PHOTOVOLTAIC CONCENTRATOR DEVICE, PHOTOVOLTAIC-
CONCENTRATOR MODULE FORMED THEREOF AND PRODUCING
METHOD THEREFOR The invention relates to a photovoltaic device in
accordance with the preamble of the attached claim 1 as it is known from
the article A.\W. Bett. et Al.. FLATCON AND FLASHCON CONCEPTS
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the direct conversion of light inlﬁ_‘%%%r&c energy, wherein the incident
light is concentrated before arrivi lar cell (PV concentrator
module). The invention also relates to a photovoltaic apparatus in the
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prodmmgjm&:laageampﬁaa&ssof the cells. It has, therefore, been decided to
concentrate the incident sunlight on a very small surface e.g. less than 1
mm2 . A solar cell is then only needed for this small surface. In this way

In thdessldhahth®o mﬁIthetimatefiahlameeéegythﬁimmmedye\aimﬂtﬁmmtiréor approx. 50
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used solar cells are made of mono- or multi-crystalline silicon. These solar cells have
a relatively low power output as they convert only a limited spectrum of the incident
radiation into electricity. In recent years great success has been achieved in
essentially enhancing efficiency to a conversion rate of more than 36% of the solar
radiation by using high efficiency PV cells made of high quality semi-conductor

compounds (lll - IV semi-conductor material) e.g. gallium arsenide (GaAs).

Such cells based on semi-conductor material can be formed step-like as tandem or

triple-junction cells and, therefore, use a broader frequency spectrum of light.

It is, however, very cost-intensive to produce large surfaces of the cells. It has,

therefore, been decided to concentrate the incident sunlight on a very small surface

e.g. less than 1 mmz2 . A solar cell is then only needed for this small surface. In this

way less than 1% of the material is needed than would be for the entire surface. Due

to this concentration it is now possible to benefit from a high light efficiency of
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1 currently more than 36% provided by high- efficiency PV cells. Since
only the connection of several solar units allows an economical utilisation
of such a PV system, these are ideally combined to form a PV
concentrator module. The article A.W. Bett et al. FLATCON AND
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European Photoyoltaic Solar Energy Conference, .and Exhibition, Paris,
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MODULE, Proc. 19th European Photovoltaic Solar Energy Conference
and Exhibition, Paris, France, 2004, page 2078 describe the current state
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claimqf the lens. The solar cells are embedded into a closed PV module for

protection against external influences. According to the state of the art,
solar cells are mounted on the inside of a lower glass plate within a

For atrﬁaQF&"i‘F%% WH%S%‘&W&;‘%E?]H%?E 850 'af'%Eﬁso'%tgﬁtagﬂ'sélé%%ﬁ%%gare usually
approach does, however, have drawbacks concerning the necessary
provideghepdhatigppef laeal thetwadds aittd tof pbhessblarcoaitanitriatitessaey to connect

maodule. interiors (including the delicate solar. cells. Due to the high
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This fabrication is relatively complex.

Furthermore, transportation of the arising heat is also necessary for a PV module and
each tiny solar cell must be positioned accurately in the focus of the lens. The solar
cells are embedded into a closed PV module for protection against external
influences. According to the state of the art, solar cells are mounted on the inside of a
lower glass plate within a transparent housing made up of several glass plates. This
mounting approach does, however, have drawbacks concerning the necessary
transportation of heat outwards and to possible contamination of the module interiors
including the delicate solar cells. Due to the high complexity, systems with relatively
large optics (typically more than 300 mm length) and, therefore, relatively large focal
lengths have been used up until now. (For details see, e.g. the pages 462 and 463
in the chapter 11 of “Handbook of Photovoltaic science and engineering”, edited by
Antonio Luque and Steven Hegedus, newly-printed in the year 2005). Unifying such
systems to efficient assemblies (solar power plants) leads to a huge weight making
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in the chapter 11 of "Handbook of Photovoltaic science and engineering",
edited by Antonio Luque and Steven Hegedus, newly-printed in the year
2005). Unifying such systems to efficient assemblies (solar power plants)
leads to a huge weight making 2 high demands on the static of a tracker
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: ro
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envirairanebgadks)fluences, particularly against penetrating humidity and gases have
not yet been solved, nor has the opportunity to test the solar cells before assembling

the PV concentrator module.

The object of the invention is to design a photovoltaic unit according to the attached
preamble of the attached claim 1 which uses the advantages of the PV concentrator
technology in such a way as to solve the above-mentioned problems. Especially,
there is the need to build a photovoltaic apparatus consisting of multiple such
photovoltaic devices, particularly a PV concentrator module, in such a way as to
allow large-scale production at a low cost, thus avoiding the above-mentioned

drawbacks.

For solving the above-mentioned problems the invention provides a photovoltaic
device with the features specified in claim 1. Advantageous embodiments are given
in the dependent claims. A photovoltaic apparatus formed of multiple photovoltaic
devices which is simple to manufacture as well as a cost-effective producing method
are the subjects of the further independent claims.
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For solving the above-mentioned problems the invention provides a
photovoltaic device with the features specified in claim 1. Advantageous
embodiments are given in the dependent claims. A photovoltaic
apparatus formed of multiple photovoltaic devices which is simple to
manufacture as well as a cost-effective producing method are the

subjects of the further. independent claims. 3 Advantages of the present
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production of a PV concentrator module, one has given up the way used
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individually contacted and are upwardly basically unprotected exposed to

environlﬁ@ﬁ@ﬁiﬁﬂlﬁ@ﬁe@é‘.cﬁﬁﬁ NERIdA PreBaE AIHEMIng of the
sunrgys©R the yadersidepladransrargphrent light exiting surface, a hermetic

encapsulation of the solar cells as well as of the electrical contacts can
be simply achieved.

In order to perform the represented tasks which are important for a cost-effective
production of a PV concentrator module, one has given up the way used up to now
for development that was characterized amongst others things, in that the solar cells
are individually arranged inside the module, are individually contacted and are

upwardly basically unprotected exposed to environmental influences.

This invention provides a focusing of the sunrays on the underside of a transparent
light exiting body. The transparent material of the light exiting body can that way
serve on the one hand as substrate for the solar cell (cells), on the other hand it can
cover the sensitive light entering zone of the expensive solar cell (cells) against
environmental influences. On the reverse side of the transparent light exiting body,
which is preferably built for forming a transparent light exiting surface in the shape of
a plate or of a disk, the solar cells can easily be reached for the purpose of electrical

contacting and heat conduction. Three-dimensional as opposed to two-dimensional



light exiting body. The transparent material of the light exiting body can
that way serve on the one hand as substrate for the solar cell (cells), on
the other hand it can cover the sensitive light entering zone of the
expensive solar cell (cells) against environmental influences. On the
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This embodiment of the photovoltaic unit can be made as individual cell, e.g. similar
to a light emitting diode, having for instance a circular cross section. A number of
these individual cells with mounted carrier body as focusing unit can then be

assembled onto a plate to form a module.

If the cross section is not circular but rectangular or still better square, the total area

can be better equipped.

The embodiment, in which only the carrier body is provided as focusing unit, can,
however, be assembled to a module very simply in such a way that an individual
carrier body carries several solar cells on the reverse side and is formed on the front
side working as light entering surface for forming adequate optical units. The
mounting of the solar cells can be simply automated, if these are arranged in a
regular pattern, particularly in a square pattern. If the carrier body is inserted as
rolling glass and the focusing pattern is inserted like an ornament in patterned glass
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can be better equipped. The embodiment, in which only the carrier body is
provided as focusing unit, can, however, be assembled to a module very
simply in such a way that an individual carrier body carries several solar
cells on the reverse side and is formed on the front side working as light
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the ”"i‘eaﬁ’ Fqn Fr{geapppga%llI aIgreferably the insulating layer is made by
using a coatlng capable of flow. The insulating layer can also be used for

As an @I?er%%p\ge to the use of a conducting plate or conducting foil, the electrical
connections and an insulating layer can be applied directly onto the transparent light
exiting surface. For this purpose, the methods for forming integrated conducting
paths as well as isolating intermediate areas known from electronics and
semiconductor technology are applicable. Preferably the insulating layer is made by
using a coating capable of flow. The insulating layer can also be used for embedding

and/or for fixing the solar cells and/or of further circuit components.

Preferably the solar cells should be further connected on the underside with a heat
conducting layer, which should provide the electrical contact as well as the transport

of the heat impinging on the solar cell.

As in the state of the art, the optical unit positioned spaced apart can directly

concentrate the radiation on the solar cell. Alternatively, the focusing or collecting unit

can comprise the first optical unit positioned spaced apart from the transparent light

exiting surface and an additional second optical unit close to the solar cell. A
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and/or for fixing the solar cells and/or of further circuit components.
Preferably the solar cells should be further connected on the underside
with a heat conducting layer, which should provide the electrical contact
as well as the transport of the heat impinging on the solar cell. As in the
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the anglaoteecltalaygrasanadien.form of a PV concentrator module with multiple

individual photovoltaic devices (also called concentrator unit) each

directly converting sunlight concentrated on a small-area solar cell into
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Figure 1. is a perspective view of a photovoltaic apparatus in form of a PV
concentrator module with multiple individual photovoltaic devices (also
called concentrator unit) each directly converting sunlight concentrated
on a small-area solar cell into electrical energy, as well as a schematic
detail view of the common structure of a first embodiment of the
photovoltaic units;

Figure 2. is a cross-sectional view through a photovoltaic device usable in a first
embodiment of the photovoltaic apparatus of figure 1 (with conducting
plate and without secondary lens);

Figure 3. is a cross-sectional view through a photovoltaic device usable in a
second embodiment of the photovoltaic apparatus of figure 1 (with
conducting plate and with secondary lens);

Figure 4. is a cross-sectional view through a photovoltaic device usable in a third
embodiment of the photovoltaic apparatus of figure 1 (with conducting

paths and without secondary lens), and



Figure 2. is a cross-sectional view through a photovoltaic device usable in
a first embodiment of the photovoltaic apparatus of figure 1 (with
conducting plate and without secondary lens); Figure 3. is a
cross-sectional view through a photovoltaic device usable in a second
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. and 7 Figure 5. is a cross-sectional view through a photovoltaic device
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.__crgss-sectional view along a vertical central plane through a photovoltai ,
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photovoltaibattiiemiaccording to the fifth embodiment; Figure 8. is a
.__lateral view of a photovoltaic device according to a sixth embodiment; .
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embodimerhiofigeretO. is a top view of the photovoltaic device according
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sixth enmdmbdodéntritjgure 12. is a perspective view of a photovoltaic
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embodiment;

Figure 11. is a cross-sectional view through a photovoltaic apparatus formed from
several photovoltaic devices of the sixth embodiment;

Figure 12. is a perspective view of a photovoltaic apparatus according to a seventh
embodiment; and

Figure 13. is a cross-sectional view through the photovoltaic apparatus according

to the seventh embodiment.

For the following description of the preferred embodiments the same reference

numbers are used for corresponding parts.

Figure 1 shows a photovoltaic apparatus 24 in form of a PV concentrator module with
multiple individual photovoltaic devices 20 in the form of individual concentrator units
each with at least one micro solar cell 5. For a first embodiment of the photovoltaic
device 20 as shown in figure 1 and figure 2 a high-productive and automated
fabrication is made possible due to the use of conducting plates 7 or conducting foils
for the common connection of the micro-solar cells 5 in the module, as well as for

additional circuit components favourable for the flow of the electric current.

The application of the contacting paths and of the solar cells 5 can be carried out in
such a way that they can easily be tested by the connection to a direct-current
8



to the seventh embodiment. For the following description of the preferred
embodiments the same reference numbers are used for corresponding
parts. Figure 1 shows a photovoltaic apparatus 24 in form of a PV
concentrator module with multiple individual photovoltaic devices 20 in
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The entire printed conducting plate 7 can be accurately positioned
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In a second embodiment shown in figure 3, concentrated sunrays 3 are firstly
directed onto a secondary lens 4, which then causes further concentration and
directing of the rays onto the solar cell 5. The secondary lens 4 can be thereby made
directly from a transparent light exiting surface 6 or consist of another material. The
use of a secondary lens 4 has the advantage, that, on the one hand, higher
concentrations of over 1000 suns are reached. This leads to an improvement in the
degree of efficiency of certain multi-junction high-performance solar cells. On the
other hand, a less exact tracking of the modules to the light source is needed if using
a secondary lens 4, so that the requirements to be set on the tracker are reduced.
The possible economies of this can exceed the costs of the additional secondary

lenses 4. The increase in efficiency still leads to an additional effect.

In the third embodiment shown in figure 4 the electrical conducting paths 10 as well

as the connections for the solar cell 5 and the further circuit components (not shown)

are directly mounted on the underside/outside 34 of the transparent light exiting
9



In a second embodiment shown in figure 3, concentrated sunrays 3 are
firstly directed onto a secondary lens 4, which then causes further
concentration and directing of the rays onto the solar cell 5. The
secondary lens 4 can be thereby made directly from a transparent light

surfagxignihstetaren @giagnai&tmfcamm@rm@rval THie ¢e bbakenongamieans of
lens.4 has the advantage, that, on the one hand, er_concentr tlons of .
AEE SHiR Tod S s
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connéﬁt@fﬁ(neﬁqydbfmﬁ&rerasﬁembté@r‘cb@ﬁeb&lfﬂ)ﬁndﬂeetéd@@|£83@E)th/@fter the
her hand, a less exact tracking of the m dules to d;‘]‘r‘étfﬁht source.is

Coa“’}?ﬁfa«geﬁé‘éf ARG E S EERURN 1EREY O 4 A FUGHEHENRY S Be'séssRmPled

onto ttie trackattartheedodersidEhef me&iblara;’mrmm@h@hﬂm candexitréty dfahe heat
costs of the a d|t|onaPseco da%len es 4. T increase in efficie cy still

condycling Y6 GifiBHaPSHe& SRR FIRIBBS e HELIbWIT RE v &‘%HS”C“"e
matermwmccmﬂawng hidkaddsas welthas thetenahectbrddor kitersdipr additional

i mhe{ circuit co T?é/ents (not shown) are directly mounted on
app 'Ct% e?g 9(9@45%@%12% ?rrgnsparent light exiting 9 surface 6

instead of usmg a conducting plate 7. ThIS can be done by means of

scre ther suitable es Thes lar cells 5 and
i theg A AR RO G e e Gh Gl LT B ety
directéziae)abn\aa)sé\dmahw densing oflaoH attleesipe) vitkrgafunthiey exobcivetfadian  and
. cond layer 8 i sem ed ont and onto the nder ide of
direct g R a0 5 brind HoatCOMLE G Toy o GGk nereby
formesklentivelly drapgety blyyushneg ewwaﬂgmohuglumta»annga&n@haad&b} forming the
wansSrenLiNeassses aLipe materialand alsgIaiet b AUIONR! 11c agvantages
RS eI { B&ive niA&Ral ayers. n%e our aamen Gwn g
of the|Bérgnmda?ytlmnsahamﬁm@h@hamgleﬁabem&laﬂyedlrected onto a

secondary lens 4 which then provides further concentration and directing

of the rays onto the solar cell 5. The secondary lens 4 can be thereby
A huderraddaettigel yobrthertlyehy teehtraeparsntthgit editinidy s udaos S ﬁmaimyd the

perfoéﬁ%ntég“r%‘f%{eea“ HGRLRINNG RIBISS & SO BRERA R ARCLMANR around
approximately 50% of the costs of conventional flat panel systems of silicon. This
results in substantially lower production costs of electricity. Since the generation of
solar power occurs in sun-rich countries predominantly at peak load times (i.e. they
run to capacity at the ,hot* time of day in the air conditioning systems and
production), electricity production costs can, for the first time, be realistically

considered to be within the range achievable by conventional power plants.

As shown in the figures, the photovoltaic device 20 for the converting sunlight directly
into electrical energy is built as a transparent unit. The photovoltaic device 20
concentrates the light radiation entering through a transparent light entering surface 1
by means of the optical unit 2 within a predetermined area 22. This predetermined
area 22 is situated outside of the transparent unit and is turned away from the light
entering surface 1. A solar cell 5 is positioned in the predetermined area. A heat

conducting layer 8 is connected with the solar cell 5.
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of the secondary lens 4 are the same as described above. A huge
advantage of this new technology is, that both the required area and the
performance-related investments costs of mass production only amount to
around approximately 50% of the costs of conventional flat panel systems

As smfvsﬁiaan@h@ r@ﬁmUsdhﬁtdisiamﬁab}'\dﬂmﬁﬂﬂ‘@dd@ﬁi@@§®38i§fc&iﬁﬂiméﬂ’ in the

ce the enerati soI roccurs in sun-rich cou
PhotOF R ARG e kDR UEN B AP AR 4Ry AL e B 2B vihich
the pmmﬂmmm@@w mqmm@m’@mm dqoimckeiéenhyelaetiiedyof a conducting
uction ¢ sts n for the first time, r alistically ,considered to be
plate 5/\}/1 NEPAAYR 85%%9%%%% AP Bt E/ YriQnaS LRI Tge (PV
mean&gmheag\tbﬁamptovoltalc device 20 for the converting sunlight directly into
electrical energy is built as a transparent unit. The photovoltaic device 20
concentrates the light radiation entering through a transparent light
The cﬁmnat'mglsem\ﬁmhhbysnlawww lﬂmbmi@ahdmmavmhnta\m&dietmined 20 and

@5{ ﬁz 'E etermlnedt area 22 is outside of thet Fare t i

POSS| o%0 88 yHGH @ TERE ?1%’& § PRSI &pgitrolling

and Wum@ardhaqum@&mmnw amat%eatsmndﬂduegrtayaba&mt light exiting
lat onnect d Wlthéhetsolar cgllﬁ] 10 As sh Fig. 1, a plurality of such

plate hoort8\'?o QU fg 0&‘9\“ ltovoltalc apparatus 24.

The photovoltaic apparatus 24 has a housmg 26 in which the photovoltaic
arra ed and conne

devices 20 ar ns of a conductin late .
In ond B R B A O T o Rl R P Sr A gafeRl materia
partlcmadwle)(F@mcmeanmﬂwmwmtam) TdJrettmtaumdo‘pﬂwﬂemdinmscﬁapaedimﬁ; 24, is

coatefl NS HIBRRIE' RIS IRNICSE20ARE Raseiohrdp (HEMERERIIGR. which
Circui ponents nbe provide COntro ing and com/e
formsarerransfat elitd gyt ente ting cutsate df, thediarsgaesyda) hﬁethgi)mate
6 or on the conducting plate 7 or conducting foil. In one embodiment the
optical unit 2 is at least partly made of a transparent material particularly

In anobH#iovatesenatsried dihieht, foinehe@itak phibt@vadtamoappdratus @deddy from the
transparent light entering surface 1, for example by grinding and/or lapping, so that
the transparent material of the optical unit forms one piece with the transparent

material of the light entering surface 1.

A method for testing the photovoltaic device 20 and/or the entire photovoltaic
apparatus 24 can be carried out by testing the connected solar cells 5 by means of
applying voltage. Thereby, a test of the entire installed unit can also be carried out by

applying voltage.

A continuous heat conducting layer 8 is connected with the reverse side of the micro
solar cells 5 to form the heat conducting layer 8 which transports the heat from the

solar cells 5.

An additional concentration of the radiation 3 concentrated by the optical unit 2 can
be carried out by means of a secondary lens 4 (figure 5) directly formed from the
transparent light exiting plate 6.
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coated in one procedure directly onto the front plate 32 of the housing 26,
which forms the transparent light entering surface 1, and is impressed
into the layer. In an alternative embodiment, the optical unit 2 is worked
out directly from the transparent light entering surface 1, for example by
grinding and/or lapping, so that the transparent material of the optical unit

forms one piece with the transparent terial of the light entefing surface
AlterrZ N Neri FSPALET) G PO AL BIPHTR o  dhrorned out by
meanBhsftavedieon dzppacaisiel 2¢igas omcanted ontdthtestimg paecaningetediting plate
5 solar cells 5 by means of applying voltage. Thereby, a test of the entire

installed unit can also be carried out by applying voltage. A continuous
heat conducting layer 8 is connected with the reverse side of the micro

solar cells 5 to form the heat conducting layer 8 which transports the heat, .
instedib il FTRVEH &R R R oA SR N Al e IR HIGR! Contacting
and copmegtitigteathy thenaptioge nertBycahebeoainitthgydiisnedrsazirabe mounted,

secondary lens, 4 (figure irectly formed from the transparent light
as SHERTIY Eitkeds AL ADE, QRO N OSBRI IOt FRiing plate 6 as
can thiedsalmmncz it laddgrassiltatdigctrieansiaiuit secnpdaentsredpddigive) inductive

. mounted onto the Ir?nsparent light exitin glza&e 6. Instead of providing &
of il RRIGHID S PTME cor TS R, tEONClR ol ARRIIISG ARigrochips or
microponrestng palhis- caord gedenal yntrdiffereduciingspadsski®woafrdra the field of

S irectl e_outside, of the transpare

mount own in Fig. nto tQ
electriitS e 18 G URE el SRR R L B Rty screen
printirap ngubmernhts yc ajdeaitiady elguctpe rizatiopapiontdnesistves pottgrone s cedures
or suGRECI,APLers istochins of, micrapracessars), ThiSan RS BN IR which
Irerent ways, as Known Trom he Herd B efectronics. Pre erab?y, he
predetemdinetitigepaths S af dlappited bytimg gratios. s€reeprpcatduge e &noolagifom the
semiddHRNAEY AN ABRIEP PR BISSeSLEHR!, RHERLRGRIPSRA Y Lnire conducting
layer is applied to a transparent material, then a photosensitive material (which is
selectively removed after the exposure) is applied, in order to remove the material
from the unwanted areas of the conducting layer, while the remaining areas for

conducting paths are protected by the remaining material.

According to one embodiment, an insulating layer 9 causing an electrical isolation
and/or a reverberation of the arising thermal radiation is applied to the conducting
paths 10.

The transparent light exiting plate 6 can be made as one layer or multilayered. It can
comprise or be made up of, for instance, a glass plate. Additionally, further
transparent layers can also be applied, for instance an isolating and closing layer of
silicone or of another transparent material which can be applied in a fluid state. If the
light exiting plate 6 comprises a glass plate, an additional concentration of the
radiation 3 can be carried out by means of a secondary lens 4 which is directly

produced from the reverse side of the glass.
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or suchlike can be used. These procedures are carried out by means of
masks which predetermine the course of the conducting paths. The
procedures known from the semiconductor technology are also possible,
wherein initially an entire conducting layer is applied to a transparent

AlterriaavetialtibeseadiRins ensitivdonatedidbfuhistnce selatiively temayed can also
after the expr)tgls gg% is applied, in order to remove the material from the

be MOLRIEARAS tHe conducting layer, while the remaining areas for
conducting paths are protected by the remaining material. According to
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formrr&qgﬁggi %Bfr mﬁ&h 5H51%F? ther transparent layers can also be applied,

for instance an isolating and closing Iayer of silicone or of another
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provrcﬁresneﬁt rrnoq apa? C& f%ﬁtsﬁad[ecgg <$ %8%6 o 4 f'I'he solar cell
(cells)eﬁtsrl(raages)tpfamiédlattﬁeflfg”ht@xmwgtﬁmréambommmhemrﬂmarﬁm thgaedO, 41.

6 to 13, the light entering surface 1 and the light exiting surface 30 are

made as the front and reverse side of an individual transparent carrier
The ommuyrmimzmaaeieobmym@,, dih eddihgscaosiolidarabiynofitrang e solar

ter IC s The trc | unit un;[f)né]( k)mf%rovr ed,at th
cells SRR MATRIARD o0 I A ERoR SHHodMENs.

In the fifth and sixth embodiments shown in the figures 6 to 10, the individual
photovoltaic units 20 are made as individual cells 42. Each solar cell 5 has its own
carrier body 40 which serves as a focusing unit for concentrating the light occurring
on the light entering surface 1 as well as on the much smaller surface of the solar cell
5.

In the fifth embodiment, the carrier body 40 has a circular cross section with a round
upper surface (which works as a lens) and a flat underside. The underside can be
mounted with contact pins 44 by which each of the individual cells 42 can be
superimposed on a card (not shown). An arrangement made up of individual cells 42

can in that way be assembled to make a PV module.
In the sixth embodiment, the carrier body 40 of each individual cell 42 has a square
base area. In this way, a plurality of the individual cells 42 can be more easily

assembled to make a PV concentrator module 24, as shown in figure 11. Any
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(cells) 5 is (are) provided at the light exiting surface 30 of the said carrier
body 40, 41. The optical units 2 and the contacting, embedding, cooling
and mounting of the solar cells 5 can be manufactured as in the
above-mentioned further embodiments. In the fifth and sixth embodiments

suitalsbowornitig:figesdr texidingie iadhedicn phalpnpltaimusitiorOiate @madsxterior
as indjvidugl cells 42. Each sgi) r cell 5 has its own g.arr'er ody.40 which
frameRiork U100 SOMR RRTLIAR Hrosh iSRRI A M aRAbah GadierROlRs 40.
entering surface 1 as well as on the much smaller surface of the solar cell
. 5. In the fifth embodiment, the carrier body 40 has a circular cross sectign
SePatiat j o

HavingiRdgHAy °6 & QUDHRAL J0%AR L) Gia SPitaR SRR geled later
at any hienendgraioielyiag bevontageieTvdtsalanteelipiBsddnblighihicp érehighthemitting
. individual cells 4 ' d h . :
diode Oy WETOoN G NN ARCSs £ S AR IAD s BT e
repladednekerad® 4 tatsludeagde the sixth embodiment, the carrier body 40 of
each individual cell 42 has a square base area. In this way, a plurality of

the individual cells 42 can be more easily assembled to make a PV
In thecsaventna¢onmoditnEn? 4saseshiosatandegls® hie Aoppbdteditapk carrier body 41.

technigue, like for example adhesion or,simple insertion into an exterior .
The SRR e e AT bl S Cobhr duuLe G (1S DUIR APeglipgnts) in a
patternodiesedth daqgograndiviguméene![sa42 forvith agaadenteniaisne@he thgseentering

can also be tested later at any time by applying a voltage,. The soplar cells .
surtag AR S B . A S et S e Ry unies
whichstdausethddeghhaiciginting, in che eesigdirerdigiased 3eveto aha ledspective solar
stage. In the seventh embodiment, several solar cells 5 are supported by

cel > carrier body 41. The solar cells 5 are arranged (as described before for

the other embodiments) in a pattern, here in a square alignment pattern
hes SRS U AMMa et s e SHEELRSHER For
embodonemisgvhehe gespgaliyepiidtdndaf mptdhke ustpduiveésdarmanufactured on a
surface of a transparent plate, there is an additional possibility of manufacturing
these in a rolling glass procedure. A roller provided with negative pattern (not shown)
impresses the pattern directly into the glass mass during the glass manufacture. This
manufacturing procedure is well-known in the manufacturing of patterned glass. In
particular, the carrier body 41 of the seventh embodiment is manufactured in this

way.

The seventh embodiment is particularly suitable for large industrial manufacturing of

relatively cost-effective PV concentrator modules.

Further embodiments arise as a result of any combination of the individual features of
the different embodiments.
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cell 5. These optical units can be also made as described for the other
embodiments. For all embodiments where a regular pattern of optical
units has to be manufactured on a surface of a transparent plate, there is
an additional possibility of manufacturing these in a rolling glass

List oprefaduis digatler provided with negative pattern (not shown) impresses
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the pattern directly into the glass mass during the glass manufacture. This
manufacturing procedure is well-known in the manufacturing of patterned

otesssparear lighteenteeitgrsigfdsely 41 of the seventh embodiment is
manuf%ctur.ed in this way. The seventh embodiment is particularly
sQRH6 Hﬂ"iarge industrial manufacturing of relatively cost-effective PV

congetiiratgmupdideisufitrther embodiments arise as a result of any
combination of the individual features of the different embodiments. 14
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26 housing 30 transparent light exiting surface 32 front plate 34 outside
40 carrier body (individual cell) 41 carrier body (module) 42 individual cell
43 field 44 contact pins 15 CLAIMS 1. A photovoltaic device (20) for
directly converting solar energy into electrical energy, comprising: a solar
cell (5) having a smaller surface area than a light entering surface (1) of
the photovoltaic device (20), an o‘ggc [ unit (2) for concentrating the solar
radiation (3) passing through to t f entrance surface (1) on a given
area (22) defined by the smaller surface of the solar cell (5), positioned
spaced apart from the light entering surface (1) and having a smaller
surface in comparison to the light entering surface (1), and a transparent

1. carmgidowliEc 3 vioemuon foe divketselt¢dyisrtaiprottd, atemctataeslectrical
in that the carrier body is a transparent light exiting body (6, 30) through
enerntMRE WP centrated solar radiation (3) can pass and in that the solar

calld@hiscaligBydchoing aidenafléheslighicexidiea hiody €)igh) emtehing surface (1)

fh tu ncgd avl\éa frgpm the% t entering surface (1) and/or from the optical unit
0 e(E%‘. © %91 %’\'/%?ta( fevice according to claim 1, characterized in that

thamligpticexkiting (@dfoc wupcisas atihghthexsnigpiatidtdof(Bapsisairgtthrough to
erial. 3. The photgyoltaic device accor racterized i

the i e SRS T o T A e e . S ST S Race of

the splatecd) (@B)ichasitioned spaced apart from the light entering surface (1) and
having a smaller surface in comparison to the light entering surface (1), and

a transparent carrier body (6, 30) on which the solar cell (5) is arranged,
characterized in that the carrier body is a transparent light exiting body (6, 30)
through which the concentrated solar radiation (3) can pass and
in that the solar cell (5) is arranged on a side of the light exiting body (6, 30) which is
turned away from the light entering surface (1) and/or from the optical unit (2).

2. The photovoltaic device according to claim 1, characterized in that the light

exiting body comprises a light exiting plate (6) of transparent material.

3. The photovoltaic device according to claim 2, characterized in that the solar
cell (5) directly contacts the side (34) of the light exiting plate (6) which is turned
away from the light entering surface (1).

4, The photovoltaic device according to claim 2, characterized in that a layer (9)
of transparent material applied in a fluid state is inserted between the solar cell (5)
and the side (34) of the light exiting plate (6) which is turned away from the light
entering surface (1).

5. The photovoltaic device according to any of the preceding claims,

characterized in that additionally to a first optical unit (2) assigned to the light entering
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away from the light entering surface (1). 4. The photovoltaic device
according to claim 2, characterized in that a layer (9) of transparent
material applied in a fluid state is inserted between the solar cell (5) and
the side (34) of the light exiting plate (6) which is turned away from the

surfad@Ml)eil%maltwfﬁﬂﬁi(lgn|5(Zﬁaa@’d@ri@m!ta't%@agiﬁeel?cﬁﬂngMW(epl}"slqﬁrovided
the preceding claims, chargcte n that tionally to a fir tica
for el 9 ARty T R B BT OTb I S S A EEAL Sohea ari
(4) assigned to the light exiting body (6) is provided for further
cancentratin ofthes lar. radiation in the given ar ﬁfZZ) 8
6. oABEHRAICUEIRE 205 g B5S01 DB L BB Al BreCeding ~ claims,
charachariaeteirz eldanti@boibticaptioit (B)ib2avlcaisteast asfesel/eesieoplticaticalits (2, 4)
units (2, h con len m.the material ar nt
nas QSRR e A5 J1h e TALARE AR LARGRRS T8 b0 plate
(32) crasfianizodypafemhiighhetatinaitate y@eonrafardingitaeartyoafthe preceding

claims, characterized in that the optical unit (2) or at least one of the
several optical units (2, 4) has a convex lens (4) applied on a transparent

7. Ii@h@enm‘rmg\mm@ﬂ)so'roen aada:artﬁpgrenxbIi@'u)exitiﬁgnhlatep(ﬁ)o@ldhw claims,

lication terial ont rrier 8. The tovolta
chara O e R Wl Yt el P R St g units (2
4) haary obﬂmpnecsd(nm atamtrm;l @amatansgdnarmaghbm\mmtmg nﬂatbs(elzo)or on a
for conltaﬁ? he s $§ ). are dlrect applied ont rrier bod

wansygf FMARK Ay PR o T e B TRERS ooy

The photovoltalc deV|ce according to any of the preceding claims,

characteri that,a heat cond ctln it (8) for tr NPy ting heat is
5 A S R A U G R e 1 ana i
partlcuiﬁrlacbodyr@)tcﬂan'y"m e toresiead ndedl@mienac abraliagtévizey of that conducting
arac erize that the carrier body ¢ es, in one
peths S R R SRl S IRl GRPIE Bty o

by appkctatgaswfanatmtal tinewlalackyilby printing or by sputtering.

9. The photovoltaic device according to any of the preceding claims,
characterized in that a heat conducting unit (8) for transporting heat is connected with
the solar cell (5) on the side turned away from for the carrier body (6).

10. The photovoltaic device according to any of the preceding claims,
characterized in that the carrier body comprises, in one piece, both the light entering
surface having the optical unit and the light exiting surface with the solar cell

arranged thereon.

11. The photovoltaic device according to claim 10, characterized in that the carrier
body is built as a solid body of transparent material comprising the light entering
surface formed correspondingly for establishing the optical unit on one side and
carrying the smaller solar cell within the focus area of the optical unit on the opposite

side .
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arranged thereon. 11. The photovoltaic device according to claim 10,
characterized in that the carrier body is built as a solid body of
transparent material comprising the light entering surface formed
correspondingly for establishing the optical unit on one side and carrying

12. thehemphiteo soliziicelbwibindbertiicyteusaiof ihe opnticatteniteu ithenat it is made
gﬁﬁ?site side . 17 12. 'Ehe photovoltaic device accor
[

| ing to claim 11,
as a Sl Gl keI RO’ U5 Siikte Gl 3 el Ao Bt foPdrsolar cell

arrangethateleacandt armdf said one solar cell arranged at the carrier body. 13.
The photovoltaic device according to claim 12, characterized in that the
carrier body has a circular, square or rectangular cross section when

13. s&eigophotpanitiit idevive ltdardiagng alxinigin, exitngcserizedsn 1Hatthe carrier

hotovoltaic apparatus (24) comprising a plurality. of photovoltajc devices
pody (585 B B EUIAatt PSR ARG SRR e GG Bdoatalel t
the ligipEaratisgandriigrg exitlagisddacbaracterized in that itis assembled as
a module from several individual photovoltaic devices in accordance with
any of the claims 1 to 13. 16. The photovoltaic apparatus according to
14. claiphbovbitiactapgarhtoghi@4t deagiribmgaaripiupality fof gharmladfdicedevices
hotovoltaic devgﬁes is formed as orﬁ%@ce and thus carries several of

(20) RECOISPEER M7 Ghe ﬁ?o%ﬁ%?g %mgaccording to claim 16,

characterized in that the common carrier body is designed as a solid body

of tran ent material carrying the solar cells .on it light exiting_suyfac .
15, R e R e T R A PR et - hat it i
assembleespsralinpdatéefroof Getieablmttiudubk ppposivdacielel@cthin accordance
with a%g(oé?\{ﬁlé%% ?Rgir%%gccordlng to claim 17,_character|_zed in that the

pattern of optical units’is manufactured by rolling a carrying body made of

glass with a corresponding patterned roller.
16. The photovoltaic apparatus according to claim 14, characterized in that at
least the carrier body for several of the photovoltaic devices is formed as one piece

and thus carries several of the solar cells.

17. The photovoltaic apparatus according to claim 16, characterized in that the
common carrier body is designed as a solid body of transparent material carrying the
solar cells on its light exiting surface in a regular pattern and comprising a surface

made for building a corresponding pattern of optical units on the opposite side.

18. The photovoltaic apparatus according to claim 17, characterized in that the
pattern of optical units is manufactured by rolling a carrying body made of glass with

a corresponding patterned roller.

19. The photovoltaic apparatus according to any of the claims 14 to 18,
characterized in that it is provided with a housing (26) whose transparent front plate
(32) forms the light entering surfaces (1) of the photovoltaic devices (20) and whose
transparent back plate (6) forms the common light exiting body of the photovoltaic
devices (20).
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19. The photovoltaic apparatus according to any of the claims 14 to 18,
characterized in that it is provided with a housing (26) whose transparent
front plate (32) forms the light entering surfaces (1) of the photovoltaic
devices (20) and whose transparent back plate (6) forms the common
light exiting body of the photovoltaic devices (20). 18 20. The photovoltaic

t rding t f the cl 14 to 18, din that it
TR QAU 8P Lch By R 204 i ocg BbsL? To 18

chara@tarze@ its e ligiat matarwgwnﬁ@@e@ ¢ xiod ttwnimob@dgitﬁim@ylasa(é’@)d body,
and whqgse reverse side is the light exiti ar.ce n
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23. A method for manufacturing a photovoltaic apparatus (24) comprising a
plurality of photovoltaic devices (20) for directly converting solar energy into electrical
energy, each of the photovoltaic devices (20) having at least one solar cell (5) with a
smaller surface area than a respective light entering surface (1) of the photovoltaic
device (20) and an optical unit (2, 4) for concentrating the solar radiation (3) passing
through the light entering surface on a given area defined by the smaller surface of
the solar cell (5), positioned spaced apart from the light entering surface (1) and
having a smaller surface in comparison to the light entering surface, wherein the
solar cells (5) are commonly arranged on a transparent carrier body (6),
characterized by the following order of steps:
al) providing a side (34) of the transparent carrier body (6) with conducting paths
(10) for contacting the solar cells (5),
bl) assembling the solar cells (5) on the side (34) of the carrier body (6) provided
with conducting paths (10), and
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solar cells (5) are commonly arranged on a transparent carrier body (6),
characterized by the following order of steps: al) providing a side (34) of
the transparent carrier body (6) with conducting paths (10) for contacting
the solar cells (5), b1) assembling the solar cells (5) on the side (34) of the
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b2) assembling the conducting plate (7), the conducting foil or one side (34) of the
carrier body with the solar cells (5),
e2) arranging the conducting plate (7) or the conducting foil on the side (34) of the

carrier body (6) which is provided or to be provided with the solar cells.

25. The method according to claim 24, characterized by the following step to be

carried out before or after the step d2):

f) applying a heat conducting unit (8) on the conducting plate (7) or the
conducting foil.

26. The method according to any of the preceding claims, characterized by the

following step to be carried out before the step el) or e2):

d) applying a transparent fluid, preferably hardening material (9), on the side (34)
of the carrier body (6) which is provided or to be provided with the solar cells

(5) for protectively covering of the solar cells (5).
27. The method according to any of the preceding claims,
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conducting foil. 26. The method according to any of the preceding claims,
characterized by the following step to be carried out before the step el) or
e2): d) applying a transparent fluid, preferably hardening material (9), on
the side (34) of the carrier body (6) which is provided or to be provided
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