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PHOTOVOLTAIC DEVICE WITH PATTERNED GLASS CONCENTRATOR

BACKGROUND OF THE INVENTION

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims the benefit of U.S. Provisional Application No.
61/225,513, filed July 14, 2009, which is hereby incorporated by reference in its entirety

into the present application.

FIELD OF THE INVENTION
[0002] The present invention relates generally to photovoltaic devices, and more
particularly to patterned glass for use in photovoltaic cells that is capable of

concentrating solar energy.

DISCUSSION OF THE BACKGROUND

[0003] All United States Patents and Patent Applications referred to herein are
hereby incorporated by reference in their entireties. In the case of conflict, the present
specification, including definitions, will control.

[0004] As the global population continues to grow, so does the demand for
energy and energy sources. Fossil fuel consumption has seen steady increases during
the last century, as expected for an energy thirsty global population. It was estimated
that in 2004, 86% of human-produced energy came from the burning of fossil fuels.

Fossil fuels are non-renewable resources and fossil fuel reserves are being depleted



hereby incorporated by reference in their entireties. In the case of
conflict, the present specification, including definitions, will control.
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would require an area of approximately four square miles of silicon. The use of such
large amounts of silicon is the biggest cost factor imparted to PV device manufacturers,
who, in turn, pass along the cost to customers who wish to purchase and utilize such
PV devices. To date, electricity generated from PV systems is more expensive than
electricity generated from the traditional burning of fossil fuels, thus, hindering electricity
generated from PV systems from being economically competitive with electricity
generated from fossil fuels.

[0007] One avenue that is being taken to reduce the cost of generating electricity
from PV systems is to use less PV material, such as silicon, in the PV device. By using

less PV material, naturally, there is less space, or surface area, potentially available for



WO 2011/ 008811PCT/ US2010/ 041907 being hit by the sun's energy. To be able
to practically utilize PV systens that possess |less silicon materi al

wi t hout aweignidosgsiant drop-off in PV device conversion eCiuseenoyl90sol ar
concentrators have been used as a neans to focus the sun's energy onto a
smal ler area of silicon. [0008] The idea of solar concentration to reduce
the size of PV systens has been around for decades, but has only taken off
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devi ces can increase power output while simultaneously reducing the nunber
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energy output they provide for the PV device (as conpared with
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device, WO 2011/008811PCT/ US2010/041907 produced by Solaria, utilizes a
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sheet is flat on one optical surface and has a series of "adjacently
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[ 0010] Thus, there renmains a need in the art for a concentrator PV device
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produced, that maxim zes cost savings and provides increased energy output

of theasp\éo%%\é'rgoe'to large surface area solar cells. While offering the aforementioned
advantages, the optical components themselves (e.g., curved mirrors, patterned plastic
sheets, curved metal reflectors or special lenses) can be quite expensive, thereby
somewhat off-setting the reduced costs associated with using less PV material in a
concentrator PV device. Moreover, these optical components vary in terms of the

increase in energy output they provide for the PV device (as compared with non-

concentrator PV devices) and increased costs. For example, one such PV device,



SUMMARY COF THE | NVENTI ON [ 0011] The present invention provides PV devices
with a patterned gl ass concentrator that is easily and inexpensively
pr oduced,wa0mwaloksias nmet hods of maki ng the devi ce, that POTAISca®s19he
dr awbacks associ ated with conventional concentrator and non-concentrator
devices. Using the glass sheet wth the convex pattern as a concentrator

PV
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the PV device of the present invention results I n a substantial decrease in
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can function in the PV device as both concentrator and cover gl ass.
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PV device includes solar cell material with the patterned plastic sheet disposed on the
solar cell material (with V-groove pattern directed towards the solar cell material) and
requires the use of cover glass disposed on top of the plastic sheet. While more energy
efficient than non-concentrator PV devices, the PV device suffers from the drawback
that the production of the patterned plastic sheet is expensive, thereby off-setting the
reduced costs associated with having less solar cell material. Moreover, the plastic
sheet requires the use of cover glass, which adds to the costs, and the increase in
energy output is limited

[0010] Thus, there remains a need in the art for a concentrator PV device that
incorporates an optical component that can be easily and inexpensively produced, that

maximizes cost savings and provides increased energy output of the PV device.

SUMMARY OF THE INVENTION
[0011] The present invention provides PV devices with a patterned glass
concentrator that is easily and inexpensively produced, as well as methods of making
the device, that overcomes the drawbacks associated with conventional concentrator
and non-concentrator PV devices. Using the glass sheet with the convex pattern as a
concentrator in the PV device of the present invention results in a substantial decrease
in manufacturing and parts costs (as compared with conventional concentrator and non-

concentrator PV devices), as well as a substantial increase in energy output. The



component that is efficient in concentrating the sun's energy. [0013]In an
aspect of the invention, there is provided a patterned gl ass conponent that
i s efficiwotoivpogtamcentrati ng the sun's energy. [0014] | rCaruseie4mwepect of
the invention, there is provided a nmethod of naking the patterned gl ass by
on-line glass techniques. [0015]1n another aspect of the invention, there

i s provided a concentrator PV device that incorporates the patterned glass.

[ 0016] | et aspect of the invention, there js i ded _a,.nmet hod of
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concentrator and cover glass, and thus, utilizes fewer physical conponents
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component that is efficient in concentrating the sun’s energy.

[0013] In an aspect of the invention, there is provided a patterned glass

component that is efficient in concentrating the sun’s energy.

[0014] In another aspect of the invention, there is provided a method of making

the patterned glass by on-line glass techniques.

[0015] In another aspect of the invention, there is provided a concentrator PV

device that incorporates the patterned glass.

[0016] In yet another aspect of the invention, there is provided a method of

making a concentrator PV device that incorporates the patterned glass.

[0017] In yet another aspect of the invention, there is provided a concentrator PV

device in which the patterned glass functions as both the concentrator and cover glass,

and thus, utilizes fewer physical components than conventional concentrator PV

devices.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018] FIG. 1 shows the geometrical representation of light concentration from a
convex optical component.
[0019] FIG. 2 shows the configuration of the patterned glass component of a
concentrator PV device in accordance with the present invention, along with a

representation of the way the patterned glass is designed to concentrate solar energy



[0018] FIG 1 shows the geonetrical representation of |ight concentration
froma convex optical conponent. [0019]FIG 2 shows the configuration of

t he pattewoediiglossss conponent of a concentrator PV devi CETIUS2@O0OOIANCE
with the present invention, along with a representation of the way the
patterned glass is designed to concentrate solar energy WO

2011/ 008811PCT/ US2010/ 041907 onto a solar cell. [0020] FIG 3 shows an
enbodi rrgnt of th‘ﬁ rollers used in form ng patterned glass in accordance
with 900 BRfe nvent i on. [0021] FIG 4 defines the dinensions (Figure 4A)
and shows the speC|f|c di nensi ons@é gure 4B) of an enbodi nent of the

pat t elf@20ky| ass FlG. 2k shpwaner &me 'fr}?é‘t pﬂfe@énfo”iefﬁ/éﬁ?ﬂo'ﬁ forming patterned

glass in accordance with the present invention.
[0021] FIG. 4 defines the dimensions (Figure 4A) and shows the specific
dimensions (Figure 4B) of an embodiment of the patterned glass in accordance with the

present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0022] While the present invention may be embodied in many different forms, a
number of illustrative embodiments are described herein with the understanding that the
present disclosure is to be considered as providing examples of the principles of the
invention and such examples are not intended to limit the invention to preferred
embodiments described and/or illustrated herein. The various embodiments are
disclosed with sufficient detail to enable those skilled in the art to practice the invention.
It is to be understood that other embodiments may be employed, and that structural and
logical changes may be made without departing from the spirit or scope of the present
invention.

[0023] The present invention provides a patterned glass component for a PV
device that is easily and inexpensively produced by well-known patterned glass
production techniques. The present invention also provides a method of making
patterned glass as well as a PV device that incorporates the patterned glass in
accordance with the present invention.

[0024] As referred to herein, “concentrator,” or “concentrator PV device” refers to



DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0022] Wi | e the present invention may
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are descrwbedithossiin wi th the understandi ng that the pr@sEaiS2elion¢ivosure i s
to be considered as providing exanples of the principles of the invention
and such exanples are not intended to limt the invention to preferred
enbodi nents described and/or illustrated herein. The various enbodi nents
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present invention provides a patterned gl ass conponent for a PV device that
i s easillcpnanaterinbxpensi vel y produced by wel | - known patterned gl ass
production techni ques. The present invention also provides a nethod of
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[0025] As referred to herein, "flat plate" or "flat plate PV device" refers
to a SHiEEBMBAEriabr PV device incorporating a conponent, respectively, that
does not concentrate, or focus, solar energy onto solar cell materials,
such 49028]or exdvdprederred to bereinmidisnasied qrooneans thaiftiee cemponenbraibstrate
"di sposed on" neans that the conponent, substrate

or material is directly or indirectly positioned or applied above the referenced

component, substrate or material. If positioned or applied indirectly, one or more
components, substrates or materials may intervene.

[0027] The inventors of the subject matter herein have found that simple and well
known patterned glass sheet making techniques can provide patterned glass sheets
with beneficial light concentrating properties. Such light concentrating properties allow
for the fabrication of concentrator PV devices that utilize significantly less PV material,
thereby lowering the cost of fabrication of such PV devices.

[0028] A non-limiting example includes patterns that have features that act as, or
mimic the behavior of, an optical lens. More specifically, the features that act as, or
mimic the behavior of, an optical lens, and desired for concentrator PV devices and
applications described herein, are convex type features. Convex type features are
known to focus light passing through the convex type feature at a certain distance
beyond, or behind, the convex type feature, known as the focal length. For optical

lenses, there are two major types of convex features, biconvex and plano-convex. A



or material is directly or indirectly positioned or applied above the

ref erenced conponent, substrate or material. If positioned or applied
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[ 0027] The inventors of the subject natter herein have found that sinple and
wel I known patterned gl ass sheet naking techni ques can provide patterned

gl ass sheets with beneficial |ight concentrating properties. Such |ight
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f eat urspdwaria KIBW) dlond a6thsa régrebepiasion itg How sugh atibas eanvednceypretd kgtitur e
at a certain distance beyond, or behind, the convex type feature, known as
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features,” biconvex and piano-convex. A WO 2011/008811PCT/ US2010/ 041907
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representation of how such a | ens can concentrate |light. As |ight passes
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t he convex | ens. The point where the |ight becones focused is known as the
f ocal doepghtnatinEhupropenitas pitiaat iaoa desirditde affor ecamdantnadal cleYiv edeviogse and
features onto at | east one optical surface of a glass sheet can provide
pat t ergppfcaticiss With Iight concentrating properties that are desirable for
concentrator PV devices and applications. [0029] The producti on of patterned
gl ass ts is 0, L I i
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or - moithe Sindherrd ghiae online MBftidtsCotia bsHr Bt o, ¢ et etk s

| eaving the patterned glass. In on-line nethods, glass raw materials are
nel t edeyinaterigihatemaigdiiRe firaace aadithe @la%wehagmr@wrseg?}ngleopr pgifed
through, rollers that possess the shapes desired to be inparted to at | east
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t he advantage of being able to produce a continuous sheet of glass,
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[ 0030] An enbodi ment “of the patterned gl ass sheet 20 in accordance wth the
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offer the advantage of being able to produce a continuous sheet of glass, commonly
referred to as ribbon. In other words, on-line methods are advantageous because
patterned glass made by on-line methods is significantly cheaper than patterned glass
made by casting methods.

[0030] An embodiment of the patterned glass sheet 20 in accordance with the

present invention is shown in FIG. 2, along with a representation of how light passing



WO 2011/ 008811PCT/ US2010/ 041907 t hrough the patterned glass is concentrated
onto a thin strip of a solar cell material 70 di sposed bel ow the patterned
gl ass. Theopatitmssied gl ass sheet shown in FIG 2 achi evesTiusgoid®sioned | i ght
concentrating properties by utilization of a series of convex portions 60
that act as convex optical |enses. The enbodi nrent shown in FIG 2 is
representative. The enbodi nent shown has a series of four adjacently

di sposed ¢ ex features 60. Thaose of skill in the art will recogni nd
appr et QUGN NS oAt ed Blaseris FoRPRtLategadtte 4 Hinstih Bhacda col FREENA dnt
invention may have nore, or |less, than four adjacently di sposed convex
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[ 0031] G ass ri bbon made by on-line nethods is, typically, a |long and

cont i raghieyeshtsetiesifeqlight comeantratiagspropetescoy ubitizationt of fuseriesr oproressi ng
and/ or packagi ng and shipping to custonmers. Cutting a patterned surface of
a pat tppitiwts ghaksit rddb@ncosvax opticaraichsed eThY sembbdinmsshowrblimFIGust ide
scored fromone side to the other with a scoring tool that runs along a
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preferred to use a piano-convex patterned type glass for purposes herein
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enbodi nent of the rollers that can be used to produce patterned gl ass
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nmelted in a furnace and then ggssed, or pulled, through the upper roller 30
and | asigcendy|dispargdagorpiexigaides @ngeean Begvadeavdthuppananyapdigcenb cprvex
typically of a cylindrical shape with a flat surface so as to inpress a
flat dpatuced asdeSiaed upon the gl ass ribbon. The lower roller 40 is
typically of a shape shown in FIG 3. A series of concave portions 50 are

adj acgoom di spasigds @iBbbh@néd@"@Y ohdineemefbdioisagpically long and continuous
2011/ 008811PCT/ US2010/ 041907 allow the lower roller 40 to 1npress a series

of adj e |+ Sk f ; o) FOormng
Che- pSTEEL b G A 1ot RF Bl ROTINE, PIdREsh Aflor Babkhoingidhd
where jt i.s ﬂnneal ed in gnttanneali&% f ur nace anq ther}tscoreh@ and. br oken
into mOIPINRAERHPREE-, GUttiNG §3 PPFRNETaHIAeHR B gf AAESReY ralaps d. IS
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efficiency with PV conponents of the present invention, it is typically
desi r sgoting tealehat runscalongghsutface ofii awl oraintainsoswitetiewithy heghlass eibbon.
patterned glass. This can be achieved with non-colored, or clear, patterned
gl assé&herdippest fprefermrd tol aese pldnvatorves itickadd 8/pleaglapsif@presodsy legrairar e
well known to those of skill in the art. These include, without limtation,
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with a lowtotal 1ron content. For purposes herein, it 1s preferred to
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glass with total iron content of about 0.005 - 0.Q050 weight percent. It
i's mod PP & PERdYES Relieingd glass sheetsy Peagtedanss mihatheop SeﬁFHﬂ’e@HHE‘ent
of about 0.005 - 0.020 wei qht percent . [0033%As w il be reco(gni zed b¥ t hose
of skiGlpss fiawh@atarials pigdieltasain pVumagecard dhen drssed sabpulied dhf@dhaih
envi ronnment al conditions, such as high winds and precipitation. Thus, it is
pr ef eruppér trokker 8deanuatdveernexdiegldfs at eheyvated itempecadudsn ddhewuppert halepr3fds ent

i nvention are heat strengthened, or tenpered, so as to ensure an increased
dur abityhieMlyodf & kglimfidatsAade Witsa fabatigaty sotdietadinipress edidtl ciigaPSurfdse
present invention, in addition to functioning as a concentrator in the PV

devi copof #8 SI4BE BB, The! Bict AR 80 A Hpitdlfy 6P SHpEGHowR HFIB93. A

manuf acturi ng” cost s.
series of concave portions 50 are adjacently disposed on the lower roller 40 so as to



WO 2011/ 008811PCT/ US2010/ 041907 [0034] To date, the PV, or solar cell,
material used in the solar cells represents the nost expensive aspect of PV
devi ce f aWOi20aG08811 Thus, there is a need for a PV devi PETIUS20100410T ni M ze
t he amount of solar cell material used. Patterned glass in accordance with
the present is efficient at concentrating the diffuse energy fromthe sun.
It is this concentration that allows for production of PV devices that
utilize significant] s.solar cell. materjal. The solar. cell nateri al
used AIoR:EB: BubE bl 46 18 TR Berind aracibent oy S0 oPlied RS ing eq,
as long as the solar cell material is a known and accepted nmaterial used in
PV dei@ &asy o). tercionming thsspaiteragdegiass rigbea. the mberis rllednalerase of
its availability and known performance characteristics. For purposes

her ei conveyadrdiner whereaibiscanmealed lin a8 aineatog furmacaansdhan scordd and droken
because of the aforenentioned reasons. The silicon can be of the anorphous

or cryrstbahb&mmahgﬁ@ab@rsyzgsal line types of silicon that can be used in
accordance with the present invention are nano-crystalline silicon,

m CrOEGoy@]t al I'i ngyesighitepibd ég; %mﬁbabr_lés@ﬁt ;ﬁm{'rqm im60b§ru§oa'fbﬂ NEht

silicon and conbi nations théreof. e size o e solar cell material 1Is
not part.i L m_t . Q I eri b b . in
angt BonGP Ao gl an By ofE of Sofie, 681 Bl i BlectRte o PR ER B ental G
and/or_height. 1n a preferred enmbodi rtent, the sol ar cell terial is |ess
than SBBGETTARY Y [GeNisenSHRENCH & 1T CORMRARENTS @ dith PapReHeneRton. it 58 ror e
preferred enbodi nent, the solar cell material is |ess than about 500 nmin
| engt Hyrigelly desirachithhave @m MHChlighhtrangmissiaghes possipleriyough dhe peggrned
enbodi nent, the solar cell material is |ess than about 155 mmin | ength and

| ess tghass. SThisndan be cHdhieved/ with heorgbolor¢086Lleiar, pattersedadibesésn Tygsoek t he
solar cells below the flat, or planar, optical surface of the patterned

gl ass ddbrafigsycdanatamd $iltdbns farREpHsed RYRH bRNwelMkhBwhhe th¥$€2 of skill in the
2011/ 008811PCT/ US2010/ 041907 patterned optical surface having the convex
porti i-N Y i ; a & Malay 1 [ ght
Prom Che Lide"PelteY iR ihfefoh 2hierBpld spalie fuRPalRSes Ehy ikt et

t hey ar e i n conhact vi/ith t he flak) Qr l.anar tsurfE{%e of the att.ernted

gl ass IFEES FHEBNET H'Br9sy by AW magmow FRPENS ROF PUDRHTS, "ShFBad Sor oss
a solar cell surface area leads to a PV device that is nore efficient when
conparsefefied togrilize RaRolarstyra giass Yyith adatad dopcontrntdn the enagrofaiqut §3¢1ace
area. Thus, it is beneficial to dispose solar cells at a finite di stance
above -thh#00 scaghtl pargent. dif istrherecpreierxed éautilizes a solarhippe @lass witld aglodalsron
descri bed herein. Accordingly, the patterned glass in accordance with the
pr eserontgnt &fitabont 8J006ws 0f0B0 Weaight peitdedt Ibfs mosicemfaradédto BVizeey soles gﬁﬂmt
utilize significantly less PV material. For exanple, flat plate PV devices

based passsivith @2Btdl ¥Bh cBhteht'o?@BbLE0 HB5 ¥.0LBNISigR! S&@anf silicon bl ock
mat erital . However, concentrator PV devices that™incorporate patterned gl ass

in ac nce w i 1.0 | ] i ock
mt or 1005T0° be Aoy e BRAYed Y st Rl At i, RAfichEl BV ViEEha B "Cu
into thin strips and centrally disposed. bel ow the cqnvex features of. the
pat ¢ e/ohed Siedey B B antie S TRt SiCtPe i Wb DGR Blion.
conventional concentrator PV devices typically utilize at |east 3

Thus, it is preferred that the patterned glass sheets in accordance with the present

invention are heat strengthened, or tempered, so as to ensure an increased durability of

the patterned glass. Notably, the patterned glass of the present invention, in addition to

functioning as a concentrator in the PV device, also functions as the cover glass,

thereby further reducing manufacturing costs.
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maj or conponents: 1) the PV material; 2) cover glass; and 3) a solar
concentrator. The patterned glass in accordance with the present invention
al | ows f owothe/®egiar at e conbi nati on of the cover gl ass &ad/ush@oseiar
concentrator into a single conponent. Accordingly, the patterned gl ass of
the present invention can serve not only as a neans for concentrating sol ar
energy, but also as a PV cover gl ass, thereby el imnating process steps in

PV de manuf rin m ni nber, .of i cal onent s of
the POOBEAT co. i detentnd iy PSP e LIRSS i) o 9B e HEBRRIS *wo
2011/ 008811PCT/ US2010/ 041907 rr\E}j or .conponents. _[0038] The size of the

pat t el dNgHa@ IS Enaspr@s@nt Vi dRdee ifabriGasione T Nyar ttth@I i8rd yeednior ed P¥hd

t he di nensions discussed in this paragraph are shown in Fig. 4A. The

t hi ckeyicel @t afant henipite dnacaamgurisel eblar reellpmatwial Usede Matemnediygldss fr om
about 1 mmthick to as nuch as 1 mthick. In a preferred enbodi nent, the

t hi ckraessrded@eiveitH #@sprebannt islesfidierdtGatrooncentratinpihe diﬁ&é@ehe@yeff’@ﬂdh%[]h t he
t hi ckness 100 is | ess than about 8 nm In a nost preferred enbodi ment, the

thi Ck'Tﬁ%sthfsoeoh%rftr%‘%r%ntthﬁﬂaﬁ’&ﬁé‘tforG prIducti&e oppl 'E!eih%@ te@t‘ﬂfieCQgHi%arfr t ur e

of the patterned glass of the present invention may roma 0
conver Yo ety el MRierd, fuB" 8L pS sFHne) 58 e m)r%%s Ef’fer rttﬂetﬁsoﬁr%%@m,

the wi.dth 110 of .each conv ture is less t n a nos

br o erMEBRYIS I GHeTATICHIARY i ies. PR0I0gE e R SO e Biariad T & KBedn ith
about 6 nm The radius 130 of the convex features of the patterned gl ass of
t he pragsepied meeiial usedrityPYaemMiaas about 1 nmto as nmuch as 1 m In a
preferred enbodi nent, the radius 130 of each convex feature is |less than
about [@@35Jm I n Sh'licunrts prost éregeentyriusddnanPy ddwecesabeosusk30f dt aailabitionvex
feature is |l ess than about 10 mm In a nost preferred enbodi nent, the

radi usnEBkhdin @REBrmaRYE chbRRiteriRicsS FOEPBIrpdR Bdei, |t5|srrpreféfﬁaeré1w ahlizel 20

of each convex feature of the patterned glass of the present invention may

be fr %’ﬂfgg%létthg -0l PRIk B 68cARelofthe Sa??r%nfgrﬁfo%{j ‘f"%@dﬂ%@q"hgeé?ﬁcont%

of each convex feature 1s |es han abou

preferred rrbodl nt . the hejght, 120.0f conv feat is . less than
Bbout B E Ao s Orgrut Bl PEavealisRte v Tl b enit esSited Bvex
feature is |ess than about 5 nm WO 2011/ 008811PCT/ USZOlO/ 041907 Exanple 1
[ 0039]3&ROIANGET WERt ther pf&f@nbaﬂvettr% a5® SN ysialline siigaRc anigia-arvskadine
present invention is shown in FIG 4B. The patterned glass 20 is forned

f r om miiconngoty-erystatling sikicen,i rlosotasystalioe ssikieanpend tdovmpinsticis trarbed The
Table 1. G ass raw materials are nelted in a glass nelting furnace and

pul | egizehodtighselar ephenatedbl Brné@Qoartidulbdweimiteal. IMble délar EbIGmateridlnaty dwpes
the glass nelt into the patterned glass 20 shown in FIG 4B. The patterned
gl ass s BRsuAa1 tn'fﬂnﬁhﬂ@@n%%thfarn‘a%rtmﬁ% | BNR mRhi fsahuftipld AfefersAn i&igythop of

a convex feature nm and w dth 110 of each convex feature of

about 548 éﬁ‘a/ofﬂé@hmn%" %?%r%oeghf%ﬁﬁpﬁhtsers?&af)?elﬁﬁfu Bid 5 lesSHRERSRORL

patterned glass erein e’ convex hel'g
about 11rr? mﬂgnrbh Ielélg t an 8[) ?nbrr?urtn %I\Ilgth and ﬂg ?1? ?n a more preferred

embodiment, the solar cell material is less than about 500 mm in length and less than
10 mm in width and height. In a most preferred embodiment, the solar cell material is
less than about 155 mm in length and less than 5 mm in width and/or height.

[0036] It is desirable to dispose the solar cells below the flat, or planar, optical

surface of the patterned glass in accordance with the present invention, with the
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Wi ght % Range Si02 70.0 - 74.0 wt. %Al 203 0.60 - 0.10 wt. % CaO 8.0 -
10.0 wt. %
WO 2011/008811 PCT/US2010/041907

patterned optical surface having the convex portions facing away from the solar cells so
as to be incident with light from the sun. It is further desirable to dispose the solar cells
such that they are in contact with the flat, or planar, surface of the patterned glass. For
concentrator PV devices, light that is more evenly spread across a solar cell surface
area leads to a PV device that is more efficient when compared to light that is narrowly
focused on the same solar cell surface area. Thus, it is beneficial to dispose solar cells
at a finite distance above the focal length of the convex features of the patterned glass
described herein. Accordingly, the patterned glass in accordance with the present
invention allows for fabrication of concentrator PV devices that utilize significantly less
PV material. For example, flat plate PV devices based on silicon typically require fairly
large pieces of silicon block material. However, concentrator PV devices that
incorporate patterned glass in accordance with the present invention allow for much
less silicon block material to be used in the PV device. The silicon block material can be
cut into thin strips and centrally disposed below the convex features of the patterned
glass described herein, as shown in FIG. 2.

[0037] Moreover, conventional concentrator PV devices typically utilize at least 3
major components: 1) the PV material; 2) cover glass; and 3) a solar concentrator. The
patterned glass in accordance with the present invention allows for the separate
combination of the cover glass and the solar concentrator into a single component.
Accordingly, the patterned glass of the present invention can serve not only as a means
for concentrating solar energy, but also as a PV cover glass, thereby eliminating
process steps in PV device manufacturing and minimizing the number of physical

components of the PV device, thus, allowing for a concentrator PV device with only 2
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MO 3.5 - 5.0 wt. % Na20 12.0 - 15.0 wvt. % K20 0.025 - 0.055 wt. % Fe203
0.005 - 0.020 wt. %
WO 2011/008811 PCT/US2010/041907

major components.

[0038] The size of the patterned glass of the present invention is not particularly
limited and the dimensions discussed in this paragraph are shown in Fig. 4A. The
thickness 100 of the patterned glass of the present invention may be from about 1 mm
thick to as much as 1 m thick. In a preferred embodiment, the thickness 100 is less than
about 10 mm. In a more preferred embodiment, the thickness 100 is less than about 8
mm. In a most preferred embodiment, the thickness 100 is less than about 6 mm. The
width 110 of each convex feature of the patterned glass of the present invention may be
from about 1 mm to as much as 1 m wide. In a preferred embodiment, the width 110 of
each convex feature is less than about 10 mm. In a more preferred embodiment, the
width 110 of each convex feature is less than about 8 mm. In a most preferred
embodiment, the width 110 of each convex feature is less than about 6 mm. The radius
130 of the convex features of the patterned glass of the present invention may be from
about 1 mm to as much as 1 m. In a preferred embodiment, the radius 130 of each
convex feature is less than about 20 mm. In a more preferred embodiment, the radius
130 of each convex feature is less than about 10 mm. In a most preferred embodiment,
the radius 130 of each convex feature is less than about 5 mm. The height 120 of each
convex feature of the patterned glass of the present invention may be from about 0.5
mm to as much as 1 m. In a preferred embodiment, the height 120 of each convex
feature is less than about 20 mm. In a more preferred embodiment, the height 120 of
each convex feature is less than about 10 mm. In a most preferred embodiment, the

height 120 of each convex feature is less than about 5 mm.
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TiO2 0.01 - 0.03 wt. % Table 1. Representative d ass Conpositions of the
Patterned G ass in Accordance with the Present |Invention. WO

2011/ 0088YORCTI/0082010/ 041907 Exanpl e 2 [ 0040] An enbodi meeT/Uskot/oiPM0OTevi ce
in accordance with the present invention is described herein. Silicon bl ock
filmmaterial is cut into strips about 3.50 mm wi de. Using the patterned
gl ass of Exanple 1 above, the 3.50 mmw de strips of silicon filmmateri al
are ce'Eg(trallly1 di sposed bel ow each convex feature of the patterned gl ass of
ExamplP'Ss' is partially shown in FIG 2 (left nmpst convex feature).
[0041] Wii |l e the present invention has been described with respect to
specific

P [0039] An embodiment of the patterned glass 20 in accordance with the present

invention is shown in FIG. 4B. The patterned glass 20 is formed from melting glass raw
materials to have a composition as described in Table 1. Glass raw materials are
melted in a glass melting furnace and pulled through an upper roller 30 and lower roller
40, FIG. 3, that shapes the glass melt into the patterned glass 20 shown in FIG. 4B. The
patterned glass 20 has a thickness 100, from the planar optical surface to the top of a
convex feature, of about 5.6 mm and a width 110 of each convex feature of about 5.8
mm. For the convex features disposed on an optical surface of patterned glass 20
described herein, the convex feature has a height 120 of about 1.5 mm and a radius

130 of about 3.5 mm.

Ingredient Weight % Range
SiO; 70.0-74.0wt. %
Al,O3 0.60-0.10 wt. %
CaO 8.0-10.0 wt. %
MgO 3.5-5.0wt. %
Na>O 12.0-15.0wt. %
K20 0.025 — 0.055 wt. %
Fe.O3 0.005 — 0.020 wt. %
TiO> 0.01 —0.03 wt. %

Table 1. Representative Glass Compositions of the
Patterned Glass in Accordance with the Present Invention.
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enbodi nments, it is not confined to the specific details set forth, but

i ncl udes various changes and nodifications that may suggest thenselves to

t hose skiwbDedivoesgime art, all falling within the scope @®CTiUS2010/¥®AT I ONn as
defined by the following clains. WD 2011/ 008811PCT/ US2010/ 041907 WHAT 1S
CLAIMED I S: 1) A photovoltaic device conprising: a solar cell material;
and a patterned glass conprising at |l east two optical surfaces wherein at
IeastS[_g@e @f the optical surfaces has forned thereon a series of adjacently
di spo Kst ant | ally convex features that are able to concentrate and/or
focus light; wherein said patterned glass is disposed on said solar cell
material, with the convex features directed away fromthe solar cell

mat er i[@040] 2) THe embodirosntal@ B¥\deyiceincancardanacovith Sepresenhgwvenionife of
the optical surfaces of the patterned glass is opposite the optical surface
w th sisdribel hergin | Silidors ploekdiimsvbigriahisi @ltlivtocstnpe abdeed.60enmf widee Wsirger eon
and is flat. 3) The photovoltaic device according to claim1, wherein the

pat t erRedattbArEd ass of Ekb $atdvel BRS3 tsbaﬂnflwud@@tnf)é)ofEmeoﬁhlmhw@tleﬁai c
device according to claim wherein the patterned glass has a thickness of

oo LR iBbsdi? BaRIP KR oAl Bx N R oP PP YIS REMEkampReT 1

the p erne hIC ness o ess
as is partially shown in FIG. 2 (left most convex feature).

[0041] While the present invention has been described with respect to specific
embodiments, it is not confined to the specific details set forth, but includes various
changes and modifications that may suggest themselves to those skilled in the art, all

falling within the scope of the invention as defined by the following claims.
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WO 2011/ 008811PCT/ US2010/ 041907 6) The photovol taic device according to
claim1, wherein the width of the convex features of the patterned gl ass
are | ess whan1108smm 7) The photovol tai ¢ devi ce accor diPQg/UiSe010/04i9a7 1,
wherein the width of the convex features of the patterned glass are |ess
than 6 mm 8) The photovoltaic device according to claim1, wherein at

| east one solar cell is centrally disposed bel ow at | east one of the convex

f eat ur, t ned glass. 9) The photovoltaic device according to
cl ai mﬁﬁ’a\%@réﬁﬁﬂﬂﬁb‘ﬁ ol ar cell material conprises silicon. 10) The

phot ovol tai ¢ device according to claim 1, wherein the glass contains |ess
than 0.10 wei ght percent of total iron content. 11) The photovoltaic

devi ce according to claim 10, wherein the glass contains |less than 0.02
wei ghtl)per dephhotofoltaic alevicecronenigtimgit .  12) A net hod of naking a

phot ovol tai ¢ device conprising: a) providing a patterned glass conprising

at | easgolameelbmbtaradl: s f aces wherein at | east one of the optical surfaces
has forned thereon a series of adjacently disposed, substantially convex

f eat urLBafidiReda|SsSRbMPrRIfLAC RASE 86 GIREAPEUFARESSWhERHM Jat 1&dstRIMRY bt 2
sol ar CE?| bel g%v sai d pat {r@?ne?égl ass;o%'glnd l</\AD 201\31/ 00é811PCT/ US2010/ 041907
optical surfaces has formed thereon a series of adjacently disposed, substantially

convex features that are able to concentrate and/or focus light;

wherein said patterned glass is disposed on said solar cell material, with the convex

features directed away from the solar cell material.
2) The photovoltaic device according to claim 1, wherein one of the optical surfaces
of the patterned glass is opposite the optical surface with said adjacently disposed,

substantially convex features formed thereon and is flat.

3) The photovoltaic device according to claim 1, wherein the patterned glass has a

thickness of less than 10 mm.

4) The photovoltaic device according to claim 1, wherein the patterned glass has a

thickness of less than 8 mm.

5) The photovoltaic device according to claim 1, wherein the patterned glass has a

thickness of less than 6 mm.
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C) disposing said patterned glass on said solar cell, with the convex
features directed away fromsaid material. 13) The nethod according to

cl ai m 12, wotrerigiossithe gl ass contains | ess than 0. 10 wei goT/yseriomntoodf t ot al
iron content. 14) The nethod according to claim 13, wherein the gl ass
contains less than 0.02 weight percent of total iron content. 15) The

nmet hod according to claim 12, wherein one of the optical surfaces of the

patt erned ass, is opposite the optical surface wth said adjacent|

i spoid, aubspariPralals deyicrLooating: by cRPHEVPRETL RS aafh b e potverg
The met hod according to claim 12, wherein the thickness of the glass is
| ess tfeRiHraohhe patteneathelase @ esedbandidmgnto clai m 12, wherein the

t hi ckness of the glass is less than 6 mMmm 18) The nethod according to

claim12, wherein the thickness of the glass is less than 6 nm 19) The
met hod according to claim 12, wherein the wdth of the convex features are

18 W)ZOlmr@OFBdth?@TéibmléH 84d8aihg essldirhan whersin th@@idfhhef tres Bodvex
according to claim19, wherein the width of the convex features are |ess

than Gesfes of the patterned glass are less than 6 mm.

8) The photovoltaic device according to claim 1, wherein at least one solar cell is

centrally disposed below at least one of the convex features of the patterned glass.

9) The photovoltaic device according to claim 1, wherein the solar cell material

comprises silicon.

10) The photovoltaic device according to claim 1, wherein the glass contains less

than 0.10 weight percent of total iron content.

11)  The photovoltaic device according to claim 10, wherein the glass contains less

than 0.02 weight percent of total iron content.

12) A method of making a photovoltaic device comprising:

a) providing a patterned glass comprising at least two optical surfaces wherein at least
one of the optical surfaces has formed thereon a series of adjacently disposed,
substantially convex features that are able to concentrate and/or focus light;

b) providing a solar cell below said patterned glass; and
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21) The photovol tai c device according to claim1, wherein the glass is nade
by an on-line nethod. 22) The nethod according to claim 12, wherein the
pat t er nedwglasos1made by an on-line nethod. 23) A pheCexuskeiaiogrvdevi ce
conprising: a solar cell material; and a patterned gl ass, disposed on said
solar cell material, conprising at |east two optical surfaces wherein at

| east one of the optical surfaces has forned thereon a series of adjacently

di sposed, substanti al conyex features, that, ar ble to concentrate and/ or
Focus & CUaROSTIh Sk ants SR s, PR A SR ARL. R, B8 oy BARERS (Bt nod
24) The photovol taic device according to claim23, wherein the patterned

gl ass Y omaik AEderialf | ess than 10 mm 25) The photovol tai ¢ device
according to claim 23, wherein the patterned glass has a 19 WO

2011/ 008811PCT/ US2010/ 041907 t hi ckness of less than 8 mm 26) The

phot ovol tai ¢ device according to claim 23, wherein the patterned gl ass has
a thi cigyessThef netissd tleadrdingmd claim 12, wherein the glass contains less than 0.10

weight percent of total iron content.

14) The method according to claim 13, wherein the glass contains less than 0.02

weight percent of total iron content.
15) The method according to claim 12, wherein one of the optical surfaces of the
patterned glass is opposite the optical surface with said adjacently disposed,

substantially convex features formed thereon and is flat.

16) The method according to claim 12, wherein the thickness of the glass is less than

10 mm.

17)  The method according to claim 12, wherein the thickness of the glass is less than

6 mm.

18) The method according to claim 12, wherein the thickness of the glass is less than

6 mm.

19) The method according to claim 12, wherein the width of the convex features are
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27) The photovol taic device according to claim 23, wherein the width of the
convex features of the patterned glass are less than 10 nm 28) The

phot ovol twpcodewssie according to claim 27, wherein the WCHUS2@0/081967 convex
features of the patterned glass are less than 6 mm 29) The photovoltaic
device according to claim 23, wherein the solar cell material is centrally
di sposed bel ow at | east one of the convex features of the patterned gl ass.
30) qusghoto%fltaic devi ce according to claim 23, wherein the solar cel
mat er i3S CAAPY T8L silicon. 31) The photovoltaic device according to claim
23, wherein the glass contains |ess than 0.10 wei ght percent of total iron
content. 32) The photovoltaic device according to claim31l, wherein the

gl ass contains |less than 0.02 wei ght percent of total iron content. WO
2011/ @381 TPeTmesral a¢@tdg7to333inA 18ewheckin fthemkdthgofahp reanvesfeatiucesierd ce
conprising: a) providing a patterned glass conprising at |east two optical
sur f atess ihaareemm.at | east one of the optical surfaces has formed thereon a
series of adjacently disposed, substantially convex features that are able
to concentrate and/or focus light; and b) providing a solar cell bel ow
said patterned glass; wherein the patterned glass is forned by an on-Iline

et ho%) The photovoltaic device according to claim 1, wherein the glass is made by an

on-line method.

22) The method according to claim 12, wherein the patterned glass is made by an

on-line method.

23) A photovoltaic device comprising:

a solar cell material; and

a patterned glass, disposed on said solar cell material, comprising at least two optical
surfaces wherein at least one of the optical surfaces has formed thereon a series of
adjacently disposed, substantially convex features that are able to concentrate and/or
focus light; and

wherein the patterned glass is formed by an on-line method.

24)  The photovoltaic device according to claim 23, wherein the patterned glass has a

thickness of less than 10 mm.

25) The photovoltaic device according to claim 23, wherein the patterned glass has a
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34) The met hod according to claim 33, wherein the patterned glass has a

t hi ckness of less than 10 nm 35)The nethod according to claim33, wherein
t he patt ewoediiglosgss has a thickness of |ess than 8 mm BEY/seowwstvod
according to claim 33, wherein the patterned glass has a thickness of |ess
than 6 mMm 37) The nethod according to claim 33, wherein the width of the
convex features of the patterned glass are less than 10 nm 38) The nethod

accorgi.ng to C]J ai %37, wherein the width of the convex features of the
pat t erHEBNGTSAJESF 4RI han 6 nm 39) The met hod according to cl ai m 33,

wherein the solar cell material is centrally 21 WO
2011/ 008811PCT/ US2010/ 041907

26) The photovoltaic device according to claim 23, wherein the patterned glass has a

thickness of less than 6 mm.

27) The photovoltaic device according to claim 23, wherein the width of the convex

features of the patterned glass are less than 10 mm.

28) The photovoltaic device according to claim 27, wherein the width of the convex

features of the patterned glass are less than 6 mm.

29) The photovoltaic device according to claim 23, wherein the solar cell material is

centrally disposed below at least one of the convex features of the patterned glass.

30) The photovoltaic device according to claim 23, wherein the solar cell material

comprises silicon.

31) The photovoltaic device according to claim 23, wherein the glass contains less

than 0.10 weight percent of total iron content.

32) The photovoltaic device according to claim 31, wherein the glass contains less

than 0.02 weight percent of total iron content.
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di sposed bel ow at | east one of the convex features of the patterned gl ass.
40) The nethod according to claim 33, wherein the solar cell materi al

conpri seswOi20i1008811 41) The net hod accordi ng to cl ai m 3BCTMiser1eiondvhe gl ass
contains less than 0.10 weight percent of total iron content. 42) The

met hod according to claim4l, wherein the glass contains |ess than 0.02

wei ght percent of total iron content. 43) The photovol taic device
accordjng to clai er ei aid patterned glass functions as a cover

o aos 9 £ uiidbemebi S hhodlofiaBR RS 4a) “The metnod accordi ng
to claim12, wherein said patterned glass functions as a cover glass and a
separ & Prewdig grasdsmed algss icrpniigind at legpt twme opHerl srsfacgs whrrgincat least
according to claim 23, wherein said patterned glass functions as a cover

gl ass amed o thepaptita swlaresghas sfarmedotharach ualeskries4®f adjecendtyhdisp@sedr di ng
to claim33, wherein said patterned glass functions as a cover glass and a

separ guestpvially gbgex features thatcdre itk to WPceOLbtd) 8RG/bE RESUsURRR14HD41907 47) A
phot ovol tai ¢ device conprising: a solar cell material; and

b) providing a solar cell below said patterned glass;

wherein the patterned glass is formed by an on-line method.

34) The method according to claim 33, wherein the patterned glass has a thickness

of less than 10 mm.

35) The method according to claim 33, wherein the patterned glass has a thickness

of less than 8 mm.

36) The method according to claim 33, wherein the patterned glass has a thickness

of less than 6 mm.

37) The method according to claim 33, wherein the width of the convex features of

the patterned glass are less than 10 mm.

38) The method according to claim 37, wherein the width of the convex features of

the patterned glass are less than 6 mm.

39) The method according to claim 33, wherein the solar cell material is centrally
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a patterned glass conprising at |east two optical surfaces wherein at |east
one of the optical surfaces has forned thereon a series of adjacently

di sposed,woubsit@sgiial | y convex features that are abl e t@Ctarse@nsede and/ or
focus light; wherein said patterned glass is disposed on said solar cell

mat eri al |
mat eri al
separate

paraf

with the convex features directed away fromthe solar cell
and wherein said patterned glass functions as a cover glass and a
i,ncl uded

spocs%\cllergel&lvaa% Teast oﬂgtof the convex features of the patterned glass.

40) The method according to claim 33, wherein the solar cell material comprises
silicon.
41) The method according to claim 33, wherein the glass contains less than 0.10

weight percent of total iron content.

42)

The method according to claim 41, wherein the glass contains less than 0.02

weight percent of total iron content.

43)

The photovoltaic device according to claim 1, wherein said patterned glass

functions as a cover glass and a separate cover glass is not included.

44)

The method according to claim 12, wherein said patterned glass functions as a

cover glass and a separate cover glass is not included.

45)

The photovoltaic device according to claim 23, wherein said patterned glass

functions as a cover glass and a separate cover glass is not included.

46)

The method according to claim 33, wherein said patterned glass functions as a

cover glass and a separate cover glass is not included.
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47) A photovoltaic device comprising:

a solar cell material; and

a patterned glass comprising at least two optical surfaces wherein at least one of the
optical surfaces has formed thereon a series of adjacently disposed, substantially
convex features that are able to concentrate and/or focus light;

wherein said patterned glass is disposed on said solar cell material, with the convex
features directed away from the solar cell material and wherein said patterned glass

functions as a cover glass and a separate cover glass is not included.
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