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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC DEVICES -

Part 7: Computation of the spectral mismatch correction
for measurements of photovoltaic devices

national electrotechnical committees (IEC National Committees). The object of IEC _is<\to pr
rnational co-operation on all questions concerning standardization in the electrical and elgctronic fiel
end and in addition to other activities, IEC publishes International Standards, Technical Specific
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter (referred to as

IEC Publications have the form of recommendations for international use and are accepted by IEC N
Cgmmittees in that sense. While all reasonable efforts are madé to ensure that the technical content

Pyblications is accurate, IEC cannot be held responsible.for)the way in which they are used or fq
miginterpretation by any end user.

4) In|order to promote international uniformity, IEC National Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in their national and regional publications. Any diver
beftween any IEC Publication and the corresponding.rational or regional publication shall be clearly indica
the latter.

5) IE[ itself does not provide any attestation of-conformity. Independent certification bodies provide conf|
aspessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

6) Allusers should ensure that they have the latest edition of this publication.

7) Nq liability shall attach to IEC of.its’ directors, employees, servants or agents including individual exper
me¢mbers of its technical comniittees and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out of_the publication, use of, or reliance upon, this IEC Publication or any othq
Pdblications.

8) Atjention is drawn t@ the Normative references cited in this publication. Use of the referenced publicati
indispensable for the-correct application of this publication.

9) Atfention is dfawn to the possibility that some of the elements of this IEC Publication may be the sub
patent rights. [EC shall not be held responsible for identifying any or all such patent rights.
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International Standard IEC 60904-7 has been prepared by IEC technical committee 82: Solar

photovoltaic energy systems.

This fourth edition cancels and replaces the third edition published in 2008. It constitutes a

technical revision.

The main technical changes with respect to the previous edition are as follows:

e For better compatibility and less redundancy, the clause “Determination of test spectrum”

refers to IEC 60904-9.
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ngular mismatch factor AMM and spectral angular mismatch factor SAMM.

fioa
UTT €

T
a
Fprmulae for the derivation and application of the spectral mismatch factor/SMM
aflded.

L|nks to new standards are given, e.g. concerning multi-junction devices.

G

orrected wording (responsivity instead of response and irradiance instead of intensit

The fext of this International Standard is based on the following documents:

FDIS Report on votihg
82/1590/FDIS 82/1605/RV.D

Full information on the voting for the approval of this International Standard can be fou
the réport on voting indicated in the above table.

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

A lisf of all parts of IEC 60904 series, published under the general title Photovoltaic dev
can he found on the IEC website.
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PHOTOVOLTAIC DEVICES -

Part 7: Computation of the spectral mismatch correction
for measurements of photovoltaic devices

1 Scope-and-objeet

This
error
test
betw
devid

apphp

is valid for smgle-Junctlon deV|ces but the prmC|pIe may be extended to .cover multi-jun

devid

The
spec
the r

spec]
comf

introduced in the testing of a photovoltaic device, caused by the mismatch betwee
spectrum and the reference spectrum (e.g. AM1.5 spectrum) and by themisn
ben the spectral-respenses responsivities (SR) of the reference—cell device) and g
e under test—srpeetmen and thereW|th reduce the systematlc uncertaintyl-Fhe—proce
Z/This proce

es.

ral mismatch error, should there be a spectral mismatch betweenthe test spectrun
pference spectrum as well as between the reference devicé SR and the device unde
men SR. The calculated spectral mismatch correetion is only valid for the sp
ination of test and reference devices measured witlr a particular test spectrum.

perfdrmance is significantly affected by the spectral distribution of the incident radi

whic
time
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not
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into
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Sinc(1 a PV device has a wavelength-dependent—response spectral responsivity

pf day, orientation of the receiving surface, etc., and with a solar simulator varies wi
and conditions. If the irradiance is.-measured with a thermopile-type radiometer (tH

ance distribution of the incoming light must be known to make the necessary corredg
tain the performance of the“PV device under the reference-selar spectral irrad
bution defined in IEC 60904;3.

bference PV device or a thermopile type detector is used to measure the irradiance,

atch correction~necessary to obtain the short-circuit current of the-testPV device U
Linder the reference-selar spectral irradiance distribution in IEC 60904-3 or any
bnce spectrum. If the reference PV device has the same relative spectral-resp
nsivity @s‘the-test-PV device under test then the reference device automatically
accountideviations of the-real-light measured spectral irradiance distribution fron
lard\reference spectral irradiance distribution, and no further correction of spectral

tion
in natural sunlight varies with several_factors such as location, weather, time of}ear,

part of IEC 60904 describes the procedure for correcting the-bias spectral misnatch

n the
natch
f the
tdure
dure
ction

pburpose of this document is to give guidelines for the correction of-measurement-bias the

and
I test
beific

, its

h its
at is

pectrally selective) or with a PV reference-selarcell device (IEC 60904-2), the spectral

tions
ance

then,

ving the procedufergiven in this document, it is possible to calculate the spegctral

nder
bther
onse
akes
n the
L bias
itical

alélr errors is necessary. In this case, location and weather conditions are not ¢

when

the reference device metnoa IS used for—otidoor per‘rormance measurementis—provided
espoense under natural

sunlight. Also, for |dent|cal relatlve SRs the spectral classmcatlon of the simulator is not
critical for-indeor measurements with solar simulators.

If the performance of a PV device is measured using a known spectral irradiance distribution,
its short-circuit current at any other spectral irradiance distribution can be computed using the
spectral-respense responsivity of the PV-test device under test.

2 Normative references

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

IEC 60891, Photovoltaic devices — Procedures for temperature and irradiance corrections to

measured |-V characteristics-ef-crystalline-silicon-photovoltaicdevices

IEC 60904-1, Photovoltaic devices — Part 1. Measurement of photovoltaic current-voltage
characteristics

IEC 60904-1-1, Photovoltaic devices - Part 1-1: Measurement of current-voltage

characteristics of multiciunction nhaotaovaltaic (P\/) davicas
- - L= - id - - { -+

IEC B0904-2, Photovoltaic devices — Part 2: Requirements for photovoltaic reference-selar
devides

IEC 60904-3, Photovoltaic devices — Part 3: Measurement principles, for terrestrial
photovoltaic (PV) solar devices with reference spectral irradiance data

IEC §0904-8, Photovoltaic devices — Part 8: Measurement of spectral-respense responfivity
of a photovoltaic (PV) device

IEC 60904-8-1, Photovoltaic devices — Part 8-1: Measuremegnt of spectral responsivity of
multitjunction photovoltaic (PV) devices

IEC 60904-9, Photovoltaic devices — Part 9: Solar simulator performance requirements

IEC TS 61836, Solar photovoltaic energy systems — Terms, definitions and symbols

ISO 9288:1989, Thermal insulation — Heat transfer by radiation — Physical quantitied and
definftions

3 Terms-and definitions

For the purposes of this document the terms and definitions gi\/pn in IEC TS 6818348 and
ISO 9288 apply.

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

o |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

NOTE The index e for the energetic quantities is omitted, as in this document the quantities need not be
distinguished from photometric quantities. Thus, for the quantity irradiance the quantity symbol E instead of the
quantity symbol E_ is used.

The index A that denotes that the irradiance is differentiated with respect to the wavelength 1 and not to the
frequency v to obtain the spectral irradiance E, (1) is mostly omitted for clarity. Therefore, the spectral irradiance is
referred to herein as E(1).
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4 Description of method

For many PV devices, the shape of the |-V characteristic depends on the short-circuit current
and the device temperature, but not on the spectrum used to generate the short-circuit
current. For these devices, the correction of spectrum mismatch or spectral-response
responsivity mismatch is possible using the following procedure. For other devices, a
measurement of the |-V characteristic shall be done using a light source with the appropriate
spectrum.

A correction is not necessary if either the test spectrum is identical to the reference spectrum
(see i i : ' ind ‘ i S
respgnsivity is identical to the reference-cel device relative spectral-respense responsivify. In
this ¢tase, the reading as obtained from the reference-ecell device specifies which<iptdnsity
irradfance at the reference spectrum will generate the same short-circuit currentNin” thg-—test
devide under test as the test spectrum.

Q . O o o o O O O O O O O o
060904- 0 he—toot cooccimmono ¢ nd 3 D al-respon

If thgre is a mismatch between spectra (spectrum mismatch) as well as/'spectral-respgnses
responsivities (spectral responsivity mismatch) then a mismatch ¢ofrection should be
calcylated. As the test spectrum and the spectral responsivities always have an assigned
meagqurement uncertainty, for the calculation of the total uncettainty the uncertainty of
speciral mismatch shall be always taken into account.

Due to-the mismatech in sneectra and snectral resnonses thé raadina of the reference celll{cseae
DUdefjothesiatciH-SpectiaaRGSpecHareSpoRsSesS; e eadingormeffetrereRce Cceh(See
IEC 860004-2) does not aive the intansitvy of the raferencelanectrum that aenerates the dhort
= o $ooua—£)GoeshotrghvetheHehshyorthefererehge spectirdmtmat-geheratesSthe-Snor
circult curreant as measured for the test device One muasdt detarmine the affactive irradianke of
ettt edHentasmeastieatorthetest—aeviece—hemust aeterfHhRetheerecthvyeHaaiahiee o+
the reference—snectrum-that aenerates the same ghoft-circuit current in the test devide as
me—retrerence—Sspectrtiin—tat—geheratesthe——Same—-§&Shor-cHecui—curert—ththetest—aevige—as
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When a mismatch in spectra and/or spectral responsivities exists, the reading of the reference
device (see IEC 60904-2) does not give the irradiance of the test spectrum that would
generate the same short-circuit current for the device under test as the reference spectrum.
Therefore, one shall determine the effective irradiance of the test spectrum, E 4 that
generates the same short-circuit current in the device under test as generated by the
reference spectrum.

Egtf = SMM x Epgas (1)

where E,.,5 is the irradiance as measured by the reference device with its specific spectral
resp@nsivity s of yi [ [ [ ctral
mismatch factor as determined in Clause 7. W

For g measurement to be referred to the reference spectral irradiance, two corra@bn mefhods
are possible: (19

| possible, adjust the measured test spectrum irradiance so that the, ffective irradfance

determined by formula (1) equals the reference irradiance E .g. 1 000 W/mf2 for
TC, as defined in IEC TS 61836). That is to say that the sol mulator’s irradiang¢e as
easured by the reference device using its calibration val@ efore applying spgctral
ismatch correction given for the reference spectrum hasége set to

a)

QD

O
Emeas = Eref I SMM o) (2)
hus, the inverse mismatch factor 1/SMM gives@%egree by which the solar simulator’s
radiance has to be adjusted. Now, the solar simulator spectrum at this irradiance with its
ctual measured test spectrum generates thev'same short-circuit current for the dgvice
hder test as would be obtained under the, reference spectrum. If the adjustment is |[done
ithout using the feedback of the refer%%’device (e.g. using a control dial), the adjlisted
blue should be checked using a refe@n e device. Thereafter, proceed to measure the |-V

haracteristic as per IEC 60904-1. .\@
b)

therwise, measure the I-V}ﬁ%racteristic using the measured spectral irradigance.
etermine the effective irradiance at the reference spectrum using formula (1). [Then
anslate the |-V characteristic to the reference irradiance using IEC 60891 with the
effective irradiance dete@\e%ed from formula (1).

SO0 O<sco= o

Methpd a) is preferred simulated sunlight, as the actual measurement is performed gt the
correglct reference irr nce, minimising non-linearity errors of the device under tesf and
errorp arising from (h)a I-V curve translation. Method b) is usually chosen for measurements
undef natural su@ht, as the spectral irradiance of sunlight cannot be easily adjusted.
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5 Determination of spectral-response responsivity

5.1

tEG—@GQ%& If not ava|lable the relatlve spectral responS|V|ty of the deV|ce under test and
the reference device shall be measured according to IEC 60904-8 for single-junction devices
and IEC 60904-8-1 for multi-junction devices under test.

differential spectral responsmty, but the spectral responsmty, that can be calculated using
differential spectral responsivities at different bias level (see IEC 60904-8)

6 Determination of test spectrum Q~
6.1 ount the innut head of the snhectroradiometer in the nosition where H':.&\ocf davicg will
o vriodt—eHhpdtneacormesSpectoaciometeHhtReposSiHoh—-WhRere u(lpy\lul. SeVHCE—WHHH
subhcsbauently ha mountaed or as eclose as nossible to that lacation It sl ha molintad
SHoSpgUehty—/oemMouttea; o0 aS G656 aSPOoSSive 1o tNat—0CaHOR: m\uuuu oe—ogHed
coclgnoiotho oot comelmo o il 4 00 b‘/
6-2 Record the snectrum-of the liaht source For csimilator meast mentes _cstans of 2 Am or
O£ 6o HatReSpectHdm—otheHgRt—Source—/—0o—SHthatoMeaskemMe S —StepPpS—o+—=+Hh-o
less with 2.5 nm handwidthse are recommended- For outdoor spectra_stens and bandwidth of
eSSiv——oR{h—oa WG SalFre FeCommMeRGe a—F— 0 0ttGOoFSPEeCHa—Ste PSARGOIARCWIGHO1
0-n - owable ari n he to . dabe=h ore N

accofding to IEC 609 . This shall be done for simulated as well as natural sunlight.

O

7 [)etermin@n' of the spectral mismatch factor

I .

NS

The [relative spectral iga’diance distribution of the radiation source shall be meagured

[ L
] Eref (4)0ref (4) dA4" | Emeas (1) Ssample (1) d4

MM =
IEmeas (ﬂ)Sref (ﬂ) da .[Eref (}b) Ssample (/1) da
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%

[sc,ref,Eref Isc,sample,Emeas /\ ’

MM =

N/
w
Isc,ref,Em(_)as Isc,sample,Eref ch

S

spestrum; Q
; | . < |
s s WM_MWWHWWMM#%W
coootiuen \s'Q
becapse- I, = J.E(X)S(x)dk Q’\®$
xO

71 General
OF

Detefmine the spectral mis.nG}:h factor from:

whera\<</

O
3

N

S
O B (D)5, (1) dA [ E o (A) 5500 (D) dA

QQ' S [ Ess (D)5 (A) d2 [ B (2) sp050(2) d2

Eref (/1)

A)

meas (

Sref (ﬂ‘)
Spur(4)

is the irradiance per unit bandwidth at a particular wavelength A, of the reference

spectral irradiance distribution (reference spectrum), for example as given in
IEC 60904-3;

is the irradiance per unit bandwidth at a particular wavelength A, of the spectral

irradiance distribution of the incoming light at the time of measurement (test
spectrum);

is the spectral responsivity of the reference PV device at reference conditions;

is the spectral responsivity of the device under test at reference conditions.
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All integrals shall be performed in the entire spectral range where the respective quantities
are not zero. The irradiance distribution shall be known over the entire combined spectral
range of sensitivity of the device under test and the reference PV device.

The spectral irradiance distributions and the spectral responsivities can be given on an
absolute or relative scale.

If the relative test spectrum would be identical to relative reference spectrum, then the
SMM is 1 and spectral mismatch corrections can be neglected, even if the spectral
responsivities of the devices differ. However, considering that the test spectrum as a physical
quantity has a measurement uncertainty assigned to it that is not zero, the SMM will still have
a mgasurement uncertainty contribution different to zero. Thus, the SMM factor ca@ bt be
neglgcted when considering its measurement uncertainty contribution, though the \539 qf the

factof is 1.
N

If thg relative spectral responsivity of the device under test would be identb&to the relative
spectral responsivity of the reference device, then the SMM is 1, even if the'relative spéctral
irradiance distributions differ (perfectly matched reference device). @gh idering that|both
speciral responsivities have a measurement uncertainty that is no ro, the SMM wil| still
have|a measurement uncertainty contribution different to zero. ThGs;“the SMM factor cannot
be nIgIected when considering its measurement uncertainty co& ution, though the valpe of

the factor is 1.
\Z
Due [to the irregular shape of the reference and mea;ué spectra, spectral responsiyities

should be interpolated to the wavelength points of th ectral irradiance measurementg, not

vice yersa.

\\<2
Formula (3) is valid for single-junction devices‘,\\gut may be used for multi-junction de\ices.
For rpulti-junction devices, the calculation be performed for each junction in the dgvice,

the jinction under consideration. The t eport should specify the spectral mismatch factors
and the relative current generation of individual junctions. For multi-junction devices, [refer
to IEC 60904-1-1 (I-V) and IEC 60{'@-8-1 (SR).

using its spectral responsivity including t & pectral filtering caused by the junctions z1bove
@ al

The gpectral responsivitiesetf‘b&' shall be valid at the level of target irradiance for which the
SMM| factor applies becaus r non-linear devices they may vary with the level of irradiance.

Derijation of SMM OQ
O

In the case th @éolute spectral irradiances and absolute spectral responsivities are |used
for tHe analy@, ormula (3) can be interpreted as:

3

\<</ SAMM — Leiry, Tovre,, (4)
Iref’Emeas IDUT’Eref
where
Iput, B,y is the short-circuit current of the device under test that would be obtained

under the reference spectrum E,.¢(1);

Let, £, is the short-circuit current of the reference device that would be obtained
under the reference spectrum E.¢(1);

IpuT, Eppeas is the short-circuit current of the device under test under the measured test
spectrum Ec.s(1);

Lref Bypons is the short-circuit current of the reference device under the measured test
spectrum E.,.(1)
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because Iy, « [ E;(4) s(1) dA.

Using these quantities, one can write according to the definition of the responsivity:

_ Iout, Bret _ . put, Eres . Ipur, Eyef . Iref, Emeas /DUT, Emeas __ .1 Iput, Emeas
Sput = E = Sref I = Sref I 1 I = Sref SMM 1
ref ref, Eref ref, Ergf  'DUT, Emeas “ref, Emeas ref, Emeas (5)
What you want 1 What you
to know measure
where
SpuT is the (integral) responsivity of the device under test under re&rlence
spectrum: 2\,
spur = Ipur, £, '\q
Eref Q
Sref is the (integral) responsivity of the reference dewce\ nder refenence
Iref, E
spectrum: s, = ———f W
Eref %Q
E.of is the reference irradiance, typically 1 000 W/m?2- %Q

7.2 | Simplified formula for a thermopile detector (pyran%‘ler)

IEC $0904-1 also allows the use of a thermopile detector, &yranometer as reference device
for tHe measurement of the test irradiance (under stea{( ate simulated or natural sunljght).
As their spectral responsivity is nearly spectrally i endent, one can assume Sref(i =1.

In this case the formulae are modified as foIIows:Q\\

%)
| Erefu@’ﬁ [ E e (2) s () d2

6
e S [Ee(A) spun(A) d2 ©
xO
oF
\\0
C)SM = Erer .[Emeas(ﬂ') Spur(4) dA o
O@ ’ EmeasIEref (ﬂ') Spur (ﬂ) dﬂz
N
X sang < Bt Tovrs, o
C)é Emeas [ DUT,E ¢
wher=\<</
Eret is the reference irradiance, typically 1 000 W/m?2;

Emeas is the irradiance measured by the thermopile detector.

In Formula (6) the two integrals in the first fraction have to be taken over the entire
wavelength range of sensitivity of the thermopile detector. This in general poses a problem,
as the sensitivity range of such detectors is larger than the range readily measurable with
spectroradiometers.

Formula (7) offers a solution by just using the measured irradiance. However, in this case the
spectral irradiance of the test spectrum Emeas(ﬂ) has to be on an absolute scale.
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8 Report

The following information should be given in the test report according to IEC 60904-1.

a) If the spectral mismatch is used for the irradiance correction of a measurement based on
IEC 60904-1 or another relevant standard, the calculated spectral mismatch factor, the
identification of the—test device under test and the reference device as well as their
spectral—responses responsivities according to their test report (IEC 60904-8 or
I[EC 60904-8-1), the test spectrum and the reference spectrum or a reference to it should
all be included in the test report, along with the method used to calculate the integrals.

If the reference device and the device under test are of different dimensions (active grea),
the dimensions should be specified in the test report.

b) Iffa perfectly matched reference device is used and no mismatch correction is applied, the
dentification of the-test device under test and the reference device, as well asythe spectral
FIspenses responsivities of reference and-test-devices device under tesissaccording to
their test report (IEC 60904-8 or IEC 60904-8-1) should be included in th€)test report.

Iffthe reference device and the device under test are of different dimensions (active drea),
the dimensions should be specified in the test report.

Iffthe spectral-response responsivity of the device under test cahnot be measured, the test
regport should include the criteria used to define the equivalency of the spectral-respgnses
responsivities.

c) Note that the spectral mismatch factor determined by applying this procedure is only|valid
for correcting a measurement of the specific device’ under test considered with the
pprticular reference device and test spectrumy~tsed to calculate the SMM. \hen
measuring this device under test under differen{ spectral irradiance (being it simulated or
nptural sunlight) and/or with a different referénce device, the spectral mismatch factor
shall be recalculated.
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2)

3)

4)

5)

6)

7)

8)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC DEVICES -

Part 7: Computation of the spectral mismatch correction
for measurements of photovoltaic devices

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
national electrotechnical committees (IEC National Committees). The object of IEC _is\to pr

end and in addition to other activities, IEC publishes International Standards, Technical Specific
Teichnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter (referred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inte
in [the subject dealt with may participate in this preparatory work. International, governmental and
gojernmental organizations liaising with the IEC also participate in this preparation/IEC collaborates d
with the International Organization for Standardization (ISO) in accordance_Wwith” conditions determin
agfeement between the two organizations.

Thie formal decisions or agreements of IEC on technical matters express, d@s nearly as possible, an interng
cohsensus of opinion on the relevant subjects since each technical £ommittee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC N
Cdmmittees in that sense. While all reasonable efforts are madé to ensure that the technical content

Publications is accurate, IEC cannot be held responsible.for)the way in which they are used or fg
miginterpretation by any end user.

In|order to promote international uniformity, IEC Natiohal Committees undertake to apply IEC Public
transparently to the maximum extent possible in their national and regional publications. Any diver
befween any IEC Publication and the corresponding.national or regional publication shall be clearly indicg
the latter.

IEC itself does not provide any attestation of-conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent certification bodies.

Alllusers should ensure that they have the latest edition of this publication.

Nd liability shall attach to IEC oc.its’directors, employees, servants or agents including individual exper
mgmbers of its technical comniittees and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeq
expenses arising out of_the publication, use of, or reliance upon, this IEC Publication or any othe
Publications.

At{ention is drawn to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the-correct application of this publication.

At{ention is drawn to the possibility that some of the elements of this IEC Publication may be the sub
pafent rights. [EC shall not be held responsible for identifying any or all such patent rights.

Interpational Standard IEC 60904-7 has been prepared by IEC technical committee 82:
photovoltaic energy systems.
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This fourth edition cancels and replaces the third edition published in 2008. It constitutes a
technical revision.

The main technical changes with respect to the previous edition are as follows:

For better compatibility and less redundancy, the clause “Determination of test spectrum”

refers to IEC 60904-9.

The spectral mismatch factor is called SMM instead of MM to enable differentiation to the

angular mismatch factor AMM and spectral angular mismatch factor SAMM.

Formulae for the derivation and application of the spectral mismatch factor SMM are

added.

Links to new standards are given, e.g. concerning multi-junction devices.
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e Corrected wording (responsivity instead of response and irradiance instead of intensity).

The text of this International Standard is based on the following documents:

FDIS Report on voting
82/1590/FDIS 82/1605/RVD

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

This document has been drafted in accordance with the TISO/TEC Directives, Part 2.

A list of all parts of IEC 60904 series, published under the general title Photovoltaic devices,
can ke found on the IEC website.

The ¢ommittee has decided that the contents of this document will remain/inchanged unfil the
stability date indicated on the IEC website under "http://webstore.iec.ch'\in the data related to
the specific document. At this date, the document will be

-

¢confirmed,
e withdrawn,

—

gplaced by a revised edition, or

e amended.
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PHOTOVOLTAIC DEVICES -

Part 7: Computation of the spectral mismatch correction
for measurements of photovoltaic devices

1 Scope
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The

error
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refer

Since¢ a PV device has a wavelength-dependent spe¢tral responsivity, its performan

signi
sunli

orientation of the receiving surface, etc., and Wwith a solar simulator varies with its typs

cond
spec
distri
the p
in IE

Ifar
follov
mismn
unde
spec
unde
meas

and no furthercorrection of spectral mismatch errors is necessary. In this case, locatior

weat
meag

ThisJ’part of IEC 60904 describes the procedure for correcting the spectral mismatch

uced in the testing of a photovoltaic device, caused by the mismatch between_ the

pectral responsivities (SR) of the reference device and of the device under tesf
with reduce the systematic uncertainty. This procedure is valid fof ‘single-jun
es but the principle may be extended to cover multi-junction devices.

error
test

rum and the reference spectrum (e.g. AM1.5 spectrum) and by the mismatch between

and
ction

purpose of this document is to give guidelines for the correctionof the spectral mismatch

should there be a spectral mismatch between the test spectrum and the refer
rum as well as between the reference device SR and the ‘device under test SR,
lated spectral mismatch correction is only valid for the specific combination of tes
bnce devices measured with a particular test spectrum,

icantly affected by the spectral distribution aof)the incident radiation, which in na
ght varies with several factors such as location, weather, time of year, time of

tions. If the irradiance is measured_with a thermopile-type radiometer (that ig
rally selective) or with a PV reference device (IEC 60904-2), the spectral irrad
bution of the incoming light must betknown to make the necessary corrections to

C 60904-3.

bference PV device or a thermopile type detector is used to measure the irradiance,

atch correction necessary to obtain the short-circuit current of the device under
I the reference spectral irradiance distribution in IEC 60904-3 or any other refer
rum. If the reference PV device has the same relative spectral responsivity as the d
I test then the“reference device automatically takes into account deviations o

ence
The
and

Ce is
tural
day,
and
not
ance
btain

erformance of the PV device undefthe reference spectral irradiance distribution deffined

then,

ving the procedure given in this document, it is possible to calculate the spegctral

test
ence
Bvice
f the

ured spegtral irradiance distribution from the reference spectral irradiance distribytion,

and

her conditions are not critical when the reference device method is used for perform

classlification of the simulator is not critical for measurements with solar simulators.

ance

urements under natural sunlight. Also, for identical relative SRs, the spTctraI

If the performance of a PV device is measured using a known spectral irradiance distribution,
its short-circuit current at any other spectral irradiance distribution can be computed using the
spectral responsivity of the PV device under test.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.
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IEC 60891, Photovoltaic devices — Procedures for temperature and irradiance corrections to
measured |-V characteristics

IEC 60904-1, Photovoltaic devices — Part 1. Measurement of photovoltaic current-voltage
characteristics

IEC 60904-1-1, Photovoltaic devices - Part 1-1: Measurement of current-voltage
characteristics of multi-junction photovoltaic (PV) devices

IEC 60904-2, Photovoltaic devices — Part 2: Requirements for photovoltaic reference devices

IEC 60904-3, Photovoltaic devices — Part 3: Measurement principles for terrestrial
photovoltaic (PV) solar devices with reference spectral irradiance data

IEC §0904-8, Photovoltaic devices — Part 8: Measurement of spectral responsivity |of a
photavoltaic (PV) device

IEC 60904-8-1, Photovoltaic devices — Part 8-1: Measurement of.Spectral responsivity of
multitjunction photovoltaic (PV) devices

IEC 60904-9, Photovoltaic devices — Part 9: Solar simulator pe€rfoermance requirements
IEC TS 61836, Solar photovoltaic energy systems — Terms;“definitions and symbols

ISO 9288:1989, Thermal insulation — Heat transfer. by radiation — Physical quantitiesd and
definftions

3 Terms and definitions

For the purposes of this document,~the terms and definitions given in IEC TS 61834 and
ISO 9288 apply.

ISO Ind IEC maintain terminological databases for use in standardization at the follgwing
addresses:

o |HC Electropedia:@vailable at http://www.electropedia.org/

e 130 Online browsing platform: available at http://www.iso.org/obp

NOTE| The index<e for the energetic quantities is omitted, as in this document the quantities need rot be
distinquished frem photometric quantities. Thus, for the quantity irradiance the quantity symbol E instead |of the
quantity symbol'E is used.

The index 4 that denotes that the irradiance is differentiated with respect to the wavelength 4 and not ko the
frequency v to obtain the spectral irradiance E, (1) is mostly omitted for clarity. Therefore, the spectral irradiance is
referred to herein as E(1).

4 Description of method

For many PV devices, the shape of the |-V characteristic depends on the short-circuit current
and the device temperature, but not on the spectrum used to generate the short-circuit
current. For these devices, the correction of spectrum mismatch or spectral responsivity
mismatch is possible using the following procedure. For other devices, a measurement of the
I-V characteristic shall be done using a light source with the appropriate spectrum.
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A correction is not necessary if either the test spectrum is identical to the reference spectrum
(see IEC 60904-3) or if the device under test’s relative spectral responsivity is identical to the
reference device relative spectral responsivity. In this case, the reading as obtained from the
reference device specifies which irradiance at the reference spectrum will generate the same
short-circuit current in the device under test as the test spectrum.

If there is a mismatch between spectra (spectrum mismatch) as well as spectral responsivities
(spectral responsivity mismatch) then a mismatch correction should be calculated. As the test
spectrum and the spectral responsivities always have an assigned measurement uncertainty,
for the calculation of the total uncertainty the uncertainty of spectral mismatch shall be always
taken into account.

Whell\ a mismatch in spectra and/or spectral responsivities exists, the reading of the reféfence
devide (see IEC 60904-2) does not give the irradiance of the test spectrum “that would
genefate the same short-circuit current for the device under test as the referenee spectrum.
Thergfore, one shall determine the effective irradiance of the test speCtrum, E g that
genefates the same short-circuit current in the device under test as, generated by the
refergnce spectrum.

Eeff = SMM x Emeas (1)
where E,.,s is the irradiance as measured by the reference device with its specific spIctraI
responsivity sf(A) before applying spectral mismatch corrections and SMM is the spectral
mismatch factor as determined in Clause 7.

For § measurement to be referred to the reference.spectral irradiance, two correction met{hods
are possible:

a) I possible, adjust the measured test spectrum irradiance so that the effective irradiance
as determined by formula (1) equalstthe reference irradiance Erer (e.g. 1 000 W/m2 for
TC, as defined in IEC TS 61836):Fhat is to say that the solar simulator’s irradian¢e as
easured by the reference device using its calibration value before applying spectral
ismatch correction given for, the reference spectrum has to be set to

E Eref | SMM (2)

meas =
Thus, the inverse mismatch factor 1/SMM gives the degree by which the solar simulator’s
radiance has to-be’adjusted. Now, the solar simulator spectrum at this irradiance with its
aptual measured-test spectrum generates the same short-circuit current for the dgevice
c

ir

uhder test astwould be obtained under the reference spectrum. If the adjustment is done
wlithout using the feedback of the reference device (e.g. using a control dial), the adjyisted
value should be checked using a reference device. Thereafter, proceed to measure the -V
haracteristic as per IEC 60904-1.

b) Qthefwise, measure the |-V characteristic using the measured spectral irradignce.
Determine the effective irradiance at the reference spectrum using formula (1). Then
translate the |-V characteristic to the reference irradiance using IEC 60891 with the
effective irradiance determined from formula (1).

Method a) is preferred for simulated sunlight, as the actual measurement is performed at the
correct reference irradiance, minimising non-linearity errors of the device under test and
errors arising from the |-V curve translation. Method b) is usually chosen for measurements
under natural sunlight, as the spectral irradiance of sunlight cannot be easily adjusted.
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5 Determination of spectral responsivity

5.1 If not available, the relative spectral responsivity of the device under test and the
reference device shall be measured according to IEC 60904-8 for single-junction devices and
IEC 60904-8-1 for multi-junction devices under test.

5.2 Take care not to use the differential spectral responsivity, but the spectral responsivity,
that can be calculated using differential spectral responsivities at different bias level (see
IEC 60904-8).

6 [Determination of test spectrum

The [relative spectral irradiance distribution of the radiation source shall be“meagured
accofding to IEC 60904-9. This shall be done for simulated as well as natural sunlight.

7 Determination of the spectral mismatch factor

7.1 General

Detefmine the spectral mismatch factor from :

B (D)5 (D) dA [ Egil(2) sp0(2) d2

SMM =
[ Ereas (D)5, (2) dAJE e (2) 551 (2) dA

(3)

wher

[

Eref(l) is the irradiance per unit bafdwidth at a particular wavelength A, of the reference

spectral irradiance distribution (reference spectrum), for example as given in
IEC 60904-3;

E__ (A1) s the irradiance per unit bandwidth at a particular wavelength A, of the spgctral

meay
irradiance distribution of the incoming light at the time of measurement |(test
spectrum);

St (1) is the spectral responsivity of the reference PV device at reference conditions};
Spurf4)  is-the-spectral responsivity of the device under test at reference conditions.
All integrals' shall be performed in the entire spectral range where the respective quartities

are noet<zero. The irradiance distribution shall be known over the entire combined spegctral
rangcwmmmW" f f fce:

The spectral irradiance distributions and the spectral responsivities can be given on an
absolute or relative scale.

If the relative test spectrum would be identical to relative reference spectrum, then the
SMM is 1 and spectral mismatch corrections can be neglected, even if the spectral
responsivities of the devices differ. However, considering that the test spectrum as a physical
quantity has a measurement uncertainty assigned to it that is not zero, the SMM will still have
a measurement uncertainty contribution different to zero. Thus, the SMM factor cannot be
neglected when considering its measurement uncertainty contribution, though the value of the
factor is 1.
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If the relative spectral responsivity of the device under test would be identical to the rel

ative

spectral responsivity of the reference device, then the SMM is 1, even if the relative spectral

irradiance distributions differ (perfectly matched reference device). Considering that
spectral responsivities have a measurement uncertainty that is not zero, the SMM wil

both
| still

have a measurement uncertainty contribution different to zero. Thus, the SMM factor cannot
be neglected when considering its measurement uncertainty contribution, though the value of

the factor is 1.

Due to the irregular shape of the reference and measured spectra, spectral responsivities
should be interpolated to the wavelength points of the spectral irradiance measurements, not

vice versa.
Formula (3) is valid for single-junction devices, but may be used for multi-junction. deyices.
For multi-junction devices, the calculation shall be performed for each junction in ‘ttre dgvice,
using its spectral responsivity including the spectral filtering caused by the junctions gbove
the jyinction under consideration. The test report should specify the spectral mismatch factors
and the relative current generation of the individual junctions. For multi-junction devices, |refer
to IEL 60904-1-1 (I-V) and IEC 60904-8-1 (SR).
The spectral responsivities used shall be valid at the level of targé€t irradiance for which the
SMM| factor applies because for non-linear devices they may vary with the level of irradiance.
Derivation of SMM
In the case that absolute spectral irradiances and absolute spectral responsivities are |used
for the analysis, Formula (3) can be interpreted as:
SMM — Iref?Eref IDUTbEmeas (4)
rCf’ Emeﬂs DUT’ Eref
wherp
Inyr, /¢ is the short-cireuit current of the device under test that would be obtgined
under the reference spectrum E,.(1);
Lt £} is the short-circuit current of the reference device that would be obtained
under.the reference spectrum E.(1);
Iput, B, e is\the short-circuit current of the device under test under the measured test
spectrum Ee.s(1);
Lt £, )., is the short-circuit current of the reference device under the measured test
spectrum E..s(1)
because I, X f E (A st ax

Using these quantities, one can write according to the definition of the responsivity:

S — DU, Epef =g .- Tpur, Epef = .- Tpur, Epef . Iref, Emeas IDUT, Emeas =g .- 1 Iout, Emeas
puT Eref ref Iref, E, f Iref, E, Ipur, E, Iref, E, ref SMM  Iref, E,
s Eref s Eref » Emeas » Emeas , Emeas
What you want 1 What you

to know measure
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where

SpuT is the (integral) responsivity of the device under test under reference
spectrum:
SpuT = IDUT,Eref

Eret

Sref is the (integral) responsivity of the reference device under reference
spectrum: s, = %

E.of is the reference irradiance, typically 1 000 W/m?2-

7.2 | Simplified formula for a thermopile detector (pyranometer)

IEC $0904-1 also allows the use of a thermopile detector (pyranometer) as reference device
for tHe measurement of the test irradiance (under steady-state simulated or natural sunljght).

As their spectral responsivity is nearly spectrally independent, one can assume Sref(/l =1.
In thils case the formulae are modified as follows:

E (D) dA | E (L) Spur(4) dZ
SMM = j f J DUT (6)
[ B DA [ B, () spye(2) a2
E i | Epeos (AB5(0 (A) dA
SMM = £ J- DUT 7)
EmeasJ.Eref(ﬁ’) SDUT(ﬂ’) dA
SMM — Eref ]DUT,Emeas (8)
Emeas IDUT,Emc
wherg
Eof is the reference irradiance, typically 1 000 W/m?:
Eeak is thelirradiance measured by the thermopile detector.

In Fprmula (6) «the' two integrals in the first fraction have to be taken over the entire
wavedlength range of sensitivity of the thermopile detector. This in general poses a problem,
as tHe sensitivity range of such detectors is larger than the range readily measurable| with
specjroradiemeters.

1 L7\ £L 1 e 1 - b - ) b - Ll - ol
For” Uld (7)) UNITTS 4 SUTULIUTT DYy JusU USITTy i Tmedsurcu mrauidrice. mmoweveTr, 1T s Lds the

spectral irradiance of the test spectrum E__ (A1) has to be on an absolute scale.

meas

8 Report

The following information should be given in the test report according to IEC 60904-1.

a) If the spectral mismatch is used for the irradiance correction of a measurement based on
IEC 60904-1 or another relevant standard, the calculated spectral mismatch factor, the
identification of the device under test and the reference device as well as their spectral
responsivities according to their test report (IEC 60904-8 or IEC 60904-8-1), the test
spectrum and the reference spectrum or a reference to it should all be included in the test
report, along with the method used to calculate the integrals.
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b)

If the reference device and the device under test are of different dimensions (active area),
the dimensions should be specified in the test report.

If a perfectly matched reference device is used and no mismatch correction is applied, the
identification of the device under test and the reference device, as well as the spectral
responsivities of reference and device under tests according to their test report
(IEC 60904-8 or IEC 60904-8-1) should be included in the test report.

If the reference device and the device under test are of different dimensions (active area),
the dimensions should be specified in the test report.

If the spectral responsivity of the device under test cannot be measured, the test report
should include the criteria used to define the equivalency of the spectral responsivities.

ote that the spectral mismatch factor determined by applying this procedure is only

for correcting a measurement of the specific device under test considered with
particular reference device and test spectrum used to calculate the SMM.

easuring this device under test under different spectral irradiance (being jif-simulat

nptural sunlight) and/or with a different reference device, the spectral-mismatch f

S

hall be recalculated.

valid

the
Vhen
ed or
actor
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2)

3)

4)

5)

6)
7)

8)

9)

COMMISSION ELECTROTECHNIQUE INTERNATIONALE

DISPOSITIFS PHOTOVOLTAIQUES -

Partie 7: Calcul de la correction de désadaptation des réponses
spectrales dans les mesures de dispositifs photovoltaiques

posée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC).L’IEC
et de favoriser la coopération internationale pour toutes les questions de normalisation dans)les don|
I'électricité et de ['électronique. A cet effet, 'I[EC - entre autres activités — publie des N
rnationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessib
lic (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur élaberation est confiée
ités d'études, aux travaux desquels tout Comité national intéressé par le sujet\traité peut participg
anisations internationales, gouvernementales et non gouvernementales, en ligison avec I'lEC, parti
lement aux travaux. L’IEC collabore étroitement avec I'Organisation Internationale de Normalisation
on des conditions fixées par accord entre les deux organisations.

décisions ou accords officiels de 'lEC concernant les questions techhiques représentent, dans la nj
possible, un accord international sur les sujets étudiés, étant donngé ‘que les Comités nationaux dg
eressés sont représentés dans chaque comité d’études.

Publications de I'lEC se présentent sous la forme de recommandations internationales et sont ag
me telles par les Comités nationaux de I'lEC. Tous les effefts raisonnables sont entrepris afin qug
s'dssure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsa
I'éyentuelle mauvaise utilisation ou interprétation qui en estfaite par un quelconque utilisateur final.

D4ns le but d'encourager I'uniformité internationale, les ‘€omités nationaux de I'lEC s'engagent, dans td
mgsure possible, a appliquer de fagon transparente les ‘Publications de I'lEC dans leurs publications nati
et|régionales. Toutes divergences entre toutes . Rublications de I'lEC et toutes publications national
régionales correspondantes doivent étre indiquées.en termes clairs dans ces derniéres.

L'IEC elle-méme ne fournit aucune attestationsde conformité. Des organismes de certification indéper
foyrnissent des services d'évaluation de c¢onformité et, dans certains secteurs, accédent aux marqu
cophformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certifi
ingépendants.

Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication|.

Adcune responsabilité ne doityétre imputée a I'lEC, a ses administrateurs, employés, auxiliair
mgndataires, y compris ses- experts particuliers et les membres de ses comités d'études et des C
nationaux de I'lEC, pour_tout préjudice causé en cas de dommages corporels et matériels, ou de tout
donmage de quelque pature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris le
de] justice) et les dépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC
toyte autre Publication/de I'lEC, ou au crédit qui lui est accordé.

Commission Electrotechnique Internationale (IEC) est une organisation mondiale de _normalisation
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L'dttention est attirée sur les références normatives citées dans cette publication. L'utilisation de publidations

référencées est.obligatoire pour une application correcte de la présente publication.

L’gttention-est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuven
I'opjet, de droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels
de|brfevets et de ne pas avoir signalé leur existence.
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La Norme internationale IEC 60904-7 a été établie par le comité d'études 82 de I'IEC:
Systémes de conversion photovoltaique de I'énergie solaire.

Cette quatriéme édition annule et remplace la troisieme édition parue en 2008. Cette édition
constitue une révision technique.

Les modifications techniques principales par rapport a I'édition précédente sont les suivantes:

pour davantage de compatibilité et moins de redondance, l'article "Déterminatio
spectre pour l'essai" fait référence a I'lEC 60904-9;

n du

le facteur de désadaptation des réponses spectrales est appelé SMM plutdt que MM afin

de permettre la différenciation avec le facteur de désadaptation angulaire AMM
facteur de désadaptation angulaire spectral SAMM;

et le
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e les formules correspondant a la dérivée et a l'application du facteur de désadaptation
spectral SMM sont ajoutées;

e des références a de nouvelles normes sont données, par exemple concernant les

di

spositifs multijonctions;

e des formulations ont été corrigées ("sensibilité" remplace "réponse" et "éclairement”
remplace "intensité").

Le texte de cette Norme internationale est issu des documents suivants:

FDIS Rapport de vote

82/1590/FDIS 82/1605/RVD

Le ripport de vote indiqué dans le tableau ci-dessus donne toute information surde vote ayant
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i a l'approbation de cette norme.
pcument a été rédigé selon les Directives ISO/IEC, Partie 2.

iste de toutes les parties de la série IEC 60904, publiées sous-leltitre général Dispd
voltaiques, peut étre consultée sur le site web de I'lEC.

bmité a décidé que le contenu de ce document ne sera’pas modifié avant la daf
ves au document recherché. A cette date, le document sera
conduit,

ipprimé,

mplacé par une édition révisée, ou

mendé.

sitifs

e de

ité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch" dans les données
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DISPOSITIFS PHOTOVOLTAIQUES -

Partie 7: Calcul de la correction de désadaptation des réponses
spectrales dans les mesures de dispositifs photovoltaiques

1 Domaine d'application

Cettg partie de I'lEC 60904 décrit la procédure pour corriger l'erreur de mesure spegtrale
introdluite dans l'essai d'un dispositif photovoltaique, due d'une part a la désadaptatign du
specjre pour I'essai et du spectre de référence (par exemple, spectre AM1.5), et d'altre part a
la de¢sadaptation entre les sensibilités spectrales (SS) du dispositif de réféerence gt du
dispgsitif soumis a essai, et ainsi réduire l'incertitude systématique. Cette \procédur¢ est
valaljle pour les dispositifs a jonction unique, mais le principe peut étre étendu aux dispgsitifs
multijonctions.

de mlesure spectrale se traduisant par une désadaptation a la fois’du spectre pour l'esgai et
du spectre de référence, ainsi que des sensibilités spectrales (SS) du dispositif de réfénence
et celles du dispositif soumis a essai. La correction calculée.de désadaptation des répgnses
specfrales n'est valable que pour la combinaison spécifique des dispositifs d'essai ¢t de
référence mesurés a l'aide d'un spectre d'essai particulier.

Le :—It du présent document est de donner des lignes directrices pour-la correction de I'drreur

Comme la sensibilité spectrale d'un dispositifiaPV est liée a la longueur d'onde,| ses
perfdrmances sont influencées de maniére Sighificative par la distribution spectralg du
rayomnement incident, qui, dans le cas d'un éclairement solaire naturel, varie selon plusfeurs
factepurs tels que I'emplacement, les conditians météorologiques , le moment de I'année ¢u de
la jolirnée, l'orientation de la surface detréception, etc., et qui, avec un simulateur sofaire,
varie| selon son type et les conditions¢errespondantes. Si I'éclairement est mesuré avec un
radiométre a thermopile (qui n'estpas spectralement sélectif) ou avec un dispositif PV de
référence (IEC 60904-2), la distribution spectrale de I'éclairement de la lumiére entrante doit
étre ronnue de fagon a appliquer les corrections nécessaires pour obtenir les performgnces
du djspositif PV avec la distribution spectrale de I'éclairement de référence définie |[dans
I"NEC(60904-3.

Si ur] dispositif PV de-référence ou un détecteur de type thermopile est utilisé pour mepurer
I'éclairement, alors, €nh suivant la procédure donnée dans le présent document, il est pogsible
de aalculer lancorrection de désadaptation des sensibilités spectrales nécessaire [a la
détermination~du courant de court-circuit du dispositif soumis a essai avec une distribjution
specirale dexl'éclairement de référence donnée dans I'lEC 60904-3 ou avec tout autre spgectre
de rdférence. Si le dispositif PV de référence a la méme sensibilité spectrale relative que le
dispgsitif’'soumis a essai alors le dispositif de référence prend automatiquement en compte
les écarts de Ta distribution specirale de I'eclairement mesuree par rapport a la distribution
spectrale de I'éclairement de référence, et aucune correction supplémentaire des erreurs de
mesure spectrales n'est nécessaire. Dans ce cas, l'emplacement et les conditions
atmosphériques ne sont pas critiques lorsque la méthode employant un dispositif de
référence est utilisée pour des mesures de performance sous éclairement solaire naturel. De
plus, pour des sensibilités spectrales relatives identiques, la classification spectrale du
simulateur n'est pas critique pour des mesures avec des simulateurs solaires.

Si la performance d'un dispositif PV est mesurée en utilisant une distribution spectrale de
I'éclairement connue, son courant de court-circuit avec toute autre distribution spectrale de
I'éclairement peut étre calculé en utilisant la sensibilité spectrale du dispositif PV soumis a
essai.
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2 Reéférences normatives

Les documents suivants cités dans le texte constituent, pour tout ou partie de leur contenu,
des exigences du présent document. Pour les références datées, seule [I'édition citée
s’applique. Pour les références non datées, la derniére édition du document de référence
s'applique (y compris les éventuels amendements).

IEC 60891, Dispositifs photovoltaiques — Procédures pour les corrections en fonction de la
température et de I'éclairement a appliquer aux caractéristiques |-V mesurées

IEC faYoTYal 4 Dicnaoaitifa nhaofovuoliariaiing Daoctin 4:- AMociira daoa oaran tApiotiniina ooy rant_
TIUaTT 1, Do UoTUTS T PTTOTtOv Ot qucS T aruc— 1. wocourc— gt o—carattCTiotigutCo—CU

tensipn des dispositifs photovoltaiques

IEC §0904-1-1, Dispositifs photovoltaiques — Partie 1-1: Mesurage des catactéristiques
courant-tension des dispositifs photovoltaiques (PV) multijonctions

IEC 60904-2, Dispositifs photovoltaiques — Partie 2: Exigences applicables aux dispgsitifs
photovoltaiques de référence

IEC 60904-3, Dispositifs photovoltaiques — Partie 3: Principes “de mesure des dispgsitifs
solaifes photovoltaiques (PV) a usage terrestre incluant les données de I'éclairement spgctral
de rdférence — Dispositifs photovoltaiques

IEC §0904-8, Dispositifs photovoltaiques — Partie 8: ,Mésure de la sensibilité spectrale|d'un
dispqsitif photovoltaique (PV)

IEC 60904-8-1, Dispositifs photovoltaiques — Pattie 8-1: Mesurage de la sensibilité spectrale
des dispositifs photovoltaiques (PV) multijonetions

IEC 60904-9, Dispositifs photovoltaiques — Partie 9: Exigences pour le fonctionnemeni des
simulateurs solaires

IEC TS 61836, Solar photovoltaic energy systems — Terms, definitions and symbols
(disppnible en anglais seulement)

ISO 9288:1989, Isolations'thermique — Transfert de chaleur par rayonnement — Grandeurs
physiques et définitiohs

3 Termes. et/définitions

Pourl|les besoins du présent document, les termes et définitions données dans I'lEC TS 6[1836
et I''$09288 s'appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

NOTE L'indice e des grandeurs énergétiques est omis, étant donné que dans le présent document les grandeurs
peuvent ne pas étre distinguées des grandeurs photométriques. Le symbole de grandeur E est donc utilisé pour
I'éclairement quantitatif plutdt que le symbole de grandeur E.

L'indice A indiquant que I'éclairement est différencié par rapport a la longueur d'onde A et non par rapport a la
fréquence v pour obtenir I'éclairement spectral E, (1) est omis pour plus de clarté. Par conséquent, I'éclairement
spectral est désigné ici par E(1).


http://www.electropedia.org/
http://www.iso.org/obp
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