the building structure. Furthermore, the
heat radiated fromlight canbe insulated. Inaddition,

25 the reflected light can re-enter the solar panels 21
to provide more solar energy for the production of more

electric energy.



The filmlayer 32 may al so be a digital inage layer that is forned on

the transparent substrate 31 using a conputer and a digital spray

coating technique. The filmlayer 32 is made froma plastic coating
material 20 that includes an anti-ultraviolet material . A coloring

agent may be added to the plastic coating material so that the
transparent substrate 31 may be formed with a nonochrome bl ock, a
pattern , chatateersngor ta difsigayed ?mageher issfcomvht ipnefByred
controlling.the concentration 25 of the coloring agent and the
amount of%ﬁ??%%%@??coidgﬁ?d%hﬂEngﬁéﬁléb&QQ£j%Q?% CtPANSPALERL

Substrate e Li t.ransm_ttance .qf t r-anspar ent bstrate
1 may be 5%%%%%{Eﬁéf%£%péégﬁﬁ%ﬁgé QF?1%%8%%%£§Pﬁe7§&£Pgﬁagﬁﬁi%?Fa
may be a fdiyarogardesr resi anpbhe i -uldd@yviohet rateri alh MRYycbe
Ti 2 and ZnO. For installation, the photovoltaic units 1 are *5

di sp6sed siZde shyf sidedadd rassdnbled tlogeshepntio sharfa@e bR bdi agd
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structure. The filmlayers 32 cooperate to display a pattern, such as
a figure éfi®ainaay, sihdscehéng salprdthiet 1 sahpbedordefaidnapkyedtc. A

i di s ect,| th f he outside of the 10
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has suffigi ent transparency, outdoor scenery can be viewed from
i ndoor. In addition, because the filmlayer 32 is fornmed on the

transparent subsérateqdls Fiure dyrald enhila\ear supkidgiib ShiRes ton
the photovoltaic units 1, the solar panels 21 convert the sunlight
i nt d0el ectofi ccleher gy vePRdritan of st eneirsille $ight aand wlthavioket:

| i ght thatrpe etrate the solar panels 21 and go toward the heat

i nsul at or ¥

through t Q?‘xlssojsﬁgo%r?neé&t[ ﬁé %ﬁkfelt}lﬂcﬁic ol Sé-étegoggﬁa;fe% in-%rge if?gm

prevent ed fromenteri ng I'ng structure an rom de-co

heat radiated fromlight can be insulated. In addition,
on the first surface 311 of the transparent substrate

15 31. The degree of transparency of the photovoltaic unit
1 may be adjusted by controlling the concentration or
density of the metal so that a user can view outdoor
scenery from indoor. Any suitable metal may be used
to form the metallic reflection layer. Aluminum may

20 be used to reflect ultraviolet light. An
aluminum-silver alloy may be used to reflect visible
light. An alloy of gold, copper and silver may be used
to reflect infrared light components. Moreover, a
material nameddistributedBraggreflector (abbreviated

25 as DBR) membrane made by multi-layers of alternating
materials, in particular, dielectric layers with

high/low reflection rates may also be used in forming

PR FRRPEY™MSY Tt ISR It Ryersie2bl 88 {8YE&M £ 2odiwar d

ring
and yel | ow fagtthi ngsidmside  he Juid ding st ructdF -1 FYr therpeeg, the



25 the reflected light can re-enter the solar panels 21 to provide
nore solar energy for the production of nore electric energy.
Referring to Figure 3, the second preferred enbodi nent of the

phot ovol tai ¢ heat insulation device according to this invention is
generally simlar to the first preferred enbodi nent except that the
filmlayer 5 32 is formed directly on the second surface 312, and
the inner sideecofitlhe lsgtcr panel 21 is bonded adhesively to the
first surface 311 through the transparent adhesive Re ferring to

Figure 4, the tREFGTPrei®rr'ed efb8dFRent, 160 thPerfhveRtico®iLed

generally sim : he first_preferred enbodi ment cept. _t.hat_ the
filmlayer 3g%#§8€h¥§&éﬁ%%dﬁh%%t1$¥38tﬁgﬁmﬁﬁ ?%ﬁf%gﬁyoﬁlﬁgyé?:ﬁﬁﬁe

froma netal;nhsueh @spbY rePUdLENRY QMmMAPOLEZIRO- | he viRE al 1an dher
first surface 311 of the transparent substrate 15 31. The degree of

t ranspéar ency3 afi< fierpkat ondlltaise anid shrifay-delad) fistredtbypnsparent
controlling the concentration or density of the netal so that a user
can vi ew out #6bptsééserdl frOnFPRESEE 1INy suitabl e netal may be used

to formthe netallic reflection |ayer. Al umnum 20 be used to
reflect ultravi BFEE TG AT B EMiURRSIS Ve BFFoy T BEDGEET 10"

reflect vi S!@#%Aigﬁ%ﬁ?t%hoxso egglr%blrl%%&%ifﬁlm?éﬂtyﬁ% #Rybe tsed

to reflect infrared conmponents. ver, a erial nanmed di
stributed Braggrtefl epterr(abhy eviahieddiAsnas .DBR) nmeshians made: hy

mul ti-layers of alternating materials, in particular, dielectric
| ayer slOam t h highsbeweref badtsitore rat¥ls imay absorkel gded s nohdramimigng
the filmlayer 32,
a coloring agent, and can present monochrome or
polychrome variation. The colored glass can insulate
the heat radiated from the sunlight, and block high
temperature heat generated by the solar panel 21. The
15 second surface 312 of the transparent substrate 31 is
an uneven surface, which enhances reflection of the
sunlight and thereby increases electric energy.
Alternatively, the first surface 311 may be an uneven
surface, or both of the first and second surfaces 311,
20 312 may be uneven surfaces.

Referringto Figure 7, thesixthpreferredembodiment
according to this invention is generally similar to the
first preferred embodiment. However, the sixth
preferred embodiment further includes a transparent

25 cover layer 34 facing the second surface 312, a looped

frame layer 33 disposed between the transparent cover

layer 34 and the second surface 312, an isclating space



Referring to Figure 5, the fourth preferred enbodi ment of this
invention is generally simlar to the third preferred enbodi nent
except that the filmlayer 5 32 is fornmed on the second surface 312
of the transparent substrate 31 by sputtering. Referring to
Figure 6, the sixth pre ferred enbodi nent of this invention is
generally simlar to the first to fourth preferred enbodi nents.
However, Blfedeidneddnspacehtosadsirane 13633, cotbead gyl @sarent
containin% a coloriqg agent, and can present__nonochrome or poléchrone
&4

vari ati onCoMfF ot | 23< BAR PHEGIFEEE ] hel heHtd radi &t 8 Fr 6m t he
sunl i ght, 0 i te rature _heat generat t he sol ar
panel 21.S$%gx9%§§§%go%:e%ugggggcglgrgﬁethga¥§5n§§gr§%Fw§ﬁﬁ§t%§Fe 31

I's an uneven sy ace: Wi eh eapances Jeflectian-ofqtde-supki ght and
t hereby increases electric energy. Alternatively, the first surface

311 fay bé&han iuneveni syr bacee @6 hot huoddt he bilpstk ande secondted
surfaces 311, 20312 may be uneven surfaces. Re ferring to Figure
7, the s PREN pra<ated entdut rfehtl hglkbr ding mevihe st L Avedt vonhi s

enerally simlar to the firs referred enpbodi nent. However, the
gixth prgPéFfearehHBﬁ¥ ﬁ¥3?u&PEe?nﬁﬁEFﬁdeggagtrbﬁ%b%?EﬁPn"ZST Gver

| ayer 34 fag g{]ﬁ@%%%if wgw@; ?négnkfgg'el%% ede@?EO'O @i‘%gé'

di sposed bet ween transparent cove r 34 and € seco

surface 3%2,rea91b36l,abkfigtSPacass3afiddesipeddbyl tbe .| ooped §6paB

| ayer 33 , the transparent cover |ayer 34 and the substrate 31, and a
seallint 35 rsure obydé ng 3Bhe 11 coped Emaoel iegrer 88 betweelmw hérame
transparent cover |layer 34 and the_second surface_312.

ol ot g CSERe et T Al ol 0T Gok CORGY BAPEYGT Red: f hbaeruréatoy
e e B0E P LB SR o8 08 g, oy ilagp, Peat
gl ass, W ke ghass.ssafetygobgsscand aakboredassitThe 4 oopedity
of through holes 331 for absorbing water or moisture
15 that permeates into the isolating space 36 through
clearances of the sealant 35. As such, the isolating
space 36 can be prevented from becoming foggy and
affecting'thé transparency of the photovoltaic unit 1.
Referring to Figure 8, the seventh preferred
20 embodiment of this invention is generally similar to
thesixthpreferredembodimentexceptthatthefilmlayer
32 is formed on the second surface 312 of the transparent
substrate 31 by sputtering.
Referring to Figure 9, the seventh preferred
25 embodiment according to this invention is generally

similar to the sixth preferred embodiment. However,

the film layer 32 is attached to the transparent cover

10



10 franme layer 33 in this enbodinment is a hollow frame structure that
defines a | ooped chanber 333 filled with a drying agent 332, and an
i nner peripheral wall adjacent to the isolating space 36 and forned
with a plurality of through holes 331 for absorbing water or noisture
IS that perneates into the isolating space 36 through cl earances of
the seal ant 35. As such, the isolating space 36 can be prevented from
beconi ng fogyyvand34ff eéti ng rithe ulraans parencyanf pee nghotcoreot tlad wer
unit 1. Referring to Figure 8, the seventh preferred 20 enbodi nent
of this inve %i%%Sig gRAEFaPY TSGR 13! iR T heIstREni pPréfdrirgy space

embodi rent exgenta LhaL, Lhe i1 Laver, 32.0cs. o1 1ed o0 fe, secand .

surface 312 0 e transparen a rat sputteéring.

to Figure 9,3theasgventh Ar efed adhe 25 eMhedhrERL AL NGO £hi g
invention is generally simlar to the sixth preféerred enbodi nent.

However5 thel&iykm Bayes 32thshaidt achedet ahtiel tshanfspas €741 covedl the
| ayer 34. In particular, the transparent cover layer 34 has a third
surface 341 $acPpngPeReli 861 4Fi Agrspadey Benawrd & o dlret H ISt scw Buee

opposite to thir rface 341 and distal fr the isolating space
P he fi I LE Py et e SpeAERad TP THES ERi o0 -surf ace. 241 Jand

the solar pane pgtdsdigectly ponded tadhe %éSt&g{:{E%ﬁg zalk ol ghe

transparent substrate 31. rring to Figure

preferred enbedoaehteraccosdbpgihg tdd schnyentived Sogener ldne rd01 y
simlar to the eighth preferred enbodi nent except that the filmlayer
32 of tthhe heatniAswul aborth8 ¢ sghthachefetra etche mooutitne sturd sacep 842h of

the transparent cover | ayer 34. , _
the film layer 32 of the heat insulator 3 is attached

to the fourth surface 342 of the transparent cover layer
34.
Referring to Figure 11, the tenth preferred

15 embodiment of this invention is generally similar to
the sixth to eighth preferred embodiments. However,
the photovoltaic unit 1 further includes a
light-emitting wunit 5 that has a plurality of
light-emitting elements 51 disposed in the isolating

20 space 36 and mounted to the lcocoped frame layer 33 (only
one 1s shown in the Figure). Each light-emitting
element 51 may be asingle light-emittingdiode, an array
of light-emittingdiodes, alight bulb, astringof lamps,
or a CCFL.

25 During thedaytime, orwhenthe sunlight issufficient,
the solar panel 21 operates for energy conversion, and

the generated power is stored in a storage battery (not

11



Referring to Figure 11, the tenth preferred 15 enbodi nent of this
invention is generally simlar to the sixth to eighth preferred
enbodi nents. However, the photovoltaic unit 1 further includes a
light-emtting unit 5 that has a plurality of light-emtting el enents
51 disposed in the isolating 20space 36 and nounted to the | ooped
frame layer 33 (only one is shown in the Figure). Each light-emtting
el ement 5Bhmiibelm Wiagi egliight ceniant eng rdivode; oahnarvaytef When
Iight-eni%%%yg diodes, a light bulb, a string of |anps,. or a CCFL.
25Duri ng tHE FaYtiHEL T of S wheRUE hé Cdmt gt G g ik ent 9P ERéMSol ar

panel 21 agies ates Lar_eneray, conyersi on,. apdiihe. generat edopoyRy is

stored in a storage-battery t in e Figure) or a

ener gy- st arigig uahi ¢ t YAgnubhhe suRld ghtad scidsyf i ebgnt rornduking the
nighttine, the energy-storing unit provides power to the

i ght-em titayegr UBRt15 da ltthaindthedpattern of the filmlayer 32 is
il1um nated. Referring to Figure 12, the eleventh preferred
embodi nent ofR¢hEBTiLAGent? o i® 1 kendrlal | hei mlavensht herefrrhed

f d enbodi nent except. that the filmlayer 32 is a.netallic
el oot | of TAJI T ERteStr Shis VAT EOR0T FrETIEdIS L Hhes HBE SEFI G0
reflectiondayer may-be.forprd dlyecily Qver Lhe fi L8k Suffagg 311 of

the transparent substrate 31 by sputtering.
32 is a metallic reflection layer made from a metallic

10 material. The metallic reflection layer may be formed
directly over the first surface 311 of the transparent
substrate 31 by sputtering.

Referring to Figure 13, the twelfth preferred
embodiment of this invention is generally similar to

15 the eleventh preferred embodiment except that the film
layer 32 1s formed on the second surface 312 of the
transparent substrate 31 by sputtering.

Referring to Figure 14, the thirteenth preferred
embodiment of this invention is generally similar to

20 the eleventh preferred embodiment except that the film
layer 32 is formed on the third surface 341 of the
transparent cover layer 34 by sputtering.

Referring to Figure 15, the fourteenth preferred
embodiment of this invention is generally similar to

25 the thirteenthpreferred embodiment except that the film
layer 32 1is formed on the fourth surface 342 of the

transparent cover layer 34 by sputtering.
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Referring to Figure 13, the twelfth preferred enbodi nent of this
invention is generally simlar to 15 the eleventh preferred

enbodi nent except that the filmlayer 32 is forned on the second
surface 312 of the transparent substrate 31 by sputtering.
Referring to Figure 14, the thirteenth preferred enbodi ment of this
invention is generally simlar to 20 the eleventh preferred

enbodi ment excepefematinthet fi lFmdwayer 182 itsh¢ of méd com ttthepthifled red
surface 341 of tge transparent cover |ayer 34 by sputtering.
Referring t FEPGarBelS, thé FourtRBRbhIprefsr (g Ehbody néaftidr d HS

[nvent i on i s generialdy $LTA AL Lo 25106, LN SenLD RESLETT o0, he

enbodi nent except I i's fornmed on thé fourth

surface 342 of cthgrhr anspanent covered YR B3he BYrSRUL t 85HBB i ments .
Referring to Figure 16, the fifteenth preferred enbodi nent of this

i nventison i sigeaeral | yhsl mdaar iwsthetsirxt3h itro tti i hepbetieneed has
enbodi ments, and the eleventh to the fourteenth preferred .
embodi ment s.tWE HHovikver e shé 2hedt ' i nstihatior 11 liavehide batrodeientl ias

two filml 32, .32'. The film| 32 i tallic reflecti
oy ool by EB6 B8 FAb et pREGERSL o S e i PR

a patterned piastic.coatyng. }ayet,f of ged o { benout g asurfage of; fhe

filmlayer 32. 10 Referring to Figure 1 e sixteenth preferre
embodi nent ofay8isrénveatdéonths gener allyrstaidarci® fie fidgeergh
preferred enbodi nent. However, the filmlayer 32 is a netallic

refl ectd on | ayeRefermediontohd fdust $irf ddee 331 xofeartteh t panspamett

substrate 31. The 15filmlayer 32' is a plastic coating |ayer forned
on the embodiment of this inventilon 1s generally similar to

the fifteenth preferred embodiment. However, the film
layer 32 is a metallic reflection layer formed on the

first surface 311 of the transparent substrate 31. The

15 film layer 32’ is a plastic coating layer formed on the
third surface 341 of the transparent cover layer 34.
Referring to Figure 18, the seventeenth preferred
embodiment of this invention is generally similar to

the sixthtosixteenthpreferredembodiments. However,

20 the heat insulator 3 in this embodiment further includes
a thin translucent ceramic layer 37 formed on the fourth

surface 342 of the transparent cover layer 34.
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third surface 341 of the transparent cover |ayer 34. Referring to
Figure 18, the seventeenth preferred enbodi nent of this invention is
generally simlar to the sixth to sixteenth preferred enbodi nent s
However, 20 the heat insulator 3 in this enbodi nent further includes
a thin translucent ceramic layer 37 formed on the fourth surface 342
of the transparent cover |ayer 34. CLAIMS: 1. A photovoltaic heat

i nsul ati of1ddMIe conpri si ng: a plurality of photovoltaic units (1)
whi ch are _juxtaposed each, other, each of said photovoltaic, 5 units
(1) including &R%W%Yog%ét: SHE Wit AhePafd Vo ierc AMesS18Ad a

heat insul ator _( t hat. has rent. supstrate (31 ached to
said inner side g%*§£$%3£g|%? Q%E%R?§H§%l§ngﬁgg%lé§'t‘%%géﬁi%ﬁglayer
(32) attached o 536 e ir aRPArSNM e sUbSLIA &£ 195akd Fid mbayers «(32)
of said photovoltaic units (1) cooperating to define a pattern. 2.
The phot ovol taiic heat) | hsolatiiony dews cka of pEhailm (2,1 whet €ehnisaked
transparent substrate (31) has opposite first and second surfaces
(311, 312), §£@jqqq¢ﬁ|%y@$s, and a heat insulator (3) that has

a transparent substrate (31) attached to said inner
side of said solar panel (21), and at least one film
layer (32) attached to said transparent substrate,

10 said film layers (32) of said photovoltaic units (1)
cooperating to define a pattern.

2. The photovoltaic heat insulation device of Claim 1,
wherein said transparent substrate (31) has opposite
first and second surfaces (311, 312), said film layer

15 (32) being formed on said first surface (311), said
inner side of said solar panel (21) being bonded
adhesively to said film layer (32).

3. The photovoltaic heat insulation device of Claim 1,

wherein said transparent substrate (31) has opposite

20 first and second surfaces (311, 312), said film layer

(32) being formed on said second surface (312), said

inner side of said solar panel (21) being bonded
adhesively to said first surface (311).

4. The photovoltaic heat insulation device of Claim 1,

25 wherein said film layer (32) is a digital image layer

made of a resin material that contains an

anti-ultraviolet material and formed by spray
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15 (32) being fornmed on said first surface (311), said inner side of
sai d sol ar panel (21) being bonded adhesively to said filmlayer

(32). 3. The photovoltaic heat insulation device of Claiml, wherein
said transparent substrate (31) has opposite 20 first and second
surfaces (311, 312), said filmlayer (32) being formed on said second
surface (312), said inner side of said solar panel (21) being bonded
adhesi vely to sapdtfilmst surface (311). 4. The photovoltaic heat
insul ation device of Claim1, 25 wherein said filmlayer (32) is a
digital image-|a)errhageverl ta rediar heaterikdtipatdevheai as @haim 1,

anti-ultraviolet material ,and.formed b ray coating,.5._The

phot ovol tai ¢ he4PSFfgd! ﬁfailglngaé{}]i ggy(?flyélﬁzi)#i av%eeﬁ%f%lga‘fﬂy?‘irp?ﬁe
| ayer (32) is a |J.c fdi by vaporizing netal. 6. The

phot ovol tai c he%?‘s}f%gﬂrgtziflorlﬁ(gndﬁggggé ‘'of daim1, wherein said
transpag ent substrat eho3bjvdis: dmdenehtcaneith @l 88Sdevice of Claim

1, wherein said transparent substrate (31) is made

of colored glass.
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