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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC DEVICES -

Part 2: Requirements for photovoltaic reference devices

EQREWORD

T vV <X

Thee International Electrotechnical Commission (IEC) is a worldwide organization for standardization \comj
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 ele€tronic 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

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an intern
copsensus of opinion on the relevant subjects since each technical ,committee has representation fr
inferested IEC National Committees.

3) IEf Publications have the form of recommendations for international use and are accepted by IEC N
Cgmmittees in that sense. While all reasonable efforts are made to ensure that the technical content
Pyblications is accurate, IEC cannot be held responsible forythe 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 théir“national and regional publications. Any diver
beftween any IEC Publication and the corresponding @ational or regional publication shall be clearly indic3
th¢ latter.

5) IEL itself does not provide any attestation of.conformity. Independent certification bodies provide conff
aspessment services and, in some areas, ;aeccess 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 or.ifs)directors, employees, servants or agents including individual exper
mgmbers of its technical committees 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
Pyblications.

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) Atjention is drawn to the possibility that some of the elements of this IEC Publication may be the sub
patent rights” NEC shall not be held responsible for identifying any or all such patent rights.
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made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 60904-2 has been prepared by IEC Technical Committee 82: Solar
photovoltaic energy systems.

This third edition cancels and replaces the second edition, published in 2007. It constitutes a
technical revision.

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

— addition of a test procedure in simulated sunlight of subsequent measurement of primary
and secondary reference device;

— dETinition of standard test conditions;

— rg

The fext of this standard is based on the following documents:

Full information on the voting for the approval of this standard cafn be found in the repo
voting indicated in the above table.

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

A lis
devig

The committee has decided that the contents~of this publication will remain unchanged

duction of allowed diffuse component for secondary reference cell calibration 10~20

FDIS Report on voting
82/893/FDIS 82/918/RVD

of all parts in the IEC 60904 series, published under the general title Photov
es, can be found on the IEC website.

rt on

bltaic

until

the gtability date indicated on the IEC website under "http://webstore.iec.ch" in the |data
relate¢d to the specific publication. At thissdate, the publication will be

* rgconfirmed,

e wlithdrawn,

* r¢placed by a revised edition, or

+ amended.

IMPORTANT - The.“colour inside” logo on the cover page of this publication indig¢ates

that

of itg contents: Users should therefore print this publication using a colour printer.

t contains)colours which are considered to be useful for the correct understan

ding
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PHOTOVOLTAIC DEVICES -

Part 2: Requirements for photovoltaic reference-selar devices

1 Scope-and-objeet

This part of IEC 60904 gives requirements for the classification, selection, packaging, marking,
calibration and care of photovoltaic reference-selar devices.

This [standard covers-selar photovoltaic reference devices used to determine thel éelectrical
perfgrmance of-selar photovoltaic cells, modules and arrays under natural and simufated
sunlight. It does not cover-selar photovoltaic reference devices for use under concentfated
sunlight.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including| any
amendments) applies.

IEC 60891, Photovoltaic devices — Procedures for.temperature and irradiance corrections to
meagured |-V characteristics

IEC 60904-1, Photovoltaic devices — Part t: Measurements of photovoltaic current-voltage
chargcteristics

IEC $60904-3, Photovoltaic devieés — Part 3: Measurement principles for terrestrial
photgvoltaic (PV) solar devices With reference spectral irradiance data

IEC $60904-4, Photovoltaic devices — Part 4: Reference solar devices — Procedurep for
establishing calibrationdtaceability

IEC 60904-5, Photovoltaic devices — Part 5: Determination of the equivalent cell tempergture
(ECT)) of photoyoltaic (PV) devices by the open-circuit voltage method

IEC €0904<7 Photovoltaic devices — Part 7: Computation of the spectral mismatch correction
for meastrements of photovoltaic devices

IEC 60904-8, Photovoltaic devices — Part 8: Measurement of spectral responsivity of a
photovoltaic (PV) device

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

IEC 60904-10, Photovoltaic devices — Part 10: Methods of linearity measurement
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IEC TS 61836, Solar photovoltaic energy systems — Terms, definitions and symbols

3 Desecription Terms and definitions

2015

For the purposes of this document, the terms and definitions given in IEC TS 61836 and the

folloy

3.1

calibration traceability

trace)

Note

tracedility-as—feHows.

3.2
prim
photd

or stdndard light source traceable to Sl units as defined in [EC 60904-4.

3.3

secolndary reference device

photd
refer

3.4

working reference device

pry reference device

ving apply.

ability as defined in IEC 60904-4

I to entry: Photovoltaic reference devices are distinguished by their positioni\in "a chain of calif

voltaic reference device whose calibration is based on a4sadiometer or standard det

voltaic reference device calibrated in natural or simulated sunlight against a pri
bnce device.

ration

ector

mary

photgvoltaic reference device calibrated in natural or simulated sunlight against a secondary
reference device.

3.5

Congtruction of reference devices
Depgnding-on-their-intended-use,reference-devices-need-to-meet-different requiremerts—in
tommgetholemoehodeal concirneton cotioal prononiioe and clocidienl cleandt The follgiing
breodosnlaen

reference devices

speclally calibrated photovoltaic devices which are used to measure natural or simufated
irradfancé jor to set simulator irradiance levels for measuring the performance of pther

voltaic devices

photd

3.6
refer

ence cell

A-referenee single photovoltaic cell used primarily for transfer of calibration values

Note 1 to entry:

For practical reasons, such cells are small in surface area, and are usually mounted on a fixture

which ensures reproducibility in mounting, thermal control and electrical connections. A typical sample is sketched
in Figure 1.
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Figure 1 — Single-cell package

3.6.1
reference cell with protective cover but without encapsulant
photgvoltaic reference cell similar to 3.6, but provided with a protective cover

Note 1 to entry: Recommended use: as a laboratory primaryy’secondary and working reference, in particulafj when
calibrgting measuring the performance of other photovoliaic' devices using solar simulators orwhemeal&;aﬂng
eutdedrs natural sunlight with direct beam only.

3.6.2
enC}psulated reference cell

photgvoltaic reference cell similar to 3.6, but encapsulated in a protective assembly so ps to
withgtand short-term outdoor exposure

Note 1 to entry: Recommended usexas a laboratory primary, secondary and working reference, in particulaf when
calibrgtion-in measurements of thevsperformance of other photovoltaic devices under natural sunlight are perfogrmed.

Note 4 to entry: If the encapsulation system has been demonstrated to withstand long-term outdoor exppsure,

applyipg test levels according to IEC 61215, such reference cells may also be suitable to be used as a monjtoring
devicq for long-term assessment of operational photovoltaic arrays.

mult|-cell reference dewces

photovoltaic device consisting of several photovoltaic cells

Note 1 to entry: Recommended use: as the diffuse component of natural sunlight and non-normal incidence of
simulated sunlight interact with encapsulants and back sheets of a module and influence the amount of-irradiation
irradiance which a particular cell receives, it is recommended that reference devices used for measuring sub-

assemblies of modules and arrays be encapsulated in a multi-cell package,-simulating—the-neighbeuring—optical

parameters matching the mechanical and optical features of a the test specimen (module, sub-assemblies of

modules, arrays)-and-reflectivity-of-thefront-cover so as to respond to variations in the geometrical distribution of

the incident radiation in the same way as the test specimen.

3.8

single reference cell in a multi-cell package

single photovoltaic cell mounted in such a package that frame, encapsulation system, shape,
size and spacing of the cells surrounding-the-reference-cell-shall-be it are the same as in the
module to be tested.
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Note 1 to entry: The surrounding cells may be real or dummies that have the same optical properties.Fhe-dotted

3.9

reference module

photovoltaic module consisting of the encapsulation of a series and/or parallel connection of
selar photovoltaic cells

Note 1 to entry: TFhe-use-of-afull-sizereference-module—isrecommended-in- Recommended use: for measuring
other modules in order to achieve correspondence of dimensions, mechanical construction, optical properties and
electrical circuitry of the reference module and test-speeimen module, so as to minimize discrepancies due to
simulator non-uniformity, internal reflections or temperature distribution.

e lona-term stahilitvy of cue rasistors cshall a%c maeoat the stahilitvy raauiramants f the
e o Rg-terHR—SEaoh ity —OoO—SUGCHTEeSiIStors—Siah—ayso—heettheSaohityfeqirements —He
raferbnce device  Calibration—values of suchbraferance devices shall he stated with the
retefrghce—aeHece—oatoraton—aHdes—ot+—Sbeh<fretrererce—GeHeces—ShatH—oe——Statea—WHhi—he
dimehsion I\ -\W—-1-m21 if the calibration-has Heen nerformed-on-the voltaae-dron-acrosk the
aHRepston—| v ——LHte—caHpbRHoRAasSBeehperformec—ontneVoragearopacrosp—+he
shunt resistor he temperature coefficiant ' of the bhuilt-in_ shunt resistor is nart of the
sShth—fesisto—hRe—temperatdre—GcoeHcier—ot—the—ouHt-—SRdht—FesSistor1s—pait—ot+—the
NOTE It is recommended -that the shunt resistor be g removable 4-wire resistor to allow for neriodic checllina of
NO+E=—Hsrecommendectnat-the-snuntresjstor bearemovabie4-wireresistor—toaliowtorperioaiccheckngof

resisfor connected across the output terminals of photovoltaic devices

Note to entry: The register shunts the output of the photovoltaic device providing an output voltage|to be
measyred and avoiding gser/provided means of establishing short circuit condition.

4

rd .Y

belection’of reference device

4.1 | General requirements

DepGnding an their intended use reference devices need to meet different rpquirpmprts in
terms of their spectral responsivity, mechanical construction, optical properties, dimensions
and electrical circuit. The spectral responsivity of the reference device, for example, is
determined by the transmission of any protective cover in front of the device and the spectral
responsivity of the device itself. Therefore the overall spectral responsivity can be adapted by
using suitable filters as or in addition to the protective cover.

A reference device shall meet the following requirements:

a) photovoltaic characteristics shall be stable according to the requirements in Clause 11;

b) the output signal of the reference device shall vary linearly with irradiance, as defined in
IEC 60904-10, over the range of interest.
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4.2 Additional requirements for single reference cell in a multi-cell package

The dotted line in Figure 2 indicates the minimum acceptable size of a multi-cell package.

Reference cell Minimum size of multi-cell package

IEC

Figure 2 —Single Reference cell in a multi-cell package

4.3 | Additional requirements for reference modules
Addifional requirements apply to reference modules:

a) ishouldnotcontain Bypass diodes:

—| general reference modules, that are used\to measure a range of module typeq and
geometries, should not contain bypass ‘didodes. The presence or absence of bypass
diodes shall be noted and considered~if¥ conjunction with the measurement conditions,
in particular spatial non-uniformity af ‘the irradiance on the module during measurement;

—| for reference modules, that are.iotended to be matched to the module under tes{, the
number, type and connection™of bypass diodes (if present) shall match those in the
module under test.

b) If they are made from discrete cells, these shall be matched-in—shert-cirecuit-eyrrent
and-fil-factorwithin-&2-% as follows depending on the intended use of the refefence
module:

—| if only the shaftyeircuit current of the reference module will be used the short dircuit
current of thé individual cells shall be matched to within + 1 %;

—| if other garameters (such as maximum power) are used additionally or exclus|vely,
both th€<short circuit current and the fill factor of the individual cells shall be mafched
to within + 1 %.

The’,matching of the individual cells is the responsibility of the manufacturer of the
g¢férénce module, bearing in mind that matching may also be influenced by encapsulation
or lamination. The cell matching needs not be checked by the calibration laboratory.
However, if I-V curves of the reference module indicate inconsistent response (i.e. steps
are noted in the |-V curve), the |-V curve should be measured under light that is known to
be uniform (e.g. natural sunlight) to determine whether there is evidence that the cells
within the module are matched within 1 %. If the module exhibits evidence of > 1 %
mismatch between cells, the module shall not be used as reference module.

—

4.4 Requirements for built-in shunt resistors

The resistor shall be chosen such as to ensure that the reference device operates sufficiently
near to short-circuit condition, meeting the requirement:
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where
RcpL  is the shunt resistor;
Isc is the short circuit current of the reference device at reference conditions;

Voc is the open circuit voltage at reference conditions.

If a shunted reference cell does not meet the requirement of formula (1), it shall only be used
at irradiances (+ 5 %) and temperatures (+ 2 °C) at which it was calibrated.

The long-term stability of such resistors shall also meet the stability requirements of the
reference device. Calibration values of such reference devices shall be measured as the
voltape drop across the shunt resistor and stated with the dimension [V] at standard test
condj|tions (see Clause 7). The temperature coefficient of the built-in shunt resistor.is part of
the t¢mperature coefficient of the calibration value of the reference device. As the‘éUncerfainty
in the¢ calibration may be strongly dependent on the shunt resistor stability and“temperpture
coeffjcient, respective values should be provided with the reference cell data sheet.

If a ghunted reference cell is to be used for low irradiance measurements,“either a dedi¢ated
cell ¢an be constructed with the restriction of formula (1), where the\§hort circuit currgnt is
cons|dered at the desired low irradiance rather than at STC. Altergatively a shunted cell can
have| a larger shunt resistor, but requires a separate calibratiod for each irradiance| and
tempgrature it is to be used at.

It is fecommended that the shunt resistor be a removable 4xwire resistor, to allow for pefiodic
checking of the reference device stability by taking an I/ curve per IEC 60904-1.

Formula (1) means that the measured output voltage’of a shunted reference cell shall be less
than |3 % of its open circuit voltage. For typical crystalline Silicon this equates to about 2p mV
outpuyit.

5 Temperature measurement

Means shall be provided for determining the reference cell temperature or, for reference
modules, the equivalent cell température (ECT), according to IEC 60904-5. The required
unceftainty for temperature measurements shall be less than + 2,0 °C for all referrtjance
devides. A minimum accuraCy)of £1,0 °C for the temperature sensor is suggested to achieve
this yncertainty in the temperature measurement.

6 Electrical connections

The [electricalyconnections to reference cells shall consist of a four-wire contact system
(Kelvin probe). Care shall be taken to avoid measurement errors due to voltage drops @long
the cgll’s\contact bars and the package wiring.

The electrical connections to the reference module shall be designed to meet the
requirements of IEC 60904-1-(Clause-4).

7 Calibration

Each reference device shall be calibrated in terms of its calibration value at the desired
reference conditions, normally standard test conditions (STC) (1 000 W-m~2, 25 °C device
temperature with the reference spectral irradiance distribution as defined in IEC 60904-3).

Methods for calibrating primary reference devices are included in IEC 60904-4. A method of
calibrating secondary reference devices is described in Clause 12. The calibration of working
reference devices is treated in Clause 13.
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The—relative spectral-response—of responsivity at short-circuit current conditions of each
reference device shall be measured in accordance with IEC 60904-8. If for reference modules
this cannot be measured directly, it shall be deduced from measurements made on
representative encapsulated-selar photovoltaic cells.

The temperature coefficient of each reference device shall be measured in accordance with
IEC 60891.

8 Datasheet Report

Each[ time a reference device is calibrated, the following information shall be recorded|on a
data sheet:

— lIdentification number

— Type (primary reference cell; secondary reference device, working reference device)
- ell manufacturer

- aterial type

— Tpype of package

— Tlype and dimension of cell(s)

- ircuit diagram, in particular of any connectors

- alibration organization

— Sjte and date of calibration

- ethod of calibration (refer to standard)

- adiometer or standard lamp characteristics (Where applicable)

— Primary reference cell identification (where applicable)

— Sjmulator characteristics (where applieable)

— Type of temperature sensor (wheretapplicable)

Spectral responsivity

— Temperature coefficient of\calibration value
- alibration value at reference conditions

- eference conditions

stimated uncertainty

ther the _mismatch correction value used in the measurement or an estimate of the

E
— Shunt resistercnominal resistance and temperature coefficient (where applicable)
E
uhcertainty introduced by using the mismatched reference device.

For feference cells without fixed electrical connection to the cell, the following informjation
shall be recorded on the data sheet:

— lllustration of type, shape and location of electrical contacts during calibration.

For reference modules, the following information shall be recorded in addition on the data
sheet:

— manufacturer

— model designation

— serial number

— cell technology

— construction and dimensions of module

— electrical circuit layout
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resence or absence of bypass diodes and if present their number and type.

9 Marking

2015

The reference device shall carry a clear, indelible serial or identification number for cross-
reference to its data sheet.

10 Packaging

10.1

The
varia
spec

used

the neighbouring optical parameters of a module.

In this case, the frame, the encapsulation system, the shape, and.the-size and spacing @

cells

surrdunding cells may be real or dummies that have the same“optical properties. The d
line in Figure 2 indicates the minimum acceptable size of .the“multi-cell package for ou
testing.

‘ 10.2

In some simulators which allow multiple reflections of light to and from the test specimer

irrad
pres

Ther
| spec

the $ame way as the test specimen, so that the change in irradiance due to m

‘ refle

Refe

—Recommended packaging for use in natural sunlight

reference device used for measurement in natural sunlight—shall should respor
fions in the geometrical distribution of the incident radiation in the same way 'as the

for measuring modules be enclosed in a multi-cell package (see Figuré 2), simul

surrounding the reference cell shall be the same as in the-module to be tested,

Recommended packaging for use under salar’simulators

ance in the test plane may change depending on whether or not the test specim
nt.

pfore, in order to measure accurately the irradiance that will be present when thsg
men is in place, the referencecgells devices used in such simulators shall be packag

tions is the same for both.the reference-cel device and the test specimen.

ence cells used for measurements in simulators designed to minimize any error

d to
test

mens (cells, sub-assemblies of cells, modules). As encapsulants and. ‘back sheets
respond to the diffuse component of natural sunlight, it is recommended that reference

cells
ating

f the
The
ptted
door

, the
en is

test
ed in
Itiple

from

multitreflected light may be packaged singly or, if not intended for day-to-day use, mounfed in
the unhpackaged state,on a temperature controlled block.

Alterpatively, the-requirements given for reference cells for use in natural sunlight mgy be
followed.

10.3

Single cell package

If a single cell package is used, the following recommendations are made:

a)
b)

c)

d)

The field of view should be at least 160°.

All surfaces in the package within the cell’s field of view should be non-reflective, with
an absorption of at least 0,95 in the cell’s wavelength-respense responsivity band.

The material used for bonding the cell to the holder should be resistant to degradation,
either electrically or optically. Its physical characteristics should remain stable over the
entire period of intended use.

The use of a protective window is recommended. If encapsulated, the space between
the window and the cell should be filled with a stable-transparent- encapsulant. Both
the protective window and the encapsulant should be transparent over the wavelength
range in which the PV reference device has a non-zero spectral responsivity. The
refractive index of the encapsulant should be similar (within 10 %) to that of the
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window to minimize errors due to the internal reflection of light. The transparency,
homogeneity and adhesion of the encapsulant should not be adversely affected by
ultra-violet light and operational temperatures.

e) The protective window may embody a filter to match the spectral-—response
responsivity of the reference cell to that of the test specimen, provided that the other
requirements of d) are met.

Figure 1 shows an example of a suitable single cell package. Other suitable single cell
packages can be found in JIS C8910-and-C8914 or the World Photovoltaic Scale-feund-in-the
R Osterw _ _ er A K B P —dJ-

vol——pp-—287-2971999 (see Bibliography).

11 Care of reference devices

It is necommended that reference devices be recalibrated on an annual-basis.
The yindow of a packaged reference device shall be kept clean and)scratch-free.
Uncgvered reference cells shall be preserved against damage,*Contamination and degradfation.
A refprence device exhibiting any defect which might impair its function shall not be used

i The calibration value of a reference device-hasehanged might change systematically|as a
functjon of time for successive calibrations. If_the€  calibration value of a reference devicg has
chanped by more than 1 % with respect to_its“previous calibration or by more than 5 % pf its
initia| calibration, it shall not be used as a reference device.

12 Calibration of secondary reference devices against a primary reference cell

12.1| General

This [Clause describes awprocedure for calibrating a secondary reference device in natugal or
simulated sunlight against a primary reference cell whose calibration is traceable to Sl junits
accofding to IEC 60904-4. The spectral-response-match responsivity mismatch betweep the
primary referencetcell and that of the secondary reference device under the illumination [used
for the calibration®shall be determined according to IEC 60904-7. If the spectral mismatch
correction isdess than 1 %, the mismatch correction may be omitted.

The procedure can be applied using both natural and simulated sunlight according t¢ the
requiremients in IEC 60904-1 with the following restrictions

12.2 Natural sunlight
Calibration in natural sunlight shall be carried out under the following conditions:
a) Clear, sunny weather, with the diffuse irradiance not greater than-36 20 % of the
global irradiance.
b) No observable cloud formations.

c) Total irradiance (sun + sky + ground reflection) not less than 800 W-m=2, as
measured by the primary reference cell.

d) Air mass between AM1 and AM2.

e) Radiation sufficiently stable so that the variation in reference cell output signal is less
than + 0,5 % over the time taken for a measurement.
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12.3 Simulated sunlight
H-simulated-sunlightisused The simulated sunlight for calibration can either be continuous or

pulsed. Normally the primary reference cell and the secondary reference device are
positioned side by side and measured simultaneously. In this case, the simulator shall be of
Class AAA in accordance with IEC 60904-9 with the additional requirement that the non-
uniformity of irradiance is less than 1 % within the surface that includes the device to be
calibrated and the primary reference device. The requirement of class A with respect to
temporal instability as defined in IEC 60904-9 needs only be met for the short term instability
(STI) as the long term instability (LTI) is not relevant in this case. In case that the primary and
secondary reference device are of the same or similar size (ratio of active areas between 0,5

and ’7’0), an additional measurement shall he taken nyr‘hanging their pnciﬁnnc A_valid result

is on]y obtained if both measurements agree within the measurement uncertainty.

If thg requirement of non-uniformity of less than + 1 % cannot be met for calibrating'referlence
modyles made from a series connection of cells, the simulator shall be class A-for spatial|non-
unifofmity and a detailed uncertainty analysis shall be provided taking into account mismatch
in shprt-circuit current of the individual cells.

In the¢ special case that the primary reference cell and the secondary/yeference device dre of
the game or similar size (ratio of active areas between 0,5 and 2:0Y and that the contifuous
simulated sunlight is stable, the two devices can be placed in the same position one aftdr the
othenl and measured consecutively. In this case the simufater shall be of Class AAA in
accofdance with IEC 60904-9 with the additional requirement that the LTI of irradiance iq less
than|+ 1 %, where the LTI is with respect to the’, total time period needed fon the
meagurements. A pulsed solar simulator may also be §ujtable if the repeatability of each pulse
is begter than 1 %. This shall be recorded using a suitable monitor cell.

In apy case a detailed measurement uncegiainty analysis considering both, spatiall and
temppral non-uniformity of the simulatedysunlight needs to be provided, considering the
specifics of the chosen measurement straiegy.

12.4| Test procedure

12.41 Before the initial calibration, measure the-relative spectral-respense responsivity and
temperature coefficient of short circuit current of the secondary reference device, using the
procgedures specified in IEC*60904-8,+EC61215-or1EC 61646 and IEC 60891, respect|vely.
Whenever a change in the calibration value at the reference conditions of more than 2 % with
respgct to this initial (caglibration is detected, the measurements of spectral responsivity and
tempgrature coefficient shall be repeated.

12.42 Adjustthe mount so that the devices are normal to the light source within = 5°.

— Mpunt the primary reference cell and the secondary reference device co-planar within + 1°
andlin.close proximity on the same mount (for simultaneous measurement).

— Mount the primary reference cell in the designated position (for consecutive measurement).

12.4.3 Control the cell temperature of both the primary reference cell and the secondary
reference device at (25 + 2) °C. Where this is not practical, readings of output signal-must
shall be subsequently corrected to 25 °C in accordance with IEC 60891.

12.4.4 The spectral mismatch shall be corrected according to IEC 60904-7. Appropriate
measurements of the specral irradiance shall be recorded.

12.4.5 Record simultaneous readings of the output signal and temperature:

— of both primary reference cell and secondary reference device (for simultaneous
measurement) The-spectral-irradia i - outdoo
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— of the primary reference cell, (for consecutive measurement).

12.4.6 Repeat step 12.4.5 until five successive sets of readings are obtained in which:

— the ratio of the output signals (corrected to 25 °C and for spectral mismatch as required)

does not vary by more than + 0,5 % (for simultaneous measurement),

— the output signals for the primary reference cell (corrected to 25 °C and for spectral
mismatch as required) do not vary by more than + 0,5 %; then remove primary reference

cell and mount the secondary reference device in the same position and repeat

step

12.4.5 with the same constraints as for the primary reference cell (for consecutive

measurement).

12.4)7 If the primary reference cell and the secondary reference device are of the san
similar size (ratio of active areas between 0,5 and 2,0) and are measured simuttaned
exchfnge the position between the primary reference cell and the secondary refererce d
and epeat steps 12.4.5 and 12.4.6.

he or
usly,
pvice

12.48 When calibrating in natural sunlight, steps 12.4.2 to 12.4.6,  inclusive, shall be

perfgrmed at least twice a day on at least three separate days.

12.409 From the acceptable data, calculate the ratio:

Output signal of secondary reference device at 25 °C
Output signal of primary reference cell at 25 °C

12.4.10 Multiply the calibration value of the primary. reference cell by the calculated:

— mean of the ratios (for simultaneous meas@rement);

—

atio of the means of the output signalg, (for consecutive measurement),

to objtain the calibration value of the secondary reference device. If measurements have
taken with the positions of the prithary reference cell and the secondary reference d
exchpnged, calculate the calibratioh value for both cases. The results are only valid if

been
Bvice
both

agre¢ within the measurement-tincertainty. Both values are to be reported and their geonpetric

avergge is to be used as the calibration value.

13 Calibration of working-selar reference device against a secondary-solar
ference device

For qalibration)of a working-selar reference device against secondary-selar reference d
the @bove<procedure may be applied, omitting the spectral mismatch correction i
secopdary’ and working—standard reference are of the same material and constru

Bvice
the
ction,

othenwisé the same procedure as described in Clause 12 should be applied.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC DEVICES -

Part 2: Requirements for photovoltaic reference devices

FEOREWORD

1) Thie International Electrotechnical Commission (IEC) is a worldwide organization for standardization\comprising
alll national electrotechnical committees (IEC National Committees). The object of IEC is¢to prpmote
infernational co-operation on all questions concerning standardization in the electrical and eleétronic fielfis. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Telchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as| “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National COmmittee intefested
in |the subject dealt with may participate in this preparatory work. International, governmental and non-
golvernmental organizations liaising with the IEC also participate in this preparatienIEC collaborates dlosely
with the International Organization for Standardization (ISO) in accordance with’conditions determined by
agreement between the two organizations.

2) Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
copsensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for internatiofal use and are accepted by IEC National
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content ¢f IEC
Publications is accurate, IEC cannot be held responsible forythe way in which they are used or fgr any
miginterpretation by any end user.

4) In|order to promote international uniformity, IEC National Committees undertake to apply IEC Publigations
transparently to the maximum extent possible in théir“national and regional publications. Any divergence
befween any IEC Publication and the corresponding @ational or regional publication shall be clearly indicated in
the¢ latter.

5) IEE itself does not provide any attestation of.conformity. Independent certification bodies provide confprmity
aspessment services and, in some areas, aecess to IEC marks of conformity. IEC is not responsible fpr any
sefvices carried out by independent certification bodies.

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

7) N( liability shall attach to IEC or.ifsydirectors, employees, servants or agents including individual experfs and
megmbers of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg) and
expenses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any othgr IEC
Pyblications.

8) Atfention is drawn t¢ the Normative references cited in this publication. Use of the referenced publicatipns is
indispensable for the correct application of this publication.

9) At{ention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights” NEC shall not be held responsible for identifying any or all such patent rights.

Interpatignal Standard IEC 60904-2 has been prepared by IEC Technical Committee 82: Bolar
photgvoltaic energy systems.

This third edition cancels and replaces the second edition, published in 2007. It constitutes a
technical revision.

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

— addition of a test procedure in simulated sunlight of subsequent measurement of primary
and secondary reference device;

— definition of standard test conditions;

— reduction of allowed diffuse component for secondary reference cell calibration to 20 %.


https://iecnorm.com/api/?name=f5b75768353d940145c9f7e03e165aea

-4 - IEC 60904-2:2015 © IEC 2015

The text of this standard is based on the following documents:

FDIS Report on voting
82/893/FDIS 82/918/RVD

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

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

A list of all parts in the IEC 60904 series, published under the general title Photevpltaic
devides, can be found on the IEC website.

The committee has decided that the contents of this publication will remain @nchanged| until
the gtability date indicated on the IEC website under "http://webstore.iecich" in the[data
reIatId to the specific publication. At this date, the publication will be

confirmed,

¢ withdrawn,

* re¢placed by a revised edition, or
* amended.

-
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PHOTOVOLTAIC DEVICES -

Part 2: Requirements for photovoltaic reference devices

1 Scope

This part of IEC 60904 gives requirements for the classification, selection, packaging, marking,
calibration and care of photovoltaic reference devices.

This [ standard covers photovoltaic reference devices used to determine the< élegtrical
perfgrmance of photovoltaic cells, modules and arrays under natural and simulated sunlight. It
does|not cover photovoltaic reference devices for use under concentrated sunlight.

2 Tormative references

The {ollowing documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only_the edition cited applieq. For
undated references, the Ilatest edition of the referenced document (including| any
amendments) applies.

IEC 60891, Photovoltaic devices — Procedures for demperature and irradiance correctiops to
meagured [-V characteristics

IEC 60904-1, Photovoltaic devices — Part .}<Measurements of photovoltaic current-vdltage
characteristics

IEC 60904-3, Photovoltaic devices~\~ Part 3: Measurement principles for terregstrial
photovoltaic (PV) solar devices with.reference spectral irradiance data

IEC §0904-4, Photovoltaic devices — Part 4: Reference solar devices — Proceduref for
establishing calibration traceability

IEC 60904-5, Photovoltaic devices — Part 5: Determination of the equivalent cell tempergture
(ECT)) of photovoltaie’(PV) devices by the open-circuit voltage method

IEC $0904-7( Rhotovoltaic devices — Part 7: Computation of the spectral mismatch corrgction
for measurements of photovoltaic devices

IEC 60904-8, Photovoltaic devices — Part 8- Measurement of spectral responsivity lof a
photovoltaic (PV) device

IEC 60904-9, Photovoltaic devices — Part 9: Solar simulator performance requirements
IEC 60904-10, Photovoltaic devices — Part 10: Methods of linearity measurement

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

3 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC TS 61836 and the
following apply.
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3.1
calibration traceability
traceability as defined in IEC 60904-4

Note 1 to entry: Photovoltaic reference devices are distinguished by their position in a chain of calibration
traceability.

3.2

primary reference device

photovoltaic reference device whose calibration is based on a radiometer or standard detector
or standard light source traceable to Sl units as defined in IEC 60904-4

3.3
secondary reference device
photovoltaic reference device calibrated in natural or simulated sunlight againsta primary
reference device

3.4
working reference device
photovoltaic reference device calibrated in natural or simulated sunlight against a secondary
reference device

3.5
referlence devices
speclally calibrated photovoltaic devices which are used”to measure natural or simuflated
irradiance or to set simulator irradiance levels fof measuring the performance of pther
photgvoltaic devices

3.6
reference cell
single photovoltaic cell used primarily for transfer of calibration values

Note { to entry: For practical reasons, such cells are small in surface area, and are usually mounted on a fixture
which|ensures reproducibility in mounting<thermal control and electrical connections. A typical sample is sk¢tched
in Figlire 1.

Window receptacle Wiring space

O O

0

olar cell cavity Cable Voltage and

clamp current leads \‘

@
&
@

)

Field of view not

( less than 160° >

2zt

Figure 1 — Single-cell package

3.6.1
reference cell with protective cover but without encapsulant
photovoltaic reference cell similar to 3.6, but provided with a protective cover
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Note 1 to entry: Recommended use: as a laboratory primary, secondary and working reference, in particular when
measuring the performance of other photovoltaic devices using solar simulators or natural sunlight with direct beam
only.

3.6.2

encapsulated reference cell

photovoltaic reference cell similar to 3.6, but encapsulated in a protective assembly so as to
withstand short-term outdoor exposure

Note 1 to entry: Recommended use: as a laboratory primary, secondary and working reference, in particular when
measurements of the performance of other photovoltaic devices under natural sunlight are performed.

Note 2—-to—eniry: I the gncapsulation-svystiem-has-been-demonsirated-towithstand-long-term-—ocutdoor exppsure,

applyipg test levels according to IEC 61215, such reference cells may also be suitable to be used as a manjtoring
devicq for long-term assessment of operational photovoltaic arrays.

3.7
multj-cell reference devices
photovoltaic device consisting of several photovoltaic cells

Note 1 to entry: Recommended use: as the diffuse component of natural sunlight and*non-normal incidepce of
simulgted sunlight interact with encapsulants and back sheets of a module and infldgénee the amount of irradliance
which|a particular cell receives, it is recommended that reference devices used-formeasuring sub-assemblies of
modules and arrays be encapsulated in a multi-cell package, matching the mechanical and optical features |of the
test specimen (module, sub-assemblies of modules, arrays) so as to respond to variations in the geomgtrical
distribjution of the incident radiation in the same way as the test specimen.

3.8
single reference cell in a multi-cell package
single photovoltaic cell mounted in such a packagecthat frame, encapsulation system, shape,
size and spacing of the cells surrounding it are the:same as in the module to be tested

Note 1 to entry: The surrounding cells may be real or ddmmies that have the same optical properties.

3.9
reference module
photgvoltaic module consisting of the encapsulation of a series and/or parallel connectipn of
photgvoltaic cells

Note 1 to entry: Recommended( use: for measuring other modules in order to achieve correspondernce of
dimenpgions, mechanical construction, optical properties and electrical circuitry of the reference module and test
module, so as to minimize_discrepancies due to simulator non-uniformity, internal reflections or tempgrature
distribjution.

3.10| built-in shuntTresistors
resisfor connected across the output terminals of photovoltaic devices

Note 1 to entry* The resistor shunts the output of the photovoltaic device providing an output voltage|to be
measyred and avoiding user-provided means of establishing short circuit condition.

4 Selection of reference device

4.1 General requirements

Depending on their intended use, reference devices need to meet different requirements in
terms of their spectral responsivity, mechanical construction, optical properties, dimensions
and electrical circuit. The spectral responsivity of the reference device, for example, is
determined by the transmission of any protective cover in front of the device and the spectral
responsivity of the device itself. Therefore the overall spectral responsivity can be adapted by
using suitable filters as or in addition to the protective cover.

A reference device shall meet the following requirements:

a) photovoltaic characteristics shall be stable according to the requirements in Clause 11;
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b) the output signal of the reference device shall vary linearly with irradiance, as defined in
IEC 60904-10, over the range of interest.

4.2

Additional requirements for single reference cell in a multi-cell package

The dotted line in Figure 2 indicates the minimum acceptable size of a multi-cell package.

Reference cell Minimum size of multi-cell package

4.3

Addifional requirements apply to reference modules;

a) B

b) If
in

ypass diodes:

IEC

Figure 2 — Single reference cell in a multi-cell package

Additional requirements for reference modules

general reference modules, that are-used to measure a range of module typeq and
geometries, should not contain bypass diodes. The presence or absence of bypass

diodes shall be noted and considered in conjunction with the measurement condi
in particular spatial non-unifermity of the irradiance on the module during measur

for reference modules, that are intended to be matched to the module under tes
number, type and connection of bypass diodes (if present) shall match those i
module under test.

they are made from‘discrete cells, these shall be matched as follows depending o
tended use of the reference module:

if only thetshort circuit current of the reference module will be used the short
current©ofthe individual cells shall be matched to within £ 1 %;

if other’ parameters (such as maximum power) are used additionally or exclus

ions,
ment;

, the
h the
n the

ircuit

vely,

bath the short circuit current and the fill factor of the individual cells shall be mafched

towithin £ 1 %.

The matching of the individual cells is the responsibility of the manufacturer of the
reference module, bearing in mind that matching may also be influenced by encapsulation
or lamination. The cell matching needs not be checked by the calibration laboratory.
However, if I-V curves of the reference module indicate inconsistent response (i.e. steps
are noted in the I-V curve), the |-V curve should be measured under light that is known to
be uniform (e.g. natural sunlight) to determine whether there is evidence that the cells
within the module are matched within 1 %. If the module exhibits evidence of >
mismatch between cells, the module shall not be used as reference module.

4.4

Requirements for built-in shunt resistors

1%

The resistor shall be chosen such as to ensure that the reference device operates sufficiently
near to short-circuit condition, meeting the requirement:
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where
RcpL s the shunt resistor;
Isc  is the short circuit current of the reference device at reference conditions;

Voc is the open circuit voltage at reference conditions.

If a shunted reference cell does not meet the requirement of formula (1), it shall only be used
at irradiances (+ 5 %) and temperatures (+ 2 °C) at which it was calibrated.

The fong-term stability of such resistors shall also meet the stability requirements\of the
reference device. Calibration values of such reference devices shall be measured as the
voltape drop across the shunt resistor and stated with the dimension [V] at standard test
condjtions (see Clause 7). The temperature coefficient of the built-in shunt resistor is part of
the tgmperature coefficient of the calibration value of the reference device. Asthe uncerfainty
in the calibration may be strongly dependent on the shunt resistor stability and temperpture
coeffjcient, respective values should be provided with the reference cell data sheet.

If a §hunted reference cell is to be used for low irradiance measurements, either a dedi¢ated
cell ¢an be constructed with the restriction of formula (1), whereCithe short circuit currgnt is
cons|dered at the desired low irradiance rather than at STC. Alternatively a shunted cell can
have| a larger shunt resistor, but requires a separate calibrdation for each irradiancel and
tempgrature it is to be used at.

It is fecommended that the shunt resistor be a removable 4-wire resistor, to allow for petiodic
checking of the reference device stability by taking an I-V curve per IEC 60904-1.

Formula (1) means that the measured output voltage of a shunted reference cell shall beg less
than [3 % of its open circuit voltage. For typicalcrystalline Silicon this equates to about 2D mV
output.

5 Temperature measurement

Means shall be provided for. determining the reference cell temperature or, for referlence
modules, the equivalent cell temperature (ECT), according to IEC 60904-5. The required
unceftainty for temperature measurements shall be less than + 2,0 °C for all reference
deviges. A minimum aceuracy of £1,0 °C for the temperature sensor is suggested to achieve
this Uyncertainty in the\temperature measurement.

6 Electricalcconnections

The [electrical connections to reference cells shall consist of a four-wire contact system
(Kelvlin probe). Care shall be taken to avoid measurement errors due to voltage drops zFIong
the cetf'stontactbars and the package wiring-

The electrical connections to the reference module shall be designed to meet the
requirements of IEC 60904-1.

7 Calibration

Each reference device shall be calibrated in terms of its calibration value at the desired
reference conditions, normally standard test conditions (STC) (1 000 W-m—2, 25 °C device
temperature with the reference spectral irradiance distribution as defined in IEC 60904-3).
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Methods for calibrating primary reference devices are included in IEC 60904-4. A method of
calibrating secondary reference devices is described in Clause 12. The calibration of working
reference devices is treated in Clause 13.

The spectral responsivity at short-circuit current conditions of each reference device shall be
measured in accordance with IEC 60904-8. If for reference modules this cannot be measured
directly, it shall be deduced from measurements made on representative encapsulated
photovoltaic cells.

The temperature coefficient of each reference device shall be measured in accordance with
IEC 60891.

eport

time a reference device is calibrated, the following information shall berecorded|on a

— ldentification number

— Type (primary reference cell; secondary reference device, workihgteference device)
ell manufacturer

aterial type

— Type of package

— Tlype and dimension of cell(s)

ircuit diagram, in particular of any connectors

alibration organization

Sjite and date of calibration

ethod of calibration (refer to standard)

adiometer or standard lamp characteristics (where applicable)
— Primary reference cell identification (where applicable)

— Sjimulator characteristics (Where applicable)

— Tlype of temperature sensor (where applicable)

— Spectral responsivity

— Temperature coefficient of calibration value

alibration value at reference conditions

eference_conditions

— Ejstimated uncertainty

— Shunt resistor nominal resistance and temperature coefficient (where applicable)

— Either the mismatch correction value used in the measurement or an estimate of the
uncertainty introduced by using the mismatched reference device.

For reference cells without fixed electrical connection to the cell, the following information
shall be recorded on the data sheet:

— lllustration of type, shape and location of electrical contacts during calibration.

For reference modules, the following information shall be recorded in addition on the data
sheet:

— manufacturer

— model designation

— serial number
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— cell technology

— construction and dimensions of module

- €

- P

lectrical circuit layout
resence or absence of bypass diodes and if present their number and type.

9 Marking

The reference device shall carry a clear, indelible serial or identification number for cross-
reference to its data sheet.

10 Rackaging

10.1
The

the deometrical distribution of the incident radiation in the same way _as’the test speci
(cellq, sub-assemblies of cells, modules). As encapsulants and back.sheets respond t
diffuge component of natural sunlight, it is recommended that(reference cells use
meaguring modules be enclosed in a multi-cell package (see‘Figure 2), simulating
neighbouring optical parameters of a module.

In th
cells

surrqunding cells may be real or dummies that have the same optical properties. The d

line i

testing.

10.2

In so
irrad

the
pack
multi

Refe
multi
the u

Alter

followed:

10.3

Ifas

presTnt. Therefore, in order to .measure accurately the irradiance that will be present

Recommended packaging for use in natural sunlight

eference device used for measurement in natural sunlight should respond to variatig

s case, the frame, the encapsulation system, the shape, and the size and spacing ¢
surrounding the reference cell shall be the sameias in the module to be tested

In Figure 2 indicates the minimum acceptable.size of the multi-cell package for ou

Recommended packaging for use.under solar simulators

me simulators which allow multiple teflections of light to and from the test specimer
ance in the test plane may change depending on whether or not the test specim

est specimen is in placé, the reference devices used in such simulators sha

hged in the same way_as the test specimen, so that the change in irradiance d
ble reflections is the, same for both the reference device and the test specimen.

rence cells used,;for measurements in simulators designed to minimize any error

npackagedistate on a temperature controlled block.

natively, the requirements given for reference cells for use in natural sunlight m3

ns in
mens
b the
H for

the

f the
The
ptted
tdoor

, the
en is
wvhen
Il be
e to

from

Lreflected light may be packaged singly or, if not intended for day-to-day use, mounted in

y be

Single cell package

ingle cell package is used, the following recommendations are made:

a) The field of view should be at least 160°.

b) All surfaces in the package within the cell’s field of view should be non-reflective, with an

a

bsorption of at least 0,95 in the cell’s wavelength responsivity band.

c) The material used for bonding the cell to the holder should be resistant to degradation,
either electrically or optically. Its physical characteristics should remain stable over the

e

ntire period of intended use.

d) The use of a protective window is recommended. If encapsulated, the space between the
window and the cell should be filled with a stable encapsulant. Both the protective window
and the encapsulant should be transparent over the wavelength range in which the PV
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reference device has a non-zero spectral responsivity. The refractive index of the
encapsulant should be similar (within 10 %) to that of the window to minimize errors due
to the internal reflection of light. The transparency, homogeneity and adhesion of the
encapsulant should not be adversely affected by ultra-violet light and operational
temperatures.

The protective window may embody a filter to match the spectral responsivity of the
reference cell to that of the test specimen, provided that the other requirements of d) are
met.

Figure 1 shows an example of a suitable single cell package. Other suitable single cell
packages can be found in JIS C8910 or the World Photovoltaic Scale (see Bibliography).

11

It is lecommended that reference devices be recalibrated on an annual basis.

The

Care of reference devices

vindow of a packaged reference device shall be kept clean and scratch<free.

Uncqvered reference cells shall be preserved against damage, contamination and degradation.

A refprence device exhibiting any defect which might impair its/function shall not be used

The

calibration value of a reference device might change systematically as a function of|time

for sliccessive calibrations. If the calibration value of @ heference device has changed by more
than |1 % with respect to its previous calibration or by more than 5 % of its initial calibratipn, it

shalllnot be used as a reference device.

12

12.1| General

Calibration of secondary reference-devices against a primary reference cell

This [Clause describes a procedure for calibrating a secondary reference device in natugal or
simulated sunlight against a_primary reference cell whose calibration is traceable to Sl |units
accofding to IEC 60904-4. The spectral responsivity mismatch between the primary refefence
cell and that of the secondary reference device under the illumination used for the calibration
shalllbe determined aecording to IEC 60904-7. If the spectral mismatch correction is less|than

1 %, the mismatch ¢orrection may be omitted.

The
requifements.in IEC 60904-1 with the following restrictions.

12.2 | Natural sunlight

procedure_can be applied using both natural and simulated sunlight according t¢ the

Calibration in natural sunlight shall be carried out under the following conditions:

Clear, sunny weather, with the diffuse irradiance not greater than 20 % of the global
irradiance.

No observable cloud formations.

Total irradiance (sun + sky + ground reflection) not less than 800 W-m~2, as measured by
the primary reference cell.

Air mass between AM1 and AM2.

Radiation sufficiently stable so that the variation in reference cell output signal is less than
*+ 0,5 % over the time taken for a measurement.
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12.3 Simulated sunlight

The simulated sunlight for calibration can either be continuous or pulsed. Normally the
primary reference cell and the secondary reference device are positioned side by side and
measured simultaneously. In this case the simulator shall be of Class AAA in accordance with
IEC 60904-9 with the additional requirement that the non-uniformity of irradiance is less than
+ 1 % within the surface that includes the device to be calibrated and the primary reference
device. The requirement of class A with respect to temporal instability as defined in
IEC 60904-9 needs only be met for the short term instability (STI) as the long term instability
(LTI) is not relevant in this case. In case that the primary and secondary reference device are
of the same or similar size (ratio of active areas between 0,5 and 2,0), an additional
measwrement-shall be-taken-exchanging-their positions—A-valid resultisonly obtained-if both

meagurements agree within the measurement uncertainty.

If thg requirement of non-uniformity of less than £ 1 % cannot be met for calibrating refefqence
modyles made from a series connection of cells, the simulator shall be class A~for spatial|non-
unifofmity and a detailed uncertainty analysis shall be provided taking into account mismatch
in shprt-circuit current of the individual cells.

In th¢ special case that the primary reference cell and the secondary reference device dre of
the game or similar size (ratio of active areas between 0,5 and 2;0) and that the continuous
simulated sunlight is stable, the two devices can be placed in,the same position one aftgr the
othel and measured consecutively. In this case the simuldtor shall be of Class AAA in
accofdance with IEC 60904-9 with the additional requirement that the LTI of irradiance ig less
than| + 1 %, where the LTI is with respect to the, total time period needed for the
meagurements. A pulsed solar simulator may also be Suitable if the repeatability of each pulse
is befter than 1 %. This shall be recorded using a suitable monitor cell.

In apy case a detailed measurement uncertainty analysis considering both, spatiall and
temppral non-uniformity of the simulatedysunlight needs to be provided, considering the
specffics of the chosen measurement strategy.

12.4| Test procedure

12.41 Before the intial calibration, measure the spectral responsivity and temperpture
coeffjcient of short circuit current of the secondary reference device, using the procedures
specffied in IEC 60904-8 and’IEC 60891, respectively. Whenever a change in the calibration
valug at the reference.conditions of more than 2 % with respect to this initial calibratipn is
detegted, the measurements of spectral responsivity and temperature coefficient shagll be
repeated.

12.4)2 Adjusi‘the mount so that the devices are normal to the light source within + 5°.

— Mount the primary reference cell and the secondary reference device co-planar within + 1°
ahd\m close proximity on the same mount (for simultaneous measurement).

— Mount the primary reference cell in the designated position (for consecutive measurement).

12.4.3 Control the cell temperature of both the primary reference cell and the secondary
reference device at (25 £ 2) °C. Where this is not practical, readings of output signal shall be
subsequently corrected to 25 °C in accordance with IEC 60891.

12.4.4 The spectral mismatch shall be corrected according to IEC 60904-7. Appropriate
measurements of the specral irradiance shall be recorded.

12.4.5 Record simultaneous readings of the output signal and temperature:

— of both primary reference cell and secondary reference device (for simultaneous
measurement),

— of the primary reference cell, (for consecutive measurement).
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12.4.6 Repeat step 12.4.5 until five successive sets of readings are obtained in which:

the ratio of the output signals (corrected to 25 °C and for spectral mismatch as required)
does not vary by more than + 0,5 % (for simultaneous measurement),

the output signals for the primary reference cell (corrected to 25 °C and for spectral
mismatch as required) do not vary by more than + 0,5 %; then remove primary reference
cell and mount the secondary reference device in the same position and repeat step
12.4.5 with the same constraints as for the primary reference cell (for consecutive
measurement).

12.4.7 If the primary reference cell and the secondary reference device are of the same or
simil@r size (ratio of active areas between U,5 an ,0) and are measured simultanequsly,
exchange the position between the primary reference cell and the secondary reference-dgvice

and flepeat steps 12.4.5 and 12.4.6.

12.4)8 When calibrating in natural sunlight, steps 12.4.2 to 12.4.6, inclusive, shall be

perfgdrmed at least twice a day on at least three separate days.

12.4)9 From the acceptable data, calculate the ratio:

12.4/10 Multiply the calibration value of the primary reference cell by the calculated:

Output signal of secondary reference devicelat 25 °C
Output signal of primary reference cell'at25 °C

nlean of the ratios (for simultaneous measurement);

—

atio of the means of the output signals (for,consecutive measurement),

to obtain the calibration value of the secondary reference device. If measurements have [pbeen
taken with the positions of the primary reference cell and the secondary reference dgvice
exchanged, calculate the calibration -value for both cases. The results are only valid if|both
agre¢ within the measurement uncertainty. Both values are to be reported and their geonpetric

average is to be used as the calibration value.

13 Calibration of working reference device against a secondary reference

device

For galibration of \a‘working reference device against secondary reference device the gbove
procgdure may/be applied, omitting the spectral mismatch correction if the secondary and
work|ng refefrence are of the same material and construction, otherwise the same procgdure

as dgscribed’in Clause 12 should be applied.
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1)

COMMISSION ELECTROTECHNIQUE INTERNATIONALE

DISPOSITIFS PHOTOVOLTAIQUES -

Partie 2: Exigences applicables aux dispositifs
photovoltaiques de référence

AVANT-PROPOS

La] Commission Electrotechnique Internationale (IEC) est une organisation mondiale de_ normalisation

composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC)! L'IEC

objet de favoriser la coopération internationale pour toutes les questions de normalisation(dans les don|
I'électricité et de I'électronique. A cet effet, 'IEC — entre autres activités —' publie des N
rnationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessib
puplic (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur éldbgration est confiée

du| possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux dg
intéressés sont représentés dans chaque comité d’études.

Lep Publications de 'lEC se présentent sous la forme de reedinmandations internationales et sont ag
comme telles par les Comités nationaux de I'lEC. Tous les~efforts raisonnables sont entrepris afin qus
s'dssure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsa
I'épentuelle mauvaise utilisation ou interprétation qui en est\faite par un quelconque utilisateur final.

D4gns le but d'encourager l'uniformité internationale, les* Comités nationaux de I'lEC s'engagent, dans td
mgsure possible, a appliquer de fagon transparente~les Publications de I'l|EC dans leurs publications nati
et|régionales. Toutes divergences entre toutes“Publications de I'|EC et toutes publications national
régionales correspondantes doivent étre indiquées en termes clairs dans ces derniéres.

L'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indéper
fodrnissent des services d'évaluation de conformité et, dans certains secteurs, accedent aux marqu
copformité de I'lEC. L’IEC n'est responisable d'aucun des services effectués par les organismes de certifi
indépendants.

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

Adcune responsabilité ne doit étre imputée a I'l[EC, a ses administrateurs, employés, auxiliair
mgndataires, y compris<ses experts particuliers et les membres de ses comités d'études et des C
nafionaux de I'lEC, paurytout préjudice causé en cas de dommages corporels et matériels, ou de touf]
dojmmage de quelqué nature 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 l'utilisation de cette Publication de I'lEC
toyte autre Publjcation de I'lEC, ou au crédit qui lui est accordé.

I'opjet{de droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels
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La Norme internationale IEC 60904-2 a été établie par le comité d’études 82 de I'IEC:
Systémes de conversion photovoltaique de I'énergie solaire.

Cette troisieme édition annule et remplace la seconde édition, publiée en 2007, dont elle
constitue une révision technique.

Par rapport a I'édition précédente, les modifications techniques majeures sont les suivantes:

ajout d'une procédure d'essai en rayonnement lumineux solaire simulé d'une mesure

suivante de dispositifs primaires et secondaires de référence;
définition des conditions normalisées d'essai;
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— diminution de la composante diffuse autorisée pour I'étalonnage a 20 % de la cellule
secondaire de référence.

Le te

xte de cette norme est issu des documents suivants:

FDIS Rapport de vote
82/893/FDIS 82/918/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de la présente norme.

Cette

Une

publication a été rédigée selon les Directives ISO/IEC, Partie 2.

iste de toutes les parties de la série IEC 60904, publiées sous le titre général Dispd

photovoltaiques, peut étre consultée sur le site web de I'lEC.

Le comité a décidé que le contenu de cette publication ne sera pas madifie avant la da
ité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch” dans les données

stabi
relati

—

€
* S
§

—

ves a la publication recherchée. A cette date, la publication sefa

conduite,

ipprimée,

mplacée par une édition révisée, ou
mendée.

sitifs
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DISPOSITIFS PHOTOVOLTAIQUES -

Partie 2: Exigences applicables aux dispositifs
photovoltaiques de référence

1 Domaine d'application

La p
séleg
des ¢

La ¢

tion, au conditionnement, au marquage, a I’étalonnage et aux précautions d’utili
ispositifs photovoltaiques de référence.

résente norme couvre les dispositifs photovoltaiques de référence.) utilisés

résente partie de I''EC 60904 donne les exigences relatives a la classification,s|é la

ation

pour

déterminer les performances électriques des cellules, modules et panneaux”photovoltajques

sous
photd
conc

2

Les

rayonnement lumineux solaire naturel et simulé. Elle ne couvre’pas les dispg

locuments suivants sont cités en référence de mahiére normative, en intégralité g

parti¢, dans le présent document et sont indispensables pour son application. Pou

référ

amelq

bnces datées, seule I'édition citée s’applique. Pour les références non datée

dernigre édition du document de référence’ s’applique (y compris les éven
dements).
0891, Dispositifs photovoltaiques =\Procédures pour les corrections en fonction

IEC

tempgrature et de I'éclairement a appliquer aux caractéristiques |-V mesurées

IEC
tensi

0904-1, Dispositifs photoviltaiques — Partie 1: Mesure des caractéristiques col
bn des dispositifs photovoltaiques

IEC $0904-3, Dispositifs\photovoltaiques — Partie 3: Principes de mesure des dispd

solai
de ré

res photovoltaiques*(PV) a usage terrestre incluant les données de I'éclairement spg
férence

IEC 60904-4,-Dispositifs photovoltaiques — Partie 4: Dispositifs solaires de référen

Proc

Edures pour établir la tragabilité de I'étalonnage

sitifs

voltaiques de référence pour une utilisation sous rayonnement lumineux solaire
entré.
Références normatives

uen
r les
s, la
tuels

e la

rant-

sitifs
bctral

re —

b de

IEC §0904-5, Dispositifs photovoltaiques — Partie 5: Détermination de la températur,

cellule équivalente (ECT) des dispositils pholovoltaiques (PV] par la méthode de Ia tension
en circuit ouvert

IEC 60904-7, Dispositifs photovoltaiques — Partie 7: Calcul de la correction de désadaptation
des réponses spectrales dans les mesures de dispositifs photovoltaiques

IEC 60904-8, Dispositifs photovoltaiques — Partie 8: Mesure de la sensibilité spectrale d'un
dispositif photovoltaique (PV)

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

IEC 60904-10, Dispositifs photovoltaiques — Partie 10: Méthodes de mesure de la linéarité
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TS 61836, Solar photovoltaic energy systems— Terms, definitions and symbols
(disponible en anglais uniquement)

3 Termes et définitions

Pour les besoins du présent document, les termes et définitions de I'lEC TS 61836, ainsi que
les suivants s'appliquent.

3.1

tracabilité de I’étalonnage

traca

Note
tracab

3.2

disp
dispd
déteq
unité

3.3

disp
dispd
simu

3.4

disp
dispg
simu

3.5
disp
dispg

bilité comme définie dans I'lEC 60904-4

a l'article: Les dispositifs photovoltaiques de référence se distinguent par leur position dans uiée cha
ilité de I'étalonnage.

bsitif primaire de référence
sitif photovoltaique de référence dont I'étalonnage est basé sur.un radiométre, s

ne de

ur un

teur normalisé ou sur une source de rayonnement lumineuxOnhermalisée tracable en

5 S|, comme défini dans I'lEC 60904-4

psitif secondaire de référence
sitif photovoltaique de référence étalonné en rayennement lumineux solaire natur
é par rapport a un dispositif primaire de référence

bsitif de travail de référence
sitif photovoltaique de référence étalogné en rayonnement lumineux solaire natur
é par rapport a un dispositif secondaire”de référence

psitifs de référence
sitifs photovoltaiques étalonnés spécifiquement utilisés pour mesurer [I'éclaire

naturel ou simulé ou pour régler les niveaux d’éclairement du simulateur pour mesurg

perfg

3.6

rmances d’autres dispositifs photovoltaiques

cellule de référence

cellu

Note
monté
électri

e photovoltaique unique utilisée essentiellement pour fournir des valeurs d’étalonna

a l'article: Pour des raisons pratiques, de telles cellules ont de petites surfaces, et sont général
les sUr un support qui assure la reproductibilité du montage, de la commande thermique et des conn
ques. Un exemple type est esquissé a la Figure 1.

el ou

el ou

ment
r les

je

ement
bxions
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3.6.1
cellule de référence avec couvercle de protection, mais sans encapsulant
cellule photovoltaique de référence similaire a 3.6, mais&€quipée d'un couvercle de protegtion

Note 1 a l'article: Utilisation recommandée: comme référence de travail primaire et secondaire de laboratoire, en
particlilier lors des mesures des performances d'autres dispositifs photovoltaiques en utilisant des simulpteurs
solairgs ou un rayonnement lumineux solaire naturel avec Gn-rayonnement direct seulement.

3.6.2
cellule de référence encapsulée
cellule photovoltaique de référence similaire a 3.6, mais encapsulée dans un assemblage de
protgction permettant de résister a une exposition extérieure de courte durée

Note 1 a l'article: Utilisation recommandée: comme référence de travail primaire et secondaire de laboratoire, en
particlllier lors des mesures des_pérformances d'autres dispositifs photovoltaiques en rayonnement lumineux
solairg naturel.

Note 2 a l'article: S'il a été..démontré que le systéeme d’encapsulation résiste a une exposition extérieyre de
longu¢ durée, en appliquant les niveaux d’essai de I'lEC 61215, de telles cellules de référence peuvent|aussi
convehir pour étre utilisées comme dispositifs de surveillance pour une évaluation a long terme du fonctionnement
de papneaux photovoltaiques.

3.7
dispositifs_multicellules de référence
dispgsitifiphotovoltaique constitué de plusieurs cellules photovoltaiques

Note 1 a I'article: Utilisation recommandée: comme la composante diffuse du rayonnement lumineux solaire
naturel et le rayon incident non perpendiculaire du rayonnement lumineux solaire simulé entrent en interaction
avec les encapsulants et les plaques arriére d’'un module et influencent la quantité d'éclairement que recgoit une
cellule particuliere, il est recommandé que les dispositifs de référence utilisés pour mesurer les sous-ensembles de
modules et de panneaux soient encapsulés dans un boitier multicellule, dont les caractéristiques optiques et
mécaniques correspondent a celles du spécimen d'essai (modules, sous-ensembles de modules, panneaux) afin de
répondre aux variations de la distribution géométrique du rayonnement incident de la méme fagon que le spécimen
d'essai.

3.8

cellule de référence unique dans un boitier multicellule

cellule photovoltaique unique montée dans un boitier tel que le chéssis, le systéme
d’encapsulation, la forme, les dimensions et I'espacement des cellules I'entourant soient les
mémes que dans le module a soumettre a essai

Note 1 a l'article: Les cellules environnantes peuvent étre des cellules réelles ou factices ayant les mémes
propriétés optiques.
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3.9

module de référence

module photovoltaique constitué de I'encapsulation de cellules photovoltaiques connectées
en paralléle et/ou en série

Note 1 a l'article: Utilisation recommandée: pour mesurer d’autres modules afin d’obtenir une correspondance
des dimensions, de la construction mécanique, des propriétés optiques et des circuits électriques du module de
référence et du module d'essai, de fagon a minimiser les divergences dues a la non-uniformité du simulateur, les
réflexions internes ou la distribution de la température.

3.10
résistances de shunt intégrées
résisfance connectée aux bornes de sortie de dispositits photovoltaiques

Note 1 a l'article: La résistance shunte la sortie du dispositif photovoltaique pour délivrer une tensigh_de€ sortie a
mesutler et éviter que des moyens fournis par I'utilisateur établissent un état de court-circuit.

4 $élection des dispositifs de référence

4.1 | Exigences générales

Suivant leur utilisation prévue, les dispositifs de référence nécessitent de répondre g des
exiggnces différentes en termes de réponse spectrale, de,.coénstruction mécaniqug, de
propriétés optiques, de dimensions et de circuit électrique. La réponse spectrale du dispositif
de référence, par exemple, est déterminée par la transmission d'un couvercle de protgction
quelgonque situé devant le dispositif et par la réponse spectrale du dispositif lui-méme. La
répomse spectrale globale peut donc étre adaptée en‘utilisant des filtres appropriés er tant
que g¢ouvercle de protection ou s'ajoutant a celui-ci.

Un d|spositif de référence doit répondre aux exigences suivantes:

a) ses caractéristiques photovoltaiques doivent étre stables conformément aux exigences de
I'Article 11;

b) Ig signal de sortie du dispositif de.référence doit varier linéairement avec I'éclairement sur
Ig plage concernée, comme défini dans I'lEC 60904-10.

4.2 | Exigences supplémentdires pour une cellule de référence unique dans un boitier
multicellule

La ligne en pointillés dewla Figure 2 indique les dimensions minimales acceptables d'un bpitier
multigellule.

Cellule de référence Dimensions minimales d'un boitier multicellule

IEC

Figure 2 — Cellule de référence unique dans un boitier multicellule
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