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

-operation on all questions concerning standardization in the electrical and electronic fields.-Tothis en
addition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical Re]
blicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)").

eparation is entrusted to technical committees; any IEC National Committee interested in the subject dea
by participate in this preparatory work. International, governmental and non-governmental-organizations li
th the IEC also participate in this preparation. IEC collaborates closely with the Interhational Organizati
andardization (ISO) in accordance with conditions determined by agreement betweén the two organizati

nsensus of opinion on the relevant subjects since each technical committée has representation frg
erested IEC National Committees.

mmittees in that sense. While all reasonable efforts are made to.ensure that the technical content g
blications is accurate, IEC cannot be held responsible for,the/way in which they are used or fog
sinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Public
nsparently to the maximum extent possible in their national*and regional publications. Any divergence be
y IEC Publication and the corresponding national or regional publication shall be clearly indicated in the

C itself does not provide any attestation of conformity. Independent certification bodies provide conf
sessment services and, in some areas, access\to IEC marks of conformity. IEC is not responsible fg
rvices carried out by independent certification\bodies.

users should ensure that they have the latést edition of this publication.

liability shall attach to IEC or its directors, employees, servants or agents including individual expert
embers of its technical committees and IEC National Committees for any personal injury, property damg
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of the publication, use of, or reliance upon, this IEC Publication or any othe
blications.

tention is drawn to the Normative references cited in this publication. Use of the referenced publicati
Hispensable for the correct application of this publication.

tention is drawn to'the-possibility that some of the elements of this IEC Publication may be the subject of |
hts. IEC shall ngt be held responsible for identifying any or all such patent rights.

commented version (CMV) of the official standard IEC 60904-2:2023 edition

allo

s the wuser to identify the changes made to the previous IEC 60904-2:

editijon 3.0: Furthermore, comments from IEC TC 82 experts are provided to explain
reasjons of the most relevant changes, or to clarify any part of the content.

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization coerising
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A vertical bar appears in the margin wherever a change has been made. Additions are in
green text, deletions are in strikethrough red text. Experts' comments are identified by a
blue-background number. Mouse over a number to display a pop-up note with the

com

ment.

This publication contains the CMV and the official standard. The full list of comments is
available at the end of the CMV.
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IEC 60904-2 has been prepared by IEC technical committee 82: Solar photovoltaic energy
systems. It is an International Standard.

This fourth edition cancels and replaces the third edition published in 2015. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a)

added calibration procedures for calibrating PV devices at maximum power by extending

the respective Clauses 12 and 13;

r
coefficients and linearity, depending on usage and allowing some measurement
gquivalent devices;

revised requirements for built-in shunt resistor;
ddded requirements for traceability of calibration explicitly.

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

Draft Report on voting

82/2127/FDIS 82/2151/RVYD

Full Information on the voting for its approval can be found in the report on voting indicat
the gbove table.

The Janguage used for the development of this International Standard is English.

This

accordance with ISO/IEC Directives, Part1 and ISO/IEC Directives, IEC Supplement, avai
at www.iec.ch/members_experts/refddcs. The main document types developed by IEC
desdribed in greater detail at wwwiec.ch/publications.

A lis{ of all parts in the IEC 60904 series, published under the general title Photovoltaic dev

can

be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged unt
stabllity date indicated on the IEC website under webstore.iec.ch in the data related tq
spedific documenti*At this date, the document will be

reconfirmed,

withdrawn,

bvised requirements for mandatory measurement of spectral responsivity, temperlature

5 ONn

bd in

document was drafted in accordance with ISO/IEC Directives, Part 2, and develop¢d in

able
are

ices,

| the
the

oL
ot

replaced-b\v-arevised-edition
SpPHace a0 Y—a+Fe\HSe8a—e8aHohs

amended.

IMPORTANT - The "colour inside" logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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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[document-covers applies to photovoltaic (PV) reference devices that are used to-deterpmine
meagure the irradiance of natural or simulated sunlight for the purpose of quantifying the
elecfrical performance of photovoltaic devices (cells, modules and arrays-shdernaturaland
simdlated-sunlight). It does not cover photovoltaic reference devices for use-under concentrated
sunlight.

2 Normative references

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

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

IEC p0904-1, Photovoltaic devices — Part 1. Measurement of photovoltaic current-voltage
chargcteristics

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

IEC p0904-4, Photovoltaie devices — Part 4:-Referenece-sotar Photovoltaic reference deviges —
Procedures for establishing calibration traceability

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

IEC 60904+7, Photovoltaic devices — Part 7: Computation of the spectral mismatch correftion

for méasurements 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: Classification of solar simulator—perfermance
regquirements characteristics

IEC 60904-10, Photovoltaic devices — Part 10: Methods of linear dependence and linearity
measurements

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

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

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

e |EC Electropedia: available at https://www.electropedia.org/

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

3.1
calibration traceability

tracgability-as-defined-in-1EC-60904-4

<of g PV reference device> requirement for any PV reference device, to tie its'calibration Jalue
to S| units in an unbroken and documented chain of calibration transfers¥including sf{ated
uncdrtainties [1

Note [| to entry: Photovoltaic reference devices are distinguished by their pésition in a chain of calibfation
traceability.

[SOYRCE IEC 60904-4:2019, 3.6, modified — The term "trag€ability" has been replaced|with
"calibration traceability" and Note 1 to entry has been replaeed.]

tracgably calibrated photovoltaic device

Note [ to entry: Normally used to measure.natural or simulated solar irradiance or to set solar simulator irradiance
levelg for measuring the performance dflether photovoltaic devices. | 2

3.3
primary reference device
photpvoltaic reference-device-whose-calibration-is-based-on-aradiometer-or-standard-detgctor
or—standard-light seur€e with calibration based on a secondary standard for irradiance | 3
tracgable to Sl unitsas defined in IEC 60904-4

Note |l to entry{ Typically, a PV cell is used as a reference device for the measurement of natural or simulated solar
irradignce.

Note R {o¢entry: Primary references are normally used by calibration and testing laboratories to calibrate secopdary
referdnces

Note 3 to entry: Normally calibrated at periodic intervals. |4

3.4

secondary reference device

photovoltaic reference device calibrated in natural or simulated sunlight against a primary
reference device

Note 1 to entry: Secondary references are normally used by calibration and testing laboratories to calibrate working
references, but also for daily routine measurements, in industrial production and in monitoring.

Note 2 to entry: Normally calibrated at periodic intervals. |9


https://www.electropedia.org/
https://www.iso.org/obp
Wording is taken from IEC 60904-4 (slightly modified) rather than making reference to IEC 60904-4.

Modification is made to distinguish between definition and use.

This clarifies that the traceability hierarchy is decisive, not the type of instrument.

Sticky Note
Notes are added for user guidance.

Notes are added for user guidance.
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3.5

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

Note 1 to entry: Working references are normally used for daily routine measurements, in industrial productio
in monitoring.

Note 2 to entry: Normally calibrated at periodic intervals. |6

3.6

reference cell

n and

refer

Note
whichi
samp

e is sketched in Figure 1.
Note 2 to entry: Normally the reference cells are also provided with a protective.window and embedded
sulant.

encag

Note B to entry: Recommended use: as a laboratory primary, secondary and/worKing reference.

Note

apply
monit

Note
only i

ence device consisting of a single photovoltaic cell |7

to entry: For practical reasons, such cells are small in surface area, and are usually_ mounted on a f
ensures reproducibility in mounting, thermal control, electrical connections and protecfs|/the device. A t

t to entry: If the encapsulation system has been demonstrated, to\Withstand long-term outdoor exp
ng test levels according to the IEC 61215 series [1], such referenge\cells can also be suitable to be use
bring device for long-term assessment of operational PV arrayg.

b to entry:
e used when measuring the performance of other PV deyices using direct beam natural or simulated sunlig

xture
ypical

in an

sure,
as a

If the reference cell is provided with a proteetive/window but without encapsulant, then it ghould

ht. ' 8



Notes are added for user guidance.

Modification is made to distinguish between definition and use.

Notes are added for user guidance, maintaining information previously contained in 3.6.1 and 3.6.2.
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Window receptacle Wiring space

O A O

Solar cell cavity Cable Voltage and

clamp current leads \

D |9 v

Field of view not
less than 160°

2z

Window receptacle Wiring space

Ol A

-
Solar cell cavity 0)

~
\\\. :C'

Voltage and
Gabje current leads

| elamp

O ®\®|O

Field of view'not
less than+160°

Solaricell

IEQ

Figure 1 — Single cell package
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This is incorporated into 3.6.
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3.7
singlle reference cell in a multi-cell package
reference device consisting of a single photovoltaic cell mounted in a package(such that frame,
encgpsulation system, shape, size and spacing of the cells surrounding it are the same as in
the RV module to be tested

Note [l to entry: The surrounding cells may be real or dummies that have the same.optical properties.

3.8
reference module

phot|
e S e

reference device consisting of a photovoltaic modulé 12

Note | to entry: Recommended use: for measuring other modules in order to achieve correspondenge of
dimerjsions, mechanical construction, optical properties§ and electrical circuitry of the reference module anfl test
module, so as to minimize discrepancies due to solar simulator spatial non-uniformity, internal reflectiops—er,
tempgrature distribution and spectral mismatch.

Note R to entry: As the diffuse component of natural sunlight and non-normal incidence of simulated sunlight inferact
with gncapsulants and back sheets of a PYsmodule and influence the amount of irradiance which a particulgr cell
recei\es, it is recommended that referencendevices used for measuring PV modules, sub-assemblies of PV mddules

and PV arrays be encapsulated matching the mechanical and optical features of the device under test. 13

3.9
buil{-in shunt resistor.
resigtor connected across the output terminals of photovoltaic devices including conneftion
wirinjg

Note [l to entry: _The resistor shunts the output of the photovoltaic device providing an output voltage to be meapured
and apoiding usersprovided means of establishing short-circuit condition.

Note P torentty: For details consult 4.4.

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 window 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-eever window.



This is incorporated into 3.6.

This is incorporated into 3.8.

Modification is made to clarify that being a reference device is important, not construction.

This is moved here from previous 3.7.

https://iecnorm.com/api/?name=cf8e03e05094d7d0aa2a413d968393bc

Refe

rence devices should be made using a PV technology that is known to be stable with time.

In particular, the calibration value should not change after the reference device has been

expo

sed to solar irradiation, device temperatures different from its calibration temperature

and/or extended storage in the dark. The photovoltaic characteristics of a reference device shall
be stable according to the requirements in Clause 11. 18

The

reference device shall be constructed such that the photovoltaic performance parameters,

in particular short-circuit current and maximum power, can be measured. The only exception

are ¢

4.2

The
othe

evices with a bullt-in shunt resistor, see 4.4.

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

dotted line in Figure 2 indicates the minimum acceptable size of a multi-cell package] For
F cell arrangements, such as half-cut cells, an analogous configuration appties.

Minimum size of
Reference cell multi-cell package

IEC

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

Additional requirements for reference modules
fional requirements apply to reference modules.

ypass diodes:

generalgseference modules, which are used to measure a range of module types| and
geometries, should not contain bypass diodes. The presence or absence of bypass
diodes shall be noted and considered in conjunction with the measurement conditjons,
in particular spatial non-uniformity of the irradiance on the module during measurement;

for reference modules, which are intended to be matched to the module under test, 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 should 16 be matched as follows depending
on the intended use of the reference module:

if only the short-circuit current of the reference module will be used, the short-circuit
current of the individual cells-shall should 47 be matched to within £1 %;

if other parameters (such as maximum power) are used additionally or exclusively, both
the short-circuit current and the fill factor of the individual cells-shalt should 18 be
matched to within +1 %.


The requirement for linearity is moved to Subclause 7.5.

This text expands on the previous a) for clarification.

This is made a recommendation rather than a requirement because it cannot be verified after construction.

This is made a recommendation rather than a requirement because it cannot be verified after construction.

This is made a recommendation rather than a requirement because it cannot be verified after construction.

https://iecnorm.com/api/?name=cf8e03e05094d7d0aa2a413d968393bc
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The matching of the individual cells is the responsibility of the manufacturer of the reference
module, bearing in mind that matching—may can also be influenced by encapsulation or
lamination. The cell matching need not be checked by the calibration laboratory. However, if I-
V curves of the reference module indicate inconsistent response (| e. obwous steps are noted
in the I-chrve) : - -

4.4 Requirements for built-in shunt resistors

The |built-in shunt resistor (see 3.9)-shall should 20 be chosen such as to ensure tthaf the
refeflence device operates sufficiently near to short-circuit condition, meeting the requirement
in Fgrmula (1):

fgcReaL<b; oc
0 2><VOC
Reau (1)
sC

where
Real is the built-in shunt resistor;
Isc is the short-circuit current of the reference device at desired reference conditionsg;
Voc is the open circuit voltage of the refetence device at desired reference conditiong.
H-a-¢hunted-reference-cell- dees-not-meet-the requirementofformula—(1)—it shall-enly-be-fised
atry =55 £2° 21

The Jong-term stability of-suchaé&sistors the built-in shunt resistor shall also meet the stej)ility
requjrements of the referente-device. Calibration values of such reference devices shadl

meagured as the voltage drop across the built-in shunt resistor and stated with the dimension
[V]-aft-standard-testconditions{see-Clause-7). The temperature coefficient of the built-in ghunt
residtor is part of thel temperature coefficient of the calibration value of the reference dejice.
As the uncertainty in.the calibration-may can be strongly dependent on the built-in shunt registor
stablility and temperature coefficient, respective values should be provided with the refergnce
cell gdata sheet:

It is recommended that the shunt resistor be a removable 4-wire resistor, to allow for standard
(current-based) measurements of spectral responsivity and periodic checking of the reference
device stability by-taking measuring an I-V curve-per in accordance with IEC 60904-1. However,
the reproducibility of the electrical connection shall be maintained.

Formula (1) means that the measured output voltage of a shunted reference cell-shall should
be less than-3 20 % 23 of its open circuit voltage. For typical crystalline silicon this equates to
about-26 120 mV output.



This modification is made for better user guidance.

This is made a recommendation rather than a requirement because the stipulations about usage in Clause 12 are sufficient to result in proper utilisation of reference devices with built-in shunt resistors.

These requirements are now included in Clause 12.

This is now stipulated in Clause 12.

The larger deviation is chosen because the stipulations about usage in Clause 12 are sufficient to result in proper utilisation of reference devices with built-in shunt resistors.

https://iecnorm.com/api/?name=cf8e03e05094d7d0aa2a413d968393bc
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5 Temperature measurement

Means shall be provided for determining the reference cell temperature or, for reference
modules, the equivalent cell temperature (ECT), according to IEC 60904-5. Temperature
sensors and instrumentation shall have instrumental measurement uncertainty of 1 °C or less 24.
The required uncertainty for temperature measurements for the cell junction shall be less than

+2,0 °C for all reference devices.-A-minimum-aceuracy-of +1.0°"C-for-the-temperature-sensor
omcomeiodl o cobiones S e monnie oD ln e Domossediie cnmeoie e o

6 Electrical connections

The |electrical connections to reference cells without built-in shunt resistor shall consist|of a
four{wire contact system (Kelvin probe).-Care-shall-be-taken-to-aveid Measurement errord due
to vqgltage drops along the cell’s contact bars and the package wiring shall be avoided.

The Eelectrical connections to the reference module shall be designed to meet the requirenjents
of IEIC 60904-1.

7 Calibration

71 General requirements

Each calibration of a reference device shall be madé with a calibration procedure that is
tracqgable according to IEC 60904-4. Any measurement instrument used in the calibrption
procgdure shall be an instrument with an unbroken tfaceability chain. 25

The Jaboratory performing the calibration of the reference device shall maintain a documgnted
uncgrtainty analysis as well as documenied repeatability and results from interlaborgatory
comparisons.

7.2 | Calibration value(s)

Each reference device shall be,calibrated in terms of its calibration value(s) at the degired

refenence condrtronsq%erma#%tandard%eskem%dﬁren%{%l%%@@%m4%dewee

temyperature with-the reference spectral irradiance distribution—as defined /090N Q\
temge rerence—-—Sspectar—tHadiahce IStHoutHoRr—as—aetheca—ih \SA~A-A~)

Calilpration values shalkbe reported together with the three main parameters of total irradig nce
devi¢e junction temperature and spectral irradiance. The most common calibration condifions
are ptandard test _cenditions (STC). A calibration at STC shall refer to a total irradiange of
1 00p W m=2, aSdevice junction temperature of 25 °C and the reference spectral irradipnce
distr|bution as\defined in IEC 60904-3. Sometimes calibration is required at other conditiofs. A
refenence deyice can have multiple calibration values for different desired reference conditjons.
In particllar, IEC 61853-1 [2]! requires the use of a reference device at a range of irradiapces
and tefperatures and therefore the calibration at the respective conditions. 26 r

Methods for calibrating primary reference devices are included in IEC 60904-4. A-method
procedure of calibrating secondary reference devices is described in Clause 13. The calibration
of working reference devices is treated in Clause 14.

7.3 Spectral responsivity

In general, the spectral responsivity at short-circuit current conditions of each reference device
shall be measured |n accordance with IEC 60904-8. Aﬁeerefereaeeemedwes%earmebe

eaeapsuhted#eheteveﬁa%eeﬂe For exceptlons related to worklng references see Clause 14 27

T Numbers in square brackets refer to the Bibliography.


Modification is made to be consistent with IEC 60904-1.

This addition is made to clarify the requirement for traceability which was previously more implicit.

This is reworded to be generic rather than only at standard test conditions (STC).

Modification is made as there are now exceptions for working references.

https://iecnorm.com/api/?name=cf8e03e05094d7d0aa2a413d968393bc
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7.4 Temperature coefficients

The determination of the temperature coefficient(s) of each reference device-shal-be-measured
in accordance with IEC 60891 is in general optional but depending on usage might be
mandatory, and in any case is strongly recommended. If the temperature coefficient(s) are
determined, also their linear dependence in accordance with IEC 60904-10 shall be reported.
For exceptions related to working references, see Clause 14. 28

7.5 Linearity

The determination of linearity in accordance with I[EC 60904-10 is in general optional but

depgmdimg—omT Usage Mgt be mmandatory, and T any Case 1S Sirongly let,ummenu'x For
exceptions related to working references, see Clause 14. 29 @

Documentation and report 30 ({/b
Q

bbb be bbb bl b LLLEL] BT



This was previously mandatory for all references devices, but is now optional as it depends on usage.

This was previously mandatory for all references devices, but is now optional as it depends on usage.

This clause is completely revised. It is divided into two sections, one referring to the actual device and one to its calibration.
The items included are revised to be consistent with the rest of the document.

https://iecnorm.com/api/?name=cf8e03e05094d7d0aa2a413d968393bc
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8.1

General

The information given in 8.2 and 8.3 shall be recorded for each reference device.

8.2 Device documentation

The data sheet shall be compiled by the manufacturer of the reference device and co@'
folloyving information: C)

a) unique identification of the device; Q({/b

b) cell manufacturer and device manufacturer; (],

c) naterial type; b‘fl/

d) type of package; QQ

e) type and dimension of cell(s); COQ

f) dircuit diagram, in particular of any connectors; O

type of temperature sensor (where applicable) and its E&\&rtainty;

h the

wing

h) shunt resistor type, nominal resistance and temperdture coefficient (where applicable)
For teference modules, the following information 5\qu be recorded in addition:
a) mpanufacturer of module; Qj\o
b) model designation; \"Q
c) serial number; N ®$
: KN
d) cell technology; o
e) construction and dimension%’f\module;
f) dlectrical circuit layout; \\O
g) presence or absence of bypass diodes and if present their number and type.
8.3 | Calibration 6®$
Each time a re nce device is calibrated, the calibration report shall contain the follg
information:OQ~
a) uniq ntification of the device;
b) :lvc@a ion that the device has a built-in shunt resistor (where applicable);
c) type (primary reference cell; secondary reference device, working reference device);
d) calibration organization;
e) site and date of calibration;
f) method of calibration (refer to standard);
g) identification of the reference device used for the calibration and its traceability according

to IEC 60904-4;
simulator type and classification (where applicable);

calibration value(s) and corresponding reference conditions (total irradiance, device junction

temperature, spectral irradiance); in case of calibration via current-voltage characteri
both short-circuit current and maximum power shall be reported; the open-circuit vol
should also be reported;

spectral responsivity (where applicable);

stics
tage
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temperature coefficient of calibration value(s) as well as linear dependence (where
applicable);

linearity (where applicable);
uncertainties for items i), j), k) and I);

either the spectral mismatch correction value used in the measurement or an estimate of
the uncertainty introduced by using an equivalent device;

statement that measurements originate from an equivalent device and an identification of
which measurements these are (where applicable);

unique identification of the equivalent device(s) (where applicable).

fleference cells without fixed electrical connection to the cell, the following informationa shall

illustration of type, shape and location of electrical contacts during calibration.

Marking

The [reference device shall carry a clear, indelible serial or identification number for cross-

refenence to its data sheet.

10

10.1| Recommended packaging for use in naturalsunlight

Packaging

The reference device used for measurement in natural sunlight should respond to variatiohs in

the

geometrical distribution of the incident radiation in the same way as the device undef test

spegimens (cells, sub-assemblies of cells, modules). As encapsulants and back sheets respond

tot

hie diffuse component of natural sunlight; it is recommended that reference cells usefd for

meapuring modules be enclosed in g-multi-cell package (see Figure 2), simulating| the

neighbouring optical parameters of a.miodule.

Int
cell

his case, the frame, the encapsulation system, the shape, and the size and spacing of the
s| surrounding the reference’cell shall be the same as in the module to be tested.| The

surrgunding cells may be real or dummies that have the same optical properties. The dptted

line

testing.

10.2) Recommended packaging for use under solar simulators

n Figure 2 indicates. the minimum acceptable size of the multi-cell package for oufdoor

In sqme solar simulators which allow multiple reflections of light to and from the device under

test-p

the
irra

dian

devices used in such solar simulators-shall should be packaged in the same way as the device
under test-speeimen, so that the change in irradiance due to multiple reflections is the same for
both the reference device and the device under test-specimen.

Reference cells used for measurements in solar simulators designed to minimize any error from

mul
the

ti-reflected light may be packaged singly or, if not intended for day-to-day use, mounted in
unpackaged state on a temperature-controlled block.

Alternatively, the requirements given for reference cells for use in natural sunlight may be
followed.

10.3 Single cell package

If a

single cell package is used, the following recommendations are made.
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The field of view should be at least 160°. In case of a protective window the optical
properties of the latter have to be considered in determining the effective field of view of the
photovoltaic cell. The field of view is particularly important for measurements under natural
sunlight, whereas for usage on solar simulators with a limited range of angles of incidence,
it is less critical. 31

All surfaces in the package within the cell’s field of view should be non-reflective, with-ar
absorption a spectral absorptance of at least 0,95 in the cell’s wavelength 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.

he 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
nd the encapsulant should be transparent over the wavelength range in which th¢ PV
reference device has a non-zero spectral responsivity. The refractive dndex of] the

ncapsulant should be similar (within 10 %) to that of the window to minimize errors diie to
the internal reflection of light. The transparency, homogeneity andfadhesion off the
ncapsulant should not be adversely affected by ultra-violet light-and operatjonal

teémperatures.

Tlhe protective window may embody a filter to match the spectral responsivity of the
reference cell to that of the device under test-specimen, providedthat the otherrequirerfents
recommendations of d) are met.

Figufre 1 shows an example of a suitable single cell package. Other suitable single| cell

packiages can be found in JIS C8910 [3] or the World Photevoltaic Scale [4].

11
It is fecommended that reference devices be~r€calibrated on an annual basis.

The window of a packaged reference device shall be kept clean and scratch-free.

Care of reference devices

Uncagvered reference cells shall be'preserved against damage, contamination and degraddtion.

A reference device exhibiting any defect which might impair its function shall not be used.

The [calibration valuesofia reference device might change systematically as a function of|time
for successive calibrations. If the calibration value of a reference device has changed by more
than|1 % with respect to its previous calibration or by more than 5 % of its initial calibratipn, it

shall not be uséd as a reference device.

12

Jsage of reference devices 32

Reference devices shall only be used at irradiances (£10 %) and temperatures (x5 °C) at which
they were calibrated. For the ranges given, use of a simple correction according to established
procedures provided in IEC 60891 with generic correction coefficients is acceptable, as long as
the additional uncertainties introduced are taken into account.

The usage of reference devices outside the ranges given above requires the following in
addition to the single calibration at one reference condition (normally STC):

a) a separate calibration for each desired reference condition it is to be used at; or

b) if to be used over a wider temperature range: a determination of the relevant temperature

coefficient(s) according to IEC 60891 (and their linear dependence according to
IEC 60904-10) and appropriate corrections for differences between the temperatures during
usage and the calibration temperature; and/or


This addition is made to clarify the intention of this recommendation.

This clause is added to clarify under which conditions a reference device with a given calibration can be used, or which calibrations are required for the reference device for a certain usage.
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c)

if to be used over a wider irradiance range: a determination of the linearity (output versus
irradiance) over the relevant irradiance range according to IEC 60904-10 and appropriate
corrections for differences between the irradiance during usage and the calibration
irradiance.

The reference device can be used in the ranges of conditions mentioned above around the
additional reference conditions with a). Alternatively, it can be used with the calibration value
of the original reference condition over a wider temperature range with b) or a wider irradiance
range with c). If a usage over wider temperature and irradiance ranges is desired, b) and c) are
both required.

13

13.1] General

Calibration of secondary reference devices against a primary reference_cell

This|Clause 13 describes a procedure for calibrating a secondary reference.device in natural
or simulated sunlight against a primary reference cell whose calibration is Araceable to Sl units

acc

ording to IEC 60904-4. The procedure described is an example and other calibrition

procedures are acceptable as long as they meet the requirements_@fy7.1. In any case} the

spe

gtral—responsivity mismatch between the primary reference cell~and that of the secondary

reference device under the-illumination irradiance used for the calibration shall be deternjined

acc

corrgction-may-be-omitted- 33

drding to IEC 60904-7.--the-spectral-mismatch-correctiop-isiless-than1-%,the-misnjateh

The [primary reference cell is calibrated such that itsQutput (short-circuit current or voltage
acrops a built-in shunt resistor in case of shunted ce\gan be used to determine the irradipnce
of the natural or simulated sunlight. The calibration value(s) of the secondary reference d¢vice

can

a)
b)
For

pos
cali

maximum power of alreference device refer to IEC TR 60904-14 [5]. 34

be determined by measuring:

ifs output (short-circuit current or voltage\across a built-in shunt resistor in case of a shynted
evice). This is the most common caliiration if the secondary reference device is a cell;

is current-voltage characteristics_ac¢eording to IEC 60904-1. This permits the calibratipn of
the maximum power and of the short-circuit current. This is the most common calibrat|on if
the secondary reference devicevis a module.

becondary reference devises with built-in shunt resistor only a) is applicable, as b) i$ not
gible. For secondary -reference devices without built-in shunt resistor, the choige of
bfration depends ongthe intended use. For guidance on the use of short-circuit curreht or

The [procedure~can be applied using both natural and simulated sunlight according tq the

requjrements-in. IEC 60904-1 with the restrictions given in 13.2 and 13.3.

13.2| Natural sunlight

Cal

ibration 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. For determining the contribution of diffuse irradiance, see IEC 60904-4;

no observable cloud formations within 30° of the sun;

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

geometric 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.



This is removed as the measurement of spectral responsivity (SR) is now mandatory for secondary references.

The calibration of reference devices with current-voltage characteristics is added as it is commonly used in PV industry.
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13.3 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 solar simulator shall be of Class AAA or better in accordance
with |[EC 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. For 13.1 a) the requirement of Class A with respect to temporal instability as defined in
IEC 60904-9 need 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

avehbhanaina thate o Aisy toinad if

both

mramaant ocbholl bha o1 0 acttiaona -y H rocilt 1o alis
meagarermeRt—Shamrbe—taxKeh CACTT ATy g eI POUSTOOTIST 7 v vald ToSurt 1o Oty ootarrtoa Tt

meagurements agree within the measurement uncertainty.

If the requirement of spatial non-uniformity of less than +1 % cannot be met for calibr
referlence modules made from a series connection of cells, the solar simulator.shall be clgss A

for

account-mismatch-in-short-circuit current of the-individual-cells.

In thie special case that the primary reference cell and the secondary\reference device a

the
sim

same or similar size (ratio of active areas between 0,5 and 2,0) and that the contin
ulated sunlight is stable, the two devices can be placed in the same position one afte

ating

gpatial non-uniformity and a detailed uncertainty analysis shall be provided-taking{-inte

re of
Llous
Ir the

othef and measured consecutively. In this case the solar simulator shall be of Class AAA in
accordance with IEC 60904-9 with the additional requiremeént that the LTI of irradiance is
than|t1 %, where the LTI is with respect to the total time period needed for the measurem

Ap

than|1 %.—ricchellberecorded vueine o cuieblemonioreclh

Ina
non
con

-uniformity and temporal instability of~the simulated sunlight needs to be prov
sidering the specifics of the chosen measurement strategy.

13.4| Test procedure

less
bnts.

ulsed solar simulator-may can also be suitable if/tlye repeatability of each pulse is better

ny case, a detailed measurement uncertainty’analysis considering both spatial-and-temporal

ded,

a .- - NO NA N

124 a aHo o a DO V—aha D S
coeflficient of short circuit ciwrrent of the secondarv reference device usina-the nrocedures
A"AAY AR LAY AV D B B W g | DITOT T UImToUOTt GeaRE e 11O o aTo \J\JUUII\JUIIY roToTOoTTo O o VITOOY UQIIIS aTo PIU\I\J arouo
snedified in |IEC 60004-8 and/IEC 80891 resnectively \Whenever a2 chanae in the ealibrhtion
Speghet—mh—r1e= o o vovva-o e TE o bvou 1 TFEeSpecuvery—nwrehever—a-change1h—tne-CaHorgton
valud at the reference conditions of more-than 2 9% with racsnect to this initial calibratibn_is
Vatdg—at—the+ferereRce CohRaHoRS O orethiah—~=—"7—WHR—1esSpe 1o tHHSHHHtar—CadoauphiS
detebted the measiwramients of cnectral resnonsivity _and temnerature coefficient chall he
Geteptea—mne—mMeasureemS—or—Spectar—TeSponRsShivityanRc—temperature—CcoeHceRt—SsSnap—oe

13.4{1 Adjust/the mount so that the devices are normal to the light source within £5°:

a) mount the primary reference cell and the secondary reference device co-planar within—=+=+%

b)

+#2%86°and in close proximity on the same mount (for simultaneous measurement), or

ount theprimmary reference cettimthedesigmated position(for consecutive measurem

ent).

13.4.2 Control the cell temperature of both the primary reference cell to the temperature at
which it was calibrated (normally (25 + 2) °C) and the secondary reference device—at to the
desired temperature for calibration (also normally (25 + 2) °C). Where this is not practical,
readings of output signal shall be subsequently corrected to-25°C the respective temperatures

in a

ccordance with IEC 60891. 37

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

13.4.4 Record simultaneous readings of:

a) the output signal and temperature of the primary reference cell (for consec

measurement) (only for measurements under simulated sunlight), or

utive


This is removed here, as the test procedure is concerned with the measurement of short-circuit current or current-voltage characteristics. Additional measurements (such as spectral responsivity (SR) and temperature coefficients) are detailed in Clause 7.

Modification is made to be consistent with IEC 60904-1.

This is reworded to be generic rather than only referring to the temperature of standard test conditions (STC).
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b) the output signal and temperature of both primary reference cell and secondary reference
device (for simultaneous measurement and calibration according to 13.1 a)), or

c) the output signal and temperature of primary reference cell as well as temperature and
current-voltage characteristics of secondary reference device (for simultaneous
measurement and calibration according to 13.1 b)). 38

13.4.5 Repeatstep 13.4.4 a) or b) until at least five, or 13.4.4 c) until at least three successive
sets of readings are obtained in which:

than
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n the same position and

Q

) repeat step 13.4.4 a) with the same constraints as for thé~ptimary reference cel| (for
calibration according to 13.1 a)), or

K) record temperature and current-voltage characteristic§/0f secondary reference dgvice
(calibration according to 13.1 b)); 39

— for simultaneous measurement: the ratio of the ouifut signals (corrected for temperature
dnd for spectral mismatch as required) does not(yary by more than £0,5 %. 40

similar size (ratio of active areas between 075 and 2,0) and are measured simultaneo
exchlange the position between the primary<reference cell and the secondary reference d
and fepeat steps 13.4.4 and 13.4.5.

sly,

13.4|6 If the primary reference cell and the secondary reference device are of the sarIJe or
vice

Sores e les e bides s cmn e cn o losntinens o mnnte den e 41

13.4|7 From the acceptable/data, calculate the ratio of the output of the secondary refergnce
devige to the output of the primary reference cell.

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

13.4|8 , (To'obtain the calibration value of the secondary reference device:

For calibration according to 13.1 a): multiply the calibration value of the primary reference cell
by the calculated:

a) ratio of the means of the output signals from secondary reference device to primary
reference cell (for consecutive measurement), or

b) mean of the ratios of output signals from secondary reference device to primary reference
cell (for simultaneous measurement).

The output signals shall be corrected for amplification factors of measurement electronics.

For calibration according to 13.1 b): determine the current-voltage characteristics at the desired
reference conditions according to IEC 60891 based on the irradiance measured with the primary
reference cell; then determine the maximum power and the short-circuit current as well as the
open-circuit voltage from each measured current-voltage characteristic according to



The calibration of reference devices with current-voltage characteristics is added as it is commonly used in PV industry.

The calibration of reference devices with current-voltage characteristics is added as it is commonly used in PV industry.

This is reworded to clarify distinction between simultaneous and consecutive measurements.

This requirement is removed since it is excessive given that spectral mismatch correction is mandatory.
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IEC 60904-1 (for consecutive and simultaneous measurement). The calibration values are
determined as the average of the respective parameters from all measured current-voltage
characteristics. 42

If measurements have been taken with the positions of the primary reference cell and the
secondary reference device exchanged, calculate the calibration value for both cases. The
results are only valid if both agree within the measurement uncertainty. Both values-are-te shall
be reported and their geometric average-is-te shall be used as the calibration value.

13.5 Additional measurements 43

13.5|1 Spectral responsivity

Measure the spectral responsivity of the secondary reference device, using the @rocedures
spedified in IEC 60904-8.

13.5|2 Temperature coefficient(s)

If refuired, measure the temperature coefficient(s) of short-circuit cufrent and/or maximum
power of the secondary reference device, using the procedures specified in IEC 60891.

13.5|3 Linearity
If rgquired, measure the linearity of the secondary reference device output, using| the
procedures specified in IEC 60904-10.

14 Calibration of working reference deviceragainst a secondary reference
device 44

For calibration of a working reference device against secondary reference device the apove
procedure (Clause 13) or other calibratton procedures that meet the requirements in| this

document and in partlcular those of 7.1 may be appl|edwm+ttmg4he4peetpat%snfateh

i If the secon

reference has been calibrated accordlng to 13.1 b) then its maximum power can be usgd as
refedence value. For guidance on the use of short-circuit current or maximum power |of a
reference device, refer to JEC TR 60904-14 [5]. 45

meagurements «ofv° every single working reference device. Therefore, in some ses
meagurements¢can be made on equivalent devices as detailed below. For two devices fo be
equiyalent,~\they shall be constructed using the same cell technology and encapsulftion
packagegsThis includes the glass (type, thickness, texturing, and spectral transmission), [anti-
reflectie Coatings, encapsulant, and back sheet (type, colour, and spectral back-reflectiop).

Somgtimes it is Aot required or possible (technically or economically) to perforntra all
c

The measurement of the calibration value(s) at all desired reference conditions shall be
performed on every single working reference device.

The measurement of the spectral responsivity of the working reference device and the spectral
mismatch correction can be omitted when the secondary reference and working reference are
equivalent devices. The measurement of the spectral responsivity of the working reference
device can also be omitted if the spectral responsivity of a device equivalent to the working
reference device is used for spectral mismatch correction. In both cases additional contributions
to uncertainty shall be considered explicitly.

The measurement of the temperature coefficient(s) of the working reference device can be
omitted when the respective temperature coefficient(s) of an equivalent device is/are available.


The calibration of reference devices with current-voltage characteristics is added as it is commonly used in PV industry.

This is added to clarify which measurement procedures to use.

This clause is extended to relax the requirements for working references. Previously they were identical to those for secondary references, which is not practical.

The calibration of reference devices with current-voltage characteristics is added as it is commonly used in PV industry.
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The measurement of the linearity of the working reference device can be omitted when the
respective linearity of an equivalent device is available and the calibration values of the two
equivalent devices do not differ by more than 5 %.

When parameters (spectral responsivity, temperature coefficient(s) and linearity) determined
on an equivalent device are used, specific additional contributions to measurement uncertainty
shall be considered explicitly. An example is the usage of the spectral responsivity of the
working reference device for spectral mismatch correction of a measurement of another PV
device against the working reference device.

The
and

eport shall state clearly which measurements were made on the working reference d

Wwhich originate from an equivalent device. The equivalent devices shall be identifie&.

vice
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List of comments

Wording is taken from IEC 60904-4 (slightly modified) rather than making reference to
IEC 60904-4.

Modification is made to distinguish between definition and use.
This clarifies that the traceability hierarchy is decisive, not the type of instrument.

Notes are added for user guidance.

NOLEeS dIe aaded ToI user gulddalce.
Notes are added for user guidance.
Modification is made to distinguish between definition and use.

Notes are added for user guidance, maintaining information previously.centained in 8.6.1
and 3.6.2.

This is incorporated into 3.6.
This is incorporated into 3.6.
This is incorporated into 3.8.
Modification is made to clarify that being a referen¢e device is important, not construgtion.
This is moved here from previous 3.7.

The requirement for linearity is moved to Subclause 7.5.
This text expands on the previous a) for-clarification.

This is made a recommendation_rather than a requirement because it cannot be vefified
bfter construction.

This is made a recommendation rather than a requirement because it cannot be vefified
bfter construction.

This is made a reeammmendation rather than a requirement because it cannot be vefified
bfter construction.

This modifieation is made for better user guidance.

This is.made a recommendation rather than a requirement because the stipulations gbout
lsagein Clause 12 are sufficient to result in proper utilisation of reference devices|with
built>in shunt resistors.

These requirements are now included in Clause 12.
This is now stipulated in Clause 12.

The larger deviation is chosen because the stipulations about usage in Clause 12 are
sufficient to result in proper utilisation of reference devices with built-in shunt resistors.

Modification is made to be consistent with IEC 60904-1.

This addition is made to clarify the requirement for traceability which was previously more
implicit.

This is reworded to be generic rather than only at standard test conditions (STC).

Modification is made as there are now exceptions for working references.
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This was previously mandatory for all references devices, but is now optional as it depends
on usage.

This was previously mandatory for all references devices, but is now optional as it depends
on usage.

This clause is completely revised. It is divided into two sections, one referring to the actual
device and one to its calibration.

The items included are revised to be consistent with the rest of the document.

This addition is made to clarify the intention of this recommendation.

This clause is added to clarify under which conditions a reference device withta~given
calibration can be used, or which calibrations are required for the reference deyice for a
certain usage.

This is removed as the measurement of spectral responsivity (SR) is now mandatory for
secondary references.

The calibration of reference devices with current-voltage characteristics is added aq it is
commonly used in PV industry.

This is removed here, as the test procedure is concerned with the measurement of short-
Circuit current or current-voltage characteristics. Additional measurements (such as
spectral responsivity (SR) and temperature coefficients) are detailed in Clause 7.

Modification is made to be consistent with IEC 60904-1.

This is reworded to be generic rather than anly referring to the temperature of stanjdard
est conditions (STC).

The calibration of reference devices with current-voltage characteristics is added aq it is
commonly used in PV industry.

The calibration of reference devices with current-voltage characteristics is added ag it is
commonly used in PV industry:

This is reworded to~ elarify distinction between simultaneous and consecltive
measurements.

This requirement’is'removed since it is excessive given that spectral mismatch correftion
s mandatory.

The calibration of reference devices with current-voltage characteristics is added aq it is
commonly)used in PV industry.

This\is added to clarify which measurement procedures to use.

his clause is extended to relax the requirements for working references. Previously they
were identical to those for secondary references, which is not practical.

The calibration of reference devices with current-voltage characteristics is added as it is
commonly used in PV industry.
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PHOTOVOLTAIC DEVICES -
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systéms. It is-an International Standard.

This
constitutes a technical revision.

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization cemprising
national electrotechnical committees (IEC National Committees). The object of IEC is to promoteTinternational
-operation on all questions concerning standardization in the electrical and electronic fields..To~this end and
addition to other activities, IEC publishes International Standards, Technical Specifications, Fechnical Reports,
blicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publieation(s)"). |Their
eparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
hy participate in this preparatory work. International, governmental and non-governmental-organizations lipising
th the IEC also participate in this preparation. IEC collaborates closely with the International Organizatipn for
andardization (ISO) in accordance with conditions determined by agreement betweén the two organizatipns.

e formal decisions or agreements of IEC on technical matters express, as néarly as possible, an interngtional
nsensus of opinion on the relevant subjects since each technical committée has representation frgm all
erested IEC National Committees.

C Publications have the form of recommendations for international\dse and are accepted by IEC N4gtional
mmittees in that sense. While all reasonable efforts are made to. ensure that the technical content df IEC
blications is accurate, IEC cannot be held responsible for,the/way in which they are used or for any
sinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publictions
nsparently to the maximum extent possible in their national*and regional publications. Any divergence befween
y IEC Publication and the corresponding national or regional publication shall be clearly indicated in the |atter.

C itself does not provide any attestation of confgrmity. Independent certification bodies provide conf¢rmity
sessment services and, in some areas, access\to IEC marks of conformity. IEC is not responsible fqr any
rvices carried out by independent certification\bodies.

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

liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
embers of its technical committees and IEC National Committees for any personal injury, property damdge or
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)) and
penses arising out of the publication, use of, or reliance upon, this IEC Publication or any othef IEC
blications.

tention is drawn to the Normative references cited in this publication. Use of the referenced publicatipns is
Hispensable for the correct application of this publication.

tention is drawn to'the-possibility that some of the elements of this IEC Publication may be the subject of patent
hts. IEC shall ngt b€ held responsible for identifying any or all such patent rights.

50904-2-has been prepared by IEC technical committee 82: Solar photovoltaic energy

fourth edition cancels and replaces the third edition published in 2015. This edition

This edition includes the following significant technical changes with respect to the previous
edition:

a) added calibration procedures for calibrating PV devices at maximum power by extending
the respective Clauses 12 and 13;

b)

c)
d)

revised requirements for mandatory measurement of spectral responsivity, temperature

Cc

oefficients and linearity, depending on usage and allowing some measurements on

equivalent devices;

revised requirements for built-in shunt resistor;

added requirements for traceability of calibration explicitly.
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The text of this International Standard is based on the following documents:

Draft Report on voting

82/2127/FDIS 82/2151/RVD

Full information on the voting for its approval can be found in the report on voting indicated in

the

above table.

The language used for the development of this International Standard is English.

This

acc

ordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, avai

document was drafted in accordance with ISO/IEC Directives, Part 2, and developlad in

able

at www.iec.ch/members_experts/refdocs. The main document types developed by IEQ are
desdribed in greater detail at www.iec.ch/publications.
A lis{ of all parts in the IEC 60904 series, published under the general title Photovoltaic devjces,
can be found on the IEC website.
The pommittee has decided that the contents of this document willsemain unchanged unt|l the
stabllity date indicated on the IEC website under webstore.ieC.ch in the data related tg the
spedific document. At this date, the document will be
e reconfirmed,
e withdrawn,
e replaced by a revised edition, or
e amended.

IMRORTANT - The "colour inside" logo on the cover page of this document indicgtes

ing

of

thak it contains colours which are considered to be useful for the correct understan

its contents. Users should therefore print this document using a colour printer.
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PHOTOVOLTAIC DEVICES -

Part 2: Requirements for photovoltaic reference devices

1 Scope

This
calib

This

irradjance of natural or simulated sunlight for the purpose of quantifyingthe elec

perfd
refer

2

The

constitutes requirements of this document. For dated referencés, only the edition cited apg

For
ame

IEC
mea

IEC
char]

IEC
(PV)

IEC
esta

IEC
(ECT

IEC
for m

part of IEC 60904 gives requirements for the classification, selection, packaging, mar

king,

ration and care of photovoltaic reference devices.

document applies to photovoltaic (PV) reference devices that are used to_measure

rmance of photovoltaic devices (cells, modules and arrays). It does not cover photovd
ence devices for use under concentrated sunlight.

Normative references

ollowing documents are referred to in the text in such a way\that some or all of their co

undated references, the latest edition of the referenced document (including
ndments) applies.

sured I-V characteristics

50904-1, Photovoltaic devices — Partv1: Measurement of photovoltaic current-vo
bcteristics

50904-3, Photovoltaic devices:<Part 3: Measurement principles for terrestrial photovq
solar devices with reference-spectral irradiance data

50904-4, Photovoltaic. devices — Part 4: Photovoltaic reference devices — Procedurg)
blishing calibration.traceability

[) of photoyaitaic (PV) devices by the open-circuit voltage method

50904=7, Photovoltaic devices — Part 7: Computation of the spectral mismatch corre
easurements of photovoltaic devices

the
rical
Itaic

htent
lies.
any

50891, Photovoltaic devices — Procedures for_temperature and irradiance correctiops to

tage

Itaic

s for

50904-5, Phatovoltaic devices — Part 5: Determination of the equivalent cell temperature

ction

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

IEC 60904-9, Photovoltaic devices — Part 9: Classification of solar simulator characteristics

IEC 60904-10, Photovoltaic devices — Part 10: Methods of linear dependence and linearity
measurements

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

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

ISO and IEC maintain terminology databases for use in standardization at the following

add

resses:

e |EC Electropedia: available at https://www.electropedia.org/

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

3.1
cali
<of

Bration traceability
g4 PV reference device> requirement for any PV reference device, to tie its calibration v

to S| units in an unbroken and documented chain of calibration transfers including s
uncdrtainties

Note | to entry: Photovoltaic reference devices are distinguished by their position\ih a chain of calib
traceability.
[SOURCE IEC 60904-4:2019, 3.6, modified — The term "traceability" has been replaced

"cal

3.2

ibration traceability" and Note 1 to entry has been replaced(]

reference device

trac

Note
level

3.3

gably calibrated photovoltaic device

to entry: Normally used to measure natural or simulated solar irradiance or to set solar simulator irrag
g for measuring the performance of other photovoltaic devices.

primary reference device
photpvoltaic reference device with calibration based on a secondary standard for irradi

tracgable to Sl units as defined in,|JEC 60904-4

Note [l to entry: Typically, a PV celNis'Used as a reference device for the measurement of natural or simulated
irradignce.

Note P to entry: Primary references are normally used by calibration and testing laboratories to calibrate secq
refergnces.

Note B to entry: Normally calibrated at periodic intervals.

3.4

secqndary-reference device

photpvoltaic reference device calibrated in natural or simulated sunlight against a pri

alue
ated

Fation

with

iance

ance

solar

ndary

mary

referlence device

Note 1 to entry: Secondary references are normally used by calibration and testing laboratories to calibrate working
references, but also for daily routine measurements, in industrial production and in monitoring.

Note 2 to entry: Normally calibrated at periodic intervals.

3.5

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

Note 1 to entry: Working references are normally used for daily routine measurements, in industrial production and
in monitoring.

Note 2 to entry: Normally calibrated at periodic intervals.
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3.6
reference cell
reference device consisting of a single photovoltaic cell

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, electrical connections and protects the device. A typical
sample is sketched in Figure 1.

Note 2 to entry: Normally the reference cells are also provided with a protective window and embedded in an
encapsulant.

Note 3 to entry: Recommended use: as a laboratory primary, secondary and working reference.

Note # to entry: If the encapsulation system has been demonstrated to withstand long-term outdoor expgsure,
apply|ng test levels according to the IEC 61215 series [1], such reference cells can also be suitable to he'used as a
monitpring device for long-term assessment of operational PV arrays.

Note p to entry: If the reference cell is provided with a protective window but without encapsulant, then it ghould
only He used when measuring the performance of other PV devices using direct beam natural of simulated sunlight.

Window receptacle Wiring space

Ol A , O
Solar cell cavity / P
~

Voltage and
Cable current leads

| clamp

/
7
In

@
o
@
©)

Field of view not
less than 160°

Solar cell

IEQ

Figure 1 — Single cell package

single reference.cell in a multi-cell package
refenence deyviee-consisting of a single photovoltaic cell mounted in a package such that frame,
encdpsulation/system, shape, size and spacing of the cells surrounding it are the same gs in
the PV module to be tested

Note

3.8
reference module
reference device consisting of a photovoltaic module

Note 1 to entry: 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
module, so as to minimize discrepancies due to solar simulator spatial non-uniformity, internal reflections,
temperature distribution and spectral mismatch.

Note 2 to entry: As the diffuse component of natural sunlight and non-normal incidence of simulated sunlight interact
with encapsulants and back sheets of a PV module and influence the amount of irradiance which a particular cell
receives, it is recommended that reference devices used for measuring PV modules, sub-assemblies of PV modules
and PV arrays be encapsulated matching the mechanical and optical features of the device under test.
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built-in shunt resistor
resistor connected across the output terminals of photovoltaic devices including connection

wirin

g

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

Note 2 to entry: For details consult 4.4.

4 Selection of reference device

sured

4.1

General requirements

term
elec
by th
of th
filter|

Refe

In p
expo
and/
be s

The
in pa
are ¢

4.2

The
othe

of their spectral responsivity, mechanical construction, optical properties, dinrensions
rical circuit. The spectral responsivity of the reference device, for example) is detern]
e transmission of any protective window in front of the device and the specCtral respons
e device itself. Therefore, the overall spectral responsivity can be adapted by using sui
5 as or in addition to the protective window.

DepFnding on their intended use, reference devices need to meet different regquiremenits in

rence devices should be made using a PV technology that is known to be stable with
prticular, the calibration value should not change after{the reference device has

br extended storage in the dark. The photovoltaic characteristics of a reference device
able according to the requirements in Clause 11,

reference device shall be constructed such that the photovoltaic performance parame
rticular short-circuit current and maximum™power, can be measured. The only exce
evices with a built-in shunt resistor, see~4/4.

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

dotted line in Figure 2 indicates)the minimum acceptable size of a multi-cell package
- cell arrangements, such aslhalf-cut cells, an analogous configuration applies.

Minimum size of
Reference cell multi-cell package

and
ined
ivity
able

ime.
been

sed to solar irradiation, device temperatures different from its calibration temperature

shall

ters,
btion

For

IEC

Figure 2 — Single reference cell in a multi-cell package
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4.3

Additional requirements for reference modules

Additional requirements apply to reference modules.

a) Bypass diodes:

general reference modules, which are used to measure a range of module types
geometries, should not contain bypass diodes. The presence or absence of by
diodes shall be noted and considered in conjunction with the measurement condit

and
pass
ions,

in particular spatial non-uniformity of the irradiance on the module during measurement;

for reference modules, which are intended to be matched to the module under test, the

number fypn and connection of hypaec diodes (if prnennf) shall match-those in the

b) |

The
mod
The

the feference module indicate inconsistent response (i.e. obvious steps are noted in th

intended use of the reference module:

module under test.

they are made from discrete cells, these should be matched as follows depending o

if only the short-circuit current of the reference module will be used,(the short-c
current of the individual cells should be matched to within +1 %;

if other parameters (such as maximum power) are used additionally or exclusively,
within £1 %.

matching of the individual cells is the responsibility of the\manufacturer of the refer
ile, bearing in mind that matching can also be influencéd\by encapsulation or laming
cell matching need not be checked by the calibration faboratory. However, if I-V curv

N the

rcuit

both

the short-circuit current and the fill factor of the individual cells)should be matchgd to

Ence
tion.
ps of
p [-V

curve), this should be discussed between calibratiof laboratory and the client supplying the
module before proceeding with calibration.

4.4 | Requirements for built-in shunt resistors

The [built-in shunt resistor (see 3.9) should be chosen such as to ensure that the refergnce
device operates sufficiently near to.‘Short-circuit condition, meeting the requirement in
Fornpula (1):

O, 2x VOC
SC

ReaL <

is thebuilt-in shunt resistor;

is\the short-circuit current of the reference device at desired reference condition;

(1)

is the open circuit voltage of the reference device at desired reference condition.

The long-term stability of the built-in shunt resistor shall also meet the stability requirements of
the reference device. Calibration values of such reference devices shall be measured as the
voltage drop across the built-in shunt resistor and stated with the dimension [V]. The
temperature coefficient of the built-in shunt resistor is part of the temperature coefficient of the
calibration value of the reference device. As the uncertainty in the calibration can be strongly
dependent on the built-in shunt resistor stability and temperature coefficient, respective values

shou

Id be provided with the reference cell data sheet.

It is recommended that the shunt resistor be a removable 4-wire resistor, to allow for standard
(current-based) measurements of spectral responsivity and periodic checking of the reference
device stability by measuring an I-V curve in accordance with IEC 60904-1. However, the
reproducibility of the electrical connection shall be maintained.
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Formula (1) means that the measured output voltage of a shunted reference cell should be less
than 20 % of its open circuit voltage. For typical crystalline silicon this equates to about 120 mV
output.

5 Temperature measurement

Means shall be provided for determining the reference cell temperature or, for reference
modules, the equivalent cell temperature (ECT), according to IEC 60904-5. Temperature
sensors and instrumentation shall have instrumental measurement uncertainty of 1 °C or less.
The required uncertainty for temperature measurements for the cell junction shall be less than
2,0 CTor all reference devices.

6 Electrical connections

The lelectrical connections to reference cells without built-in shunt resistorcshall consist|of a
fourqwire contact system (Kelvin probe). Measurement errors due to voltage drops along the
cell’s contact bars and the package wiring shall be avoided.

The glectrical connections to the reference module shall be designed’to meet the requirements
of IEIC 60904-1.

7 Calibration

71 General requirements

Each calibration of a reference device shall be’made with a calibration procedure thpt is
tracgable according to IEC 60904-4. Any measurement instrument used in the calibration
procedure shall be an instrument with an unbroken traceability chain.

The Jaboratory performing the calibration of the reference device shall maintain a documgnted
uncdrtainty analysis as well as documented repeatability and results from interlaboratory
comparisons.

7.2 | Calibration value(s)

Each reference deviceyshall be calibrated in terms of its calibration value(s) at the degired
refefence conditions; Calibration values shall be reported together with the three main
parameters of tatal irradiance, device junction temperature and spectral irradiance. The most
common calibration conditions are standard test conditions (STC). A calibration at STC ghall
refer] to a tdtal irradiance of 1 000 W m~2, a device junction temperature of 25 °C and the
referflence-spectral irradiance distribution as defined in IEC 60904-3. Sometimes calibratipn is

requjred at other conditions. A reference device can have multiple calibration values for diff¢grent
desi.ed_mwm&ew i i = 1 i nce

device at arange of irradiances and temperatures and therefore the calibration at the respective
conditions.

Methods for calibrating primary reference devices are included in IEC 60904-4. A procedure of
calibrating secondary reference devices is described in Clause 13. The calibration of working
reference devices is treated in Clause 14.

T Numbers in square brackets refer to the Bibliography.
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7.3

Spectral responsivity

In general, the spectral responsivity at short-circuit current conditions of each reference device
shall be measured in accordance with |IEC 60904-8. For exceptions related to working
references, see Clause 14.

7.4

Temperature coefficients

The determination of the temperature coefficient(s) of each reference device in accordance with
IEC 60891 is in general optional but depending on usage might be mandatory, and in any case
is strongly recommended. If the temperature coefficient(s) are determined, also their linear
depgmndence i accordance with TEC60904=10—shattbeTeported—For exceptions Tetate

workiing references, see Clause 14.

7.5

Linearity

The [determination of linearity in accordance with IEC 60904-10 is in general optiona
depgnding on usage might be mandatory, and in any case is strongly‘recommended.
excelptions related to working references, see Clause 14.

8.1

Documentation and report

General

The jnformation given in 8.2 and 8.3 shall be recorded-far each reference device.

d to

but
For

8.2 | Device documentation

The data sheet shall be compiled by the manudfacturer of the reference device and contain the
folloying information:

a) unique identification of the device;

b) I manufacturer and device manufacturer;

c) npaterial type;

d) type of package;

e) type and dimension of cell(s);

f) dircuit diagram, in\particular of any connectors;

g) type of tempetature sensor (where applicable) and its uncertainty;

h) shunt resjstor type, nominal resistance and temperature coefficient (where applicable)

For neference modules, the following information shall be recorded in addition:

i)
i)
k)

anufacturer of module;

model designation;

serial number;

cell technology;

construction and dimensions of module;
electrical circuit layout;

presence or absence of bypass diodes and if present their number and type.
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8.3 Calibration report

Each time a reference device is calibrated, the calibration report shall contain the following
information:

a) unique identification of the device;

b) indication that the device has a built-in shunt resistor (where applicable);

c) type (primary reference cell; secondary reference device, working reference device);

d) calibration organization;

e) site and date of calibration;

f) ethod of calibration (refer to standard);

g) idlentification of the reference device used for the calibration and its traceability accofding
tp IEC 60904-4;

h) simulator type and classification (where applicable);

i) libration value(s) and corresponding reference conditions (total irradiance, device jungtion
temperature, spectral irradiance); in case of calibration via current-vgltage characteristics
oth short-circuit current and maximum power shall be reported;ythe open-circuit voltage
hould also be reported;

j) spectral responsivity (where applicable);

k) temperature coefficient of calibration value(s) as wel\as linear dependence (where
dpplicable);

[) linearity (where applicable);
m) uncertainties for items i), j), k) and |);

n) gither the spectral mismatch correction valGeoused in the measurement or an estimalte of
the uncertainty introduced by using an equivalent device;

o) statement that measurements originate from an equivalent device and an identificatipn of
which measurements these are (where applicable);

p) unique identification of the equivalent device(s) (where applicable).

For neference cells without fixed-etectrical connection to the cell, the following information ghall
be pfovided:

q) illustration of type, shape and location of electrical contacts during calibration.
9 Marking

The [referenge\'device shall carry a clear, indelible serial or identification number for cfoss-
referfence {ouits data sheet.

10 1au=\a9;||9

10.1 Recommended packaging for use in natural sunlight

The reference device used for measurement in natural sunlight should respond to variations in
the geometrical distribution of the incident radiation in the same way as the device under test
(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 used for
measuring modules be enclosed in a multi-cell package (see Figure 2), simulating the
neighbouring optical parameters of a module.

In this case, the frame, the encapsulation system, the shape, and the size and spacing of the
cells surrounding the reference cell shall be the same as in the module to be tested. The
surrounding cells may be real or dummies that have the same optical properties. The dotted
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line in Figure 2 indicates the minimum acceptable size of the multi-cell package for outdoor
testing.

10.2 Recommended packaging for use under solar simulators

In some solar simulators which allow multiple reflections of light to and from the device under
test, the irradiance in the test plane can change depending on whether or not the device under
test is present. Therefore, in order to measure accurately the irradiance that will be present
when the device under test is in place, the reference devices used in such solar simulators
should be packaged in the same way as the device under test, so that the change in irradiance
due to multiple reflections is the same for both the reference device and the device under test.

Reference cells used for measurements in solar simulators designed to minimize any grror
multi-reflected light may be packaged singly or, if not intended for day-to-day use, (mount
the ynpackaged state on a temperature-controlled block.

from
pd in

Alternatively, the requirements given for reference cells for use in natural lsunlight may be

folloyed.

10.3| Single cell package

If a §ingle cell package is used, the following recommendations.are made.

a)

b)

d)

e)

Tlhe field of view should be at least 160°. In case ,of a protective window the ojf
properties of the latter have to be considered in detefmining the effective field of view g

slunlight, whereas for usage on solar simulators ‘with a limited range of angles of incidg
i is less critical.

All surfaces in the package within the celf’s field of view should be non-reflective, W
slpectral absorptance of at least 0,95 inithe cell’s wavelength responsivity band.

Tlhe material used for bonding the cell to the holder should be resistant to degradg
aither electrically or optically. Its\physical characteristics should remain stable ove
ntire period of intended use.

window and the cell should\be filled with a stable encapsulant. Both the protective wir

ference device has ‘a non-zero spectral responsivity. The refractive index of
ncapsulant shoufdybe similar (within 10 %) to that of the window to minimize errors d
the internal reflection of light. The transparency, homogeneity and adhesion off
gncapsulant.should not be adversely affected by ultra-violet light and operat
temperatures

Tlhe protective window may embody a filter to match the spectral responsivity of
referénce cell to that of the device under test, provided that the other recommenda

]?d the encapsulant should be transparent over the wavelength range in which th¢ PV
r

tical
f the

photovoltaic cell. The field of view is particularly important for measurements under natural

nce,

ith a

tion,
the

Tlhe use of a protective window is recommended. If encapsulated, the space between the

dow

the
e to
the
onal

the
ions

olf djare met.

Figure 1 shows an example of a suitable single cell package. Other suitable single cell
packages can be found in JIS C8910 [3] or the World Photovoltaic Scale [4].

11 Care of reference devices

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

The window of a packaged reference device shall be kept clean and scratch-free.

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

A reference device exhibiting any defect which might impair its function shall not be used.
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The calibration value of a reference device might change systematically as a function of time
for successive calibrations. If the calibration value of a reference device has changed by more
than 1 % with respect to its previous calibration or by more than 5 % of its initial calibration, it
shall not be used as a reference device.

12 Usage of reference devices

Reference devices shall only be used at irradiances (+10 %) and temperatures (5 °C) at which
they were calibrated. For the ranges given, use of a simple correction according to established
procedures provided in IEC 60891 with generic correction coefficients is acceptable, as long as
the gdditional uncertainiies introduced are taken INto account.

The |usage of reference devices outside the ranges given above requires the following in
addition to the single calibration at one reference condition (normally STC):

a) g separate calibration for each desired reference condition it is to be used at; or

b) if to be used over a wider temperature range: a determination of the relevant temperature
oefficient(s) according to IEC 60891 (and their linear dependence according to
EC 60904-10) and appropriate corrections for differences between’the temperatures diiring
sage and the calibration temperature; and/or

——

)

c) if to be used over a wider irradiance range: a determination-of the linearity (output vgrsus
ifradiance) over the relevant irradiance range according t10”’IEC 60904-10 and appropriate
corrections for differences between the irradiance (during usage and the calibration
ifradiance.

The [reference device can be used in the ranges.of conditions mentioned above around the
additional reference conditions with a). Alternatively, it can be used with the calibration yalue
of the original reference condition over a wider,temperature range with b) or a wider irradignce
range with c). If a usage over wider temperature and irradiance ranges is desired, b) and c) are
both|required.

13 Calibration of secondary reference devices against a primary reference cell

13.1| General

This|Clause 13 describes. a procedure for calibrating a secondary reference device in natural
or sifnulated sunlight@gainst a primary reference cell whose calibration is traceable to Sl lnits
according to IEC 60904-4. The procedure described is an example and other calibration
procgdures are .acceptable as long as they meet the requirements of 7.1. In any case| the
spedtral mismatch between the primary reference cell and that of the secondary refergnce
devige undeér )the irradiance used for the calibration shall be determined according to
IEC p0904-7.

The nrimary rafaranca call ic calihratad cich that it Anitnt (chart At ~irrant Ar o tage
pHmary—+eference—cel-is—calibrated—such—that-its—output(short-circuit-current-or—veo

across a built-in shunt resistor in case of shunted cell) can be used to determine the irradiance
of the natural or simulated sunlight. The calibration value(s) of the secondary reference device

can be determined by measuring:

a) its output (short-circuit current or voltage across a built-in shunt resistor in case of a shunted
device). This is the most common calibration if the secondary reference device is a cell;

b) its current-voltage characteristics according to IEC 60904-1. This permits the calibration of
the maximum power and of the short-circuit current. This is the most common calibration if
the secondary reference device is a module.

For secondary reference devices with built-in shunt resistor only a) is applicable, as b) is not
possible. For secondary reference devices without built-in shunt resistor, the choice of
calibration depends on the intended use. For guidance on the use of short-circuit current or
maximum power of a reference device refer to IEC TR 60904-14 [5].
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The procedure can be applied using both natural and simulated sunlight according to the
requirements in IEC 60904-1 with the restrictions given in 13.2 and 13.3.

13.2 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 20 % of the global
irradiance. For determining the contribution of diffuse irradiance, see IEC 60904-4;

b) no observable cloud formations within 30° of the sun;

c) tptatiradiancetsum+sky+ground-Teftfection) ot tesstham 800~ Wm=%,as measurgd by
the primary reference cell;

d) deometric air mass between AM1 and AM2;
e)

—

hdiation sufficiently stable so that the variation in reference cell output signalis less |than
0,5 % over the time taken for a measurement.

I+

13.3| Simulated sunlight

The pimulated sunlight for calibration can either be continuous or pulsed. Normally the prinary
refenence cell and the secondary reference device are positioned;side by side and measlured
simultaneously. In this case the solar simulator shall be of Class;AAA or better in accordance
with |I[EC 60904-9 with the additional requirement that the ngn-uniformity of irradiance is|less
than|+1 % within the surface that includes the device to be ¢alibrated and the primary refergnce
devige. For 13.1 a) the requirement of Class A with respectto temporal instability as defingd in
IEC p0904-9 need only be met for the short-term instability (STI) as the long-term insta(fility
(LTI} is not relevant in this case. In case that the pfimary and secondary reference devic¢ are
of the same or similar size (ratio of active dreas between 0,5 and 2,0), an additlonal
measurement shall be taken exchanging their positions. A valid result is only obtained if |both
measurements agree within the measurementdncertainty.

If thé requirement of spatial non-uniformity of less than +1 % cannot be met for calibrating
refenrence modules made from a series\connection of cells, the solar simulator shall be cldss A
for spatial non-uniformity and a detailed uncertainty analysis shall be provided.

In the special case that thesprimary reference cell and the secondary reference device afe of
the game or similar size (ratio of active areas between 0,5 and 2,0) and that the continfious
simuflated sunlight is stable, the two devices can be placed in the same position one aftef the
othe[ and measured (consecutively. In this case the solar simulator shall be of Class AAA in
accordance with IEC 60904-9 with the additional requirement that the LTI of irradiance is|less
than|t1 %, wherethe LTI is with respect to the total time period needed for the measurements.
A pulsed solarsimulator can also be suitable if the repeatability of each pulse is better than|1 %.

In apy , case, a detailed measurement uncertainty analysis considering both spatial jnon-
unifgrinity and temporal instability of the simulated sunlight needs to be provided, considéring
the tpcb;ﬁbb Uf thc bilUbUll IIIUdbuICIIICIIt btlathy.

13.4 Test procedure
13.4.1 Adjust the mount so that the devices are normal to the light source within £5°;

a) mount the primary reference cell and the secondary reference device co-planar within +2°
and in close proximity on the same mount (for simultaneous measurement), or

b) mount the primary reference cell in the designated position (for consecutive measurement).

13.4.2 Control the cell temperature of both the primary reference cell to the temperature at
which it was calibrated (normally (25 + 2) °C) and the secondary reference device to the desired
temperature for calibration (also normally (25 + 2) °C). Where this is not practical, readings of
output signal shall be subsequently corrected to the respective temperatures in accordance with
IEC 60891.
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13.4.3 The spectral mismatch shall be corrected according to IEC 60904-7. Appropriate
measurements of the spectral irradiance shall be recorded.

13.4.4 Record simultaneous readings of:

a) the output signal and temperature of the primary reference cell (for consecutive
measurement) (only for measurements under simulated sunlight), or

b) the output signal and temperature of both primary reference cell and secondary reference
device (for simultaneous measurement and calibration according to 13.1 a)), or

c) the output signal and temperature of primary reference cell as well as temperature and

Tmmmge—mmms—m—mm EOUS
easurement and calibration according to 13.1 b)).

13.4]5 Repeatstep 13.4.4 a) or b) until at least five, or 13.4.4 c¢) until at least three'sdccegsive
sets [of readings are obtained in which:

br consecutive measurement: the output signals for the primary referenceicell (correctgd to
ne temperature at which it was calibrated (normally (25 £ 2) °C)) do,net’vary by more|than
0,5 %; then remove the primary reference cell and mount the secondary reference dgvice
n the same position and

=4 =

Q

) repeat step 13.4.4 a) with the same constraints as for the-primary reference cell (for
calibration according to 13.1 a)), or

(o

) record temperature and current-voltage characteristics of secondary reference dgvice
(calibration according to 13.1 b));

— for simultaneous measurement: the ratio of the Quiput signals (corrected for temperature
and for spectral mismatch as required) does net vary by more than 0,5 %.

13.4{6 If the primary reference cell and the _secondary reference device are of the sanje or
simi}l]ar size (ratio of active areas between(0;5 and 2,0) and are measured simultaneopsly,
exchlange the position between the primary reference cell and the secondary reference dgvice
and fepeat steps 13.4.4 and 13.4.5.

13.4|7 From the acceptable dataj.calculate the ratio of the output of the secondary refergnce
devige to the output of the primary reference cell.

13.4{8 To obtain the calibration value of the secondary reference device:

For ¢alibration according to 13.1 a): multiply the calibration value of the primary referencg cell
by tHe calculated:

a) ratio of ther means of the output signals from secondary reference device to primary
reference Cell (for consecutive measurement), or

b) lean of the ratios of output signals from secondary reference device to primary refergnce
[INMfor simultaneous measurement)

The output signals shall be corrected for amplification factors of measurement electronics.

For calibration according to 13.1 b): determine the current-voltage characteristics at the desired
reference conditions according to IEC 60891 based on the irradiance measured with the primary
reference cell; then determine the maximum power and the short-circuit current as well as the
open-circuit voltage from each measured current-voltage characteristic according to
IEC 60904-1 (for consecutive and simultaneous measurement). The calibration values are
determined as the average of the respective parameters from all measured current-voltage
characteristics.
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If measurements have been taken with the positions of the primary reference cell and the
secondary reference device exchanged, calculate the calibration value for both cases. The
results are only valid if both agree within the measurement uncertainty. Both values shall be
reported and their geometric average shall be used as the calibration value.

13.5 Additional measurements
13.5.1 Spectral responsivity

Measure the spectral responsivity of the secondary reference device, using the procedures
specified in IEC 60904-8.

13.5|2 Temperature coefficient(s)

If refluired, measure the temperature coefficient(s) of short-circuit current and/or-maximum
power of the secondary reference device, using the procedures specified in IEC 60891.

13.5|3 Linearity

If rgquired, measure the linearity of the secondary reference device output, using| the
procgdures specified in [IEC 60904-10.

14 Calibration of working reference device against a.secondary reference
device

For galibration of a working reference device agaifist'secondary reference device the apove
procedure (Clause 13) or other calibration pro¢édures that meet the requirements in| this
document and in particular those of 7.1 may be\applied. If the secondary reference has been
caliprated according to 13.1 b) then its maximum power can be used as reference value.
For guidance on the use of short-circuit current or maximum power of a reference device, refer
to IEIC TR 60904-14 [5].

measurements on every single. working reference device. Therefore, in some cpses
meagurements can be made ot equivalent devices as detailed below. For two devices be
equiyalent, they shall be eonstructed using the same cell technology and encapsulation
packiage. This includes the-glass (type, thickness, texturing, and spectral transmission), |anti-
reflective coatings, encapsulant, and back sheet (type, colour, and spectral back-reflection).

Somgtimes it is not required efopossible (technically or economically) to perforrE all

The [measurement\of the calibration value(s) at all desired reference conditions shall be
perfarmed on évery single working reference device.

The measurement of the spectral responsivity of the working reference device and the spqctral

mismatch correction can be omitted when the secondary reference and working referencg are
equi%mmm—ﬁm%m—mm—w ; fvi i nce

device can also be omitted if the spectral responsivity of a device equivalent to the working
reference device is used for spectral mismatch correction. In both cases additional contributions
to uncertainty shall be considered explicitly.

The measurement of the temperature coefficient(s) of the working reference device can be
omitted when the respective temperature coefficient(s) of an equivalent device is/are available.

The measurement of the linearity of the working reference device can be omitted when the
respective linearity of an equivalent device is available and the calibration values of the two
equivalent devices do not differ by more than 5 %.
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When parameters (spectral responsivity, temperature coefficient(s) and linearity) determined
on an equivalent device are used, specific additional contributions to measurement uncertainty
shall be considered explicitly. An example is the usage of the spectral responsivity of the
working reference device for spectral mismatch correction of a measurement of another PV
device against the working reference device.

The report shall state clearly which measurements were made on the working reference device
and which originate from an equivalent device. The equivalent devices shall be identified.
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7)

COMMISSION ELECTROTECHNIQUE INTERNATIONALE

DISPOSITIFS PHOTOVOLTAIQUES -

Partie 2: Exigences applicables aux dispositifs photovoltaiques de
référence

AVANT-PROPOS

L4 Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation com
dgq I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC(a,pour ob
faporiser la coopération internationale pour toutes les questions de normalisation dans'leS domain
I'dlectricité et de I'électronique. A cet effet, 'I[EC — entre autres activités — publie des Nermes internatio
dgs Spécifications techniques, des Rapports techniques, des Spécifications accessibles au/public (PAS) 4
Gtiides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur élaboration est confiée a des’comités d’étude
travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organis
infernationales, gouvernementales et non gouvernementales, en liaison avec I'fEC) participent égaleme
travaux. L'IEC collabore étroitement avec I'Organisation Internationale de (Normalisation (ISO), selo
cqnditions fixées par accord entre les deux organisations.

Lgs décisions ou accords officiels de I'|EC concernant les questions techniques représentent, dans la mesy
pgssible, un accord international sur les sujets étudiés, étant donné que\l€s/Comités nationaux de I'lEC intér
sdnt représentés dans chaque comité d’études.

Lgs Publications de I'lEC se présentent sous la forme de recommandations internationales et sont ag
cdmme telles par les Comités nationaux de I'lEC. Tous les £fforts raisonnables sont entrepris afin que
s’'assure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsa
I'§ventuelle mauvaise utilisation ou interprétation qui en €st faite par un quelconque utilisateur final.

Dans le but d’encourager I'uniformité internationale, les-Comités nationaux de I'lEC s’engagent, dans to|
mesure possible, a appliquer de fagon transparente {es Publications de I'lEC dans leurs publications natid
et| régionales. Toutes divergences entre toutes’Publications de I'lEC et toutes publications national
régionales correspondantes doivent étre indiquées“en termes clairs dans ces dernieres.

L’|[EC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépen
foprnissent des services d’évaluation de-conformité et, dans certains secteurs, acceédent aux marqu
cdnformité de I'lEC. L’IEC n’est responé§able d’aucun des services effectués par les organismes de certifi
infépendants.

Tqus les utilisateurs doivent s’assurér qu’ils sont en possession de la derniére édition de cette publication
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Adicune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandataires,

y fompris ses experts particuliers et les membres de ses comités d’études et des Comités nationaux de
pqur tout préjudice causé~eh cas de dommages corporels et matériels, ou de tout autre dommage de qu
ndture que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dép
découlant de la publication ou de I'utilisation de cette Publication de I'l|EC ou de toute autre Publication de
oy au crédit qui luirest accordé.

L’Attention esteattirée sur les références normatives citées dans cette publication. L’utilisation de public
référencées, est obligatoire pour une application correcte de la présente publication.

L’httention.est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent faire
dg droits’de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels dro

I'lEC,
elque
bEnses
I'lIEC,

htions

'objet
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brevets.

L'IEC 60904-2 a été établie par le comité d'études 82 de I'lEC: Systémes de conversion
photovoltaique de I’énergie solaire. |l s’agit d'une Norme internationale.

Cette quatrieme édition annule et remplace la troisieme édition parue en 2015. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) ajout de procédures d’étalonnage des dispositifs PV a la puissance maximale en

développant les Articles 12 et 13) correspondants;
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b) révision des exigences applicables au mesurage obligatoire de la sensibilité spectrale, des
coefficients de température et de la linéarité, en fonction de l'usage et en permettant

c

ertains mesurages sur des dispositifs équivalents;

c) révision des exigences applicables aux résistances de shunt intégrées;

d) a

jout d’exigences pour la tracabilité de I’étalonnage de maniére explicite.
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DISPOSITIFS PHOTOVOLTAIQUES -

Partie 2: Exigences applicables aux dispositifs photovoltaiques de
référence

1 Domaine d’application
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IEC TS 61836, Solar photovoltaic energy systems — Terms, definitions and symbols (disponible
en anglais seulement)

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.

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

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

50 Online browsing platform: disponible a 'adresse https://www.iso.org/obp

3.1
tragEbilité de I’étalonnage

<d’up dispositif PV de référence> exigence, pour tout dispositif PV de référence, de ligr sa
valeyir d’étalonnage en unités Sl dans une chaine ininterrompue et doesumentée de trangferts
d’étdlonnage comprenant les incertitudes établies

Note [l a I'article: Les dispositifs photovoltaiques de référence se distinguent par leur position dans une chaine de
tracabilité de I’étalonnage.

[SOURCE [IEC 60904-4:2019, 3.6, modifié — Le tepme’ "tracabilité" a été remplacé| par
"tracabilité de I’étalonnage"” et la Note 1 a l'article a été remplacée.]

3.2
displositif de référence
dispositif photovoltaique étalonné de maniéretragable

Note || a I'article: 1l est généralement utilisé paur mesurer I'irradiance solaire naturelle ou simulée ou pour fégler
les niyeaux d’irradiance du simulateur solaire-pour mesurer les performances d’autres dispositifs photovoltaigles.

3.3
disppsitif primaire de référence
dispgsitif photovoltaique de référence dont I’étalonnage est fondé sur un étalon secondaire
pour|l’irradiance tragable en unités Sl, tel qu’il est défini dans I'lEC 60904-4

Note [I a l'article: Géngralement, une cellule PV est utilisée comme dispositif de référence pour le mesurape de
I'irradjance solaire naturelle ou simulée.

Note P a l'article: S\ A-es références primaires sont généralement utilisées par les laboratoires d’étalonnage et d|essai
pour ¢talonner des références secondaires.

Note B a l'article: Le dispositif de travail de référence est en principe étalonné périodiquement.

3.4
dispositif secondaire de référence

dispositif photovoltaique de référence étalonné en éclairement solaire naturel ou simulé par
rapport a un dispositif primaire de référence

Note 1 a l'article: Les références secondaires sont généralement utilisées par les laboratoires d’étalonnage et
d’essai pour étalonner des références de travail ainsi que pour effectuer des mesurages de routine quotidiens, dans
la production industrielle et pendant les travaux de surveillance.

Note 2 a l'article: Le dispositif de travail de référence est en principe étalonné périodiquement.

3.5

dispositif de travail de référence

dispositif photovoltaique de référence étalonné en éclairement solaire naturel ou simulé par
rapport a un dispositif secondaire de référence
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Note 1 a I'article: Les références de travail sont généralement utilisées pour les mesurages de routine quotidiens,
dans la production industrielle et pendant les travaux de surveillance.

Note 2 a I'article: Le dispositif de travail de référence est en principe étalonné périodiquement.

3.6
cellule de référence
dispositif de référence constitué d’'une seule cellule photovoltaique

Note 1 a l'article: Pour des raisons pratiques, de telles cellules ont de petites surfaces, et sont généralement
montées sur un support qui assure la reproductibilité du montage, de la commande thermique des connexions
électriques, ainsi que la protection du dispositif. Un exemple type est esquissé a la Figure 1.

Note P a l'article: En régle générale, les cellules de référence sont également équipées d’une fenétre de protgction
et sonjt intégrées dans un encapsulant.

Note B a l'article: Utilisation recommandée: comme référence primaire, secondaire ou de travail en laboratoite.

Note # & l'article: S’il a été démontré que le systéme d’encapsulation résiste a une exposition extérieure de Ipngue
duréel, en appliquant les niveaux d’essai de la série IEC 61215 [1], de telles cellules de référence peuvent|aussi
convgnir pour étre utilisées comme dispositifs de surveillance pour une évaluation a long terme du fonctionngment
de grpupes photovoltaiques.

Note p a l'article: Lorsque la cellule de référence est équipée d’une fenétre de protection, mais sans encapsulant,
il conyient de ne I'utiliser que pour mesurer les performances d’autres dispositifS-PV en utilisant un faisceau [direct
de I'éflairement solaire naturel ou simulé.

Logement fenétre Espace de céblage

o[ A O

Cavité de la cellule ( .)

photovoltaique
[ =

| Fixati Sorties tension
@ xation et courant

>~ des cables
o<

Champ de vision
supérieur ou égal

a 160°
Cellule photovoltaique

Vi

IEQ
Figure 1 — Boitier d’une cellule individuelle

3.7
celld
dispositif de référence constitué d’une cellule photovoltaique unique montée dans un boitier de
sorte que le chassis, le systeme d’encapsulation, la forme, les dimensions et I'espacement des
cellules I'entourant soient les mémes que dans le module PV a soumettre a I'essai

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

3.8
module de référence
dispositif de référence constitué d’un module photovoltaique

Note 1 a I'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 réduire le plus possible les divergences dues a la non-uniformité spatiale du
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simulateur solaire, aux réflexions internes, a la distribution de la température et a la désadaptation des réponses
spectrales.

Note 2 a I'article: Etant donné que la composante diffuse de I'éclairement solaire naturel et le rayon incident non
perpendiculaire de I’éclairement solaire simulé entrent en interaction avec les encapsulants et les feuilles arriere
d’'un module PV et influencent la quantité d’irradiance que regoit une cellule particuliére, il est recommandé que les
dispositifs de référence utilisés pour mesurer les modules PV, les sous-ensembles de modules PV et les groupes
PV soient encapsulés de maniére a avoir les caractéristiques mécaniques et optiques du dispositif en essai.

3.9

résistance de shunt intégrée

résistance connectée aux bornes de sortie de dispositifs photovoltaiques y compris le cablage
de connexion

Note [ a I'article: La résistance shunte la sortie du dispositif photovoltaique pour délivrer une tension.de, sqrtie a
mesufer et éviter que des moyens fournis par I'utilisateur établissent une condition de court-circuit.

Note P a I'article: Pour des informations détaillées, se référer au 4.4.
4 $Hélection des dispositifs de référence

4.1 Exigences générales

Suivant leur utilisation prévue, il est nécessaire que les dispositifs de référence satisfassg¢nt a
des pxigences différentes en matiére de sensibilité spectraleg,sde construction mécaniqug, de
propfiétés optiques, de dimensions et de circuit électrique. La‘sensibilité spectrale du disppsitif
de reférence, par exemple, est déterminée par la trapsmission d’'une fenétre de proteftion
quelgonque située devant le dispositif et par la sensibilité spectrale du dispositif lui-méme¢. La
senglibilité spectrale globale peut donc étre adaptéeien utilisant des filtres appropriés en| tant
que fenétre de protection ou s’ajoutant a celle-ci.

Il copvient de fabriquer les dispositifs de référence en utilisant une technologie PV dopt la
stabllité dans le temps est connue. En particulier, il convient que la valeur de I’étalonnage ne
change pas apres l'exposition du dispositif de référence a [lirradiation solaire, a| des
temgératures du dispositif différentes,'de sa température d’étalonnage et/ou a un stockage
prolgngé dans l'obscurité. Les caractéristiques photovoltaiques d’'un dispositif de référgnce
doivent étre stables conformément aux exigences de I’Article 11.

Le dispositif de référence ‘doit étre construit de facon a pouvoir mesurer les paramegtres
photpvoltaiques de performance, en particulier le courant de court-circuit et la puisspnce
maxe1male. Les dispasSitifs équipés de résistances de shunt intégrées constituent la deule
exception (voir 4.4)

4.2 | Exigences supplémentaires pour une cellule de référence unique dans un boiflier
multicellule

La ligné en pointillés de la Figure 2 indique les dimensions minimales acceptables d’un boitier
multicelule. Pour d’autres mnnfagne de cellules tels que les demi cellules _une r‘nnfigllr tion

analogue s’applique.
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