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Introduction
This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
Annotated drafts are not acceptable and will beregjected.

Template for comments and secr etariat observations

All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

an alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 3) 4 5 (6) 7
MB | Clause No./ Subclause| Paragraph/Figure/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Table/Note comment for change) by theMB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs [JAmend to read '...so that the mains
clarifying. connector to which no connection...'
6.4 Paragraph 2 te The use of the UV photometer as  [|[Delete reference to UV photometer.
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161 INTERNATIONAL ELECTROTECHNICAL COMMISSION

162

163

164 PHOTOVOLTAIC (PV) MODULE

165 PERFORMANCE TESTING AND ENERGY RATING

166

167 Part 2: Spectral responsivity, incidence angle and nominal module

168 operating temperature measurements

169

170

171 FOREWORD

172 1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
173 all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
174 co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
175 in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
176 Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
177 preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
178 may participate in this preparatory work. International, governmental and non-governmental organizations liaising
179 with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
180 Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.
181 2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
182 consensus of opinion on the relevant subjects since each technical committee has representation from all
183 interested IEC National Committees.

184 3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
185 Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
186 Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
187 misinterpretation by any end user.

188 4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
189 transparently to the maximum extent possible in their national and regional publications. Any divergence between
190 any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.
191 5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
192 assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
193 services carried out by independent certification bodies.

194 6) All users should ensure that they have the latest edition of this publication.

195 7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
196 members of its technical committees and IEC National Committees for any personal injury, property damage or
197 other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
198 expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
199 Publications.

200 8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
201 indispensable for the correct application of this publication.

202 9) IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
203 patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in
204 respect thereof. As of the date of publication of this document, IEC had received notice of (a) patent(s), which
205 may be required to implement this document. However, implementers are cautioned that this may not represent
206 the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
207 shall not be held responsible for identifying any or all such patent rights.

208 IEC 61853 has been prepared by WG2: Modules, non-concentrating, of IEC technical
209 committee 82: Solar photovoltaic energy systems. It is an International Standard.

210  This second edition cancels and replaces the first edition published in 2016-09. This edition
211 constitutes a technical revision.

212 This edition includes the following significant technical changes with respect to the previous
213 edition:
214 a) New clause 3 “Terms and definitions” was added;

215 b) New measurement methods are introduced in clause 7 “Procedure for the measurement of
216 incidence angle effects”; ocuments
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217  ¢) A new procedure for data filtering was added to clause 8 “Methodology for determining
218 coefficients for calculating the Nominal Module Operating Temperature (NMOT)”;

219 d) Annex A (informative) Annex B (normative) and Annex C (informative) were added;

220 e) The term “calibration” was removed;

221 f) The wording in clauses 4 and 5 was aligned to the last edition of ;

222 g) The tilt angle for NMOT measurement was harmonized to (37+5) °C throughout the text.

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

Draft Report on voting

XXIXX/FDIS XX/IXX/RVD

224
225 Full information on the voting for its approval can be found in the report on voting indicated in
226 the above table.

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

228  This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
229  accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
230 at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
231 described in greater detail at www.iec.ch/publications.

232 The committee has decided that the contents of this document will remain unchanged until the
233  stability date indicated on the IEC website under webstore.iec.ch in the data related to the
234 specific document. At this date, the document will be

235 e reconfirmed,

236 e withdrawn,

237 e replaced by a revised edition, or
238 e amended.

239
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240 INTRODUCTION

241 Photovoltaic (PV) modules are typically rated at standard test conditions (STC) of 25 °C cell
242 temperature, 1 000 W m~2 total irradiance, normal incidence and air mass (AM) 1,5 spectrum.
243 However, PV modules in the field operate over a range of temperatures, total and spectral
244 irradiances, and incidence angles. Hence, PV modules can be rated based on the calculated
245 energy production under a standardized set of environmental and climatic conditions.

246 This series proposes a standard method for energy rating and consists of four parts:

247 e |EC 61853-1: Irradiance and temperature performance measurements and power rating,

248 which describes requirements for evaluating PV module performance in terms of power
249 (watts) rating over a range of irradiances and temperatures;
250 o |EC 61853-2: Spectral responsivity, incidence angle, and nominal module operating
251 temperature measurements, which describes test procedures for measuring the effect of
252 varying angle of incidence and sunlight spectra as well as the estimation of module
253 temperature from irradiance, ambient temperature, and wind speed;
254 e |EC 61853-3: Energy rating of PV modules, which describes the calculations for PV module
255 energy (watt-hours) ratings; and
256 e |EC 61853-4: Standard reference climatic profiles, which describes the standard time
257 periods and weather conditions that can be used for the energy rating calculations.
258
259
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260 PHOTOVOLTAIC (PV) MODULE

261 PERFORMANCE TESTING AND ENERGY RATING

262

263 Part 2: Spectral responsivity, incidence angle and nominal
264 module operating temperature measurements

265

266

267

268 1 Scope

269 The IEC 61853 series establishes IEC requirements for evaluating PV module performance
270 based on power (watts), energy (watt-hours) and performance ratio (PR). It is written to be
271 applicable to all PV technologies, including bifacial PV modules, but may not work well for any
272 technology where the module performance changes with time (e.g. modules change their
273 behaviour with light or thermal exposure), or which experience significant non-linearities in any
274  of their characteristics used for the modelling.

275  The purpose of this second part of IEC 61853 is to define procedures for measuring the effects
276  of angle of incidence of the irradiance on the output power of the device, to determine the
277  operating temperature of a module for a specific set of ambient and mounting conditions and
278 measure spectral responsivity of the module.

279 The described measurements are required as inputs into the module energy rating procedure
280 described in IEC 61853-3. Results of the measurements described in this part, however, may
281 also be used for other purposes, where relevant, e.g. yield prediction with commercially
282 available simulation tools that need spectral responsivity or relative angular transmittance.

283 PV modules to be installed onto buildings (either in building integrated or in building applied
284 photovoltaics systems, BIPV or BAPV, respectively) may exhibit very peculiar spectral, optical
285 and thermal properties for which the procedures described in this standard may lead to
286  significant inaccuracies: the specificity of PV modules to be installed in buildings is illustrated
287 in informative Annex A.

288 2 Normative references

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

293 ISO 2859-1, Sampling procedures for inspection by attributes - Part 1: Sampling schemes
294  indexed by acceptance quality limit (AQL) for lot-by-lot inspection

295 ISO 9059, Solar energy — Calibration of field pyrheliometers by comparison to a reference
296  pyrheliometer

297 ISO 9060, Solar energy — Specification and classification of instruments for measuring
298 hemispherical solar and direct solar radiation

299 EC 60891, Photovoltaic devices — Procedures for temperature and irradiance corrections to
300 measured |-V characteristics

301 EC 60904-1, Photovoltaic devices — Part 1: Measurement of photovoltaic current-voltage
302 characteristics
Documents
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303 JEC TS 60904-1-2, Photovoltaic devices — Part 1-2: Measurement of current-voltage
304 characteristics of bifacial photovoltaic (PV) devices

305 EC 60904-4, Photovoltaic devices — Part 2: Requirements for photovoltaic reference devices

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

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

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

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

314 EC 61215 (series), Terrestrial photovoltaic (PV) modules — Design qualification and type
315 approval

316 IEC TS 61724-2, Photovoltaic system performance - Part 2: Capacity evaluation method

317 EC 61853-1, Photovoltaic (PV) module performance testing and energy rating — Part 1:
318 Irradiance and temperature performance measurements and power rating

319 IEC 61853-3, Photovoltaic (PV) module performance testing and energy rating — Part 3: Energy
320  rating of PV modules

321 EC TS 61836, Solar photovoltaic energy systems - Terms, definitions and symbols

322 IEC 63092-1, Photovoltaics in buildings - Part 1: Requirements for building-integrated
323  photovoltaic modules

324 EC TS 63126, Guidelines for qualifying PV modules, components and materials for operation
325  at high temperatures

326 3 Terms and definitions

327 For the purposes of this document, the terms and definitions given in JEC TS 61834 and the
328  following apply.

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

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

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

333 3.1
334  angle of incidence (AOI)
335 6

336 angle between the direct irradiant beam and the normal to the active surface

337 Note: Unit °
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3.2
incidence angle
SEE: “angle of incidence (AOI)”, 3.1

Note: Unit: °©

3.3
incidence angle modifier (IAM)
SEE: “relative angular transmittance”, 3.5

Note: Unit: dimensionless

3.4

nominal module operating temperature

NMOT

equilibrium mean solar cell junction temperature within a mounted module operating near peak
power in the following standard reference environment:

e Tilt angle: (37 £ 5)°

e Total irradiance: 800 W m~2

e Ambient temperature: 20 °C

e Wind speed: 1 m s*

e Electrical load: An electronic Maximum Power Point Tracker (MPPT)

Note: Unit: °C

3.5
relative internal angular transmittance

Trel(e)
quotient of the transmittance from air to the PV cell at angle of incidence 6, and the
transmittance at normal incidence (6 = 0°)

Note 1: Also known as incidence angle modifier, IAM(0)

Note 2: Unit: dimensionless

3.6

relative internal spectral angular transmittance

Trel(erl)

relative internal angular transmittance as a function of wavelength

Note: Unit: dimensionless

3.7

spectral responsivity

s

short-circuit electric current density generated by unit irradiance at a particular wavelength,
plotted as a function of wavelength

Note: Unit: A W~*

3.8
target volume
the volume spanned by the active element (cell, cells or entire module) upon rotation

Note: Unit m® or cm®

3.9
volume of influence
the volume spanned by the active cell plus one-half cell dimension in all directions upon rotation

Note: Unit m? or cm?® Documents
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383 4 Sampling

384 For performance qualification testing, three modules shall be selected randomly from a
385 production batch or batches in accordance with the procedure given in ISO 2859-1. The
386 modules shall be initially stabilised in accordance with clause 5 of this standard to assure the
387  stability of the power values. One module (or equivalent representative sample) shall be used
388 for each of the three tests, spectral responsivity, angle of incidence, and thermal performance.
389 A single module may be supplied if the test is to be carried out in sequence. Up to three modules
390 need to be supplied if tests are to be carried out in parallel.

391 The modules shall have been manufactured from specified materials and components in
392 accordance with the relevant drawings and process sheets and shall have been subjected to
393 the manufacture’s normal inspection, quality control and production acceptance procedures.
394  The modules shall be complete in every detail and shall be accompanied by the manufacturer’s
395  handling and final assembly instructions regarding the recommended installation of any diodes,
396 frames, brackets, etc.

397 When the devices under test (DUTs) are prototypes of a new design and not from production,
398 this fact shall be noted in the test report.

399 5 Testing

400 One of the modules (or representative samples) shall be subjected to each of the testing
401 procedures defined in clauses 6 to 8, i.e. the procedure for spectral responsivity (see clause
402 6), angle of incidence (see clause 7) and nominal module operating temperature measurements
403 (see clause 8). In carrying out the tests, the manufacturer’s handling, mounting, connection and
404 cleaning instructions shall be observed. This can be the same module undergoing all tests
405 sequentially or three distinct modules undergoing the characterisation tests in parallel. It shall
406 be noted in the test report if a single or different modules have been used.

407 If the module under test is going to be used with a frame that covers the edges of the
408 superstrate, then each test shall be performed with a similar frame in place.

409 Initial stabilization — Before beginning the measurements, the DUT shall be electrically
410  stabilized, as specified in technologically specific documents of the |EC 6121§ series (MQT
411 19.1) based on the technology of the DUT.

412 Figure 1 shows an overview of the testing procedure to be conducted.

Initial stabilization
(MQT 19.1)

v
Visual inspection
(MQT 01)
v

Max power determination
(MQT 02)

I
v v v

Spectral responsivity Incidence angle effect Determination of NMOT
(Clause 6) (Clause 7) (Clause 8)

v

Visual inspection
(MQT 01)

v

Max power determination
(MQT 02)

413

414 Figure 1 — Overview of the testing cycle to be carried out in IEC 61853-2 (with reference

415 to [EC 61218). Documents
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416 6 Procedure for spectral responsivity measurement

417  The spectral responsivity (SR) S(1) of a PV module has an impact on the amount of current
418 produced at any given spectral irradiance. Normally it is not necessary to measure S(1) at all
419 possible values of irradiance and temperature that a module encounters during outdoor
420  operation. A single measurement should be sufficiently accurate for all expected operating
421 conditions. The need for this can be verified by checking the linearity of short circuit conditions
422 measured in . Should a non-linearity of the short-circuit current with respect to
423 irradiance or temperature larger than 3 % be observed, further investigation might be warranted
424 to identify if S(1) changes as a function of irradiance and temperature. If S(1) of a particular
425 module type is a function of irradiance or temperature, this result should appear in the test
426 report.

427 To measure S(1), the procedure described in shall be followed using the short
428 circuit condition, 25 °C cell temperature and an appropriate bias light, where required by
429 . This procedure should be applied to the full-sized module, if possible, i.e. the module
430 should be characterized in its entirety. If this is not possible, a small sample equivalent in
431 construction and materials may be used or a single cell in the module should be characterized
432 according to the measurements described in .

433 For bifacial modules, S(1) shall be measured on both sides of the testing sample and reported
434  accordingly.

435 Coloured PV modules present additional challenges: these are addressed in Annex A, clause
436 A.1.

437 The SR of a solar cell changes upon encapsulation. Therefore, an encapsulated solar cell shall
438 be used if a full-sized module cannot be tested.

439  The module power shall be measured before and after measurement of the SR, according to
440 MQT 02 of JEC 6121§. Any variation in the DUT’s maximum power shall be noted in the test
441 report.

442 T Procedure for the measurement of incidence angle effect

443 71 Purpose

444  The purpose of this test is to determine the effect of the incidence angle on module
445 performance. In real operation, the incidence angle dictates the fraction of the direct and diffuse
446 irradiance available for conversion into electrical energy inside the module, i.e. the transmitted
447  and reflected fractions of the available light. Both the external reflection (front surface) and
448 internal reflections are functions of the solar incidence angle and of the module design. Hence,
449  the irradiance absorbed by PV devices at a particular incidence angle may differ between
450 module designs. Also, the orientation of the module installation has a strong influence on the
451 incidence angle effects.

452 For modules with a flat front glass plate, the relative internal angular transmittance into the
453 module is primarily influenced by the first glass-air interface.

454 For bifacial modules, the irradiance contribution to the opposite side of the DUT shall not exceed
455 3 W m-2 during the measurement: this can be achieved by blocking the rear side with a non-
456 reflective panel (see |JEC TS 60904-1-2).

457 Modules for use in buildings may have peculiar surface treatment, such as antiglare, coloured
458  glass, textured glass: examples are addressed in Annex A, clause A.2.

459 For frameless modules (both monofacial and bifacial), the edges of the modules shall be
460 blocked with an opaque tape or similar material, to avoid irradiance entering the module from
461 its edges.

Documents

Document Sharing Hub

Full document details: 24/30499534 DC


https://doi.org/10.3403/30204714U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/01460401U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/01460401U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/01460401U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/01460401U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/00583064U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/30355545U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/24-30499534-dc
http://www.avadocuments.com/doc/24-30499534-dc

462
463
464
465
466
467
468
469
470

471

82/2298/CD

14

IEC CD 61853-2 ED2 © IEC 2024

This document presents various methods (either indoors or outdoors) that were proven to be
Table 7-1 summarises the proposed methods that are described in the
indicated clauses, specifying whether the method is applicable to cells, modules or cells in a
module; the equipment required in each method; the specific uncertainty contributions (other
than usual uncertainty contributions); and an informative indication of the advantages (“pros”)
and disadvantages (“cons”) of each method, according to how close it approximates the ideal
conditions for measurement of the incidence angle effect (i.e. uniform and collimated total
irradiance of 1 000 W m—2, AM1.5 spectral irradiance, and 25 °C cell temperature). The method
used shall be noted in the test report.

reproducible [1].

Table 7-1 — Measurement methods for the incidence angle effect.

Measurement
method

Applicable
to
(cell/module)

Main equipment
requirement

Specific uncertainty
contribution(s)

Pros and/or cons (informative)

Indoor method 1:
irradiation on full
cell (or module) or
on an optically
equivalent device
(clause 7.2)

Cell or
module

Minimum Class B
uniformity simulator
over the active area

Minimum Class B
spectral match
(recommended)

Spatial uniformity of
irradiance

Stray light
(reflections)

Pros: spectral match

Cons: uniformity requirement; control
of stray light is critical

Indoor method 2:

Single cell in

Class B uniformity

Spatial uniformity of

Pros: can be easily applied with

partial irradiation
(on cells)
(clause 7.4)

and angular probe
holder

Minimum Class B
spectral match
(recommended)

Lock-in
(recommended)

Bias light
(recommended)

Indoor method 3b:

Single cell in

Collimated beam

irradiation on a a module simulator over the irradiance “tunnel” simulators; spectral match
artially shaded cell area
sell in e}llmodule Stray light Cons: control of stray light is critical;
(clause 7.3) Minimum Class B (reflections) only one axis of rotation can be
’ spectral match tested.
(recommended)
Indoor method 3a: Cell Collimated beam Homogeneity (within Pros: negligible stray light

and between cell)

Divergence of the
collimated beam

Spectral mismatch (if
minimum Class B is
not met)

Cons: care should be taken to address
edge effects and reflections by
busbars

(clause 7.7)

Reference detector

partial irradiation a module and angular probe
(on modules) holder
| 7.4
(clause ) Lock-in technique
Bias light
Minimum Class B
spectral match
(recommended)
Indoor method 4a: Cell Monochromator Spatial uniformity of Cons: when the monochromatic beam
spectrally resolved . irradiance is smaller than cell area, care should
method (on cells) Lock-in . be taken to address edge effects and
(clause 7.5) (recommended) Strfay light reflections by busbars; if filtered
Bias light (reflections) simulator is used, same cons as
(recommended) Homogeneity (within Indoor methods 1 or 2.
i X cell and between
Indoor method 4b: Module or Filtered simulator cells)
spectrally resolved single cell in .
method (on a module or:
modules) Collimated beam
clause 7.5 and angular probe
( ) holder
Lock-in technique
Bias light
Outdoor method 1: Cell or 1 or 2-axis tracker Angular positioning Pros: can be performed in ideal
absolute method module measurement conditions
(clause 7.6) Pyranometer +
) pyrheliometer
Outdoor method 2: Cell or 1 or 2-axis tracker Angular positioning Pros: it can be performed in ideal
relative method module measurement conditions; it may be

Calibration of the
reference detector

faster than outdoor method 1

ce with

ocuments

Cons: it requires a refere
calibrated relative angul
transmittance
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472 7.2 Indoor test method 1: irradiation on full cell (or module) or on an optically
473 equivalent device

474 7.21 General

475 Indoor test method 1 for the incidence angle effect is based on measuring the short-circuit
476 current (/sc) data for the test module or test cell over a wide range of incidence angles.

477 In the following clauses, “target volume” indicates the volume spanned by the active area (the
478 target cell, cells, or the entire module, see clause 7.2.2) upon the entire rotation of the DUT
479  during the test; “volume of influence” is the volume spanned by the active cell plus one-half cell
480 dimension in all directions (the volume of interest equals to the target volume when the full-size
481 module is measured, clause 7.2.2.a).

482 7.2.2 Test sample preparation
483 In indoor method 1, the incidence angle effect can be measured on three types of test samples:

484  a) A full-size module, if the solar simulator uniformity satisfies the specified requirements of

485 spatial uniformity over the volume of interest (see clause 7.2.3.c).

486 b) A small-sized, optically equivalent test module with one active cell surrounded by non-active
487 cells. If a mini-module without surrounding cells is used, the test laboratory should address
488 the effect of missing surrounding cells in the uncertainty budget: in this case, the area
489 around the cell shall be masked to ensure that the exposed backsheet portion is equivalent
490 to the exposed backsheet portion in the full-size module; the edges of the sample shall also
491 be covered to avoid irradiation entering the sample from there.

492  c¢) A full-size module, with a single cell electrically isolated and contacted. This can be
493 achieved, for example, cutting through the back sheet to access the contacts of the target
494 cell; cells near the edges or frame of the module shall be avoided.

495 NOTE In cases where there is a concern of edge effect due to framed or frameless module design, the testing
496 laboratory may optionally investigate isolated cells from different locations in the module and consider the dispersion
497 of results in the uncertainty budget.

498 7.2.3 Apparatus

499  The following apparatus is required to control and measure the testing conditions:

500 a) A PV reference device in conformance with JEC 60904-2 that is linear in output over the
501 range of irradiances under test according to [EC 60904-10, mounted in the test plane of the

502 simulator to monitor the total irradiance. It is also acceptable to mount the reference device
503 outside the test plane, if the test plane is part of the rotating test rack. In this case, the
504 irradiance setting shall be transferred to the new location of the reference device, to ensure
505 that the sample is measured at the target irradiance.

506 b) Means of measuring the ambient temperature, and the temperature of the DUT and of the
507 reference device to a minimum accuracy of £1 °C with a minimum repeatability of £0,5 °C.
508 c¢) When a solar simulator is used without bias light, the solar simulator shall be minimum class
509 B with respect to the spatial uniformity requirements within the target volume and minimum
510 class A with respect to temporal stability according to |[EC 60904-9.

511 When bias light is used (differential method), bias light should be minimum class B with
512 respect to the spatial uniformity requirements within the target volume and minimum class
513 A with respect to temporal stability according to iEC 60904-9.

514 The solar simulator should have negligible diffuse irradiance in the target volume. For this
515 purpose, baffles with increasing apertures shall be used in the light path. It is recommended
516 that the view angle of the test sample related to the lamp unit should be within £15°. The
517 spatial uniformity in the volume of influence should be minimum class C. The deviation from
518 normal incidence of the direct beam from the simulator should not be more than 1° over the
519 target volume.

520 An estimation for the spatial non-uniformity in the target volume and volume iQf

521 shall be stated in the report according to the following equation ﬁBEEﬂﬁE“tS
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Gmax - Gmin

-100 %, (1)
Gmax Gmin
522
523 where:
524 Gmax is the maximum irradiance (in the target volume or volume of influence,
525 whichever is the case) for the widest angle of incidence (8 = 90°), expressed in W m™2;
526 Gmin is the minimum irradiance (in the target volume or volume of influence,
527 whichever is the case) for the widest angle of incidence (6 = 90°), in W m™2.
528 If the solar simulator in use can be approximated by a point-like source (i.e. “tunnel” solar
529 simulators), a good approximation of equation (1) is
2:-D-d
. 0 2
Blea 100% (2)
530
531 where:
532 D is the distance between the lamp and the test area measured at the optical axis,
533 expressed in m;
534 d is half the dimension of the measurement area, expressed in m.
535 Care shall be taken to prevent reflections from within the room to the rotational test area.
536 There shall be no protrusions to prevent full irradiance over the target volume during the
537 measurement. Diffusion of irradiance from the floor, walls, ceiling or objects shall be
538 avoided. If black paint or black curtains are used to reduce reflections from inner walls of
539 the solar simulator test room, it is required to check the reflective properties of the materials.
540 The material may be highly reflective in the infrared. Annex B illustrates the possible
541 sources of irradiance diffusion and how to correct for them.
542 d) For bifacial devices, the contribution from the irradiance incident on the opposite side of the
543 device under test shall be eliminated during the measurement by creating a non-irradiating
544 background, as indicated in |JEC TS 60904-1-3.

545 e) The spectral match of the solar simulator should be minimum Class B according to
546 60904-9; however, if a different source is used, the effect of the spectral mismatch shall be
547 quantified and included as an uncertainty component and reported.

548 f) Equipment to measure the short circuit current of the test module to an accuracy of £0,2 %

549 at the target irradiance value (see |[EC 60904-1).

550 g) Equipment for measuring the reference device output to an accuracy of £+0,2 % at the target

551 irradiance value.

552 h) An adjustable rack capable of accurately positioning the module at the specified angles of
553 incidence to a minimum accuracy of +1°. Care shall be taken to ensure that rotation of the
554 test apparatus does not change the irradiance on the reference device (see Annex A). When
555 measurement is performed on a single active cell, the device should be rotated around the
556 rotational axis of the cell centre under investigation. The axis of rotation shall not change
557 during the entire angular range of measurements.

558 i) The DUT temperature sensor shall be attached by solder or thermally conductive adhesive
559 to the back near the middle of the DUT, or to the back of the active cell, if an opticall
560 equivalent mini-module or a module with a single active cell are used. Alternatively, use ﬁ
561 60904-5 and its associated equipment for determining cell temperature.

562 j) A data acquisition system capable of recording the following parameters for each incidence
563 angle setting:

564 e The irradiance recorded by the reference device,

565 e The short-circuit current of the module,

s66 o The DUT temperature, Documents
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