PHOTOVOLTAI C HEAT | NSULATI ON DEVI CE The invention relates to a heat
insul ation device, and nore particularly to a photovoltaic heat
insulation device that can generate electric energy fromsolar 5
energy. In view of the present situation of global climte change,
envi ronmental pollution, resource shortage, etc., renewabl e energy
has advant ages of cl eaREPROYOLTARYURBEATN IDSUIFTRIORNPEVALEr € gas

di scharge, ener 10 sel f-generation, etc. Increasing nunbers of
countrigs there??ﬁgﬁﬁﬂ&f? néitabFeéfér gy Pnteatcénsideratiromdoice,
their energy 4 gl es. e. f .rene | e ener IS power
generation byB§§1ﬁ?gééérgy?E¥§§r§P%E8n ?%%% %ﬁé&%g¥€§ﬁb lnsﬁlaﬁlon
phot ovol tai ¢ deivtishavies d5cbeen devel oped 0ot ,onl yeggmgn%tr%lm atipn.
on calculators, electric products, transportation ve | es,” ettc,
but al sd foreiestaail ati on as part of the building structures, ~such
as roofs, walls, skylights, w ndows, etc., mhe(e sol ar energy is
converted into eﬂébWﬁQW[ﬁﬁmﬁhe:Hyﬁﬁﬂnth@SEQphatmwaﬁtgﬂﬁbﬂﬂIdiﬂﬁﬁﬂe
are installed i the building structures, in order to have
sufficient tF%%gﬁg?eﬁ%§V%50P%§P rRO caRticdw olR HooF Cscehert fgom

i nd , th t ov i it translucent. T erefqre, t he
Lgnsgafionaf gE%févgkkgﬁ?%ﬂ%t%?%ﬁgygggﬁﬁ%%Y%n%Sg6F09§d89§6Fﬁ%ﬂ%ﬁﬁ'

heat insul atierdudtiaddti anwttéa[epélugthkghba@a&ii@ﬂ&&?gﬁg” e
heat radiation and ultra-violet |light also enters the ro
10 self-generation, etc. Increasing numbers of
countries therefore take renewable energy into
consideration for their energy policies. One type of
renewable energy is power generation by solar energy.
At present, various sorts of photovoltaic units have
15 beendevelopednotonlyforinstallationoncalculators,
electric products, transportation vehicles, etc.

, but

alsoforinstallationaspartofthebuildingstructures,

such as roofs, walls, skylights, windows, etc., where
solar energy is converted into electric power.
20 For those photovoltaic units that are installed in

the building structures, in order to have sufficient
transparencysothatuserscanviewoutdoorsceneryfrom
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

radiationEHMiultra—violet]j4ﬂn:alsoenters*therooms.



Not only does this raise the tenperature in the roons, but it also
whi tens the objects exposed to the heat radiation and ultra-violet
light. The conventional photovoltaic unit therefore has poor 5
sunlight-shielding effect. Moreover, when the photovoltaic units
operate, high heat can he generated. Although sone vendors adhere a
| ayer of i Nsul atilngdomrentitare rtad tehe phateovod tat Gruni b, £ 15& negoh e
insulating mnenbrane is made of plastic material, the endurance of 10
the convenfitdnalt i AsEPat’iig SfenbE aReoPs egdar @mropedneo tidh detoat ng
fragile. Thus,. the heat insulation effect, is adversely affected and

the | ong-t &P appear anté gjfsltlﬁ_evbﬁ' Fdi fg Htruct tife may retlonenal

spoi | ed. The Jmi )y, pbiect of IS i nvent s to provide a 15
phot ovol ta?)c heat J{l')tlfil)su?ati on1ij el\% ce w ‘lhgg%&f) “&st het ;ﬁcas propeftfeés,

good heat isnsuliationsefteetingood rsalar. |ighteseflection.effect and
a significant increase of power generation. Accordingly, a

phot ovol t aipd deato 1 psit at ons dewd cet e 20h iofh hhe tpresent davend + oa .
conprises at |l east one photovoltaic unit that includes a solar panel
havi ng i nhdrtitPbuteresitrzdonnd adtfest Rnsulwor ofham halsat ang
transparen bstrate tached to the inner side of the solar, panel,
and at | ea¥s“te (L)Ilonrea’}?l m ?éﬁé?ch?B?WB&ttéﬁc 981{neS t FaRspaT ents shbsirdt e.

QL her o o2 e ANt advanlages oh LS PRESAIN: o L VAN At LhoRegem™
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

inventionwillbecome apparent inthe following detailed



description of the preferred enbodi nents with reference to the
acconpanyi ng drawi ngs, of which: Fig. 1 is a front perspective view
of the first preferred enbodi nent of a photovoltaic heat insulation
5 device according to the present invention; Fig. 2 is a fragnentary
sectional view of the first preferred enbodinent; Fig. 3 is a
fragment ary sectdonativhew ohethee secerd cprefierced enbeodi rent - of cthe
present invention, 10 Fig. 4 is a fragnentary sectional view of the
third preferr®d erbodrreRe ofithed presents i menthonh:Fig. 5is a
fragmentary sectional .view of the fourth preferred enbodi nent of the
present inventiont9Fi d. i3 ATPrdgrRht aP§CEedts ot vipdw toe t herst

fifth 15 1 DRE t i tion, Fig. 71
Fragnont ary Sect| onal uicw O PR STAt KT el et Ba"aHDDH Rt Lo | T

present si nventdwive Fh@co@dis A 4 agnENbay sectional vigw of the
seventh preferred enbodi nent” of the present invention; 20 Fig. 9 is

a fragmentary settdonaliwvieewrefgntdre: £F ght bct poeter red wepbodi gent ref
the present invention; Fig. 10 is a fragmentary sectional view of the
ninth pref et erbodrbmdisferthe present invention; Fig. 11 is a

fragnentary sectional_ view of the tenth 25 preferred enbodi nent of
the present inventPon “Fig.- 1291874 Sfragrent el séctGordl threwe 6P ehe

el eventh preﬁﬁ%éﬁngQQOQRW@Eiﬁgnﬁhgpr%%e%%é é%%niggént%on;
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 is 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 1is a fragmentary sectional view of the

eleventhpreferred embodiment of the present invention;



Fig. 13 is a fragnmentary sectional view of the twelfth preferred
enbodi nent of the present invention; Fig. 14 is a fragnentary
sectional view of the thirteenth preferred enbodi nent of the present
5 invention; Fig. 15 is a fragnentary sectional view of the
fourteenth preferred enbodi nrent of the present invention; Fig. 16 is

a fragnentary EE@tUQﬂaEeNE@ﬂ@@En&Q@37é@c&hﬂ%ﬁﬁpkqe%n§§%%E@gwelfth
enbodi nent of the present invention; Fig. 17 is a fragnentary
sectional Viksf of redesmpiodisemth pfeferr ed enbodi neot nefi drhe present
invention; and 15 Fig. 18 is a fragnentary sectional view of the
sevent eenth pret@rred’ ehbodi neRE IBE Nt Pr esenti oraivent ton.o Befare
the present_.j. i is described in greater detail with reference
to the accétn}%)lﬁéi?%rglggr ePefreer@d“%% e et i PIshédidd bernsead
herei g thati{j&e- eLgnents are denoted by the sanme reference nunerals
t hroughout the disclosure. As shown in Figures 1 and 2, the first

preferred enbbdyments of saphet gypkhaic-heat -iknsylati on.devige. ;25
according to the present invention is shown to include a plurality of

j uxt aposed.f photovothai puafidisrddt hatbare nassenblred treget heesta+f orm

a structure, such as a roof, 4
~ 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
sixteenthpreferredembodimentofthepresentinvention;
and

15 Fig. 18 is 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,itshouldbenotedhereinthatlikeelements
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,



wal |, skylight, wi ndow, etc. In Figure 1, twelve photovoltaic units
1 are juxtaposed to constitute a photovoltaic heat insulation

devi ce. Each photovoltaic unit 1 includes a solar panel 21, a 5
phot ocat al yst | ayer 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 limted tglla sabpicoystal wineosilicon.solan panglreal, twelve
monocrystal line silicon solar panel, a polycrystalline 10 silicon
sol ar panel , P4 X&i ebhaiiEt omisol af paseliuxtaphsadf tbmsolari panel a
that is nmade fram nanocrystalline sjlicon (nc-Si), mcrocrystalline
silicon, (nc® C),OV@B &F i ndifGrh di setehidéLea S) ceopper i ndi uFrch
gallium dis i ), As.nultijunction, a 15
dye-sensitizggﬁg%?gﬁigéfﬁ,Igfiggqbrégﬁﬁg'eﬁiyﬁersg%?ér:p%%?}.z¥he a
sol ar panel 2hddvddi sierbodimrRt 45 ede-RYg E%r@ﬂ“%fk§9|$%d839?ﬁ
| ayer on a glass substrate through a spluttering process. e

phot ocat al ystofl ayexr 221leas 2@rused f praprotectd-on aneyi sebat izon

pur poses. Because the photocatal yst |ayer 22 facilitates renoval of
dust fromthe sot@rsSpanél P3nedy Aatery lbhe bolkar spanel Rimivay haye
a cl ean oute%vsurfacg. Thg: ofovoltaic unit 1 may further include a
hub (not shovin) to°Conhect % solSarl fatel 2B PR comddrdler (nét

shown) to 0UH@%@C§%§€£Ehﬁn@p¥§ﬁiczge beat Lnsghator has a i
transparent substrate 31 5 ° éaneh’éapaiycryStalllne
10 silicon solar panel, a semiconductor solar panel, a
thin-film solar panel that is made from nanocrystalline

silicon (nc-Si), microcrystalline silicon, (mec-S1i),

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



connected to an inner side 212 of the solar panel 21, and a film

| ayer 32 fornmed on the transparent substrate 31. The transparent
substrate 31 has opposite first and second surfaces 311, 312. The
filmlayer 32 is a 5 patterned plastic coating |ayer which may be
formed directly on the first surface 311 by spray coating. In this

enbodi ment cdrire= siodart panel i 2deirssherded 1 o, he,e AW £L - Shde.0f i he
filmlayer 32 through a transparent adhesive 4 that nay be nade from

EVA, PVB, ét¢ 2101iThelayansparfentmsdbst rate t3% mmys ben sed st edateom
t he group nshsﬂti ng of transparent glass, colorless glass, colored
gl ass, seni-ref'EctfdnSgrassit spssdicatet I8chipsnogbass,te first and

slight-refl 1.0 and wradi ati gn hi gh-transparent gl ass.
The af or esaS%g;dfgpg?ggg%sceasr e3i pa déof &Condaty rei%et Pén of 2

lights Thesfdddndayer,32;may alseshe a digital .inmage layer. that is
formed on the transparent substrate lu%i’%!é %glggn%lu yeﬁy%n]aoamed

di gital sprdyesoalty ng: teehnigue. stheadd bmil gyes, 32yi o Apdg f roma
plastic coating material 20 that includes an anti - uyt ravi ol et
‘material. Ahddl orimgdimgent may be ladddedahelt he plsastdrcdedat bnghe
material so -that the transparent substrate 31 may be formed with a

monochr ome OB 6ck, S patt érte thiPabRERS, 38r th rdivspl @y &d- 2t smgeedt

informationy By -contyol]ipg the concentration of the coloring
agent and the%}alsn%c\ﬁé]ntgojfh%ﬁemﬁlyas elcma{%%a?irr?&l rré?/@r'i alVBppfFed to the

trangpar ent Smﬁﬁr@&éhsﬁéteth§Jﬂgﬁr$féﬂ§@iEE?”%%(yéfgg%é&af§8%rent
Substrate 6

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 materiai
20 that includes ananti-ultraviolet material. 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,thelighttransmittanceofthetransparentsubstrate



31 maybe adjusted. The resin used in the plastic coating mnateri al
may be a fluorocarbon resin. The anti-ultraviolet material nmay be
Ti @ and ZnO For installation, the photovoltaic units 1 are 5

di sposed side by side and assenbl ed together to form a building
structure. The filmlayers 32 cooperate to display a pattern, such

as a figure QfLﬁab&ﬂyadéu%%%ﬁﬁrYJ?mﬁrgéngﬁéeéé%Ph%aan%&ﬁgﬁgg%Egﬁg

etc. Aviewer can directly see the pattern fromthe outsi

10 photovol t aixtdheatli nsudat i or dewi cef 1 Becausenihe phetiovoltai che
unit 1 has sufficient transparency, outdoor scenery can be viewed
from i ndoor. ATh-&addit el olsdcdimes thelf ilem Itayefi32 dsdf dnfed on t he
t ranspar ent subkstrat.e 3t1é1ﬂft i,s durable. 15 Wihen sunlight shines on
t he photovol taic Ghi t's' 5% the 88 ar-pPandls°2avedhvdrt thetsunt i ghe

Lo eTectrl o svergu bat soot Al yigiblecliot aulicaviolel

light that penetrate the so panel's
insulators 3 apeirefiestad-byrthe fitml ayers;20.32 o ?813 te‘%!étt‘@ft%
g i's

t hrough the sol ar panels 21. As such, undesired extra

prevent ed frohenteyingathe rrhushditngssd rueture ogngd faoMm des eeheriyng
and yellowng things inside the building structure. Furthernore, the
heat radi at ed® f¥BRFPICGhtS &AL e iensifadedarikn addéti onA 25l¢her can

refl ected Iig?.t caﬁ re-enter the sgl ar panels 21 to provide nore
L Sl

sol ar energy tor-the’producti'én Bf Fe&t rFBCerfdtlyyidy of the

10 photovoltaic heat insulation device. Because the
photovoltaic wunit 1 has sufficient transparency,
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 ultraviolet
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
thingsinsidethebuildingstructure. 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.



Referring

to Figure 3, the second preferred enbodi nent of the

phot ovol tai c heat insulation device according to this invention

generally
filmlayer
t he i nner

simlar to the first preferred enbodi nent except that
5 32 is formed directly on the second surface 312, and
side of the solar panel 21 is bonded adhesively to the

is
t he

first surfacer3¥kthioyighc$ hert gansparegnt adhesive, 4. Reterding to

Fi gure 4,

the third preferred enbodinent 10 of this invention is

gener al | y sinhpdamerrg tofe thier shotpref eraed eabodi nent aexeeptddhaie t he

filmlayer

32 in this enbodinent is a netallic reflection |ayer

made

from a nefaFCrsderw 48 BylsputTertagrot svapoeizing ¢ helfetato wWret he

first surf

transpar ency o Pﬁgﬂ%¥ VAl

ce_311 of. the transparent substrate 15 31. The degree
& R CLORPE SECREY B8 St de éd by 1aver

control lingothe ¢ongRNM rﬁ%?@%@%naquﬁé yseogoé$g%ng%%|ces% l:éat%rgd

can vi ew outdoor scenery

oor. Any Sui netal

y

to form thensetahé i 6 iref bect h On d Byeha Al 1uph Ry 20 - be used 1

refl ect ul

traviolet light. An alum numsilver alloy nmay be use

of

user
used

to

refl ect visPblhe flirghtsuinead|3dyl of rgokd, t coppen and- st vwermh amyy be

used tor
naned di st

flect infrared |ight conponents. Mreover, a nmaterial
rbuted Bragg ref |lector (abbreviated 25 as DBR) nenbra

de by mul ti-] of . al ti terials, i ticul ar,
el ect i | ayere it CRiiGh fbw of DEat] Bt PRES T SMed Deiame

formmg 8cf this invention is generally similar to the first

15

20

25

preferred embodiment except that the film layer 32 in
thisembodimaﬂ:iéan&tallicreflectionlayermadefrom
a metal, such as by sputtering or vaporizing the metal
on the first surface 311 of the transparent substrate
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
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
as DBR) membrane made by multi-layers of alternating
materials, 1in particular, dielectric layers with

high/low reflection rates may also be used in forming

ne

din



the filmlayer 32. Referring to Figure 5, the fourth preferred

enbodi nent 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 preferred enbodinent of this
invention is generalhyigimdajoto the first to fourth preferred
enbodi nents. However, thée 10 transparent substrate 31 is a colored

gl ass cont ai ni ngredecalion ng @gentguand an pheserto YNPChE O8B: Ok o4
pol ychronme variation. The colored glass can insulate the heat

radi at ed fromthedsuahicght, tand blrocknhigh itenpersatairey heatilar to
generated by the sol ar panel 21. The 15 second surface 312 of the

t r anspar ent stdbest“étr B4e {8 TR fiNeVe ANS i Ees P WhiTGH BhRdrideslaver

refl ecticon of,4h i,ght _and_t hereby incre el ectric energy.
Alternati vel y?jé ﬁ%‘f??‘g%?%s%}ﬁ qgcseegfi‘%n%@rgﬁcﬁgfﬁié\feﬁgesﬁaf%ﬁg?%r“t
both of the fsjg@gtgggesgqom %J@ggﬁﬁ%l_, 20 312 may be uneven
surfaces. Ref erring to Figure 7, the sixth preferred enbodi nent

accordi ng to thiBefavenhicono irs generaldie simtlhasrtectrheq dhbsStiment
preferred enbodi nent. However, the sixth preferred enbodi nent
further includes s $ rarispar ent 25 coveralldyers i84 lfaacitng thize fsecand o
surface 312, Iooged frame | ayer 33 di sposed between the

t r anspar ent c%%?t | ayRf €33 T3¢ t hEBEEoncRtifface 3129V aHeirsol aftig

space 9 transparent substrate 31 is a colored glass containing
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.

Referring to Figure 7, the sixthpreferredembodiment
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 isolating space



36 defined by the | ooped frame |ayer 33, the transparent cover |ayer
34 and the substrate 31, and a sealant 35 surrounding the |ooped
frame | ayer 33 between the transparent cover |ayer 34 and the second
surface 312. 5 The isolating space 36 is used to block the radiated
heat generated by the sunlight, and may be filled with air or inert
gas to enhatfceécheatdimpuhat i onpeTherahs anspar et cever: 4ayep. 34, raybe
gl ass, fireproof glass, wre glass, safety glass and col ored gl ass.
The | ooped 10’7 ahey $ayet 33dj hhehpsberrbediereht, isna hoddovsfirase
structure that defines | ooped chanmber 333 filled with a drying
agent 332, Sahd An'ThR8r Pt i gm@rpﬁd waFP&dj heBAE 1o PRéviesol athag

space 36 a it | Lit of .t hrough hol es 331 for
agsorbing 32?%?&%59%%%s?%?%91g5§ﬁ5t¥%e?%%§i S TREO EhR F S8F&L P hg

spaces36 t hroughso o4 eanances of jé‘eissqgé@@tthb_l%%kfsuccrhe H‘cgiated

i solating space 36 can be prevented from becom ng foggy an

af fecting thvett aTspar endyb pft idesphot gvel, t ahe WALt L. F Ref epringnt o

Figure 8, the seventh preferred 20 enbodinent of this invention is

general |y Si'i| &F to'©fhe Fixt [vprehbrned enbedi nentuéxceéph .t hahet he

filmlayer _ 32 gs forged on %ﬁe second surface 312 of the transparent
substrate 3T By ZPUTLEANG T REFETT NG P FRdSs Of i fRe roeent 4SS,

D o AR et et LR et e,
32 ig0attachethd oldhert sgansparent sce¥@odikint is a hollow frame
structure that defines a looped chamber 333 filled with
adryingagent332,andaninnerperipheralwalladjacent
to the isolating space 36 and formed with a plurality
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 the transparency of the photovoltaic unit 1.
Referring to Figure 8, the seventh preferred
20 embodiment of this invention is generally similar to
thesixthpreferredembodimentexceptthatthefilmlayer
32:Msformed<n1thesecondsurface312<ﬂfthetransparent

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



| ayer 34. In particular, the transparent cover layer 34 has a third
surface 341 facing the isolating space 36 and a fourth surface 342
opposite to the third surface 341 and distal fromthe isolating
space 36. The film5 layer 32 is attached to the third surface 341,
and the solar panel 21 is directly bonded to the first surface 311

of the transpasest substratgadiicReferfing to- 5 gyse-10, cfo%rnil%tf}ér
preferred enbodi nent according to this invention is generally 0

simlar to thedehght h phéterred fentodidenta exegpthéhatot be ifigd mdaayer
32 of the heat insulator 3 is attached to the fourth surface 342 of
the transparenf Ttérf tayeh sBate R Py st tR gartehd Lhithe sterftare

preferred 15 odi,nent . of this invention is generally simlar to
the sixth to %?gﬁ?ﬁdggéféﬁéeéI§W% Trent S 2 HoBvEP2Cet Ké -phdtsvdlitd ¢

unit 1 fi”theiayggl§§e§saat£5%H§HeQEtEh%?%ggké,gu%QaEmp%ﬁig %%ﬁ%gh%%y

of light-emtting elenents 5 I spose i solating

and nounted teothe panuhap1fianelayen 33c0RRlY + ORE L $:i5hawa ik the
Figure) . Each light-emtting elenment 51 may be a single

li ght-emttingldi edethan taramypaoknk faughtteat st Bng di odes, a |ight
bulb, a string of lanps, or a CCFL. 25 During the daytine, or when
the sunlight is SGAEGEH, tehefserae padel Zhoperhtes foredmerpd

fﬁgreriaon, a@gbohq%é¥¥“¥é%§9d 8%@%6E%g}grggvg%gﬁgg0{3986%3;;¥f&

10 similar to the eighth preferred embodiment except that
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 annular frame layer 33 (only
one 1is shown in the Figure). Each light-emitting
elementSln@ykﬁaasinglelight—emittingdiode,anarray
oflight—emittingdiodes,alightbulb,astringoflamps,
or a CCFL.

25 Duringthedaytime, or when the sunlight issufficient,
the solar panel 21 operates for energy conversion, and

the generated power is stored in a storage battery (not
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shown in the Figure) or an energy-storing unit. When the sunlight is
insufficient or during the nighttinme, the energy-storing unit

provi des power to the light-emtting unit 5 so that the pattern of
the film 5 layer 32 is illum nated. Referring to Figure 12, the

el eventh preferred enbodinment of this invention is generally simlar

to the sixthwprefrerthed Ferhodi ment exceptryhatcthe {4 lmdayemnd? is
a netallic reflection layer made froma netallic 10 material. The
metal | ic réfFeétindr drdyers nmys Wef foreed odi dectihy over ntilg i imse
surface 31% of the transEarent substrate 31 by sputtering. Referring
to Figure 13% t i&'TVEYI Tt hOpréfer rBY C enBSAVHEIS of CPHES | mventilon i s

generally sim.lar ta .15 the.elevent referred_ enbodi nent except
that the f?ﬁ%bkaf@#9§§§$% ?ﬁ%ﬁeg on Pﬂgtsg§§n8a§gf?ﬁbéﬁ§f§“ﬁf %ﬁ%
transpar ent ssubstyzates 311 by sputtering. Referring to Figure 14, the
thirteenth preferred enbodinent of this invention is generally

simlar to 2@efhereleyentch ptefetrret2 enbadi mentewexcept thate theqfilm
layer 32 is forned on the third surface 341 of the transparent cover
| ayer 34 b§mepGtiteithgf Relftefringend ikigure d&netrhé lfyowritedm h to
preferred Bﬁnbo,dinent of this invention is generally simlar to 25

the thirt e&AER bf eF BFFEF b0 aIMment: ke B bt CRRE 19 Aitlaykiva? is
Lo e o PocibOgtd a1 80P 342N G o I ANRRRL Lo W Sl d AYPL 34
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 is 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 thethirteenthpreferred embodiment except that the film
layer 32 is formed on the fourth surface 342 of the

transparent cover layer 34 by sputtering.

12



Referring to Figure 16, the fifteenth preferred enbodinment of this
invention is generally simlar to the sixth to ninth preferred
enbodi nents, and the eleventh to the fourteenth preferred

enbodi nents. 5 However, the heat insulator 3 in this enbodi nent has
two filmlayers 32, 32° . The filmlayer 32 is a netallic reflection

| ayer formed by Bpfitretinng on theusubstsat enhdlsi Fhechidhm hayer -32
is a patterned plastic coating |ayer formed on the outer surface of
the filmlaye32dingnRepér ting tio M guienlis ghe csiaitleent hmpteferoed
enbodi ment of_.this. invention is generally simlar to the fifteenth
preferred enbodi mAt.-Hoheveri Nthe PHa iR Tayer ™2 disnen ket aldid the

reflection | i on.the _first surface 311 of .the transparent
substrate Blg%ve&i@q?i e héeyerfOélf'sEelesn%hplpagq'%r]é%%ti%‘do‘i) yBFnts.

fornmed an th%oﬁé@ég,SHﬁEa%%a%4%dgui§ﬁoEr§n§ﬁa@ﬂ¥scéﬁggdlﬁxg% géﬁs

Referring to Figure 18, the seventeenth preferred enbodi nent o

i nvention is tgenérall Yagkmsl ap, tx - t herisé xtih i 0 asiot eenth sprefenned
enbodi ments. However, 20 the heat insulator 3 in this enbodi ment
further includeslecthin teansl Geenedceyampetkayen3@nf ohaedubattrhee
fourth surfa3e 342 of_the transparent cover layer 34. 13 CLAMVG: 1.
A phot ovol t ai'c" hedt"§ dsut™ati®ofe deid cet ompatsinigieatr @ast copeat ing

phot vl 13, o s (e flite] 1l4ER, &, SOIACPAE G20, eion | e
subst r abe Referring to Figure 17, the sixteenth preferred
embodiment of this invention is 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.

13



(31) attached to said inner side of said solar panel (21) , and at

| east one filmlayer (32) forned on said transparent substrate. 2.
The photovol taic heat insulation device of Claiml1l, 10 wherein said
transparent substrate (31) has opposite first and second surfaces
(311, 312) , said filmlayer (32) being formed directly on said
first surfegcerf3ll) , said inner side of said solar panel (21) being
bonded adhesively to said filmlayer (32). 15 3. The photovoltaic
heat insul &ti énptlexicces lofa Ctahael, inwherei nosaidvt canspatentsing:
substrate (31) has opposite first and second surfaces (311, 312) ,
said filmlayéf 132 @@%@H%&%@laaﬁ@cuwmd I9aitdh asfeciondl sdebase

(312) , said |n er_side 10f@f g%sol ar anel E}B bei ng 20 bonded
adhesi vel y to°Saird fiFst* s 2(3%19) rm@r L rS’W&tedi/o‘?Jt%ﬁf%r heaf
i nsul ati on devi f; Leln df||

di gi t?l i rrage\élkgfae? ln%a e of a ér,\gglh% A er| almtrhS a u? ‘ajﬁage

anti-ul traviolietl ymateticale ard, Earnednby SpLa% 0%5559§té@9arﬁpaggg
phot ovol tai c heat insulation device of daiml, wherein said film

layer (32) is(@letahl;at Féedeatrnade £ildn by wapari2zi g rietabn a1dhe
phot ovol tai ¢ heat insulation device of Claim 1, wherein said
transparent sUBSYSEHE §30) SPBsigdee of col or ed gI ass. 5 7. The

| at.i.on, devi ce of aim1,
phOtOV0|tabC Q%atphn%%voltalcekeat insulation device of Claim 1,

10 wherein said transparent substrate (31) has opposite
firstandsecondsurfaces(311,312),saidfilmlayer
(32) being formeddirectlyonsaid first surface (311),
said inner side of said solar panel (21) being bonded
adhesively to said film layer (32).

15 3. The photovoltaic heat insulation device of Claim 1,
wherein said transparent substrate (31) has opposite
firstandsecondsurfaces(311,312),saidfilmlayer
(32) being formed directly on said second surface
(312), said inner side of said solar panel (21) being

20 bonded adhesively to said first surface (311).

4. The photovoltaic heat insulation device of Claim 1,
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

25 coating.

5. The photovoltaic heat insulation device of Claim 1,

wherein said film layer (32) is a metallic film made

14



whi ch conprises a plurality of said photovoltaic wunits (1) that are
j uxt aposed each other, said film layers (32) of said photovoltaic
units (1) cooperating to define a pattern. 10 8. The photovoltaic
heat insul ation device of Claim1, wherein said transparent
substrate (31) has opposite first and second surfaces (311, 312),
said first surflagev&ddl) Aaeiggndbeonded to said sol ar panel (21),
said heat insulator (3) further having a transparent 15 cover | ayer
(34) facing said Beeopdosarbade (31232t ankodped du adeviayepf(83)aim
di sposed between said transparent cover |ayer (34) and said second
surface (312) ,lan"iebFati Agispace(IB)rdefi nedsbyasa d Aldoped made
frame | ayer (33) gn{goﬁai ddtralnasgar ent cover layer 20 (34) and said
transparent subsirate Eﬁf) Jdnd”a seal ant (35) surrounding said

| ooped fsrame  ayefe ﬁ@@ﬂovgitEQ%:R@%&pﬁggh@é%i g %QﬁEEQ$EQQ. gyice

of Claim8, wherein said transparent substrate as opposite 25
first and secondwstchacesdBldes 342 L,usal ot §i b layed (83kokeinG:ic
formed directly on one of said first and second surfaces (311, 312).
15 10. The phot ovoitai ¢1 hedlhatnsukal iphadewviece eafcrCloaitm B, s asterfei Im
said transparent_ cover layer (34) has A opposite third and fourth
surfaces (341, 342YST8ai d>4)i | nPFayér (B2, PopPtaroltaic f oréd Son Ohe

of 'said third 5 apd fountfy susfaces (341, 342).

10 8. The photovoltaic heat insulation device of Claim 1,
wherein said transparent substrate (31) has opposite
first and second surfaces (311, 312), said first
surface (311) being bonded to said solar panel (21),
said heat insulator (3) further having a transparent

15 cover layer (34) facing said second surface (312),
a looped frame layer (33) disposed between said
transparent cover layer (34) and said second surface
’(312),anisolatingspace(36)definedbysaidlooped
frame layer (33) and said transparent cover layer

20 (34) and said transparent substrate (31), and a
sealant (35) surrounding said looped frame layer
(33) .

9. The photovoltaic heat insulation device of Claim 8,
wherein said transparent substrate (31) has opposite

25 firstandsecondsurfaces(311,312),saidfilmlayer
(32) being formed directly on one of said first and

second surfaces (311, 312).

15



11. The photovol taic heat insulation device of Claim8, wherein said
| ooped frame layer (33) is a hollow frame structure defining a

| ooped chanber (333) that surrounds said isolating space (36) and
that is filled 10 with a drying agent (332) , and a plurality of
through holes (331) in fluid conmmunication with said | ooped chanber

(333) and s@i dniesghatkioRg space r(e?a@& uﬂ&ﬂ@?eﬁh@éw%té‘f%ﬁﬂ% S

insulation device of Claim8, wherein said photovoltaic unit (1)

further has avheghbtin 15zeni t tiragselanent 5lowh sposege wi t hi ) Sé}leﬂs
i sol ati ng space (36) and nounted to said | ooped frane |ayer (33).
13. The phot o@@PPéii@ehéatiﬁ@l@@ldanfb@mtdﬂewiucréaﬁee{](aiiéhi,l 342herssid sai d
heat insulato 23) has two said film 20 layers (32, 32') , one of

said filmlayet m(%azyese Ty é”%’ré?al I ie @%m%@tquﬁnleWérsa%%éfb%%r
one on sai d ih!ﬂm ayer.s éurf bel a% fgned pl astic coating
ta

| ayer” made of résin materla CFﬁa anti-ul traviol et

material, sal @h@%ﬁb'ﬂo‘%dﬁd‘if@tﬂ@& 21514@1/;?{19{%' Agvhonded @irectdy to

one of said transparent substrate and said transparent cover | ayer,

said patternedepkast $eiaaaidngd|fayete beiyrg bepdeds tonhsal 8w bame
metallic reflection layer. 14. The photovoltai c heat insulation

devi ce of O afhrictuitter ded igdird heat lpasatatorafiBerhas3sww saiatfilm
| ayers (32, one of said filmlayers (32) being 5 a netallic

reflection | a?‘é%rof"lﬁ‘éjso?ﬁéfj otel dF Lggigpace (36) andthat istilled
10 with a drying agent (332), and a plurality of through

holes (331) in fluid communication with said looped
chamber (333)and said isolating space (36).
12.The photovoltaic heat insulation device of Claim 8,
wherein saidphotovoltaicunit (1) further hasalight
15 emitting element 51 disposed within said isolating
space (36) and mounted to said looped frame layer
(33).
13.The photovoltaic heat insulation device of Claim 1,
wherein said heat insulator (3) has two said film
20 layers (32, 327), one of said film layers (32) being
a metallic reflection layer, the other one of said
film layers (32’) being a patterned plastic coating
layer made of a resin material that contain an
anti-ultravioletmaterial, saidmetallic reflection
25 layerbeingbondeddirectly toone of said transparent
substrate and said transparent cover layer, said

patterned plastic coating layer being bonded to said
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filmlayers (32') being a patterned plastic coating |ayer nade of a
resin material that contain an anti-ultraviolet material, said
nmetallic reflection |ayer being disposed on an outer side of said
patterned 10 plastic coating |ayer, said filmlayers (32, 32') being
di sposed. respectively on said transparent substrate (31) and said

transparent coveredayer c(34).1 5. : Jhei phetovol taic heat insulation
device of Claiml, wherein said transparent substrate (31) is gl ass,

15 and said flidnThayenot32plicsia paticerned icaatd ngidwayes of anned, an
the glass. 17

wherein said heat insulator (3) has two said film

layers (32’,32,>’ one of said film layers (32) being

5 a metallic reflection layer, the other one of said

film layers (32’) being a patterned plastic coating

layer made of a resin material that contain an

anti-ultraviolet material, saidmetallic reflection

layerbeingdisposedonanouter sideof saidpatterned

10 plastic coating layer, said film layers (32, 32')

being disposed respectively on said transparent

substrate (31) and said transparent cover layer (34).

15.The photovoltaic heat insulation device of Claim 1,

wherein said transparent substrate (31) is glass,

15 and said film layer (32) is a patterned coating layer

formed on the glass.
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