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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRIMARY OPTICS FOR CONCENTRATOR
PHOTOVOLTAIC SYSTEMS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

2)

3)

4)

5)

6)

7)

8)

9)

all national electrotechnical committees (IEC National Committees). The object of IEC is to

interpational co-operation on all questions concerning standardization in the electrical and electronic.f|
this €nd and in addition to other activities, IEC publishes International Standards, Technical(Speci
Techhical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to

Publication(s)"). Their preparation is entrusted to technical committees; any IEC National Committee ir]
in the subject dealt with may participate in this preparatory work. International, gevernmental 3
govefnmental organizations liaising with the IEC also participate in this preparation.EC collaborate
with |the International Organization for Standardization (ISO) in accordance with(econditions detern
agregment between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an inte
consensus of opinion on the relevant subjects since each technical committee has representation
interg¢sted IEC National Committees.

ublications have the form of recommendations for international-use and are accepted by IEC
ittees in that sense. While all reasonable efforts are made _to ensure that the technical conter
Publications is accurate, IEC cannot be held responsible for the way in which they are used or
misinfterpretation by any end user.

In order to promote international uniformity, IEC NationaNkCommittees undertake to apply IEC Pul
transparently to the maximum extent possible in their¢national and regional publications. Any di
betwgen any IEC Publication and the corresponding national or regional publication shall be clearly ind
the I3tter.

IEC f{tself does not provide any attestation of conformity. Independent certification bodies provide cq
assepsment services and, in some areas, access'to |[EC marks of conformity. IEC is not responsible
serviges carried out by independent certification bodies.

All ugers should ensure that they have the(latest edition of this publication.

No lipbility shall attach to IEC or its directors, employees, servants or agents including individual exp
mempers of its technical committeesiand IEC National Committees for any personal injury, property d3
othenl damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fg
expepses arising out of the publication, use of, or reliance upon, this IEC Publication or any o
Publications.
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Attenjtion is drawn to the\Normative references cited in this publication. Use of the referenced publications is

indispensable for the_correct application of this publication.

Atterjtion is drawn, to*the possibility that some of the elements of this IEC Publication may be the s
patent rights. IEC¢hall not be held responsible for identifying any or all such patent rights.

The main (task of IEC technical committees is to prepare International Standa
exceptional circumstances, a technical committee may propose the publication of a te
specifi ation when

Libject of

rds. In
chnical

the required support cannot be obtained for the publication of an International Standard,

despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the

future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 62989, which is a technical specification, has been prepared by IEC technical
committee 82: Solar photovoltaic energy systems.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
82/1281/DTS 82/1376/RVDTS

Full information on the voting for the approval of this technical specification can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

The co
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bility date indicated on the IEC website under "http://webstore.iec.ch” in t

to the specific publication. At this date, the publication will be
sformed into an International Standard,
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ual version of this publication may be issued at a later date.
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PRIMARY OPTICS FOR CONCENTRATOR
PHOTOVOLTAIC SYSTEMS

1 Scope

This document encompasses key characteristics of primary optical elements (lenses and
mirrors) and lens or mirror parquets for concentrator photovoltaics including: optical
performance, mechanical geometry, mechanical strength, materials, and surface morphology.
The document identifies the essential characteristics, the corresponding quantities of interest,
and prgvides a methodformeasurement of eacTguantity:

This dpcument allows lens and mirror manufacturers, concentrator module manufag¢turers,
test laloratories and other interested parties to define lens/mirror qualities andyinspect|lenses
and mifrors. There are no pass/fail criteria associated with the document.

This dpcument defines the test conditions rather than to specify the”precise setup of a
measufement apparatus. For example, this enables laboratories\to" acquire reliable and
comparable measurement results irrespective of the existing large variety of experimental
setups|for focal spot characterization. High priority is given to~Comparable and reprofucible
measufements of the irradiance distribution in the focal plane“and of the optical efficiency.
This rgquires trade-offs that reduce the similarities to outdoor conditions. Furthermore, it is
intenddd not to refer to properties of specific solar cellss as this document is dedicated to
concentrator optics.

The teqms for lenses are applicable for mirrors, unless otherwise specified.

2 Ndrmative references

The following documents are referred’to in the text in such a way that some or all pf their
conten{ constitutes requirements-of this document. For dated references, only the |edition
cited applies. For undated references, the latest edition of the referenced document (ingluding
any amendments) applies.

IEC 60D50-845, International Electrotechnical Vocabulary. Lighting

IEC 60p04-3, Photovoltaic devices — Part 3: Measurement principles for tenrestrial
photovpltaic (PV) solar devices with reference spectral irradiance data

IEC 62[108:2007, Concentrator photovoltaic (CPV) modules and assemblies — [Design
qualifiqation and type approval

IEC 62788-1-4, Measurement procedures for materials used in photovoltaic modules -
Part 1-4: Encapsulants — Measurement of optical transmittance and calculation of the
solar-weighted photon transmittance, yellowness index, and UV cut-off wavelength

ISO 291, Plastics — Standard atmospheres for conditioning and testing
ISO 489:1999, Plastics — Determination of refractive index

ISO 10110-1:2006, Optics and photonics — Preparation of drawings for optical elements and
systems — Part 1: General

ISO 10110-7, Optics and photonics — Preparation of drawings for optical elements and
systems — Part 7: Surface imperfection tolerances


https://iecnorm.com/api/?name=f1582ad2de67d0aa66490e5f4d0b87b1

IEC TS 62989:2018 © IEC 2018 -7-

ISO 10110-8:2010, Optics and photonics — Preparation of drawings for optical elements and
systems — Part 8: Surface texture; roughness and waviness

ISO 10110-19:2015, Optics and photonics — Preparation of drawings for optical elements and
systems — Part 19: General description of surfaces and components

ISO 10303-21, Industrial automation systems and integration — Product data representation
and exchange — Part 21: Implementation methods: Clear text encoding of the exchange
Structure

ISO 11664-1 (CIE S 014-1/E:2006), Colorimetry — Part 1: CIE standard colorimetric observers

ISO 11p64-2 (CIE S 014-2/E:2006), Colorimetry — Part 2: CIE standard illuminants

17

ISO 11p64-4 (CIE S 014-4/E:2007), Colorimetry — Part 4: CIE 1976 L*a*b* Colour spacs

ISO 14[782, Plastics — Determination of haze for transparent materials

3 Terms and definitions
For the| purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use’ in standardization at the following
addrespes:

e |EQ Electropedia: available at http://www.electropedia.org/

e |S{ Online browsing platform: available at*http://www.iso.org/obp

3.1
entrange aperture
entrange aperture of the primary concentrator optics lies in a plane perpendicular|to the
directign of irradiation and is defined as the smallest plane area bound by a simple, usually
convex, geometric shape that covers all optically concentrating parts of the concentratolr

Note 1 t¢ entry: An optically-inactive part in the entrance aperture (e.g. draft facets of Fresnel lenses, s¢condary
mirrors df Cassegrain optics,\wires and solar cells in the entrance aperture, mounting structures, rounded [aperture
corners)|may not be subtracted from the area of the entrance aperture if it is not part of an adjacent pntrance
aperture|land is smaller.than 10 % of the total entrance aperture.

3.2
target prea
plane grea..of simple geometric shape (e.g. square, rectangle, circle) that is located in
proxim{ty~of the focal spot of the primary concentrator optics

Note 1 to entry: The target area is centred on the barycentre (centre of mass) of the focal spot. The target area
shall have a maximum radius at least 2 times the intercept radius.

Note 2 to entry: In a measurement setup, the target area may be part of a larger detector if it is ensured that the
radiant flux impinging on the target area can be discriminated from the radiant flux impinging on the parts of the
detector lying outside the target area.

3.3

intercept radius

radius of a circular area that results in 95 % of the radiant flux incident on the entire target
area

Note 1 to entry: Intercept radius is expressed in millimetres.
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3.4

optical efficiency

ratio of radiant flux (Watts) on the target area within the intercept radius to the radiant flux on
the entrance aperture of the primary optics, expressed as percentage value

3.5

encircled energy

accumulated radiometric power in a circle on the target as a function of the radius of the
target area

Note 1 to entry: Encircled energy in shown in the encircled energy graph. The graph identifies the accumulated
power as a function of the radius of the target area. The intercept radius and the optical efficiency can directly be
read frofT the grapmn. The varue for the encircied energy required to carcurate the opticar effictency 15 95 % of the
maximum (see Figure 1).

Usg power within intercept radius
to galculate optical efficiency

Efficiency (%)

Minimum size for

— the target ared

lintercept 2 x lintercept

Spot radius (mm)
EC

Figure 1 — Example of efficiency versus spot size —
Encircled energy level of 95 %

3.6
parqugt efficiency
arithmagtic mean of the optical efficiencies of all optics in the parquet, all measured| at the
same gntrance aperture totarget area distance

3.7
geomefric concé€ntration
ratio of the.circle defined by the intercept radius to the size of the entrance aperture
(dimengionless)

3.8

local concentration

ratio of the irradiance (watts per square metre) at a point on the target area to the average
irradiance of the entrance aperture (dimensionless)

3.9

focal distance

distance between the entrance aperture (most exterior surface of the primary optics) and
target area that minimizes the intercept radius

3.10

solar-weighted transmittance of photon irradiance

proportion of the solar spectral photon irradiance optically transmitted (or reflected) through
the specimen, throughout the range of the terrestrial solar spectrum (280 nm to 2 500 nm)
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Note 1 to entry: Additional analysis, including representative solar weighted transmittance which may not include
wavelengths as low as 280 nm or as great as 2 500 nm may also be reported.

3.11

UV cut-off wavelength

Acuv . . . . . .

wavelength of light below which the sample is considered optically absorbing and above
which the material is considered transmitting (or reflecting)

Note 1 to entry: In this procedure, the absolute transmittance of 10 % (corresponding to the optical absorbance of
1) is considered as the threshold of the UV cut-off wavelength.

3.12

yellowhess index
YI
calculated value identifying the yellowness of the test specimen perceived by a |human
observer, as defined in ISO 17223

4 Primary optics for concentrator photovoltaic systems

All primary optics datasheets complying with this document shall provide, as part ¢f their
producf marking and documentation, the information specified below. See later clausegq of this
document for further explanation of individual specifications. 'In addition to the infofmation
indicatg¢d by the examples, it is required to include a technical drawing of the primary optics
and the indicated graphs. Some of the specifications are-@ptional; however, if a manufacturer
of primpry optics chooses to include optional informationy’it should be reported and measured
using the definitions provided in this document (see Tables 1 to 6).

Table 1 — Characteristics“product identification

Clagse Characteristics Parameter
4 Product identification
4 Manufacturer
4 Model number
4 Type of primary ‘optics
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Table 2 — Characteristics: optics

Clause Characteristics Symbol and unit of measure
5 OPTICS
5.1 Source definitions
Table 7 Angular size (termed collimation half-angle of source) 0, deg
5.1 Source spectrum —, W/(m2nm)
5.2 Optical material properties
5.2.1 Spectral transmittance of lens material, calculation of a,t(A, T,h, incidence angle)-
yellowness index, calculation of UV-cutoff wavelength UV-cut-off, 1-nm increfment (as 1SO)
5.22 Spectral hemispherical reflectance of mirrors p(L)
5.23 Dispersion Vp
5.24 Refractive index n(x, T4R),~
5.B Focusing characteristics (see Table 7 for description of

Methods A-C)

5B Focal length F(Thom)s
df/dT
5.B Lens/mirror efficiency n, %
5.B Parquet efficiency n, %
5.B Focal spot size and uniformity 95 % in intercept radius
5.B Deformation caused by differential thermal expansion; -, (T), I(A,T,h), shape, materials,
irradiance distribution bonding technique; measureq as

efficiency An/K

Optional

Compliance tosother standards and specifications,
including design qualification and type approval CPV
module (IEC,62108)

Optional

Coatings: mechanical and functional properties

Optional

Soilina
T
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Table 3 — Characteristics: mechanics

Clause Characteristics Parameter
6 Mechanics
6.1 Minimum radius
6.2 Surface hardness (static)
6.3 Impact resistance (dynamic) -, f(T)
Optignal Recommendations for transport/shipping, storage
installation, operations, maintenance/cleaning, polishing,
recycling/disposal
Table 4 — Characteristics: materials
Claupe Characteristics Parameter
7 Materials
7 Type and manufacturing process
7 Material type
7 Manufacturing process
7 Chemistry
7 Mass, grain size mol
7 Chemical composition
7 Permeability
7 Absorptivity %
7 Thermal expansion 1076 m/(m K)
7 Moisture expansion 1078 m/(m %)
7 Durabttity
7 UV-absorbants (optional)
7 Yellowness index CIE
7 Accelerators
7 Non-voluntary compliance RoHS, WEEE, OH&S, among

others
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Table 5 — Characteristics: geometry

Clause Characteristics Parameter
8 Geometry
8.1 General
8.2 Definitions
8.3 Fresnel lenses and Fresnel mirrors
8.4 Global dimensions ISO 10110-1:2006, ISO 10110-8:2010 | 'mm
dlld 1oV TUTTU-TI. ZUTO
8.4 Lens dimensions mm
8.f Number of lenses n, -
8.¢ Flatness mm/m
8.¢ Prism geometry
8.4 Facet and step size mm
8.4 Facet shape
8.4 Tip and groove radii um
8.¢ Draft angle
8.4 Surface morphology
8.4 Roughness (RMS) Rq, nm
8.f Surface energy (ASTM D7490 [1]1)
8.b Data exchange
Table 6 — Characteristics: visual appearance
Clayse Characteristics Parameter
9 VISUAL APPEARANCE
oq Imperfections, blemishes (ISO 10110-7)
Scratches n, 1/m?2
Bubbles n, 1/m?
Edge chips
9.2 Clarity and color
9.2.1 Haze (and schlieren; scorch)
9.2.2 Colour, ISO 11664-4:2008 -

1 Numbers in square brackets refer to the Bibliography.
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5 Optics

5.1 Source spectrum

A reference solar spectral irradiance distribution is specified for comparing the relative
performance of optical components or understanding their impact on photovoltaic devices.
The spectrum may be used for the purpose of analysis of the throughput of optical flux. The
spectrum is also defined as the benchmark for solar simulators and outdoor test conditions
used for the verification of performance, see IEC 60904-3.

The spectral photon irradiance [EM, m=2-s=1-nm~1, Formula (1)] accounts for the number of
incident_photons rather than the raw energy. Photon irradiance is examined because one
photon|can produce at most one electron-hole pair in a PV cell. Parameters in the-formula
includel: A, the wavelength {m}; £, the spectral irradiance {W-m=2-m~1}; &, Planck’s. cpnstant
{6,626 [x 10734 W-s2}; and c, the speed of light in a vacuum {2,998 x 108 m-s—1}.

Epal]=- £, 1] (™)

5.2 OQOptical material properties
5.21 Spectral transmittance of lens material
5211 General

The mgasurement of the total luminous transmittance\is specified for verification of the|optical
performance of component materials used in “the primary optical element (POH). The
standafdized measurements here quantify the-Expected performance of the POE relative to
the component(s) that follow the POE inva CPV module. Subsequent calculation of
solar-wWeighted transmittance allows forseomparison between different POE compgonents
and/or materials.

In the ¢ase where reflectance is being measured, it may be measured and analysed similar to
the trapsmittance.

This mleasurement methad\can also be used to monitor the performance of POE materials
after weathering, to help Jassess their durability. Subsequent calculation of yellownes$ index
allows |for quantification of durability and consideration of appearance. The change in
transmittance, yellowness index, and ultraviolet (UV) cut-off wavelength may be used hy POE
or CPV| module_manufacturers to support comparing the durability of different materials

5.2.1.2 Principle

Th aleicnactral tero oot o o f roanracaontotig aB-a-elna-al ahbhaonld b PO P~ 1
e to ol O'JGULIUI ATTOTTITILATIVS Ulb IG'JIUOUIILULIVC O'JWUIIIIGIIO = ARAYAC AV | LAY IR RRAVIC e AV | v | S|ng a
spectrophotometer equipped with an integrating sphere. Solar-weighted transmittance,
yellowness index, and UV cut-off wavelength will be subsequently calculated from the optical

measurements.

NOTE The method does not attempt to account for variations in transmittance with the angle of incidence, which
can vary with time of day, sky conditions, geometry of the module, and the concentration of optical flux.

5.2.1.3 Apparatus

The test instrument should consist of a spectrophotometer equipped with a double beam. A
single beam spectrophotometer may be used if the port reflectance can be properly accounted
for, as in IEC 62788-1-4. Details regarding the construction and configurations of the test
instrument can be found in 1ISO 13468-2 [2] or ASTM E424-71 [3]. A measurement range of at
least 280 nm to 2 500 nm is required for calculation of the solar-weighted transmittance using
the AM1.5 direct spectrum as in IEC 60904-3. The minimum measurement increment of 1 nm
shall be used in measurements.
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5.21.4 Test specimens
5.21.4.1 Specimen size and geometry

Specimens shall consist of placard or discs composed of the POE material(s). The radius of
curvature for the specimens should be sufficiently large that the width of the transmitted (or
reflected) beam remains smaller than the aperture of the integrating sphere.

The specimens shall contain an examination region free from visible flaws including:
scratches, pits, sink marks, bubbles, or other imperfections. The examination region shall be
at least 50 % larger in diameter than the measurement area of the test instrument. A spot size
of 1cm x 1cm is common in many commercial spectrophotometer instruments. Use of
specim) i TS—Si it i i i cation)
and handling (during measurement). The size (length and width) should, howeyer, be
adequdte to allow the specimen to fit inside the test instrument.

The ngminal thickness of the specimens shall be equal to the thickness intended for|use in
CPV modules. When a laminate or composite material is used, the thickness of each of the
component layers shall be the same as intended for use in a CPV POE.

Specimens should be prepared according to the manufacturer’s ‘specification and Using a
process as similar as possible to the method used in the intended\mianufacturing process.

The thlckness of the test specimen shall be measured after its preparation. The thickness
shall bg taken as the average of three measurements obtained at different locations|on the
test region of the specimen.

Both syrfaces of the specimens shall not be faceted\or intentionally textured.
5.2.1.4{2 Number of specimens

A minimum of 3 replicates shall be used-for the determination of the transmittance or in
weathering studies. Optical characteristies, including transmittance, Y/, and the UV|cut-off

wavelehgth shall be subsequently, calculated using the average of the three se¢parate
specimens, with the range of the measurements indicated to identify their variability.

5.2.1.4{3 Conditioning of'specimens

Specimens used for the~purpose of datasheet reporting shall be maintained at (23 4 2) °C,
(50 = 10) % relative humidity for at least 24 h, or until the mass has stabilized to £ 10 %
(which|can take on\the order of 300 h for PMMA, if not force-dried), as recommernded in
ISO 2911 Class 2¢prior to optical measurement.

5.2.1.5 Measurement procedure

5.2.1.5|1 Specimen preparation

Prior to measurement, specimens should be free of dust, grease, or other contaminants. The
specimens and instrument should be in thermal equilibrium prior to measurement.

5.2.1.5.2 Instrument calibration (baseline measurements)

Allow the instrument lamp to adequately equilibrate after it has been lighted, observing the
typical warm-up period, for example 15 min or as recommended by the instrument
manufacturer. Perform the correction scan(s) to compensate for the instrument baseline
signal.

The 100 % transmittance baseline measurement should be performed in air, with no specimen
present. The 100 % reflectance baseline measurement should be performed using a
calibrated standard similar to the reflector specimens, for example silvered glass for silvered
glass reflectors or Spectralon for general purposes. The 0 % transmittance baseline
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measurement should also be performed, if possible. Periodic measurement of the baseline is
recommended to minimize instrument drift and ensure the measured values are accurate. The
instrument drift occurring over an extended measurement session may be instrument specific.

5.2.1.5.3 Specimen measurements

Perform the transmittance measurements for the test specimens over the wavelength range of
at least 280 nm to 2 500 nm using a 1 nm increment.

Linear interpolation to a 1 nm increment may be used when only a coarser measurement
increment (maximum of 5 nm) is available. The error associated with a coarser increment may
be more _influential at shorter wavelengths (where Y/ and the UV cut-off wavelength are
determjned) than at longer wavelengths (where only the solar-weighted transmittgnce is
affectefl). When applied, the use of linear interpolation should be noted in the test.repgrt. The
spectrgl bandwidth should be less than or equal to the increment of the measuremgnt, i.e.
1 nmof 5 nm.

5.2.1.5|4 Reference measurements
Perform the transmittance measurements on a witness specimen“at-the beginning af each
measufement session to assure proper operation of the instrument and minimize the
measufement error. Perform the transmittance measurements gfcany witness specimeng using

the same procedure applied to the test specimen(s). The witness specimens may in¢lude a
traceable standard specimen or laboratory working witness, specimen.

5.2.1.6 Calculation and expression of results
5.2.1.6{1 Post-processing of data

The measurements obtained from three separate specimens shall be averaged 4t each
wavelehgth increment. The range (difference of the maximum and minimum) shall glso be

determjned at each wavelength increment.”In this manner, the transmittance shall be reported
at eacH wavelength measured.

5.2.1.6]2 Calculation of weighted transmittance

The solar-weighted transmittance may be calculated with Formula (2):

[elaly i

Tow™ (2)
[ Epal2k2
where
Tow is the solar-weighted transmittance (%);
T is the measured transmittance of the specimen (%);
A is the wavelength of light (nm);

Ey, is the reference spectral photon irradiance (m=2-s='-nm~1, as given in IEC 60904-3).

The solar-weighted transmittance should be calculated for the wavelength range of at least
280 nm to 2 500 nm. The solar-weighted transmittance (as well as YI) obtained from the
spectrophotometer measurements (1 nm interval) shall be calculated using a discretized sum.
For IEC 60904-3, the denominator of the solar-weighted transmittance equals
4,155 128 570 735 31 x 1023 (m=2-s~1). Other weighted transmitted values may be additionally
calculated [similar to Formula (1)] from the tabulated transmittance data for other wavelength
ranges.
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5.2.1.6.3 Calculation of the yellowness index

YI may then be calculated according to the following procedure. First, calculate the tristimulus
values using the Formulas (3) to (5):

X = k[ e[alsoelA]x[2)d2

(3)
¥ = k[ e[Alsvefa]5[2)a2
(4)
Z = k[ e[alsoss[2]E[4)d2 )
where
X, Y, and Z represent the three tristimulus coefficients (unitless);
k is the normalizing factor (unitless);
T is the measured transmittance of the specimen (%);
A is the wavelength of light (nm);
Spes is the relative spectral power of the illuminant (unitless, as in ISO 116[64-2);

X, yV,€and z are the relative colour-matching functions of the observer (unitless|, as in
ISO 11664-1).
The CIE Standard D65 llluminant (which represents the midday outdoor sun in nprthern
latitudgs) shall be used in calculations as defined in ISO 11664-2. The CIE 1964 XYZ colour

space |(which represents a human observer with a 10° field of view) shall be Used in
calculations as defined in ISO 11664-1.

The nofmalizing factor should be determined from Formula (6):

k= [ Soss[2]5[4)dA (6)

For 1ISQ 11664-1 and\ISO 11664-2 (in 1 nm increments), k = 8,606 x 10~3. The normalizing
factor |is applied-to"all tristimulus coefficients, but is calculated specifically for the y
colour-matchingfunction.

YI may|thén-be calculated from Formula (7):

Yl = IOOM (7)

The yellowness index is calculated using the tristimulus coefficients as well as the
coefficients, Cx = 1,301 3 (unitless) and Cz = 1,149 8 (unitless).

NOTE Additional details related to the Y7 can be found in ISO 17223.
5.2.1.6.4 Calculation of the UV cut-off wavelength

The UV cut-off wavelength, 4.y, shall be determined as the longest measured wavelength (to

the nearest nm) in the UV range (where 4 < 400 nm) where the transmittance equals 10 % or
less.
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In cases where the UV cut-off wavelength is known to be less than 280 nm, the range of
measurement should be extended below 280 nm to quantify its specific value.

5.21.7 Test report

A report of the tests shall be prepared by the test agency. The report shall contain the detail
specification for the specimens. Each certificate or test report shall include at least the
following information:

a) a title;

b) name and address of the test laboratory and location where the tests were carried out;

e) description and identification of the item tested, including material type,” sppcimen
thidkness (and its range of variation), the specimen size (length and width,op diamefer);

f) characterization and condition of the test item, including the method and defails of
specimen preparation (including curing, lamination, or similar procéssing, if applicable)

h) identification of test method used, including the make and;model of the test instrument
and the use (and make and model) of an integrating sphere;

i) refdrence to sampling procedure, where relevant;

j) any| deviations from, additions to, or exclusionsfrom, the test method and any other
infgrmation relevant to a specific test, such\vas environmental conditions; ahd the
progedure(s) and condition(s) used for weathering and any preconditioning conducted
prigr to measurements;

k) medasurements, examinations and derived results supported by tables, graphs, sKketches
and photographs as appropriate ingclading the complete set of the tabulated dverage
tranpsmittance values and the corresponding range of the averaged values; the estimated
undertainty of the transmittance mieasurement (instrument); the averaged solar-wgighted
tranpsmittance of photon irradiance and the corresponding range of the averaged palues;
the|UV cut-off wavelength and'its uncertainty; and any failures observed;

I) the| yellowness indexsand its uncertainty (which should be determined aftef each
weathering interval in~addition to its original value in the case of weathering experiments);

m) a statement of the estimated uncertainty of the test results (where relevant);the
measurement of\the witness specimen (if used) and its deviation from its witness palues.
When applicable, the details of the witness specimen (such as its preparation,
conpposition,.and thickness) shall be specified;

for [heleontent of the certificate or report, and the date of issue;

n) a s|gnature and title, or equivalent identification of the person(s) accepting resporl\sibility

o) where relevant, a statement to the effect that the results relate only to the items tested;
p) a statement that the certificate or report shall not be reproduced except in full, without the
written approval of the laboratory.

5.2.2 Spectral hemispherical reflectance of mirrors

For additional considerations related to the measurement of the spectral hemispherical
reflectance of mirrors, refer to the document prepared and updated by the SolarPACES
organization [4].
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5.2.3 Dispersion: Abbe number of CPV primary lens materials
5.2.31 Definitions
The Abbe number v is a common characterization of dispersion, i.e. the change of the

refractive index n with wavelength A. Alternatively, vp, v4 or v, can be determined, where
each Abbe number is calculated from a different set of three refractive indices:

VD=(nD—1)/(nF—nC)

Vag=(ng =1/ (ng —nep)

Ve = (ng = 1)/ (ng- — ng)
where

np i the refractive index at 589,3 nm (mid point of the sodium speggtral emissipn line
doublet that has lines at 589,0 and 589,6 nm);

ng i$ the refractive index at 486,1 nm (spectral emission line of hydrogen);
nc ig the refractive index at 656,3 nm (spectral emission line©f hydrogen);

(
(
ny i$ the refractive index at 587,6 nm (spectral emission line of helium);
ng i$ the refractive index at 480,0 nm (spectral emissjonrline of cadmium);
(

nc ig the refractive index at 643,8 nm (spectral emission line of cadmium).
5.2.3.2 Setup of experiment

ISO 48P does not explicitly describe the measurement of n at wavelengths other {han at
589 nn. Use an Abbe refractometer as described in the instructions on "Refractive index np of
CPV primary lens materials", which requires an Abbe refractometer accurate to| 0,001
equipped with a temperature-controlling device for the specimens and prisms, set up in an
enviroriment maintained at (23 + 2) °€ and (50 = 5) % relative humidity. The instrument shall
providg monochromatic or nearly(monochromatic illumination of the specimen with a gpectral
distribJtion centered at one of(the wavelengths shown above.

This may be accomplished, for example, by filtering a white light source with individual
bandpdss interferencefilters or with a tunable filter, or by the use of spectral lamps.

5.2.3.3 Procedure

Follow | the -procedure in the instructions on "Refractive index np of CPV primaty lens
materigls”,\Determine the three refractive indices necessary for the particular Abbe number
chosen, following any further applicable directions provided by the instrument manufacturer,
at (23 £ 0,5) °C for a set of 5 specimens. Calculate the Abbe number for each specimen.

In addition, the Abbe number may be determined at (50 £ 0,5) °C specimen temperature for a
second set of 5 specimens.

5.2.3.4 Presentation of results

Express average Abbe number vy, v4 or v, at 23 °C without any decimal places.
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5.2.4 Refractive index np of CPV primary lens materials
5.2.41 Definitions

The refractive index n of a material describes how fast light travels through that material.
n = cl/v, where c is the speed of light in vacuum and v is the speed of light in the material. In
general n depends on the wavelength A, and the temperature T and moisture state of the
material.

5.2.4.2 Parameters and units

This procedure describes the refractive index at 589 nm only.

5.2.4.3 Setup of experiment

Use IS|O 489 method A, which requires an Abbe refractometer accurate to (0001 equipped
with a femperature-controlling device for the specimens and prisms, set upinfan envirpnment
maintajned at (23 + 2) °C and (50 £ 5) % relative humidity.

5.2.4.4 Procedure

Follow [[SO 489:1999 method A / transmission or reflection mode procedure (6.1.1 and |6.1.4).
Recommended specimen size for sheet specimens is 8 mm x:20 mm with a thickness gf 3 mm
to 5 mm. Prepare 2 sets of 5 specimens each. A contacting liquid with a higher refractive
index than the specimen is used to establish close cdntact between the specimen gnd the
prism (B.1.3).

Rectangular prism-shaped specimens may be cut'from lenses. Measure refractive index on
flat surface facing the Sun or, if necessary, on Fresnel structure surface after remova| of the
Fresne| structure. Any other adequate preparation technique may be employed that fenders
specimiens with a flat surface to be coupled to the fixed half of the refractometer prisms| In the
case of silicone-on-glass lenses, it may*be practical to prepare separate glass and gilicone
specimiens from their respective raw*materials.

Standafd conditioning of specimens shall be done for at least 88 h at (23 + 2) °C |and at
(50 £ 5) % relative humidity before the measurement.

Carry qut the measurement at (23 + 0,5) °C for the first set of 5 specimens.

Carry qut the measurement at (50 + 0,5) °C for the second set of 5 specimens.

Assum|ng linear behaviour, the temperature-dependence of the index of refraction may be
ed-between the two temperatures In addltlon the measurement may be carried out at
. . S . , 0e-S wmidity, the
lens suppller may decrde to prepare a thlrd set of 5 specrmens that are condltloned by
submersing them in water at 23 °C at least until constant weight is reached. Perform
measurements of refractive index immediately after removing specimens from the water and
drying them with a non-abrasive optic cleaning tissue.

5.24.5 Presentation of results

Express average refractive index values np23 (23 °C) and np50 (50 °C) to three decimal
places.
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5.3 Focusing characteristics: Focal length, lens efficiency, focal spot size and
uniformity

5.3.1 Preliminaries

A round robin study was conducted to allow for the assessment of the accuracy and suitability
of available Methods to measure the focusing characteristics focal length, lens efficiency,
focal spot size and uniformity of Fresnel lenses. Sets of Fresnel lenses in the materials PMMA
and silicone-on-glass were industrially produced with a tool designed for neither SOG nor
PMMA, sent to laboratories, and measured according to the method available there. The
results were compared and found to be within acceptable tolerance brackets. Any of the
methods developed by the laboratories may be followed. Table 7 lists the methods and
results

Wavelgngth ranges mentioned in this subclause are related to the instruments that\havie been
used in these methods.



https://iecnorm.com/api/?name=f1582ad2de67d0aa66490e5f4d0b87b1

- 21 -

IEC TS 62989:2018 © IEC 2018

aan 229 elowed 00 L'6Y ¥18 G'Z8 |€0F| 0'P9 ¥'90L |% ST F| SS‘0 v10 o)
aan 229 elowed 09 8'9¢ %O0VLF/%COF| %CF 718 128 |20 F (4 €0l |% S'TF| €50 €60 o)
0420 usey obo L 01 082 |190 Jejos 74 1%20F % T F 9'z8 ¥'18 | 20F| P09 G'90L [% 9'TF| 860 121 g
uouayx + elawed gJ90
0420 usey €/ 01 00 1190 Jejos sz 1%20F % T F 9'c8 6'C8 | 20F 199 6'G0L [% 9'TF| 960 8Ll g
uouayx + elawed ga2a9d
85¥'0 duwe| wybeidepl + [°T4 z'L8 z'es 0‘eq S'%01 10°1L €5°1L v
uouay 0po | ©1 00¢ J9}owolpeie}oadg
ww
o wu Do % wuw snipey
(uonjeuqijesal
yym shep
824nos JuaudyyIp /solI8S
Jo ajBue-jjey adfy adky Aep awes)
ajeq uoneuwijjon 82i4nog ypBuoajanep juawnujsuj ainjesadwa] | Ayjiqionpoiday |Aoeunooy| VIWINC 90S VINN 950S VININd 950S
aoluelsip poyjaw
P-OLH-3HA ASUBIHJ-SUT yodis |eso4 ozls jods |edo4 | Aiojeioqe]
S9sud| |9usal4 Jo sIl)slid)oedeyd |20} 9y} 40} UlqOoJ punoJd 8y} Jo S}|nsal pue spoyljs|N — /2 9@|qel



https://iecnorm.com/api/?name=f1582ad2de67d0aa66490e5f4d0b87b1

- 22 - IEC TS 62989:2018 © IEC 2018

5.3.2 Method A
5.3.2.1 General
This second method characterizes the light distribution, spatial and spectrally, at the focal
spot using a collimated Xe lamp, a spectroradiometer and several apertures attached to its

head. This method provides the intercept radius and the optical efficiency (as described
before) together with the spatial distribution of the spectral irradiance at the focal spot.

5.3.2.2 Apparatus
5.3.2.2.1 General

The cdmplete setup is composed of a light source, the sample holder, apertures,-gnd the
detectdqr. The components shall be fixed in a manner that ensures their proper)alignment,
mechanical stability and repeatability.

5.3.2.2]2 Light source

The light source is a collimated Xe lamp. The spectral and power distribution of the Xe light
on the entrance aperture shall be uniform.

5.3.2.2{3 Sample holder

The sample holder allows the CPV primary optical component under study to be poditioned
perpendicularly towards the incident light beam. To vthis end, it provides the re¢quired
translational and tilt movements. The sample holder.is attached to a breadboard where the
detectdqr head and other required components are” also fixed. In this way, the mechanical
stability and repeatability of the measurements.isfacilitated.

5.3.2.2{4 Apertures

For thg determination of the interceptradius, a diaphragm with a variable aperture dijameter
ranging from 1 mm to 11 mm is used.On the other hand, and with the purpose of studyfing the
spatial|distribution of the light at-thie focal spot, the light irradiance is mapped using a pinhole
of a fixed aperture size. Since) CPV primary optical components might have very dffferent
focal spot sizes, the pinhole size would need to be adapted for each component under $tudy.

5.3.2.2|5 Detector

The dgtector is @)calibrated spectroradiometer, consisting of a head (also known as |optical
probe)| and thé spectroradiometer. The head, which should ensure a good cosine cofrection
(such |as _an> integrating sphere) is responsible for coupling the light info the
spectrqradioemeter. This head is connected to the spectroradiometer by means of a biflircated
fibre. Tlhe detector, whose spectral range goes from 300 nm to 1 600 nm, may be composed
of two CCD arrays, for example one based on Si, for the spectral range from 200 nm to
850 nm, and another one for the 800 nm to 1 650 nm spectral range made of InGaAs. All the
measurements are carried out using this detector.

5.3.2.3 Test specimens

Specimens used for the purpose of datasheet reporting shall be maintained at (23 + 2) °C,
(50 £ 5) % relative humidity for at least 24 h, as recommended in ISO 291, prior to optical
measurement.
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5.3.2.4 Measurement procedure
5.3.2.4.1 Specimen preparation

Prior to measurement, specimens should be free of dust, grease, or other contaminants. The
specimens and instrument should be in thermal equilibrium prior to measurement.

The temperature of the test specimen shall be homogeneous over the entrance aperture
within £ 2 K. The temperature of the test specimen shall not vary by more than 2 K during the
data acquisition time of a measurement. The temperature shall be measured with a precision
of £ 1 K and shall not deviate more than 1 K from the temperature of the test specimen.

5.3.2.4{2 Determination of the focal distance and the intercept radius

a) The sample to be measured shall be placed in the holder, and positioned perpendjcularly
to the incident light. The distance between the sample and the detector héad shguld be
close to the expected focal distance. The detector head and aperture,(attached to it)
shduld also be aligned perpendicularly to the incident light.

b) The¢ diaphragm aperture size shall be chosen to be smaller than the(total spot size. With
the|diaphragm aperture attached to the detector head, the detector)head is moved|in x, y,
and z directions until the radiant flux (spectral flux integrated from 300 nm to 1 600[ nm) is
makimized. The position for which the radiant flux is maximized is designated to|be the
focal point, and the distance from this point to the samplecs\the focal distance.

c) Onge being located at this focal point, the diaphragm shall be opened and the specfral flux
from 300 nm to 1600 nm shall be measured for different diaphragm aperture| sizes.
Prgviously, a spectrum in dark condition (i.e. withthe”source deactivated) shall havie been
megsured, and then automatically subtracted from the measured data. For each aperture
siz¢, the radiant flux, obtained as the spectral flux integrated from 300 nm to 1 600 nm,
shdll be calculated, and from the representation of this radiant flux versus the diaphragm
apgrture radius, the intercept radius shall be determined.

5.3.2.4|3 Determination of the optical efficiency

The spgctral flux from 300 nm to 1,600 nm is measured on the entrance aperture of the CPV
primary optics using the detectorchiead free of apertures. From the integration of thesp data,
the radjant flux is obtained. Thén; the optical efficiency is calculated as the ratio of the [radiant
flux within the intercept radius to the radiant flux on the entrance aperture of the primary
optics, |expressed as a percentage value.

5.3.2.4{4 Determination of the irradiance maps

With th

e purposé€. of studying the spatial distribution of the spectral irradiance at the focal
e light\is’ mapped using a pinhole with a defined aperture. This pinhole is mpved a

determjned- step in x and y directions. Since CPV primary optics might have very djfferent
focusin istics; i i ted for
each component under study. For each position, the spectral irradiance from 300 nm to
1 600 nm is detected. The spatial distribution of the irradiance integrated for different spectral
ranges that correspond to the absorption regions of the materials that form a multi-junction
solar cell can be calculated and plotted.

5.3.3 Method B
5.3.3.1 Apparatus
5.3.3.1.1 General

The test instrument shall include a light source, a sample holder, and a detector unit.
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5.3.3.1.2 Light source

A collimated beam solar simulator shall be used to illuminate the optics aperture. The solar
simulator should be classified as class A for the category spatial non-uniformity described in
IEC 60904-9-1 [5].

The collimation angle as defined in IEC 60904-9-1 should be (4,65 * 0,05) mrad. The
collimation angle is defined as the angular radius, with respect to a vector normal to the test
plane, containing 90 % of all incoming light flux.

5.3.3.1.3 Sample holder

The sample holder shall support the sample in a way that ensures that the sample-d¢es not
move @r vibrate during measurement. It shall position the sample in the homogeneous light
beam o¢f the light source with its optical axis aligned to the direction of the light.beam. The
misalighment of the optical axis of the sample to the direction of the lightcheam shall not
exceed 1 mrad. No non-transparent part of the sample holder or any edge<of a trangparent
part may be in front of the entrance aperture (blocking the direct light beam) or closer than
1 mm fo the entrance aperture of the sample. No part of the sample holder shall be| closer
than 1|mm to the light path between the entrance aperture and the detector. Care shall be
taken s$o that no stray light from any parts of the sample holder can reach the enptrance
aperturne of the sample or the detector.

The sample holder may also include equipment to adjust the temperature the sample.

5.3.3.114 Detector

This tegst method requires one or several of the following detectors: translucent Lampertian
diffusing surface, digital camera, calibrated solat-cell.

5.3.3.115 Digital camera and translucent Lambertian diffusing surface

The digital camera (CCD or CMOS) is-used to determine the distribution of radiant flux|on the
target area. The target area shall be-a thin translucent Lambertian diffusing surface where the
digital camera is imaged. Spectral filters may be added to the digital camera to mqdify its
spectrdl response. If the digital camera sensor is large enough, the sensor can act|as the
target fprea and the primary  optics can be directly focused on the sensor. To fuffil this
conditipn, a circle whoseyradius is twice as large as the intercept radius shall be able to be
inscribg¢d in the digital camera sensor.

Regarding adeqlate use of a digital camera, if the pixel with the highest recorded value is
equal the full-scale value of the CCD device or less than half the full-scale valug| of the
CCD device; neutral density filters should be added or the camera integration time should be
adjustgd @nd the measurement shall be repeated.

The pixel with the lowest recorded value shall be less than 0,5 % of the value of the pixel with
the highest recorded value. If the level of noise is greater than 0,5 %, then the neutral density
filters, camera integration time, or other aspects of the measurement setup up shall be
adjusted and the measurement shall be repeated.

5.3.3.1.6 Calibrated solar cell

The calibrated solar cell is used to determine the total irradiance at the aperture entrance of
the optics as well as the irradiance at the focal plane.

The calibrated solar cell acts as the target area. A circle whose radius is twice as large as the
intercept radius shall be able to be inscribed in the active area of the solar cell.

It is the responsibility of the user to ensure the linearity of the reference cell.
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5.3.3.2 Test specimens — Preconditioning of specimens

Specimens used for the purpose of datasheet reporting shall be maintained at (23 + 2) °C,
(50 = 5) % relative humidity for at least 24 h, as recommended in ISO 291, prior to optical
measurement.

5.3.3.3 Measurement procedure

5.3.3.3.1 Specimen preparation

Prior to measurement, specimens should be free of dust, grease, or other contaminants. The
specimens and instrument should be in thermal equilibrium prior to measurement.

The temperature of the test specimen shall be homogeneous over the entrance ‘aperture
within £ 2 K. The temperature of the test specimen shall not vary by more than 2,K)duning the
data agquisition time of a measurement. The temperature shall be measured with" a precision

of £ 1 K and shall not deviate more than 1 K from the temperature of the test‘specimen.

5.3.3.3{2 Determination of the intercept radius and the focal distance

The mgasurement procedure comprises the following steps:

a)

b)

d)

e)

f)

5.3.3.3|3 Determination of the optical efficiency

The maasilrement procedure comprises the following steps:

a)
b)

c)

d)

The sample to be measured shall be placed in the holder,” the primary optics shall be
aligned with the incident light and the optical axis shall b&)perpendicular to the tranglucent
Lambertian diffusing surface. The distance between thé€ primary optics and the tranglucent
Lambertian diffusing surface shall be close to the expected focal distance.

Thq digital camera shall be focused on the translucent Lambertian diffusing surface. If
spejctral filters are used to modify the spectrakresponse of the digital camera, thgy shall
be placed between the digital camera and the’translucent Lambertian diffusing surfdce.

Thq irradiance distribution over the translucent Lambertian diffusing surface shall be
phdtographed with the digital camera.

Thg centroid of the photographedirradiance distribution shall be calculated. Us|ng the
cenllroid as origin, the encircled, energy graph shall be calculated. The intercept radius, as
defined in 3.3, shall be calculated.

Thg distance between the'‘primary optics and the target area shall be modified and steps
b), |c) and d) shall be repeated. It is recommended to change the distance betwgen the
primary optics and the\target area in incremental displacements of 0,5 % of the eXpected
focal distance.

Thg focal distance, as defined in 3.9, shall be calculated. The encircled energy gnd the
intdrcept radius at the focal distance shall be determined.

The entrance aperture, as defined in 3.1, shall be measured.

The sample to be measured shall be placed in the holder, the primary optics shall be
aligned with the incident light.

The calibrated solar cell shall be placed close to the primary optics entrance aperture to
determine the radiant flux on the entrance aperture. The active surface of the calibrated
solar cell shall be placed parallel to the entrance aperture. The calibrated solar cell shall
be placed into a collimating tube to ensure that only direct irradiance reaches the
calibrated solar cell. The short-circuit current of the calibrated solar cell shall be
measured, and the calibration value shall be used to calculate the radiant flux on the
entrance aperture of the primary optics.

The calibrated solar cell shall be placed at the lens focal plane. The calibrated solar cell
acts as target area. The calibrated solar cell surface shall be perpendicular to the primary
optical axis. The distance between the primary optics and the calibrated solar cell shall be
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e)

5.3
5.3

The optical efficiency may be calculated with Formula (8):

3.4 Calculation and expression of results

.3.4{1 Calculation of the optical efficiency
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close to the expected focal distance. The short-circuit current of the calibrated solar cell
shall be measured, and the calibration value shall be used to calculate the radiant flux on
the target area. The optical efficiency, as defined in 3.4, shall be calculated. If two
equivalent calibrated solar cells are available, steps c) and d) can be performed
simultaneously placing one of the calibrated solar cells near the entrance aperture of the
optics and using the other calibrated solar cell as the target area. Two calibrated solar
cells are equivalent when both have the same spectral response.

The distance between the primary optics and the target area shall be modified and step d)
shall be repeated. The optical efficiency shall be determined as the mean of the optical
efficiency values for the positions where the optical efficiency is higher than 98 % of the
maximum calculated value. It is recommended to change the distance between the
primary optics and the target area in incremental displacements of 0,5 % of the expected
focal distance.

Top = };c))ut — Géutj()ut — GG;)(ut (8)
n n“fin In<*geo
where
Nop refers to the optical efficiency (%);
Pyt |is the radiant flux (W) on the target area within the intercept radius;
P, is the radiant flux (W) over the entrance-aperture.

apertu
conce
to the target area 4.

5.3
5.3

4 Method C

4.1 General

e (W/m2); G,t the output irradiance at the target area (W/m2), and Xgeo the gepmetric
tration. The geometric concentration is defined as the ratio of the entrance aperfure 4,,

The opr'rcal efficiency can be expressed in;terms of G;, the average irradiance at the enptrance

This third method «characterizes the spatial light distribution at the focal spot using a
collimated narrow,bandwidth (e.g. red, (622 £ 7) nm) LED and a highly linear scientiflc CCD
camerd chip without a camera lens. This method provides the intercept radius and the|optical
efficiency together with the spatial distribution of the narrow bandwidth LED irradiancg at the
focal gpot{ jThis enables the qualification of concentrator lenses in terms of |optical
performance and the determination of possible errors of the manufacturing process and their
consequUeNnces on performance.

5.3
5.3

4.2 Apparatus
.4.2.1 General

The complete setup is composed of a light source, the sample holder, apertures, and the
detector. The components shall be fixed in a manner that ensures their proper alignment,
mechanical stability and repeatability.

The setup is designed to hold lens panels of different sizes. The panels are moved on a
sliding carriage along two linear axes between light source and detector unit. The detector
unit may be fixed or also moved on (optionally motorized) XYZ precision linear stages.
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5.3.4.2.2 Light source

The light source consists of a narrow bandwidth(s) (e.g. red or a multicolour) LED which
illuminates a circular aperture. The width of the aperture and the focal length of the
successive collimating optics define the angular divergence of the light in test. This
divergence should be (4,65 + 0,05) mrad, which equals the angular divergence of the Sun.
Using LEDs allows a narrow bandwidth illumination. An aspheric lens for a single
monochromatic LED illumination or an achromat lens for multi LED illumination is illuminated
by the aperture and creates the collimated beam as incident light on the lens panel. The
spatial irradiation at sample level should not change more than 2 % across the sample’s
aperture in test. It is recommended to measure this lateral irradiation distribution to

post-correct the measured signals in numerical analysis. The time stability of the light source
intenS| ‘]’ Uhuu!d br\ l-\r\t+r\r than N 4 0/ [l aphich A r-nnl-l Affacta tha ranrad, Ha o of r\llnness|ve

tCT oot oy 7071 WitncT oI ctT ] TTTC Tt 1T I\.".JI\J\JUUIUIIII.] oOToTT

measufements’ results.

5.3.4.2|3 Sample holder

The sample holder allows the lens panel’s moving on a sliding carriage along two linear axes
betwegn light source and detector unit. The sample does not move“ or vibrate |during
measufement and it is important that the holder is positioned perpendicularly (2,5 mrad)
towards the incident light beam. The holder should be mat black to.minimize stray light.

5.3.4.2{4 Apertures

For the investigation of partial areas of a sample specimen, additional apertures may be
applied to limit the illuminated area of the specimen Afapertures define partial areag of the
specimien, this should be reported with all subsequent results by specifying the size and
position of the aperture.

5.3.4.2|5 Detector unit

The ddtector is a highly linear and well:specified scientific-grade monochrome CCD ¢amera
with al| 14-bit dynamic range, without a camera lens and is to be calibrated drior to
measufement (in house). The _chip has a very low incidence angular depepdence
(90 % pt 30°) and a high resolytion. The camera chip is based on Si technology |and is
appropriate for all light sources;\between the spectral ranges from 250 nm through 950 nm.
Principplly, the detector size limits the maximum detectable intercept radius. Wjth the
aforemgentioned precisionssiages, a stitching of the measurement signal is possible.

5.3.4.3 Measurement procedure
5.3.4.3|1 Specimen preparation

Prior tg measurement at room temperature, the specimens should be clean and at th¢ same
temperpture like the laboratory. For measurements at specimen temperatures deviating from
room temperatare—e-g—measurement—ofheated—specimen—the—desired—temperature’ of the
test specimen should be homogeneous +2 K across the entire entrance aperture measured.
The light source and the camera should be in a steady state and in thermal equilibrium.

5.3.4.3.2 Determination of the focal distance and the intercept radius

a) The quantitative analysis of the CCD signal is performed by referencing to a measurement
without a sample, which is recorded immediately before the sample measurement.

b) The primary optics to be measured is placed in the holder, positioned and aligned
perpendicularly to the incident light source.

c) To avoid large differences in exposure time between sample and reference measurement,
the light source is dimmed automatically using neutral density filters during measurement
of the sample lenses. The attenuation of the filter in the light source is calibrated
externally in a measurement of the light source with and without filter.
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d)

e)
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The resulting CCD signal of a primary optics measurement is analysed with respect to the
dimension of the focus and the integral value over a target area is calculated. The target
area is a plane area of simple geometric shape (e.g. square, rectangular, round) that is
located in proximity of the focal spot of the primary concentrator optics. The target area is
centred on the barycentre (centre of mass) of the focal spot.

The distance between the primary optics and the target area shall be modified
(e.g. manually or automatically) and step d) shall be repeated.

The CCD signal images provide irradiance maps as measured at the target plane. From these
irradiance maps, the following quantities are calculated (see step d) above).

The distance between camera CCD surface and lens sample with the lowest intercept radius
is the [dentified focal distance. The focal distances may be measured with referencel to the
plane hesides the lens structure, which is the support plane for samples under measurement.
In this [case, the focal distance between the entrance aperture (most exterior surface of the
primary optics) and target area is equivalent to the identified focal distance thatyminimizes the
intercept radius plus the thickness of specimen (e.g. glass or PMMA)With a report on
results] the definition of focal distance (focal length) shall be provided te.'ayoid confusipn with

different definitions.

For evpluation of optical efficiency, the target area is chosen ‘according to the procedure
described above (i.e. circular of radius twice the intercept radius). Then, the irradiance within
this arga is dervied from the CCD camera signal and referenced to the CCD signal without a

samplg in the light path.

5.3.4.3{3 Test report

This sybclause is applicable for all Methods A,to C above. A report of the tests shall be
preparg¢d by the test group. The report shall contain the detail specification for the spegimens.

Each cegrtificate or test report shall include at\least the following information:

a)
b)
c)
d)
e)

f)

g)
h)

a title;
narmhe and address of the test laboratory and location where the tests were carried dut;
unifque identification of the cettification or report and of each page;
name and address of client;"where appropriate;

degcription and identification of the item tested, type of optics (lens/mirror), the spgecimen
siz¢ (length and width’or diameter);

chgracterization'and condition of the test item, including the method and defails of
spgcimen preparation (including cleaning or similar processing, if applicabl¢) and
preconditioning;

date of(receipt of test item and date(s) of test, where appropriate;

ideptification of test method used, including a brief description of the measurement setup
and including the wavelength and spectral width of the light used for measurement as well
as the spectral response of the detector;

reference to sampling procedure, where relevant;

any deviations from, additions to, or exclusions from, the test method and any other
information relevant to a specific test, such as environmental conditions; and the
procedure(s) and condition(s) used for weathering and any preconditioning conducted
prior to measurements;

measurements, examinations and derived results supported by tables, graphs, sketches
and photographs as appropriate, and any failures observed;

the focal distance, the optical efficiency at focal distance, the intercept radius at focal
distance and the maximum local concentration at focal distance of each optics that was
measured, including the wavelengths and spectral width of the light used for


https://iecnorm.com/api/?name=f1582ad2de67d0aa66490e5f4d0b87b1

IEC TS 62989:2018 © IEC 2018 - 29 -

measurement, the geometry and size of the target area, the geometric concentration, the
focal length, and the temperature of the specimen;

if the specimen is a parquet of optics, the parquet efficiency and the minimum optical
efficiency of all optics in the parquet, including the wavelengths and spectral width of the
light used for measurement, the geometry and size of the target area, the geometric
concentration, the distance of the target area to the entrance aperture of the specimen,
and the temperature of the specimen;

n) for at least one optics of each specimen measurements at three different temperatures (if
possible) of the specimen that differ by at least 10 K from each other: focal distance,
optical efficiency at focal distance, intercept radius at focal distance, for each temperature
including the wavelengths and spectral width of the light used for measurement, the
geqgretry—and—size—of-thetargetarea—the—geoemetn erecehtration—the—distanee; of the
target area to the entrance aperture of the specimen, and the temperatufe)|of the
spgcimen. Temperature-dependent efficiency values may differ from the optimmum Value of
leng efficiency, focal spot size and uniformity;

o) forjat least one optics of each specimen: a two-dimensional plot of the local concentration
at focal distance with a spatial resolution of at least 10 % of the target’area diarrTeter (if
round) or edge length (if square) and supplemental information for this plot includjng the
wayelengths and spectral width of the light used for measurement,_the geometry apd size
of the target area, the geometric concentration, the focal distance;, and the temperature of
the|specimen;

p) a sfatement of the estimated uncertainty of the test results\(where relevant);.

q) a sjgnature and title, or equivalent identification of the person(s) accepting responsibility
for the content of the certificate or report, and the date of issue;

r) where relevant, a statement to the effect that thé.results relate only to the items tested;

s) a statement that the certificate or report shall not be reproduced except in full, withput the
wriften approval of the laboratory.

6 Megchanics

6.1 I’Iinimum radius

The manufacturer should specify the minimum bending radius of the material in accordance

with other standards, e.g. IEC.62899-201 [6].

6.2 $urface hardness

The methods to determine surface hardness vary by material, include Rockwell for metals and

hard pjastics (ISO 2039-1 [7]), Shore for elastomers (ISO 7619-1 [8]); there is a|Pencil

Hardngss Testsfor plastics (ASTM D3363-05 [9]) related to the test for hardness of cpatings

ISO 151184\ [10]. The Knoop hardness for glass is defined in ISO 9385:1990 [11]. The

manufgctirer should give a method, value and unit for the hardness of the material| of the

primary opfics.

6.3

6.3.

Impact resistance (dynamic)

1 Definitions

The purpose of the hail impact test is to determine whether primary optical elements (lenses,
mirrors, lens parquets or mirror parquets) can survive a hailstorm. The test follows 10.9 of
IEC 62108:2007 with the exception that the primary optical elements are mounted to frames
and not built into modules. The mounting may be of a generic type or mimic a certain module
design.
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6.3.2 Setup of experiments

Silicone gasket —]

Fresnel lens —

Fixing frame

Holding frame

«—— Fixed base ——

IEC
Figure 2 — Example of a primary Iens\‘fg‘arquet, set up for the hail impact testf

Follow|[10.9.2 a) to d), 10.9.2 f) and 10. g) of IEC 62108:2007. As long as the ice bpll size
and wdight requirements in 10.9. 2ak§1 10.9.2f) of IEC 62108:2007 are satisfied, anly other
preparation method can be applle hat case, state the substitute preparation method.

For regtangular optical elenﬁp\ts the following mounting method is recommendef. The
sample is supported by a, rectangular metal fixing frame, faced with a rubber or gilicone
gasket] The sample is ¢ ed to the fixing frame by a metal holding frame and quick-felease
toggle flamps along r edges, set apart by an appropriate distance (Figure 2).

Mountipg metho@her than that shown in Figure 2 may be used, including using the CPV
modulg or as @ ly component. It is recommended that the sample does not shift its gosition
during imp@/ith respect to the frames, or other means of mounting. Report the mounting

method.
N
6.3.3 Procedure

Follow 10.9.3 of IEC 62108:2007, except that the test piece consists of the primary optical
element mounted as described in Clause 4.

6.3.4 Presentation of results

Follow 10.9.4 of IEC 62108:2007. Add a description of the mounting method used. Add a
description of the preparation procedure of the ice balls, if necessary.

7 Materials

The material type of the lens shall be given, revealing the chemical nature without grade or
manufacturer, directions for assembly (mechanically, chemically) should be listed, including
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