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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC (PV) MODULES - PARTIAL SHADE ENDURANCE
TESTING FOR MONOLITHICALLY INTEGRATED PRODUCTS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

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

IEC Publications have the form of recommendations for international use 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 for the way in which they are used or for any
misinterpretation by any end user.

In order to promote intefnationaluniformity,| [EC National, 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 natienal or regional publication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification badies.

All users should ensurg-that,they have, the latest-edition|of;this publication,

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

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct 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.

IEC TS 63140 has been prepared by IEC technical committee 82: Solar photovoltaic energy
systems. It is a Technical Specification.

The text of this Technical Specification is based on the following documents:

Draft Report on voting

82/1804/DTS 82/1836/RVDTS

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 Technical Specification is English.

This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/standardsdev/publications.
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e 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 (PV) MODULES - PARTIAL SHADE ENDURANCE
TESTING FOR MONOLITHICALLY INTEGRATED PRODUCTS

1 Scope

This document provides test methods for quantifying the permanent change in a monolithically
integrated PV module’s power output that may result from some potential partial shade
conditions. Three tests are available, representing conditions of use, misuse, and most severe
misuse. This document is applicable to monolithically integrated PV modules with one series-
connected cell group or with multiple series-connected cell groups that are in turn connected in
parallel. This document is not applicable to PV modules formed by the interconnection of
separate cells.

With regard to shading, PV module documentation varies significantly by manufacturer. The
physical tests prescribed in this document are applied without regard to manufacturer
documentation or warranty policy, which may forbid certain shadows. The tests may therefore
go beyond intended use, testing a module’s response to misuse. The tests are accelerated tests.
They are intended to excite similar levels of stress as shadows that are possible during an
extended period of outdoor service. The tests represent adverse shadow scenarios, but not
necessarily the worst case scenario, which varies by product. The procedures are performed
repeatedly and in highsirradiance- conditions; jshadowsy occurring-anly one time or in low-
irradiance conditions" are "likely " to"cause’ less"“damage.” This"test procedure does not
comprehensively evaluate the efficacy or.completeness of: manufacturer recommendations.
This test procedure is not equivalentto, and is not’intendedto’'replace, the hot-spot endurance
test in IEC 61215-2. The safety aspects of partial shading of PV modules are covered by
IEC 61730-2 MST 22 and IEC 61215-2 MQT:=09.

2 Normative references

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

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

IEC 60904-2, Photovoltaic devices — Part 2: Requirements for photovoltaic reference devices
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 60904-13, Photovoltaic devices — Part 13: Electroluminescence of photovoltaic modules

IEC 61215-2:2021, Terrestrial photovoltaic (PV) modules — Design qualification and type
approval — Part 2: Test procedures

IEC 61730-2, Photovoltaic (PV) module safety qualification — Part 2: Requirements for testing

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



-6 - IEC TS 63140:2021 © IEC 2021

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

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 terminological databases for use in standardization at the following
addresses:

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

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

3.1

intended use

use of a product, process or product-related service in accordance with the information for use
provided by the product manufacturer

3.2

misuse

use of a product, process or product-related service in a way not intended by the product
manufacturer as described in the product manufacturer’'s product-specific manuals and
operating instructions

Note 1 to entry: Module warranties are joften voidediin ¢ases of misuse:

3.3

monolithically integrated

composed of multiple’solar-cells built“on the same ‘substrate ‘or 'superstrate and integrated
through scribing processes during fabrication

3.4
cell pitch
distance between successive repetitions of the monolithic integration pattern

3.5
module height
dimension of the module when measured parallel to the cell integration scribe lines

3.6
module width
dimension of the module when measured perpendicular to the cell integration scribe lines

3.7

string current

current that would pass in a long string of uniformly illuminated modules under the present
irradiance conditions and at 25 °C

Note 1 to entry: String current is defined by:

E
I =T _ TPOA
C
s mSTC 1000 Wm 2
where

1 ¢ is the current at maximum power listed on the module nameplate, and

mp,ST
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Epqp is the plane-of-array irradiance.

Note 2 to entry: This formula is strictly valid only for linear devices, as defined in IEC 60904-10. It is acceptable for
use in the range of irradiances and temperatures used in this document.

4 Principle

Monolithically integrated PV modules contain multiple PV cells connected in series. When
iluminated and non-illuminated cells are connected in series, the non-illuminated cells can
operate in reverse bias. In combination with nonuniformities in the device, this reverse bias can
lead to highly nonuniform current flow, localized heating, and the formation of permanent shunts.
The test procedures excite this nonuniform current flow and quantify the resulting permanent
change in PV module power output.

Three test types are available, summarized in Table 1. Any of the tests may be requested by a
requestor. The U test verifies the presence of specific warning text in manufacturer
documentation. If this text is absent, test M is performed, whether or not it was requested. Test
M approximates a person repeatedly walking past the module in sunny conditions. Test SM
approximates a narrow tool, such as a cleaning machine, being repeatedly passed across the
surface of the module. Selection of tests is summarized in Figure 1.

Report that
s Documentation  yeg shadows
> Use(U) £ > cointains specific are
f ] ﬂ text? forbidden
No
v
o &‘ Simulate a
) Pa person
63140 [P==HIIMisusE (M) '{l‘. walking
past
Report
performance
change and
test details

Most Simulate

SavaEr ak cleaning

misuse N witha  ——>
“ narrow,in-

(SM)
contact tool
IEC

Figure 1 — Selection of the three available tests
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Table 1 — Test types available in this document

flowing, repeatedly pass the human-sized
mask (Figure 2, left) in front of the module.

Test name Test summary Explanation

Use (U) Check documentation for the presence of Assumes that all users understand the specific
specific warning text. If present, perform no warning text and allow no potentially damaging
testing. If absent, perform the misuse (M) test. shadows to be cast while current is flowing.

Misuse (M) In high-irradiance conditions and with current Represents the following scenario. A person

repeatedly walks past the module in clear,
sunny conditions while current is flowing. The
person casts their shadow in profile, with up to
1 m of their shadow’s height overlapping the
module. The person’s shadow blocks direct
irradiance but not diffuse irradiance, so about
90 % of incident light is blocked.

Most severe
misuse
(SM)

In high-irradiance conditions and with current
flowing, repeatedly pass the narrow tool mask
(Figure 2, right) in front of the module.

Represents the following scenario. A cleaning
device repeatedly passes across the module in
sunny conditions while current is flowing. The
cleaning device is narrow and is in close
contact with the module surface. The shadow
extends across the entire height of the module
and in parallel to the integration scribe lines.
The shadow blocks both direct and diffuse
irradiance, so about 100 % of incident light is
blocked.

5 Apparatus

If a procedure requiring physical testing is performed, the procedure requires:

NOTE 1

In some cases test U (described below) can be completed without physical testing.

a) equipment for stabilizingamodule/performancesaccording 10/ IEC!6124542 MQT 19;
b) equipment for measuring /I-V curves according to IEC 61215-2 MQT 02, per IEC 60904-1;
c) equipment for operating the PV module in a constant-current mode;

d)

e)

if the module under test contains a bypass diode, the electrical load equipment shall be
able to sink current up to 1,5 times the module’s nameplate Ip:

if the module under test does not contain a bypass diode, the electrical load equipment
shall be able to both source and sink current up to 1,5 times the module’s nameplate
Ips at whatever voltage (up to the maximum string voltage) is required to do so;

NOTE 2 The voltage required to ensure that 1mID is flowing at all times during the test varies by product,
and may be negative (reverse bias) when the mask is on the module.

the current passed by the load equipment shall be updated to accommodate changes in
irradiance and these updates shall be frequent enough that changes in irradiance never
exceed 5 % between updates;

equipment for mounting the module outdoors in natural sunlight or a class CCC or better
continuous solar simulator, in compliance with [IEC 60904-9;

a radiometer (pyranometer or reference cell meeting the requirements of IEC 60904-2) for
measuring irradiance incident on the module plane in the continuous solar simulator or in
natural sunlight;

one or more masks conforming to the requirements below for one or more tests selected
from Table 1:

for test M, a mask roughly approximating the shape of a human body (from thigh to head,
approximated by a rectangle for ease of fabrication, conforming to the dimensions in
Figure 2) and blocking 88 % to 92 % of incident light;

NOTE 3 Mask M blocks approximately 90 % of incident light, because a shadow cast outdoors by a distant
object blocks only direct sunlight, and in clear conditions this is approximately 90 % of incident light.



	BÚª&8×³�CÖÐ�›+−R˘‘˝�Ggô‚=¹Ë^:uEXqÕ`cñÌ0â¶<Ó»‚¾�D`S¼9àÎ�(�ﬂà_~àÒ�âïT�7Æ]§û)M�

