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Solar simulator.

® 6

Solar simulator comprising at least one type of lamp selected from a group comprising a high-intensity

discharge (HID) lamp type, and a halogen lamp type, wherein both the high-intensity discharge lamp type
and the halogen lamp type are selected from said group, and the lamps from said types are applied
simultaneously to provide a mixture of light derived from the high-intensity discharge lamp or lamps and

the halogen lamp or lamps.

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de techniek en
schriftelijke opinie. Het octrooischrift komt overeen met de oorspronkelijk ingediende stukken.
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Solar simulator

The invention relates to a solar simulator comprising
at least one type of lamp selected from a group comprising a
high-intensity discharge (HID) lamp type, and a halogen lamp
type.

From the prior art it is known that several types of
lamps can be used as a light source within a solar simulator,
notably high-intensity discharge (HID) lamps and halogen lamps.

A high-intensity discharge (HID) lamp is a type of
electrical lamp which produces light by means of an electric arc
between tungsten electrodes housed inside a translucent or
transparent fused quartz or fused alumina arc tube. Examples of
HID lamps include: mercury vapor lamps, metal halide (MH)lamps,
ceramic MH lamps, sodium vapor lamps, Xenon short arc lamps. HID
lamps are typically used when high light intensities over large
areas are required, and when energy efficiency and/or accurate
colour rendering are desired.

The most common type of lamp both for continuous and
flashed solar simulators are Xenon arc lamps. These lamps offer
high intensities and an unfiltered spectrum which matches
reasonably well to sunlight (AM1.5 spectrum). However, the Xenon
spectrum is also characterized by many undesirable sharp atomic
transitional peaks, making the spectrum less desirable for some
spectrally-sensitive applications. Xenon arc lamps are also
relatively unstable, prone to phenomena such as plasma
oscillation and thermal runaway. Therefore these lamps require
very sophisticated electronic control gear to be suitable for
solar simulation. Xenon arc lamps can be designed for low powers
or up to several kilowatts, providing the means for small- or
large- area illumination, and low to high intensities.

It is also known to apply quartz tungsten halogen lamps
in solar simulators. Halogen lamps offer spectra which very
closely match black body radiation, although typically with a
lower color temperature, and thus a very different light
spectrum, than the sun.

According to the invention a solar simulator comprising
at least one type of lamp selected from a group comprising a
high-intensity discharge (HID) lamp type, and a halogen lamp
type is proposed in which both the high-intensity discharge lamp
type and the halogen lamp type are selected from said group, and
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the lamps from said types are applied simultaneously to provide
a mixture of light derived from the high-intensity discharge
lamp or lamps and the halogen lamp or lamps.

The solar simulator of the invention has the advantage
that it can be implemented at very low costs by combining
commonly available, low-tech components; it is possible to
implement the solar simulator of the invention at less than half
the costs of a solar simulator according to the prior art.
Moreover within the terms of the IEC standard 60904-9 the solar
simulator of the invention can be rated without much effort at
CAA for spectral match, non-uniformity of irradiance in the test
plane and temporal instability, respectively. This is quite
impressive when one realizes that this result, particularly with
regard to spectral match, is achieved with a first prototype not
yet tuned to its optimal performance.

It is preferred that there is a plurality of high-
intensity discharge lamps and a plurality of halogen lamps that
are applied in an array such that any lamp of the high-intensity
discharge lamp type has a lamp or lamps of the halogen lamp type
as a neighbor, and that any lamp of the halogen lamp type has a
lamp or lamps of the high-intensity discharge lamp type as a
neighbor. This promotes adequate mixing of light of both types
of lamps, and provides a light spectrum of the solar simulator
that has a close match with the spectrum of the sun, i.e. the
Air Mass (AM) 1.5 spectrum.

It is to this end particularly preferred that a
plurality of high-intensity discharge lamps and a plurality of
halogen lamps are placed in an array comprising rows of lamps of
both the high-intensity discharge lamp type and the halogen lamp
type, whereby in each row of the array the lamps of said types
are alternating. Best results are achieved when also the lamps
at neighboring positions in adjacent rows are of alternating
type.

A further preferred embodiment has the feature that the
lamps are placed in a box having sidewalls that are provided
with or that are embodied as mirrors, whereby the box has an
open end between the sidewalls through which the light of the
lamps is radiated. This feature contributes to the uniformity of
radiation of the solar simulator and reduces the required amount

of lamps.
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Still a further preferred feature is that at least the
lamps of the halogen lamp type are provided with a filter to
reduce radiation in their spectrum of radiation above a
wavelength of 1600 nm. By applying such a filter the spectral
match of the solar simulator can be improved. A BBA-rating
according to IEC standard 60904-9 is easily obtainable.

The spectral match and light uniformity of the solar
system are further promoted by the feature that the lamps from
the halogen lamp type are controlled to tune their relative
power and radiated spectrum with respect to the power and
radiated spectrum of the high-intensity discharge type lamps.

In the following the invention will be further
elucidated with reference to the drawing representing a
prototype of a solar simulator according to the invention.

In the drawing:

-figure 1 shows an isometric view of the solar
simulator of the invention, and

-figure 2 shows a side view of the solar simulator
according to figure 1.

Whenever in the figures the same reference numerals are
applied, these numerals refer to the same parts.

With reference first to figure 1, the solar simulator
of the invention is denoted with reference 1. The solar
simulator 1 of the invention comprises both lamps of the high-
intensity discharge lamp type 2 and the halogen lamp type 3, and
the lamps from said types 2, 3 are applied simultaneously to
provide a mixture of light derived from the high-intensity
discharge lamp or lamps 2 and the halogen lamp or lamps 3.

As figure 1 shows there is a plurality of high-
intensity discharge lamps 2 and a plurality of halogen lamps 3
that are applied in an array such that any lamp of the high-
intensity discharge lamp type 2 has a lamp or lamps of the
halogen lamp type 3 as a neighbor, and that any lamp of the
halogen lamp type 3 has a lamp or lamps of the high-intensity
discharge lamp type 2 as a neighbor.

Conveniently the plurality of high-intensity discharge
lamps 2 and the plurality of halogen lamps 3 are placed in an
array 4 comprising rows 5, 6, 7, 8 of lamps of both the high-
intensity discharge lamp type 2 and the halogen lamp type 3,
whereby in each row 5, 6, 7, 8 of the array 4 the lamps of said

types 2, 3 are alternating. The lamps at a neighboring position



10

15

20

4

in an adjacent row are preferably also of alternating type,
which is clearly shown in figure 2. The number of rows as well
as the number of lamps in any row can be selected at any value
to meet the requirements of a particular situation.

Figure 1 shows that the lamps of the solar simulator 1
are placed in a box 9 having sidewalls 10, 11, 12, 13 that are
in this example embodied as mirrors. The box 9 has an open end
14 between the sidewalls 10, 11, 12, 13 towards which the light
of the lamps is radiated. At this end 14 a test object can be
placed. This is best shown in figure 2.

Although not essential it is further remarked that at
least the lamps of the halogen lamp type 3 may be provided with
a filter to reduce radiation in their spectrum of radiation
above a wavelength of 1600 nm. This is not shown in the figures
but this can be easily implemented by arranging for instance a
polycarbonate filter between the halogen lamps 3 and the open
end 14 where the test object can be placed. Beneficially further
the lamps from the halogen lamp type 3 are controlled to tune
their relative power and radiated spectrum with reference to the
power and radiated spectrum of the lamps of the high-intensity
discharge lamp type 2, so as to arrive at a uniform light

distribution and optimal match with the solar spectrum.
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CONCLUSIES

1. Zonnesimulator (1) omvattende ten minste één type
lamp geselecteerd uit een groep omvattende een hoog-intensiteit
ontladingslamp (HID) type (2), en een halogeenlamp type (3), met
het kenmerk, dat zowel het hoge-intensiteit ontladings-lamp type
(2) en de halogeenlamp type (3) geselecteerd zijn uit genoemde
groep, en dat de lampen van genoemde types (2, 3) tegelijkertijd
gebruikt worden voor het verschaffen van een menging van licht
afkomstig van de hoge-intensiteitsontladingslamp of lampen (2)
en de halogeenlamp of lampen (3).

2. Zonnesimulator (1) volgens conclusie 1,
met het kenmerk, dat er een meertal hoog-intensiteit ontla-
dingslampen (2) en een meertal halogeenlampen (3) zijn die in
een matrix (4) worden toegepast zodanig dat iedere lamp van het
hoog-intensiteit ontladingslamp type (2) een lamp of lampen van
het halogeenlamp type (3) als buurman heeft, en dat iedere lamp
van het halogeenlamp type (3) een lamp of lampen van het hoog-
intensiteit ontladingslamp type (2) als buurman heeft.

3. Zonnesimulator (1) volgens conclusie 1 of 2,
met het kenmerk, dat een meertal hoog-intensiteit ontladingslam-
pen (2) en een meertal halogeenlampen (3) geplaatst zijn in een
matrix (4) met rijnen (5, 6, 7, 8) van lampen van zowel het
hoog-intensiteit ontladingslamp type (2) als het halogeenlamp
type (3), waarbij in iedere rij van de matrix (4) de lampen van
genoemde types (2, 3) alternerend zijn opgesteld.

4. Zonnesimulator (1) volgens conclusie 3, met het ken-
merk, dat de lampen op naburige posities in naastliggende rijen
(5, 6, 7, 8) van een alternerend type zijn.

5. Zonnesimulator (1) volgens één der conclusies 1-4,
met het kenmerk, dat de lampen in een doos (9) zijn geplaatst
met zijwanden (10, 11, 12, 13) die voorzien zijn van of die zijn
uitgevoerd als spiegels, en welke doos (9) een open uiteinde
(14) heeft tussen de zijwanden (10, 11, 12, 13) naar welk open
uiteinde het licht van de lampen straalt.

6. Zonnesimulator (1) volgens één der conclusies 1-5,
met het kenmerk, dat tenminste de lampen van het halogeenlamp
type (3) voorzien zijn van een filter voor het verminderen van
straling in hun stralingsspectrum boven een golflengte wvan 1600

nm.




7. Zonnesimulator
het kenmerk, dat de lampen
geld zijn om hun relatieve

stemmen op het vermogen en

6
volgens één der conclusies 1-6, met
van het halogeenlamp type (3) gere-
vermogen en stralingsspectrum af te

het stralingsspectrum van de lampen

van het hoog-intensiteit ontladingslamp type (2).
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Box No.l Basis of this opinion

- This opinion has been established on the basis of the latest set of claims filed before the start of the search.

. With regard to any nucleotide andior amino acid sequence disclosed in the application and necessary to the
claimed invention, this opinion has been established on the basis of:

a. type of material:
O asequence listing
[0 table(s) related to the sequence listing
b. format of material:
O on paper
O in electronic form
c. time of filingAurnishing:
O contained in the application as filed.
O filed together with the application in electronic form.
O furnished subsequently for the purposes of search.
. O In addition, in the case that more than one version or copy of a sequence listing and/or table relating thereto
has been filed or furnished, the required statements that the information in the subsequent or additional

copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were furnished.

. Additional comments:

Box No.V  Reasoned statement with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

.- Statement
Novelty Yes: Claims

No: Claims 1-7
inventive step Yes: Claims

No: Claims 1-7
Industrial applicability Yes: Claims 1-7

No: Claims

. Citations and explanations

see separate sheet

NL237B (July 2006)
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Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1 Prior art
Reference is made to the following documents:

D1 US 2006/176694 A1 (LEE JAE-MYUNG [KR] ET AL) 10 augustus 2006
(2006-08-10)

D2 US 5 623 149 A (KILMER LOUIS C [US]) 22 april 1997 (1997-04-22)
D3 US 4 641 227 A (KUSUHARA MASAKI [JP]) 3 februari 1987 (1 987-02-03)
D4 US 5217 285 A (SOPORI BHUSHAN L [US]) 8 juni 1993 (1993-06-08)

2 Novelty

The present application does not meet the criteria of patentability, because the
subject-matter of claims 1-7 is not new.

2.1 Claim 1

Document D1 discloses all the features of claim 1, and in particular, doc. D1 discloses
a solar simulator combining the light from a halogen lamp and a mercury lamp (see
references in the search report).

Please note that a mercury lamp is considered a type of HID lamp.

More generally, the teaching of claim 1 is generally known in the field of solar
simulators, as further illustrated by documents D2-D4, which all use a mix of light from
two different light sources, such as to approximate the spectrum of sunlight.

2.2 Dependent claims 2-7

Dependent claims 2-7 do not contain any features which, in combination with the
features of any claim to which they refer, meet the requirements of novelty, see
documents D1 and D2 and the corresponding references in the search report.

Form NL237-3 (separate sheet) (July 2006) (sheet 1)
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3 Inventive step

As the subject-matter of claim 1-7 is anticipated by documents D1 and D2, these
claims cannot be considered inventive either.

Form NL237-3 (separate sheet) (July 2008) (sheet 2)
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