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reduce reliance on imported oil have increased the need for practical, affordable
renewable energy technologies. The nation which first succeeds at developing
and commercializing a low-cost practical PV technology that is competitive with
20 conventional fuels will be at the forefront of a worldwide energy revolution with
enormous economic consequences.
The worldwide shipment of PV modules in 1993 was approximately 60
MW, which amounted to a dollar value of about $300 million; including the
balance of systems, the total market was $600 million. U.S. companies had
25 approximately a 20% share of this market. According to U.S. Department of
Energy (DOE), PV is going to play an increasingly important role for the utilities
and other end users of electricity because of the need for new electricity
generating capacity coupled with the heightened awareness of the
environmental impacts associated with energy use from conventional sources.
30 The new capacity need for U.S. utilities alone is 600 MW in the 1990's, and for
more than two thirds of the utilities, the additional yearly need is less than 100
MW. The modular characteristics of PV makes it ideally suitable for these
applications, and DOE estimate for PV in the U.S utility market alone is 900
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During the last fhree decades, many different approaches have been
pursued to reduce the cost of PV. In order for PV to be cost effective and
accepted as a viable source of alternative energy, the following key
requirements need to be fulfilled: (1) low material cost, (2) high efficiency with
20 good stability, (3) low-cost manufacturing process with high yield, and (4)
environmental safety. It is important to point out that all these requirements
need to be fulfilled in order for PV to be accepted for large-scale terrestrial
applications.
One area in which the cost of photovoltaic modules can be reduced is
25 the encapsulation and framing of photovoltéic modules. While existing methods
for the production and framing of photovoltaic panels have provided significant
improvements in solar cell technology over the years, it has been desired to
simplify the lamination and manufacture of such panels and provide for a
stronger module and a more perfect seal to protect the photovoitaic panels. For
30 example, the lamination steps have previously required a considerable
expenditure of labor, and the metal backing sheets previously used to protect
the back of the panel may allow electrical leakage which turns a photovoltaic
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the material which is deposited upon the layer of flowable organic resin can be
TEDLAR (registered Trademark of DuPont Corp.).
Atop the intermediate layer of insulating material, a second layer of
20 flowable organic resin is deposited. The second layer of flowable organic resin
material can also be ethyl vinyl acetate (EVA) and said resin is employed as an
adhesive to bind the intermediate layer to the lower surface of the photovoltaic
cell while the previously applied layer of flowable organic resin is employed as
an adhesive to bind the lower laminate to the intermediate layer. Finally, the
25 photovoltaic cell is placed atop said organic resin.
in order to complete the encapsulation process, it is then necessary to
deposit a layer of flowable organic resin (i.e. EVA) to the upper surface of the
photovoitaic cell. Finally, a layer of relatively hard, durable, flexible, optically
transparent material is deposited upon the uppermost layer of EVA. The
30 relatively hard, durable layer can be a layer of TEDLAR.
After completing the lamination process as described in the paragraphs

hereinabove, it remains necessary to form the laminated photovoltaic module
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photovoltaic cell. The RIM encapsulated module and the method for forming

such modules are disclosed in U.S. Patent Nos. 4,830,038 and 5,008,062,
respectively, each issued to Anderson, et al., the disclosures of which are
hereby incorporated by reference.

20 In the reactive injection molding (RIM) process a RIM machine meters,
mixes and dispenses reactive chemicals into a mold, where a chemical reaction
occurs and the desired part is formed. That is, the mixing of the reactants
occurs in the mix head and continues after injection within the mold. The mold
shapes the part, directs reactants into the mold cavity, directs the flow of

25 reactants, and controls the reaction temperature produced by the molding
process by removing heat.

While this process is more adaptable that those of the prior art, it cannot
be said to reduce the cost of the finished photovoltaic panel to a significant
degree. This is due to the high cost of the reactive chemicals which are

30 required to form the polymeric encapsulant. For instance, commercial RIM
polyurethane polymer precursors are based on isocyanates, polyols, extenders,
catalysts and blowing agents. The extenders are usually glycols or amines or
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SUMMARY OF THE INVENTION

The instant invention consists of a photovoltaic module which includes at

least one photovoitaic cell which is encapsulated in a non-reacted, injection
20 molded polymeric material, thereby forming an environmental seal around the
cell. The photovoltaic cell(s) are incorporated into a photovoltaic panel having
front and back sides and edges forming a perimeter, and also includes means
for external electrical connection to the photovoltaic cell.
Preferably the photovoltaic cell(s) are thin film amorphous silicon cell
25 such as a single, tandem dual, or tandem triple PIN junction thin film
amorphous silicon cell. The non-reacted injection molded polymeric material
which encapsulates the photovoltaic panel is preferably capable of being
injection molded at a temperature of less than about 500 °F and is a clear, light-
transmissive polymeric material such as a clear ABS material. if desired the
30 portion of the non-reacted injection molded polymeric material which
encapsulates the photovoltaic panel and is adjacent to the non-light incident
side thereof can include a colored pigment.
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adj acent to the non-Ilight 1ncide her eof can I nclude a
col or ed" pi graam act as a support for the photovoltalc panel 2 when rigidity is required.

However, in some end use applications flexibility may be more desirable. in
these instances, the polymer encasement 3 may be thin enough to allow for the
20 required flexibility.

The photovoltaic panel 2 is preferably a standard amorphous silicon
panel, which is well known in the art. Such a panel is formed from at least one
photovoltaic cell. The photovoltaic celi(s) are typically formed by depositing a
PIN type amorphous silicon photovoltaic cell onto a heat resistant substrate

25 such as a stainless steel web. The photovoltaic cell(s) may be single PIN
junctions or may be dual or triple tandem cell(s). Each of these are weil known
in the art and need not be further discussed herein.

The photovoltaic panel 2 can genericaily be described as having a front,
light-incident side (i.e. where the photovoitaic cell is deposited), and back (non-

30 light-incident) side and edges which form a periphery.

The polymer encasement 3 may be clear (light-transmissive) everywhere

or may have added pigments on the back (non-light-incident) side of the
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one side of the polymer encasement 3 is when it is desirable to hide the background
behind the panel from view. That is, for example, when the panel is used for
construction applications such as roofing, paneling, siding, etc.

156 Producing the encapsulated photovoltaic module 1 is relatively simple.
The formed pre-fabricated photovoltaic panel 2 (and any required
interconnections between cells) is placed in a mold. The panel may be placed
upon a backing plate or other support structure within the mold as required.
Mold inserts to form the external electrical connection openings may aiso be

20 added. The encasement 3 is injection molded from molten polymer material.
The encasement 3 may be molded in a single step or in multiple steps. When
a pigment is to be added to the polymer on the back of the panei is will likely be
easiest to mold the front and back portions of the encasement 3 separately.

The polymer material disclosed herein is a clear acrylonitrile-butadiene-

25 styrene copolymer (ABS) material. However, any polymer may be used as long
as its viscosity is low enough (at a temperature of iess than about 500 °F) that
it can be injection molided around the photovoltaic panel 2. Other applicable
polymers include carbonates, acrylics, acrylonitriles, styrenes, acrylates,
butadienes, vinyis, etc.

30 Additionally, a layer of polymer material may be iaminated to the light
incident surface of the photovoltaic panel before encapsulation by the non-
reacted, injection molded polymer. This material can assist in bonding the
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‘deposi ti ng ‘a PI N type anor phous silicon photovoltaic cell onto a
heat resistapbrpufistrate 25 such as a stainless steel welrusidmses
photovoltaic cell(s) may be single PIN junctions or may be dual or
triple tandemcell(s). Each of these ard well known in the art and

need not be furt

d' h | |
2 can gener?WF@%bg I cus§%g'ae egnﬂameﬁabyaayqlglﬁg Optical c?ec%upfﬁo t%@?dgﬁ? ©
side (i.e. pyheelaminionnor thePanal and the ehéa;fbﬁmlmﬂ&:al @évbuphag canon- 30

i ght-incident) side and edges which forma perip The

pol yner end&géﬁ% the sngtgy Yipyl fthe (ﬂhPGﬁVPRF‘FaQ?é‘ﬁi §§‘i’ ﬁé?mé\ﬁa?mér@

or may_hay e fiaslifoduRI¥. SARRogHmBRG Ibolyi¥tid ndiiiale ey ¥ dsehudg Of the

PCT/ USB6/ 19®e@ucing this optical decoupling, a preferred material is ethyl vinyl acetate

phot ovoltal@mnel Addi tion of the pignment may be useful in sone
application whi ch require visual aesthetics. One such
i nstance is when the wiring and interconnects on the back
(non-light-incident) side needs to b%ﬁg@ for aesthetics. That is,

because the 5 Wi ring and intercon typi cal photovoltaic panel S
are on the back gipdfel formed frdrﬁ%Yarﬁﬁ?d mﬂ@mmﬁn fdrfgany PRV tfde amdrpibud
pigment to the polynmer materia whi ch covers the back of the panel

whi | e #he c$‘B€~?" amtyne!ﬁate ﬁeﬂmeemsﬁﬁﬁ antg@ hgat resistant stainless stgel ow | i ght to
.Cm-efifh bte hgt pfh%éiﬁé?é wscp @éd 3 ani eaﬁtgvmma' Pihs? r‘é%?éhéd“ﬂo he, molg {d;er e

st two h not s mer mat er | w for
10 ext er leave eleatrical cc@nnednn openings lmtnemaqkmfttbe ohalded artmjfoas 1.

aroLer bRl 69k dlioh o Y Shshba i "M RN it SR heh s,
background injected irltethe dndldh¢o paoabsn.ﬂaterthe!bamoviﬂmc panel. f Tiie injeotgrl €, when
;Qﬁef)?%gl, ;ﬁa;ﬁa(?ergperature was setngttl{ﬁ% Olll]'l th)al |on la(g)gr? a? *880 %gi fro(r)%ffl ng.
seconds which filled the mold to 80%. The pressure was then increased to
3500 psi for 1.5 seconds to fill the mold to 100%. Then the pressure was
reduced to 3000 psi and held for 2.0 seconds to allow ail small features to fill.
Injector pressure was then discontinued and the molded article was allowed to
20 stand in the mold for 50 seconds to cure. The molded panel was then removed
and allowed to cool to room temperature.
The electrical characteristics of the molded photovoitaic module were
compared with the characteristics of the photovoltaic panel before
encapsulation. It was found that the modules could be made with no loss of
25 electrical characteristics. That is, comparison of the initial unencapsuiated
photovoitaic panel and the final encapsulated photoQoltaic module showed that
the open circuit voltage, the short circuit currenf and the current at 12 voits
remained constant.
Therefore, it can clearly be seen that the non-reacted, injection moided
30 photovoltaic modules of the present invention show tremendous promise for
commercial, industrial and consumer uses. Particularly they may be useful as
c: struction materials for any applications in which integrated power is useful.



15 . " Producing the encapsul ated photovoltaic nodule 1 is

‘rel'ativel y sinple. The formed pre-fabricated photovoltaic panel 2
(and any nregyriRsh i nterconnecti ons between cells) pcy/yHoertssed i n a
nol d. The panel may be pl aced upon a backing plate or other support
structure within the nold as required. 2 Mol d inserts to formthe

encasenrent Saetite RpiERRR ek SRR FRudTRl, Y3R Aeoinedpfiifdthe 1 e
encasenent pdwérintd porablee giaistic aneaswl squipragnty and ranyudthepagpichtigrs .  Wien

a pigment is to be added to the ymer on the back of the panel is wll
li kel'y be where it is ugafubte pﬁoa'm@ﬁqabsfw%ﬁe %H’eﬁz?@kp?ﬁ‘ﬁftg"(ﬂ%a ton. t he

encasement Sﬁe?ﬁéﬁl aﬁs"éﬂ]‘{i structures would mclud@@m%‘?éé’ 'BiéckEESddsPor thxes! osed
herein is a clear acrylonitrile-butadi ene- yrene copol yner (ABS)

mat er i%al . Howevikis thh9 qﬂdﬁ;&i@d Mtnﬁadﬁé‘#@éu@ssqtéﬂ@h herein is peesented inj scosity
I's | ow enoyghy, tofadét§1 BH&lﬁ'neg'nft? h&é&wtea%r ﬁ'@obﬁrpggg cf ﬁ'gdrklr@ %rgplat

it can be Injection m) aroun ot ovoltaic' pane
appl i cabl eand completpcd;sﬂmwa |om¢ﬂ|e1dmseat inventicrs anddhgt such, details/a@mdtr i | es,

styrenes, acryl ates . butadienes, vinyls, etc. 30

Addi ti onal fﬂ/{’g dntpreted s b’BItWéf‘e rd‘r%r‘FeWBF Cﬁg@s AveREAN A% 384 o AR | ght

i nci dent sdefigsinCthet Avsbapdet ¥dimisai ¢ panel before encapsul ati on by the non-
reacted, injection nolded polyner. This material can assist in bonding the
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encapsul ant polynmer to the panel, thereby avoiding optical decoupling
caused by del am nati on of the panel and the encapsul ant. Opti cal
decoupl i ng can reduce the energy output of the photovoltaic panel
and shoul d therefore be avoi ded i f possible. Al though many pol yneric
materials may be useful in 5 reduci ng this optical decoupling, a

preferred material is ethyl vinyl acetate (EVA) .



EXAVPLE S A panel for triple junction tandem
‘PI N type ahor phous 10 silicon Hmﬂ“ﬂ EI s deposited onto a heat

resi stant gb3bpd186s steel . substrate™as pFaced i ntRCHUSINIEEt | on
nold. Pins were inserted into the nold to | eave el ectrical connector
openings in the back of the nolded artif€le for el ectrical connection
to the finished nodule. Cear ABS nmaterial was then Injected into

the ol d t¥e 'EHBSUI ate the photovoltaic panel. The injector 15 nozzl e

t enper at ure wast set RiphétRbRéit]rodul@omprieingt on began at 1000 psi for 2.5
seconds which filled the nold to 80% The %ressure wasﬁé hen i ncreased to
3500 psi for 1.%Pbetaygiaiciranel havipg dronbpRd Pgck RS anskedaesoprtYsire was

reduced tq é%ﬁ@te?séndaé\qegﬁl She Sﬁot&&tﬁ@@&ﬂ%péd?e ot b@fW/e’l‘{lrﬁ% f:‘dlii’éitloric eatures to

fill. njector pressure was then discontinued and the nolded article
was abl oweidcidenghe froet sidd of the paneldp electficai@neegyo8d to cure. The nol ded

panel was then v t ture.
The el ectri cal %ﬁg?‘a%ggtrel s'{' ngo'g%@éd ﬁ%\?&ehe %tg l(-)I?/I ﬁcfa?@ﬂ‘aﬁﬁ%@é(d&ere
conpar ed wpaheitdirl rmirgr berengironmental séa tpmammid: ai ¢ panel before
encapsul ation. It was found that the nodul es could be nade with no | oss of

25 el ectrical characteristics. That is, conparison of the initial
unencapsul ated 2 The%@id%ﬂé‘b&h@dmémlclaﬁﬁdl tvmrémrmé pehelaﬂmsmbat ed

phot ovol tai ¢ nodul e showed th en cir Vol t%g t he short
ci rcul cumcé-lﬂesdﬁeaﬂﬁ@fc%ﬁt?@ﬁh'% e’iﬁ?“\?b?legn | conne %'Pré‘? $ed #tdeastant .

" Therefore, ohE g{ i be seen that the non-reacted, injection nolded
30 phot'ovoltarc ules of the present invention show t r emendous prom se
for comercial, industrial and consuner uses. Particularly they may
be useful as r Pr. , i FBlovBiSicicayWhi ch
i nt egr at ed povve|3 i's a.g‘gnplsﬂ t&%ﬁthﬁ%%ﬁl@ df&kﬁ@ Z\'ﬂi}%na%a rh c
PCT/ US96/ 1%fivprises a thin film amorphous silicon cell.

15 '

4, The photovoltaic module of claim 3, wherein said photovoitaic cell
is a single PIN junction thin film amorphous silicon cell.
5. The photovoltaic module of claim 3, wherein said photovoitaic cell

20 is a tandem dual PIN junction thin film amorphous silicon ceill.

6. The photovoltaic module of claim 3, wherein said photovoitaic cell
is a triple PIN junction thin film amorphous silicon cell.

25 7. The photovoltaic module of claim 1, wherein said non-reacted
injection moided polymeric material which encapsulates the photovoltaic panel
is capable of being injection molded at a temperature of less than about 500 °F.

8. The photovoitaic module of claim 7, wherein said non-reacted
30 injection molded polymeric material which encapsulates the photovoltaic panel

is a clear, light-transmissive polymeric material.



Tovegraring o ¢ ober ot o vor MR i e 2 ane ey

ot her appwioe@bki®n where it §sCséfult td provi de phpst/osdénsicauct ure as
wel | as power generation. Specifically useful structures would
i ncl ude shingles, blocks, cases or boXds. 5 It is to be

derstood that the_disgl t . f hetejn i ted | th
form of detai | Bd enbiuphefveideFiadeht pat 7 RetinBel S Ragtety a rurl
and conpl gjectidh sedided rpdiyaheridmabsri ahich endipsuates adbHdidoltaipariddt ai | s are

not . to he interpreted as |imting the true scope of this invention as
set fort hCYRANSes a clgarragdgnitriebytadignsssiyeanednatenial. WD 97/ 22151
PCT/ US96/ 19564 : 10 e
Claim 1. A phot ovol t ai ¢ nodul e conpri si ng: a

phot &vol tai c pthel Haephgtovetiaic module at klaim dewharrin dak)perticorofisaigd a _
o ati onnaredkied FASLYGH fhoRle SUiineAL g AN BUAIETHR Lol ener gy

and photovoitaia paoe! ardis adjacentdheé inon-light heidienb bigeehémofrirticiides|a
encapsul at i ngedSai d t panel and form ng an environnental seal
t her ear oufigoree pgment. 2. The phot ovol tai c nodule of claim1,
wherein the panel further 10 i ncl udes neans for establishing external
el ectri cal conn$ct [ ?n t% sai d at | east ) one Phot ovol taic cell.

10 11. he photovoitaic module of claim 1, wherein a layer of polymeric

~ material is laminated onto the front of said photovoitaic panel, said laminated
polymeric material assisting in optical coupling of said photovoltaic panel and

said non-reacted injection molded polymeric material encapsulating said panel.

15 12.  The photovoltaic module of claim 1, wherein said non-reacted
injection molded polymeric material encapsulating said panel forms a useful
structure.

13. The photovoltaic module of claim 12, wherein said useful
20 structure is selected from the group consisting of shingles, blocks, cases, and
boxes.



3. . The photovol taic nmodul e of claim1, wherein said photovoltaic cel
tonprises a thin filmanorphous silj.con getl. 15 4. The
phot ovol t aio §idyde of claim 3, wherein said photovol taic peghiseérnosesa 1S @
single PIN junction thin film anmorphous silicon cell. 5

t han about 500 [err]F.

The photovoltaic nodule of claim3, wherein s d pn&ovoltaic cell 20 S
a tandem dual PIN junction thin film anorphg Wu cell.

6. The photovoltaic nodule of claim3, y ere/‘ sai{d photovol taic cel

is atriple PIN junction thin film anorgHous flnico cell. 25

7. The photovol taic nodul e of claimpy e %1“ saijd non-reacted

I njection nol ded polyneric material w icg/ﬁh hﬁhulat-s t he photovoltaic
panel i s capabl e of being ifjec “li“lred At a tenperature of |ess

"iw phog ovol t ai ¢ nodul e of

!
I

claim7, wherein said non-reactgd 9‘

3 ' ,‘E“ flon p|l ded pol yneric

mat eri al whi ch encapsul ates t Q€ phaq%h‘ \l ) ¢§p9| Is a clear,
| i ght-transm ssive pol yneri ¢/mat gf %l‘“ ' ’f}‘ D 97/ 22151
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9. The phot ovol tai c ppdulfe ofi||jM] |r”'1 il 0 non-reacted

- v

I njection nol ded pol yneN ¢ natd ) f il
panel | A1 |g“Lﬂf i

\\ A?ﬂ |‘,' f”'g“:

Jﬂ 'ﬂ* ’I‘ 1 4"% ‘l )

s the photovoltaic

X

FIG. 1

/1

SUBSTITUTE SHEET (RULE 26)



K NO COVeR LETTER W32 -3
conprises a clear acrylonitrile-butadiene-styrene material.
10.  The photovol taic nodule of claim 7, wherein t he porti orfgeisrs
non-reacted i NPET on nol dewr [USL IROIERTY GREANVINTION encapshéaes t he
phot ovol tai c Banel and is_adjacent the.non-tight incident side thereof
"ncl udesNZERNATIONAL AHEHCKTION BURHSHED {ADER THE PATENTGOOPERATION FREAY 4P
nmodul{es1phtespitionahPatent Gldadficgiond a | ayer | of |RA) MEMEtosal Publication NameR! | al WD 97722151
Ianiqatqmnumgmshe front of said phatdvoltaic panel, said | aninated
polyrferic material assisting in opficgl@tBtmioraPeplicationDate:nhot I Hie 1897619k
and sal d non-reacted 1 njection mpl ded” polymeric materi al
enc ay]$3i ‘aempfignal Agplication Namber: 1 5 PCT/US96/19564 (81)1’25‘33('}‘"5%???‘% mﬂ[ 1 ggég&gfﬁﬁq%gcﬁgﬁwgs&ﬁ
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mat erji al encapsul ati ng said panel forns}a useful structure.

13. Eﬁﬁhggoggmoltaic modul e of claim 12 w@grein sai d useful 20
t

str uqt Ut gadn 54! eCt eds biomRtiie (8i09P P s wilindeHharisndi stk R5ore. DI OCKS, cases,
and - boxes.
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(57) Abstract

A photovoltaic module (1) which includes at least one photovoltaic (2) cell which is encapsulated in a non-reacted, injection molded
polymeric material (3), thereby forming an environmental seal around the cell. The photovoltaic cell(s) are incorporated into a photovoltaic
panel having front and back sides and edges forming a perimeter, and also includes means for external electrical connection to the photovoltaic
cell. The br;on—reacted injection molded polymeric material encapsulating the panel may form useful structures, such as shingles, blocks,
cases, or boxes.




