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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC DEVICES -

Part 3: Measurement principles for terrestrial photovoltaic (PV)
solar devices with reference spectral irradiance data

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The objéct\ of I[EC ‘s to promote
international co-operation on all questions concerning standardization in the eleetrical and etectronic fields. To
this end and in addition to other activities, IEC publishes International Standards,\Technicak Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter_referred\ to/as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any [EC National*Committeé interested
in the subject dealt with may participate in this preparatory work. International, 'goveranmental and non-
governmental organizations liaising with the IEC also participate in this prepatatiorn. IEC coltaborates closely
with the International Organization for Standardization (ISO) in accordanege with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical mattérs express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technjcal committee_has representation from all
interested IEC National Committees.

IEC Publications have the form of recompiendations for international yse.and are accepted by IEC National
Committees in that sense. While all reasonable efforts are_ made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible \Mfor the.way/in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformi‘y, IEC~Natiohal ‘Committees undertake to apply IEC Publications
transparently to the maximum_extent possible \in their national and regional publications. Any divergence
between any IEC Publication and.the’corresponding national or regional publication shall be clearly indicated in
the latter. . N |

IEC itself does not provide_any“attestation of cenformity! Independent certification bodies provide conformity
assessment services and, in“some.areas, acscessto IEC marks of conformity. IEC is not responsible for any
services carried gut by independent certification\bodies.

All users should ensdrethat they have the latest edition of this publication.

No liability shall attach to [EC or its difectors, employees, servants or agents including individual experts and
members of its teChnicakcommittees and |[EC National Committees for any personal injury, property damage or
other damage_of any ‘nature whatsoevef, whether direct or indirect, or for costs (including legal fees) and
expenses arising._out of the. publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications\

Attention issdrawn‘to_the Normative references cited in this publication. Use of the referenced publications is
indispensable faor the cotrect application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC-shall not be held responsible for identifying any or all such patent rights.

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 60904-3 has been prepared by IEC technical committee 82: Solar
photovoltaic energy systems.

This third edition cancels and replaces the second edition published in 2008. This edition
constitutes a technical revision.

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

a) the direct beam irradiance corresponding to the global irradiance in Table 1 was included;
b) the term “Global photon irradiance” in Table 1 was changed to “Global photon flux”;

c) the titles of some clauses have been changed (others have been added) in accordance

with the usual structure of IEC standards.

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

FDIS yépcmnwng

82/1071/FDIS f\\sz/ﬁq 9‘56//R\VD

The committee h
the stability date j
related to the sp

EC” website under "http://webstore.iec.ch" in the data
his date, the publication will be

e replaced\by arewised gdition, or

e amended.

IMPORTANT - The “colour inside” logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this publication using a colour printer.
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PHOTOVOLTAIC DEVICES -

Part 3: Measurement principles for terrestrial photovoltaic (PV)
solar devices with reference spectral irradiance data

1 Scope and object

This part of IEC 60904 applies to the following photovoltaic devices for terrestrial applications:

— solar cells with or without a protective cover;

— sub-assemblies of solar cells;
— modules; and
— systems.

NOTE The term “test specimen” is used to denote any of these devices:

This standard also de¢

output of PV .
performance rati f

distribution.

spectral irradiance distribution is given in this standard—is
solar simulators according to the spectral performance

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

IEC 60891:4987, Photovoltaic devices — Procedures for temperature and irradiance

corrections to measured I-V characteristics-of-crystalline-silicon-photovoltaic-devices

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

IEC 60904-2, Photovoltaic devices — Part 2: Requirements for photovoltaic reference—selar
devices
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IEC 60904-5, Photovoltaic devices — Part 5: Determination of the equivalent cell temperature
(ECT) of photovoltaic (PV) devices by the open-circuit voltage method

IEC 60904-7, Photovoltaic devices — Part 7: Computation of the spectral mismatch—error

mtredueee#m%h&tesm;geeﬁa correction for measurements of photovoltaic devices

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

IEC 60891. The corrected power output at the
commonly referred to as the rated power.

of a thermopile-type irradiance detector > . reference deV|ce is used,
shall satisfy the requirements specified i emperature determination of the PV
device under test shall be made accordj or IEC 60904-5.

Since a solar cell hag a | ésponse, its performance is significantly

with-several factors s i veather, time of year, time of day, orientation of the
receiving surfac : i ' y

¥ Regardless of whe i is measured with either a thermopile-type radiometer

(that is not spect electi C th a reference solar-eelf device, the spectral irradiance

distribution ight—must shall be known in order to4nake—the—neeessa1ty
-IA‘\ =e.‘.\ ';vll.. = .. -' llv a _ll- flIeran ') '

d butjgn~de & in-this.standard-as-specified-in use IEC 60904 7 to calculate the spectral

mismatch\p
global or direx

pasured performance and the predicted performance under the
eqnce’solar spectral distribution defined in this standard.

When the spectral responsivity of the PV device is known as determined according to

IEC 60904-8, it is also possible-for-a—user-or-array-designer—using-the-spectral responseof
the-cells; to use IEC 60904-7 to compute-withina-reasonable-tolerance-the performance-ofa

the performance of that PV device when exposed to light of anyw%het known spectral
irradiance distribution. ;

4 Reference solar spectral irradiance distribution

The reference solar spectral distributions AM1.5-is are given in Table 1 and Figure 1. These
are

— global distribution (direct + diffuse) of sunlight, corresponding to an integrated irradiance
of 1 000 W-m~2 incident on a sun-facing plane surface tilted at 37° to the horizontal, and

— the direct distribution of sunlight, corresponding to an integrated irradiance of 900 W-m~2
incident on a sun-facing plane surface perpendicular to the incident sunlight,
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considering the wavelength-dependent albedo of a light bare soil, under the following
atmospheric conditions:

— U.S. standard atmosphere with CO, concentration increased to current level (370 ppm), a
rural aerosol model, and no pollution;

— precipitable water: 1,416 4 cm;

— ozone content: 0,343 8 atm-cm (or 343,8 DU);

— turbidity (aerosol optical depth): 0,084 at 500 nm;

— pressure:-10143.25-hPa 101,325 kPa (i.e. sea level).

Data contained in Table 1 have been generated using the solar spectral model SMARTS,
Version 2.9.2. A general description of this model and its suitability to regroduce actual solar

references therein. Table 1 can be obtained using the data contained \m\Anns
to the model SMARTS Version 2.9.2. The resulting output speciral irratiance
be multiplied by a normalization factor (86,9974 0,997 08) 1 ) g8
irradiance of 1 000 W-m~2 in the wavelength range 0 to infinity \ S irrgdiance. This
same scaling factor is applied to the direct spectrum ‘giving. Q ntegrated irradiance of
900 W-m~2 in the wavelength range 0 to infinity.

At the time of publication of this standard the S
available, free of charge, subject
http://www.nrel.gov/rredc/smarts. A
under IEC TC 82 WG-2 control.

.2“spectral model code is
icense agreement, at
iStribution purposes, is kept

T ¢ A Gueymard, C. Myers and K. Emery, “Proposed Reference Irradiance Spectra for Solar Energy Systems

Testing”, Solar Energy, Vol 73, No. 6, pp. 443-467, 2002.
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Table 1 — Reference solar spectral irradiance distribution

length HtFad_:;r—.me(—}_4F . . Lo Lo wpad_zanee4 . . Lo

(rm) (MM A }(_m—z__s—t__nm—g W2 am)  |(WemTnm )€m—2__s—1lnm—1-) W)
2800 4. 72E-23 6;649E-05 0;00E+00 3025 0;0043 6;505E+15 0,04
2805 1,23E-21 1,733E-03 349E-22 303,0 000714 1,079E+16 001
2810 5,67E-21 8,025E-03 2,04E-21 303;5 0;0090 1,.368E+16 001
2815 1,56E-19 2;213E-01 4.25E-20 3040 0;0094 1, 445E+16 0;02
2820 149E-18 1,691E+00 379E-19 304;5 00119 1,827E+16 0,02
2825 4.53E-18 6;443E+00 1.81E-18 3050 00164 4@2-\9-5{—1-6 0,03
2830 184E-17 2,621E+01 754E-18 3055 00187 /\E—,M 0,04
2840 | 7.25E-16 | 1,036E+03 |211E-16 3065 00210\ N DeazBxae\|  0.06
200.0 | 6.00E-09 | [D758BN08 mEv\\/ 312,5 0,0987 1,553E+17 0,39
2010 | 350EQ8 ) R120E+40 Ne.00BN08 3135 0,1073 1,693E+17 0,49
2945 6,—%5\96 9. 743E+12 5 72E-06 3470 04711 2. 730E+17 0,95
295;0 1;23E-05 1;820E+13 1;04E-05 31745 04819 2,908E+17 1,04
2955 2 77E-05 4427E+13 2,04E-05 3148,0 014754 2,808E+17 143
296;0 4. 78E-05 HA7E+13 3;93E-05 3185 014854 2.972E+17 122
2965 7A4E-05 1;062E+14 6;90E-05 349,0 02044 3278E+17 132
2970 9,65E-05 1443E+14 1A4E-04 3149;5 01953 3442E+17 142
2975 1,86E-04 2 779E+14 1,:841E-04 3200 0;2047 3 297E+17 152
298.0 2,89E-04 4.338E+14 3;00E-04 320;5 0;2445 3;945E+17 1,63
298;5 3;57E-04 5:362E+14 4.62E-04 32140 02495 4032E+17 175
299;0 4.91E-04 7:386E+14 6, 7/3E-04 3215 02377 3, 848E+17 1,88
299.5 8,58E-04 1,294E+15 1;01E-03 3220 02214 3;589E+17 1,99
300;0 0,0010 1,537E+15 0,00 3225 02165 3 514E+17 240
300;5 00012 1,878E+15 0,00 323,0 02116 3A4441E+17 221
3040 00019 2,9168E+15 0,00 323;5 02479 4.037E+17 232
3045 00027 4.073E+15 0,00 3240 02746 4 478E+17 245
3020 00029 4;428E+15 0,01 3245 0,2824 4.613E+17 2,59
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Spectral Cumulative
engt .5_255. EE_L} irradiance irradiance
Siliip) (ALw (m—Z._S—‘L.Hm—E} (m[.m—Z)

325;0 02784 4.550E+17 273
3265 0;4060 6,674E+17 325
3275 03835 6:323E+17 3,65
3280 03504 5 784E+17 3,83
329;0 04244 6;975E+17 424
330;5 0;4268 7A00E+17 489
3345 04168 6,956E+17 530
3320 04350 1 270E+17 552
333;0 0,4282 7A78E+17 £
3345 04438 FAT3E+1T GTK
3355 | 04518 | 7.664E%7 R\
3360 0,4140 2oodEa N | 700
3365 03810 | [edssmx | \zd%
3375 | 0300 edeseern | “zsa
338,0 0,4320 AN 7385EM7 |7 800
3385 | 04538\ N\ AzasarN_d26
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irradiance P s_te mteg;ated

2amY) irradiance irradiance
(W-n m2sam )| PALmT2)

0,5061 074607 /[ B3.8b
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.
(am)  |Mem2amty| HEadiance | | iradiance
(m2sham )| (Wem?)

4000 EEETVN 2,2%%_\*18 45,97
4010 | 11568 ) 23385 | 7,10
1020 | 226\ | Nededs | 4828
403,0 579 O\ 24088 | 4946
2040 |67 \\_2.398E+18 | 50563
(4060) | w1193\ ) 2288E+18 | 52,93
Caosl 10461 2,358E+18 | 5516
Nos.o\| #2063 2,525E+18 | 5635
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.
(am)  |Mem2amty| HEadiance | | iradiance
(m=s"Am )| (WemT)

4940 15480 "\ 3.dobnts \ 17571
4956 4—643& \4:99@ \!77,31
2960 | 503\ | \a.od3E+ds | 178,01
497.0 898 N\ 397786 | 18049
2980 N Dedea\\ 2.8¥yE+1s | 18205
Nso3.o\ #5608 3,952E+18 | 189,68
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Cumulative

N A emzm?ﬂ m
5820 | 15276 | 4475E+18 | 309,38
5830 | 15434 | 4530E+18 | 310,01
5840 | 15403 | 4528E+18 | 312,45
5850 | 15280 | 4500E+18 | 313,99
586,0 | 14910 | #3U8E+18 | 315,50
5880 | 14801\ 4.408bwis \ 318,51

5&@%45@54384&4@332-8@
w%%%
é@&gu—m;m,m%ssslz
6010 | 44537 | 4398E+18 | 33718
6020 | 14318 | 4339E+18 | 33862
6030 | 14621 | 4.438E+18 | 34007
6040 | 44878 | 4524E+18 | 34155
6050 | 14852 | 4523E+18 | 34303
6060 | 14779 | 4509E+18 | 34451
6070 | 14868 | 4543E+18 | 34600
6080 | 14819 | 4536E+18 | 34748
6090 | 14706 | 4509E+18 | 34896
6100 | 14643 | 4497E+18 | 35042
6110 | 14569 | 4481E+18 | 35188
6120 | 14788 | 4556E+18 | 353.35
613.0 | 14579 | 4.499E+18 | 354.82
6140 | 44135 | 4369E+18 | 35626
6150 | 14654 | 4537E+18 | 35770
6160 | 14269 | 4425E+18 | 35914
6170 | 14087 | 4375E+18 | 360,56
618.0 | 14621 | 4549E+18 | 36200
6190 | 14690 | 4578E+18 | 36346
6200 | 14696 | 4587E+18 | 364.93
6210 | 14759 | 4614E+18 | 36640
6220 | 14228 | 4.455E+18 | 367.85
6230 | 14124 | 4430E+18 | 369.27
6240 | 14077 | 4422E+18 | 37068
6250 | 13985 | 4.400E+18 | 37208
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