PHOTOVOLTAI C HEAT | NSULATI ON DEVI CE The invention relates to a
heat insul ati on 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, environnental pollution, resource shortage, etc., renewable

ener gy has advant ages QES%IO% IEA%%S%%Z{TE%%‘%%Tﬁ%;%g@%%mH ature

gas di scharge, energy 10 self-génera nunber s of

countries thereforeetakessenswakd e; €0erqy 4 Ak consi.dgration for
their energy policies. One type of renewabl e energy is power ’

generation by &%l &fréneryyiciAl aplesent, pvar doost SOE the 0f 1 phot g¥ebhai ¢
units have 15d beendevel opednot only for installation on calculators,
el ectric product’ % randbortat P6R SFeticc|esCietis , etra gl Soohoroilast a
nation ass parte@f-4he building structures, such as roofs, walls,
skylights, wi ndows, etc., where solar energy is converted into

el ectric power. PO Forw those photawelt aiie wuniits, thatare i pstglled
in the building structures, in order to have sufficiént transparency
so that users ‘9 ewr BYIt HoBresteRemy Iflnomdmdoossout he photewgkt ai ¢

units are nmad ansl ucent .. Therefore, the conventional photovoltaic
units are 256€ugn%b’l Z:e'l[%lée%qparbo]ﬁ dé Ut ?’@iseﬁfjvﬁéélagieﬁsalfa‘ﬂ%ﬁf?11rﬁess,

addi tion to the®u4dghtst habshines,in g J eat, radiation and
ultra-violet light also enters the r%ocj)frams.u el\lggfggonﬁsa%f(l)‘gegg?hi s"rafge

the tenpérat uree i adreeroonsn, buttict. al so whidrenssitthe objgct s expesed
to the heat ra(:dci ation and ultra-violet |light. The conventi onal
phot ovol tai ¢ dni 1" tHetef of B haECp8or Takesumsarghtalshe el dimgyef f éoto

Mor eover, when-dhe phot:ovel tal £ unit erate, .high heat can be _
generated. Al though some vendors ad]hIZree 2 Ay &y Of ShsulPRE hgPe of

menbrane to theerphotovoldmaicy unid posisicgehbe ans ati og1peNbrang,is
made of plastic material, the endurance of
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

radiationandultra—violetlightalsoenterstherooms.



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 invention is 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
significant }RErdist BrHERES ganerat Rent et Hihgly! thspheravel t ai c

heat insul atigp devi .qf__the ,present .invention conprises a
| east one photovolté?gouﬁgﬁ%ﬁﬁgt%%%ﬂé?(ﬁ?%ﬁs%ﬁ%ﬁs%%ngP %8$iﬁ§ainner

and outer sidesjaandnazheat;linsulatored hatighas artkapspaLent onai
substrate attached to the inner side of the solar panel., and at

| east one fiPhPFayettformed onn2st he tthrspdpert subsbmate. poorQt her
features and_advan aggﬁégadthe present invention will becone apparent

in the fol | oWy deta déScri ptioRtof tHer R et er r edEodichent s
ith f v Y| 5 j , ef I.ch: en Fig., 1 i
' ot g oy e sesarmers g S g . MUl e 1 1

a front perspective view irst preferre 0

phot ovol t ai cAheabughsebatl orerdevi €eaaneoediang 4yt her prasentbting

i nvention; Fig. 2 is a fragnmentary sectional view of the first
pref erred eﬂﬁ%ﬁbﬁ%ﬁ@;to'the'photovoltalc: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 transpa;ent substrate.
Other features and advantages of the present

inventionwill become apparent inthe followingdetailed



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. 5 is a fragnentary sectional view of the fourth
preferred enbodi nent of the present invention; Fig. 6 is a
fragmentary sectional viewofthe fifth 15preferred enbodi ment of the
present i nventdor® F gt O Oif st hE PragREREsr s aedinonad witéw of e thece

oo et e BRI YA, P09 1 8
Fig. 1 is a front perspective view of the first
preferred embodiment ofeaphotovoltaic.heat insulation
3 device according to the present invention:
Fig. 2 is a fragmentary sectional view of the first
preferred embodiment;
Fig. 3 is 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 1s 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 is a fragmentary sectional view of the

eleventhpreferredembodimentofthepresentinvention;



preferred enbodi nent of the present invention; 20Fig. 9 is a
fragmentary sectional view of the eighth preferred enbodi ment of the
present invention; Fig. 10 is a fragmentary sectional view of the
ninth preferred enbodinent of the present invention; Fig. 11 is a
fragmentary sectional view of the tenth 95preferred enbodi nent of the
present invention,; - Fig. 12 is a fragmentary sectional view of the
el event hpr ef er r édénbbdilment ot vhepkeseris avem s bicw of thEitgue 1 h

i saf ragnent a ectional .view of the twelfth preferred enbodi ment of
![ﬁg Lrgsent F%@%ﬁaﬁrgﬁl embocﬁi“{f“tlfﬁ SBE tragRent atyvseEL POnal vi ew of

the thirteenth @H%terfgdigngpd%ﬂgﬂﬁeg{aEpes%%%%%%%l!QX&QE'%?;the
thirteenth preferred embodiment of the present

5 invention;

" Fig. 15 is a fragmentary sectional view of the

fourteenth preferred embodiment of the present

invention;

Fig. 16 1is a fragmentary sectional view of the

10 fifteenth preferred embodiment of the present
invention;

Fig. 17 1is 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‘thepmesentinvention.isdescribedjilgreater

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,



Fig. 15 is a fragmentary sectional view of the fourteenth preferred

enbodi nent of the present invention; Fig. 16 is a fragnentary
sectional view of the 10fifteenth preferred enbodi nent of the present
i nvention; Fig. 17 is a fragnmentary sectional view of the

si xteenth preferred enbodi nent of the present invention; and 15Fig.
,18 is a fragngﬂyary sectiopal view of the seventeenth preferred
embodi nent of 't é”pr%%%%%g?BVéWHW@ﬁWr et gef orle’ t hegpresent fwwénti on

i's described iy greater, detai ith_reference to the acconpanying
preferred 20 'enbom|ﬂ§ﬁ€E ?%12 o%l32%e3ﬁ§§§?Qﬁﬁéhﬁjt%%RST}R%“e a

el enents are denated s the saggtreffﬁ@@ggt@gﬂerahév&EgQUQhOUtE%Qﬁ
di scl osure. As shown in Figures 1 and 2, the first preferre

enbodi ment of PAPHOtOMA @i snhéatl i nsgllatiesn dewvicda 250aa6tordi ngato
the present in %p&jon i.s shown to include a plurality of juxtaposed
phot ovol tai ¢ tnits F that® are Wsserbl Bd- 1ot hep 0 §oF AT asste uet ure,

such as a roofor 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
monocrystallineSiliconsolarpanel,eapolycrystalline
10 silicon solar panel, a semiconductor solar panel, a
thin—filnlsolarpanelthatjjsmadefronlnanocrystalline
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
formingaasolarpanellayercwlaglassSubstratethrough

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



wal I, skylight, window, etc.In Figure 1, twelve photovoltaic units 1
are juxtaposed to constitute a photovoltaicheatinsul ati ondevi ce. Each
photovoltaic unit 1 includes a solar panel 21, a 5photocatal vst | ayer
22 attached to an outer side 211 of the solar panel 21, and a heat

i nsul ator 3. The sol ar panel 21 nmay be, but is not limted to, a
non-crystalline silicon solar panel, a nonocrystalline silicon solar
panel , a pol §ePYSEaFFi he 210t 8¢ F cordsot B2 Parisls solsenireorductior

sol ar panel, thin-fi sol.ar _panel , that is nmade from
nanocrystalI?ﬁ%égfﬁ#%b%g%%ﬁ- [ Y OTHCEE BBrY/ST A1 S e P SERELSi ) |

copper i ndi upi disel enizde pGELY):, g ymoall jum disel eni
(acs, O GﬁAs nultijungtion, %ﬁ%gggééggg%gﬁkigg bggkgré%%f ?%gr an

or gani c/ pol ypefosodl aurdeldes 311, Thé1gol arripanel 121 liayetrhi 32 enbodi nent
i s made_by forning a solar panel layer on a glass substrate through a
splutteting ProceS8edThe phot beapalyse Fayer 22irg may be formed

directly on the first surface 311 by spray coating. 1In
- 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 technigue. The
film layer 32 is made from a plastic coating material

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, thelight transmittance of the transparent substrate



20 used for protection and isolation purposes. Because the

phot ocat al yst | ayer 22 facilitates renoval of dust fromthe sol ar
panel 31 by water, the solar panel 21 may have a cl ean outer surface.
The photovoltaic unit 1 may further include a hub (not shown) to
connect the solar panel 21 to a converter (not shown) to output
electric power. The heat insulator 3 has a transparent substrate 31
connected to an MAREE ad s 2D, ofThehee sbharsepanet h2 bl aand cacdat tmg

| ayer 32 for m?ndaton .thle transpg ent substrate 31. The transparent
substrate 31 has opposit &%¥irst® and secoftr tafaees IEEIN312. Thee
filmlayer 3245 @ : l.astic;coating, lLayer, which may be
formed directl yrﬁcon fﬁgﬁlﬁ%guﬁ%gl%l&%g ESr égoéogP:&ngngBr nthis
enbodi nent, the sodar ipanell 121 ii0%,bondled phe e 10uter shdesof thee
filmlayer 32 through a transparent adhesive 4 that may be nade from
EVA, PVB? et c.AiFPOSRe tidhdpareimte substaaten3ledmyopetsekect efofnom

the group consj sti.ng.of transparent ass,. colorless glass, colored
gl ass, sem -rgaf éé?i%éﬁggféggfefl&eal -?gfl %c]frf‘drf‘yg?%%sg,z cooperate to

slight-refl ectdionp gl pssoand Howsradi ation; Bi,gh-1¢ anspay ent The
af oresai d 15gl asses are capabl esgf secondé?y ref{ect?(g%' ofs‘?%g%%?’
The filmlayer 32rpdycial sembéea di gitadlehange kayer thatvissdorsed on
the transparent, substrate 31 using a conputer and a digital spray

g
coating techniQU€The FPPmiEyeP232 S8 nhle™ f riém acptastPc oat hag
materialio70 thatcdnsludes agaantislliLeyigl ofo peteri aly. A col pring

agent may be added to the plastic coating materia ®s0 tBﬁeéctautsﬁee

transparent substratel 3didamayifie f or medsw $hs anpneghr onebh 9skredcy,
pattern , characters, or a displayed inmage or information. By
control I i ng t K& CEHeAEPAEF BrF P edfi atrd Esborimip ayentlranddi heon,

anount of the | C at:i. teri a ied to the transparent
substrate 31, b%%ﬁ{élegﬁ%%t trfggglmgsygﬁcggo 43'?Ej‘r‘?em{er ﬁ?pé{ggn%rgﬁ BEF5tE

31maybeadj ust ethbsthesesiwsedi nt hephashbiecoating material may be a
fluorocarbon resin. The anti-ultraviolet material nmay be Ti Q2 and
Zn0. 15 When sunlight shines on the photovoltaic units 1,

the solar panels 21 convert the sunlight into electric

eénergy. 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 32toemitoutwardthroughthesolarpanels21; As such,

undesired extra light is prevented from entering the

building structure and from de-coloring and yellowing

things inside thebuilding structure. Furthermore, the

heat radiated from light 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.



For installation, the photovoltaic units | are disposed side by side
and assenbl ed together to forma building structure. The filmlavers
32 cooperate to display apattern, such as a figure of a |ady, a
scenery, a product sanple, a trademark, etc. A viewer can directly
see the pattern fromthe outside of the 10 photovoltai c heat
i nsul ati-on device. Because the photovoltaic unit 1 has sufficient
transparency, ottHobrisgenery Camube vdewedhér ome¢ooorpréhaddeti on,
because t he fig Iage{ 32 .is fgrned m t he transparent substrate 31,
%%V%é’ sUn g

it is durabl®" IS GhPSAPHES t6r & RE2Phot DVORFAPE TRTESS 1,

the sol ar p%§r@ﬂ11§@%v‘§ﬁﬁstif}ﬁzegr'r‘m&]g.qtshi[;Q%%rgh§§t§ejitigifgg,:t%ythgar ts

of the visible light and ultraviolet lig at penetrate e sol ar
panel s 21 anfi go: trovwafel tdie dreatd imsut at:01eH 3 caze kekl ected) Byethe
filmlayers 70 32 to emt outward through the solar panels 21. As
such, uhdesited &xt¢a ¢d ghtr &t pr evented feomne@nterfaget Ré2bukhdi ng

structure a g e-col or.i.ng an el | owm t hi ngs, i nside the
bui | di ng st?%g%%§§%q~u}$ 8Fnbr%§?qf%ép%%%1ggaﬁ?gfgﬁk¥%%ﬂ??FbﬂFl¥an be
i nsul ated. l4v additi:on sebratbernef.eoted: hEaht, can f&€NbeL <t he

sol ar panels 21 to provide nore solar energy for the production of
more el ectri%- energy. Referring to Figure 3, the second

preferred enbod$n?nt of the_ photovoltaic heat insulation device
accordi ng to this-Fhiehe "o 18 generdts yhérfinra et ahemppespent

preferyed enbodipeat ; g¥cept o1 ha fil er. 15 32 is formed
directly on the secohd surfgce %1%2%§ﬁgjt eq¥ﬁ%%¥a%id% g?etﬁérgglar

panel 21 is hontedradhesiveiyeto dheehi ristasurifaca 1311 throughithhe
transparent adhesive Referring to Figure 4, the third preferred
enbodi ment A0 HETPRIE e ht iadﬁe*i%lgeﬁéreanuewtgiqﬁ Laretronadre fripmst
preferred enpodinent e he filmlayer 32 in this enbodi ment
is a netallic'ref"écf%gﬁ'P%fgg%%gﬁgﬁ?%%gé“ﬁ§é qr%ﬁhﬁgggmb?gQag
sputtering arn wapordizigtg sulie i al1 106 it Bgef teshspHrbaces3bLtohtthe

transpar ent substrate
15 31 The degree of transparency of the photovoltaicunit
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. 2n 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-lavers of alternating
materials, in particular, dielectric layers with

high/low reflection rates may also be used in forming



15 31. The degree of transparency of the photovoltaic unit 1 may be
adj usted by controlling the concentration or density of the nmetal so
that a user can view outdoor scenery fromindoor. Any suitable netal
may be used to formthe netallic reflection layer. Al um nummy 20
be used to reflect ultraviolet light. An alum numsilver alloy my be
used to reflect visible light. An alloy of gold, copper and silver
may be used tdfreffebt iafeareéd.1ight conponents. Moreover, a
material named di_stributed Bragg. reflector abbreviated 25 as DBR)
mermbr ane made by Wt T it AYersCof f B¥ ¥ EFnati ngt et efParsh jmreferred

parti cular, digheciridnd ayers, i th i gh{Low Lefl gction,rat s may gl so

be used in formng the filmlayer e ring Firgure g,tPhe

fourth preferred enbodiprernte rofe d fisolinvent icandx: generall i sinklar to
the third preferred enbodi mrent except that the filmlayer 532 is

formed on the FeédndBird aeet Tl 2eepntheut fanspdrlent tdgbst zatea8anby
sputtering. kﬁe ferri?g to Fi g%e 6, the sixth preferred
i §°5

embodi ment of this ihventton’iSPGeheFalPy simlar to the first to

fourth preferred egbodi e E%ﬁﬁﬂ9m§¥@tﬁﬁ&@?iX%Qéﬁ%ﬁﬂ%ﬁgﬁﬁgﬁbgg9ﬁgﬁﬁte

31 is a colored glass containing a coloring ag can presen
nmonochr one or Qoltychsr aneevariioat i engeTheatdlos edi gh asiso care irnsyl-ate
the heat radiated fromthe sunlight, and bl ock high tenperature heat
generat ed by tHE'SOl ar T 20  THREWPAbiRgtohd sur f de@e382, of the

t ranspargnt ng§£{§g£%é%%%§%%§:t ven §gr§%ﬁﬁxn¥@'% _enhanc

s, .
refl ection of the sunli er éby T ncreases e eCtrI%08§%%8§?g
Al ternativel y,athelfrisly sugtace 3dddnmayabe A d8even sufhatse Obr

both of the first and second surfaces 311, 20312 may be uneven
surf aces. 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, the sixthpreferred embodiment
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



Referring to Figure 7, the sixth pre ferred enbodi ment according to

this invention is generally simlar to the first preferred

enbodi nent. However, the sixth preferred enbodi nent further includes

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

| ooped franme | ayer 33 di sposed between the transparent cover |ayer 34

and the secogg urface 312, an isolating space 36 defined by the

| ooped frame Payer: B85 PYAd S + anparértieckver r Payer t B3 tamd stfsecent

substrate 31 | anpt r ing. the | ooped fra | ayer 33
codBd asseal ant .35 §$£ Qggg{rgu% < 1§§da§ﬁ?% i:éﬁb_ 5

bet ween the transparent cover |ayer 34 and helsé%

The i sol ati nguspaced36g stiusedobpehl ockathe: padi-ated peal,-ggnenat ed
by the sunlight, and may be filled with air or inert gas to enhance

heat insul at F6ANSPRE SPitafsSpare veover anayehe3de naybes gt @sss 312.

fireproof glass, .wire glass, safety glass and caolored glass. The
| ooped 10 f?gr‘?elﬁﬁ;%é‘ﬂ@@ 2RaEh o CoriBodirent S © 18 Hol oW Prkme ed

structur e that odefLnes.ac hooped, ohapher; 333 (1 Led with & drying

agent 332, and an i nner periphera adj acen he T'sol ati ng
space 36 andafior med whthta qdar abi tanefnddr ough hohesi381c£0r The
absorbing water or noisture 15 that perneates into the isolating
space 36 thr blghSEPEsram¥s bt avRE ot ahe B5sAsfsuehropthaliassalat i ng

space 36 can, be_p ted £r ecaom ng f nd affecting the
transparencywoﬁet gy% b?%VotggbgaﬁﬁfFugFO%g%éFngéSFO F%%% BCq he
sevent hopref ereed 12@eenmodiieninof &hbsqinxent kan i s gansr ally .
simlar to the sixth preferred enbodi nent except that the filmlayer

32 is fornedSbAUFRE rSetlond durifrece 2310 pd d tdieartlraan Spar £t 1 substurat e

31 by sputtering,. Referri o_Fiqure 9, the seventh preferred 25
enbodi nent a%cd;‘%dﬁnr%a?%n%h%gssg’i AVEAE OADTE PG 13 ¥7 1% a5 tthe

sixth preferE@dtBQbQQ&ﬂEﬂingF@MEMQrBGtQ@afféfﬁé@%ﬁﬁﬂ%%ﬂﬁifyéfﬁ dto

t he transparent cover
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

32jfsformedcn1thesecondsurface312(ﬂfthetransparent
substrate 31 by sputtering.

Referring ito Figure 9, +the seventh preferfed

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



| aver 34. In particular, the transparent cover |ayer 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 film 5 layer 32 is attached to the third surface 341, and
the solar panel 21 is directly bonded to the first surface 311 of the
transparent supstrate 31. Referring to Figure 10, the ninth
preferred enbodifeht® accddPAg tE6URiTs itAFefERORPRS egénepakiry Lager

simlar to thegi referr odi t except that. the filmlayer
3"of 1 he heat” s nal a or g BB T eReG Bl hoghrrags SHpCe!

the transparertc eaver rbayer S34:rRef euni Hgot0; FLow @hé—%hitﬁbesfx?@él?e
preferred 15 enbodi nment of this invention is generally simlar to

the sixth to eightanPpridfsraled rembadiensrstcs.a tHowe weracd B& .phohevel tai ¢

unit 1 f%rther incltges a Ii%ht-erritting unit 5 that has a plurality
of |ight-em tti*hg el eénerit 8 C53 CArPSpoSedf n- it Wed i 51 T g 420s pacet B8

Flgure). Each 11 gn Jemits Fag: ol Shbar b1 maytbe & erifgres oo TurPacd®
[ight-emttingldi cde, tled @rs@yparent substrate 31.
of | i ght-em ttingdi odes, al i ght bul b, astri ngofl anpbs, or a CCFL. 95Duri ng
the daytime , or KmeRrfhedsuhpi ghtgisesuffitiehe, thetsol arepanekd2l
operates for %%%éﬁ&ﬁé1¥e£§é89ai%8dto this invention is generally
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 empbodiment 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 1s shown in the Figure). Each light-emitting
element51H@ykxaasinglelight—emittingdiode,anarray
oflight~emittingdiodes,alightbulb,astringoflamps,
or a CCFL.
25 Duringthedaytime, orwhenthe 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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the generated power is stored in a storage battery (not shown in the
Figure) or an energy-storing unit. Wen the sunlight is insufficient
or during the nighttine, the energy-storing unit provides power to
the light-emitting- unit 5 so that the pattern of the filmb5layer 32
is illum nated. ~Referring to Figure 12, the eleventh preferred
embodi ment of, this nventj.on |s general ly sinilar to the s ixth
preferred enbd %\“’ﬁejrﬁ‘ &(e Pt Fhé T PRmrPay e 032 % Ve it allhie

reflection I@y@rs@@pﬁgﬁgqq;qn f¥|dﬁenéan%k%ﬁl lthlh gﬁ%glllc

reflection | ayer maybe formed directly over i rst &"311 of

t he transparent sebstyatet3dtiby sm%h&engKbVIdesF%g@méfngtgo Ehgure
13, the twelfth preferred enbodi nent of this invention is generally
simlar to ﬁSg?gee@FEVéﬁﬁhu@réf@r$@dﬂéﬂbdduﬂenﬂﬂemnepﬁ?t hat fthe film
layer 32 is {% nlghe econd s rface 312 of the transparent
substrate 31 spu teriny: Thfna &ferring to Figure 14, the

thirteenth pr efﬁéE@Qr@H’QOQﬂJWﬁEGQEetWZS '@géntél%é&@e%%g%k%ﬁg Cim

simlar to 20 the eleventh preferred enbodi nent except

layer 32 is ¢oppeduentthe thisdisuehacen343 okntheitranspanent teover
| ayer 34 bynbgutterln Referring to Figure 15, the fourteenth
preferred enbddridnt Fe ki 529 RPBALILBR Nt yeriet AhRY tienf 1 br leger

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 1is 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



25 the thirteenth preferred enbodi nent except that the filmlayer 32
is formed on the fourth surface 342 of the transparent cover |ayer 34
by sputtering. Referring to Figure 16, the fifteenth preferred
enbodi ment of this invention is generally simlar to the sixth to
ninth preferred enbodi nents, and the eleventh to the fourteenth
preferred enbodinents. . 5 However, the heat insulator 3 in this
enbodi ment has t WSS9 mTAyers F33urs2 16 Thehe| Ifmiltaparh3p jefarred

metal | ic refl egti-Qn Jayer ried .by sputtering on t substrate 31.
The filmlayer 32 rll seq%llt ﬁaf]; %ehger;sedll?pleas ¢ cjosétgﬁ'eﬁbeﬁag@e‘f’ F9HTEY" orP t he

outer surfacetofe tdhextnl mdl @yﬂ{tlszpre%grg%fderéﬁﬁgdfzﬁ)ef{g,ur %nqﬂ’tﬁsbe
si xteenth preferred enbodi nent of this invention is generally simlar

to the fifteertlsvgnéfer ted Erbodbmententoweyee fet hedf idnbBd avesn 82, i s
a netalli.c ref] ection I%yer formed on the first surface 311 of the

transparént sUbsFrate 31° MFE 5T atsers 3 Gisiw plkaditetoatd ng

layer fornmed enqtherthird,surface, 341 .0f the transparent cover. |ayer
34. Ref erri r?g to Fiag%re %g’ the sggleen{fggrﬁt%ayperle?érlrsea r%%%hjr nt

of this inventriedieics igenengklyrsinthasy tspdhe sing Brtons dudseentd
pre ferred enhodi nents . However, 20 the heat insulator 3 in this
embodi ment f uPtther TRAcf bbesl ave hidR 't hansl beehercerapigst ayero87ing
]ZZI(_),rAInEI\/g: on t helfa?/lérrt IEIO§HEEag§ = 4e2 o%ftetrhgug%%g%pgjrf etnI;[e %(i)\{_?nr l!a?%gr323.4'
10 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
thesixthtosixteenthpreferred embodiments. However,

20 the heat insulator 3in 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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1. A photovoltaic heat insulation device conprising: at |east one
photovoltaic unit (1) that includes a solar panel (21) having inner
and outer sides, and 5 a heat insulator (3) that has a transparent
substrate (31) attached to said inner side of said solar panel (21),
and at | east one filmlayer (32) forned on said transparent
substratecnasisein said filmlayer (32) is a digital inmge |ayer nade
of a resin material that 10 contains an anti-ultraviolet materi al
and that is foPhedcry l$priay Neodt iy upatthen piey bvel cainerheany:

i nsul ati on dg¥i§g g% C%%in%%,cxp n@in said.t{gns ar ent srbatrate (31)
has opposite°ti Fsf and "Secdid it faces {311, 312y *sat A°FFFR7I dyer

15 (32) beingofiarnedndiir ectihy ren isa d fid stasurface, (31dd s, sghd inner
side of said solar panel (21) being bonded adhesively to said film

| ayep (32). a I:aThesphotovol(Bai chhedtas rsukatspardevi sepofr&kai m 1,

wherein said transgarent substrate (31) is made of 20col ored gl ass.
(31) attached to said innef side of said solar panel

(21), and at least one film layer (32) formed on said
transpérent substrate, wherein said film layer (32)
is adigital image layer made of a resin material that

10 contains an anti-ultraviolet material and that is
formed by spray coating.

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 formeddirectlyonsaid 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) is made of

20 colored glass.
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