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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC DEVICES -

Part 9: Solar simulator performance requirements

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object /0 is to promote

this end and in addition to other activities, IEC publishes International Standard echnical ‘Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hexe o as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any K qtio i i
in the subject dealt with may participate in this preparatory work. {

consensus of opinion on the relevant subjects since each ica i épresentation from all
interested IEC National Committees.

Publications is accurate, IEC cannot be
misinterpretation by any end user.

4) In order to promote international uniformity i € i undertake to apply IEC Publications
transparently to the maximum extent posgible |n th' i and regional publications. Any divergence
between any IEC Publication and the corre ional er regional publication shall be clearly indicated in
the latter.

7) No liability shal =yl
members of its te atfonal Committees for any personal injury, property damage or
other damage of an S ether direct or indirect, or for costs (including legal fees) and
expenses arising ot f i ge of, or reliance upon, this IEC Publication or any other IEC
Publications.

This second edition cancels and replaces the first edition issued in 1995. It constitutes a
technical revision.

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

e Added “Terms and definitions” clause
e Redefinition of solar simulator classification

e Added procedures for the measurement of classification parameters: Spectral match,
temporal instability, non-uniformity of irradiance

e Provided details and guidance to address technology specific measurement effects

The text of this standard is based on the following documents:
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FDIS Report on voting
82/488/FDIS 82/498/RVD

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

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

A list of all parts of the IEC 60904 series, under the general title Photovoltaic devices, can be
found on the IEC web site.

* reconfirmed,
* withdrawn,
» replaced by a revised edition, or

@@
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PHOTOVOLTAIC DEVICES -

Part 9: Solar simulator performance requirements

1 Scope and object

IEC standards for photovoltaic devices require the use of specific classes of solar simulators
deemed appropriate for specific tests. Solar simulators can be either used for performance
measurements of PV devices or endurance irradiation tests. This part of 60904 provides
the definitions of and means for determining simulator classifications e\case of PV

vhich class requirements are laid down
ifradiance exposure should at least fulfil

class CCC requirements
use for PV performanc

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

31 solar simulator
A solar simulator can be used for two different applications:

a) |-V measurement.

b) Irradiance exposure.

The equipment is used to simulate the solar irradiance and spectrum. Simulators usually
consist of three main components: (1) light source(s) and associated power supply; (2) any

optics and filters required to modify the output beam to meet the classification retbiff:&]fmﬁents
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and (3) the necessary controls to operate the simulator. Solar simulators shall be labelled by
their mode of operation during a test cycle. These are steady state, single pulse, and multi-
pulse.

NOTE 1 Two types of solar simulators are commonly used to determine |-V characteristics: Steady-state and
pulsed. The pulsed solar simulators can be further subdivided into long pulse systems acquiring the total |-V
characteristic during one flash and short pulse systems acquiring one |-V data point per flash.

NOTE 2 Beside the light source, the lamp power supply and the optics, also the |-V data acquisition, the
electronic load and the operating software may be an integral part of the solar simulator. Requirements for the
related measurement technique are included in other parts of the IEC 60904 series.

3.2 test plane

the plane intended to contain the device under test at the reference irradid

3.3 designated test area

region of the test plane that is assessed for uniformity

NOTE If required, typical geometries can be specified. A specifical
permitted.

Nlar geometry is also

3.4 data sampling time

N the case of simultaneous

the time to take a single data set (irrad 0e u .
> -\, onverter. In the case of

EXAMPLE

A multiplexing time of 1 usnx

NOTE 1
adjustable

NOTE 2

3.6 time for acquiring the I-V characteristic
if the I-V curve of a PV device is measured through sectoring in different parts and successive

flashes, the full time for acquiring the entire |-V characteristic is the sum of times of data
acquisition

3.7 effective irradiance

irradiance may change during data acquisition of a I-V performance measurement. The
effective irradiance is then the average irradiance of all data points.

NOTE Care should be taken that possible irradiance correction meets the requirements of IEC 60891.
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3.8 spectral range

the reference spectral distribution of sunlight at Air Mass 1,5 Global is defined in IEC 60904-
3. For simulator evaluation purposes this standard restricts the wavelength range from
400 nm to 1 100 nm. In accordance with Table 1 this wavelength range of interest is divided in
6 wavelength bands, each contributing a certain percentage to the integrated irradiance.

3.9 spectral match

spectral match of a solar simulator is defined by the deviation from AM 1,5 reference spectral
irradiance as laid down in IEC 60904-3. For 6 wavelength intervals of interest, the percentage
of total irradiance is specified in Table 1.

Table 1 — Global reference solar spectral irradiance distrjbutio
given in IEC 60904-3

Wavelength range

nm

1 400 - 500
500 - 600
600 - 700

3.10 non-uniformity

Full document details: IEC 60904-9 2007

rradiance m!nlrradlance % 100% (1)
ax irradiance + minirradiance
rradiance are those measured with the detector(s) over
temporal instabih efined by two parameters:
a) Short term instability (STI)
This relates to the data sampling time of a data set (irradiance, current, voltage) during an
I-V measurement. This value of temporal instability may be different between data sets on
the I-V curve. In that case the short term instability is determined by the worst case.
For batch testing of cells or modules with no irradiance monitoring during |-V
measurement the STl is related to the time period between irradiance determination.
b) Long term instability (LTI)
This is related to the time period of interest:
— For I-V measurements it is the time for taking the entire 1-V curve.
— For irradiation exposure tests it is related to the time period of exposure.
Temporal instability (%)= { max l.rraZl.ance m!n z.rraleance}x1oo% (2)
maxX irradiance + min irradiance Documents
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where the maximum and minimum irradiance depend on the application of the solar simulator.

If the solar simulator is used for endurance irradiation tests, temporal instability is defined by
the maximum and minimum irradiance measured with a detector at any particular point on the
test plane during the time of exposure.

3.12 solar simulator classification

a solar simulator may be one of three classes (A, B, or C) for each of the three categories —
Spectral match, spatial non-uniformity and temporal instability. Each simulator is rated with
three letters in order of spectral match, non-uniformity of irradiance in the_test plane and
temporal instability (for example: CBA).

NOTE The solar simulator classification should be periodically checked in ordeg
maintained. For example spectral irradiance may change with operation time o
irradiance is influenced by the reflection conditions in the test chamber.

4 Simulator requirements

Table 1 gives the performance requirements for sp
and temporal instability of irradiance. For the sp
shall agree with the ratios in Table 2 i

NOTE If higher or lower irfadi

These requirem

©

<
—_
o

of solar simulator classifications

Temporal instability
Spe match to all ; : Short term Long term
3 e o Non-unif t
Classifieation intervals specified in :fni:,::ﬁoarr:r;'ey instability of instability of

Table 1 irradiance irradiance

STI LTI

N 0,75 -1,25 2 % 0,5% 2%

0,6 -1,4 5% 2% 5%

0,4-2,0 10 % 10 % 10 %

NOTE An example of solar simulator classification for |-V measurement is shown in Table 3. The classification of
spectral match is given for a non-filtered Xenon lamp. The classification for non-uniformity of irradiance depends
on the module size of interest.
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Table 3 — Example of solar simulator rating measurements

Non-uniformity of
irradiance for a specific
module size

Temporal instability of
irradiance

Classification as Spectral match to all
specified in table 2 intervals specified in Table 1

STI evaluation:
Simultaneous
measurement of module
current, module voltage
and irradiance. Trigger
etween channels

0,81 in 400 — 500 nm (A
0,71 in 500 — 600 nm (B
0.69 in 600 — 700 nm (B
0,74 in 700 — 800 nm (B
1,56 in 800 — 900 nm (C)

2,8 % for module size

100 cm x 170 cm nds. Within

)
)
cBB :
)

1,74 in 900 — 1 100 nm (C) TNor taking\the entire

Worst case classification = C CIaSSifWX Claséication =B

5 Measurement procedures
It is the intent of this standard to px the required solar simulator
performance data to be taken, and th 3 in the test area for these data to be

5.1 Introductory remarks

the simulator manufacturex to pqovide imformation\ypon request for test methods used in the
determination of the in “eash assification. These methods should be

scientifically and i acceptable procedures. The classification of a solar simulator
does not provid i 9
r

performance mea
dependent on the g S weni\devices and procedures used.

a) spectroradiometer\comprising a grating monochomator and a discrete detector,

b) a CCD or photodiode array spectrometer (CCD = charge coupled device),
c) a multiple detector assembly with band pass filters, and

d) a single detector with multiple band pass filters.

NOTE Care should be taken to avoid response from stray light or second order wavelength effects. Care should
be taken that the sensitivity of the sensor is suitable in the wavelength range of interest. Care should be taken to
ensure that the time constant of the detector is suitable for the pulse length of the simulator.

5.2.2 The spectral irradiance data taken should be integrated in the range 400 nm to 1 100
nm and the percentage contribution of the 6 wavelength intervals defined in Table 1 to the
integrated irradiance determined.

5.2.3 Calculate the spectral match for each wavelength interval, which is the ratio of
calculated percentage for the simulator spectrum and the solar spectrum. Documents

Document Sharing Hub

Full document details: IEC 60904-9 2007


http://www.avadocuments.com/doc/iec-60904-9-2007
http://www.avadocuments.com/doc/iec-60904-9-2007

