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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
MEASUREMENT PROCEDURES FOR MATERIALS  

USED IN PHOTOVOLTAIC MODULES –  
 

Part 2-1: Polymeric materials –  
Frontsheet and backsheet – Safety requirements 

 
FOREWORD 

1) 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. 

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

3) 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. 

4) In order to promote international uniformity, IEC 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 national or regional publication shall be clearly indicated in the latter. 

5) 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 bodies. 

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

7) No liability shall attach to IEC or its directors, employees, servants 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.  

8) 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. 

9) 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 62788-2-1 has been prepared by IEC technical committee 82: Solar photovoltaic energy 
systems. It is an International Standard. 

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

Draft Report on voting 

82/2123/FDIS 82/2148/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. 
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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. 

A list of all parts in the IEC 62788 series, published under the general title Measurement 
procedures for materials used in photovoltaic modules, can be found on the IEC website. 

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

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• 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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INTRODUCTION 

This document provides test procedures and specifications for polymeric front- and backsheet 
constructions employed in a PV module for safety qualification on a component level. Test 
methods have been compiled to match the general requirements for polymeric materials used 
as relied-upon insulation defined in the IEC 61730 standard series in consideration of test 
methods in IEC TS 62788-2 (characterization of front- and backsheets), IEC TS 62788-7-2 
[4]1(UV weathering test) and the retesting guidelines IEC TS 62915. This document provides 
clarifications on definitions of front- and backsheet construction types and related test 
requirements, and additional environmental stress testing, to which IEC 61730-1 refers. 
Separating out the component level testing into this document was considered to limit the 
complexity of the IEC 61730 standard series, also in view of the implementation of the test 
methods in the frame of IEC System of Conformity Assessment Schemes for Electrotechnical 
Equipment and Components (IECEE). 

Test methods on a component level and PV module level are different for practical reasons. On 
a component level, the daylight filtered xenon test (IEC TS 62788-7-2) is applied for UV 
weathering, which is regarded as more representative to assess the durability of polymeric 
materials under outdoor weather conditions than the UVA test of IEC 61215-2. The latter has 
been developed in view of practicality of applying UV exposure to larger scale PV modules. 

This document focusses on the safety relevant properties of front- and backsheets as required 
by IEC 61730. 

The lamination protrusion test (aka DTI test) is required to measure the thickness of relied-upon 
insulation on the component level. The thickness of the RUI layer(s) is verified by MST 04 of 
IEC 61730-2 on PV module level. The test provides additional information needed for evaluation 
of the Comparative Tracking Index (CTI) and dielectric strength / breakdown voltage.  

– The lamination protrusion test applies default lamination conditions, that are representative 
for a typical PV module manufacturing process. Using a 800 µm diameter solder wire that 
mimics severe solder peaks and/or slanted ribbons, the test serves as worst case scenario 
for measurement of potential displacement of material under lamination conditions. Even 
more harsh lamination process conditions can be selected as recommended by the 
manufacturer of the front- or backsheet.  

– The lamination protrusion test is also used to identify additional inner layers of the front- or 
backsheet that potentially may be in contact with live parts and for which CTI shall be 
determined. Additional layers may require CTI depending on the construction of the PV 
module, e.g., due to specific sheet openings and through wiring for junction box connections 
with background provided in IEC 61730-1. 

– The ratio of the measured distance through insulation (tDTI) to the total thickness is used to 
calculate the effective dielectric strength or required withstand voltage when measured on 
final products that contain inner layers, which can be displaced under lamination conditions 
(see breakdown voltage test in 6.4). 

– Because of the relationship with thermal endurance, tDTI can be listed as a function of the 
module operating temperature rating. 

___________ 
1  Numbers in square brackets refer to the Bibliography. 
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This document specifies a suite of environmental stress tests to characterize the durability of 
the relied-upon insulation. In the evaluation of tensile testing a minimum elongation at break is 
considered in addition to retention of tensile strength, as this allows to differentiate known-bad 
and known-good materials. The thermal endurance performance, which is historically evaluated 
by tensile strength and dielectric strength in terms of TI or RTE (RTI), is therefore 
complemented by a thermal failsafe test to also evaluate elongation at break. The combination 
of these elements, tests covering thermal, damp heat and UV weathering stresses and 
evaluation of elongation at break, represents a step forward in safety testing of polymeric front- 
and backsheets that is still balanced in terms or practicality (duration) of testing. 

The requirements in this document for model or variant designations and (re)testing of similar 
materials have been aligned with developments for the IEC TS 62915 module retesting 
guidelines. The current requirements provide a first step towards more detailed requirements 
which may be developed in a future revision of this document or a dedicated component 
retesting standard.  

A future revision of this document may consider sequential testing on engineering coupons with 
(solder wire) bumps to better mimic the combination of UV and cyclic stress fatigue, that is 
currently discussed as the next level in endurance testing of polymeric front- and backsheets 
in IEC TS 62788-2 and IEC TS 63209-2[6]. However, method consolidation requires more time 
than available for this project. 

In view of requirements for material identification in the context of the retesting guidelines 
(IEC TS 62915), approaches for “finger-printing” are provided in Annex A. 

The requirements in this document may be used in the context of Manufacturing Quality 
Assurance of polymeric front- and backsheets as explained in the guideline IEC 62941[5]. 
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MEASUREMENT PROCEDURES FOR MATERIALS  
USED IN PHOTOVOLTAIC MODULES –  

 
Part 2-1: Polymeric materials –  

Frontsheet and backsheet – Safety requirements 
 
 
 

1 Scope 

This document specifies the safety requirements for flexible polymeric front- and backsheet 
constructions, which are intended for use as relied-upon insulation in photovoltaic (PV) 
modules. The specifications in this document define the specific requirements of polymeric 
front- or backsheet constructions on the component level and cover mechanical, electrical, 
visual and thermal characterization in an unexposed state and/or after ageing. 

This document covers class II and class 0 modules, as defined in IEC 61730-1. Class III 
modules are out of scope. 

For qualification to IEC 61730-1 of a PV module using a polymeric front- or backsheet, the sheet 
must pass the requirements in this document for the specified module’s safety class, rated 
system voltage, and module temperature rating.  

Compliance with the safety requirements for a front- or backsheet on the component level does 
not replace the need for a safety qualification of the complete PV module, in which the front- or 
backsheet is integrated. The appropriate requirements for testing and qualification of PV 
modules, are defined in IEC 61730-1 and IEC 61215-1 (or IEC TS 62915 in case of retesting), 
with test methods provided by IEC 61730-2 and IEC 61215-2, respectively. 

This document provides the requirements for qualification of front- and backsheets to be used 
in module safety qualification according to IEC 61730-1. Test method descriptions are provided 
in IEC TS 62788-2, along with additional characterization methods useful for performance or 
quality assurance. 

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 60216-1, Electrical insulating materials – Thermal endurance properties – Part 1: Ageing 
procedures and evaluation of test results 

IEC 60216-3, Electrical insulating materials – Thermal endurance properties – Part 3: 
Instructions for calculating thermal endurance characteristics 

IEC 60216-5, Electrical insulating materials – Thermal endurance properties – Part 5: 
Determination of relative temperature index (RTI) of an insulating material 

IEC 60664-1, Insulation coordination for equipment within low-voltage supply systems – Part 1: 
Principles, requirements and tests 

IEC 61215-1, Terrestrial photovoltaic (PV) modules – Design qualification and type approval – 
Part 1: Test requirements  
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IEC 61215-2, Terrestrial photovoltaic (PV) modules – Design qualification and type approval – 
Part 2: Test procedures 

IEC 61730-1, Photovoltaic (PV) module safety qualification – Part 1: Requirements for 
construction 

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

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

IEC TS 62788-2, Measurement procedures for materials used in photovoltaic modules – Part 2: 
Polymeric materials – Frontsheets and backsheets 

IEC TS 62915, Photovoltaic (PV) modules – Type approval, design and safety qualification – 
Retesting 

IEC TS 63126:2020, Guidelines for qualifying PV modules, components and materials for 
operation at high temperatures 

ISO 527-3, Plastics – Determination of tensile properties – Part 3: Test conditions for films and 
sheets 

3 Terms, definitions and abbreviated terms 

For the purposes of this document, the following terms and definitions apply, in addition to those 
in IEC TS 61836 and IEC TS 62788-2. 

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

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO Online browsing platform: available at http://www.iso.org/obp 

3.1 General terms and definitions 

3.1.1  
FBST 
front- or backsheet safety test in accordance with IEC 62788-2-1 

3.1.2  
tolerance 
permitted deviation between the declared value of a quantity and the measured value 

[SOURCE: IEC 60050-411[2]:1996,411-36-19]  

3.2 Sheet types and orientations 

3.2.1  
air-side 
side of the front- or backsheet oriented towards the outside of the PV module, i.e., away from 
the cells 

3.2.2  
backsheet 
(combination of) outer layer(s) of the PV module, located as substrate on the back of the PV 
module and providing protection of the inner components of the PV module from external 
stresses and weather elements, as well as providing electrical insulation 
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3.2.3  
frontsheet 
(combination of) outer layer(s) of the PV module designed for prolonged exposure to direct 
sunlight (> 300 W/m2) and providing protection of the inner components of the PV module from 
external stresses and weather elements, as well as providing electrical insulation 

3.2.4  
inner side 
side of the front- or backsheet that is oriented to the solar cells, typically laminated to the 
encapsulant 

3.2.5  
machine direction 
MD 
direction along which the material layer was extruded or produced, extending out of a die or 
other manufacturing equipment in a production line  

3.2.6  
transverse direction 
TD 
direction perpendicular to which the material layer was extruded or produced  

3.2.7  
sun-facing side 
side of the front- or backsheet that is oriented in direction of the sun-facing front side of the PV 
module 

Note 1 to entry: Sun-facing sides are the air-side of a frontsheet and inner side of a backsheet. 

3.3 Electrical insulation 

3.3.1  
breakdown voltage 
VBD 
DC voltage at which electric breakdown occurs under prescribed test conditions, or in use 

Note 1 to entry: Breakdown voltage testing in context of PV modules and components materials applies direct 
current (DC). 

[SOURCE: IEC 60050-212[1]:2010, 212-11-34, modified – added symbol, and added Note 1 to 
entry.]  

3.3.2  
comparative tracking index 
CTI 
numerical index value related to the maximum voltage that a material can withstand without 
formation of a permanent and electrically conductive carbon (tracking) path and without a 
persistent flame occurring, when evaluated under specified test conditions defined in IEC 60112 

Note 1 to entry: The mentioned maximum test voltage is not in conjunction with any system or operational voltage, 
but it is used for evaluation of material groups. 

[SOURCE: IEC 60050-212:2010, 212-11-59, modified – it has been rephrased by also clarifying 
that CTI is an index value to evaluate material groups according to IEC 60112. Note 1 to entry 
added.] 
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3.3.3  
distance through insulation 
tDTI 
thickness of relied-upon insulation (RUI) after the lamination protrusion test, with the minimum 
allowable value defined by the rated system voltage 

3.3.4  
material group 
category of insulation materials according to IEC 60664-1 as defined by the results of the CTI 
test 

3.3.5  
rated system voltage 
�𝑉𝑉sys�max  
maximum system voltage for which a module is rated 

3.3.6  
relied-upon insulation 
RUI 
solid insulation system providing protection against electric shock in the final application, with 
material’s requirements for thermal endurance and resistance against environmental stress 
factors  

Note 1 to entry: Thin films used as polymeric front- or backsheet can consist of RUI plus additional layers that have 
other functions, e.g., they protect the polymeric materials from UV radiation (see Figure 1). 

3.3.7  
withstand voltage 
Vw 
DC voltage which the material under test can withstand for a defined minimum amount of time 
without occurrence of an electric breakdown 

3.4 Temperatures 

3.4.1  
98th percentile module operating temperature 
T98  
temperature at which a module is operating below more than 98 % of the time when deployed 
in a PV system  

Note 1 to entry: The 98th-percentile temperature is calculated by ranking measured or calculated module 
temperature data taken at hourly (or more frequent) time intervals for a typical calendar year. 

Note 2 to entry: For a standard year, the 98th percentile temperature is met or exceeded for 175,2 h. 

3.4.2  
rated module operating temperature 
[T98]max  
maximum allowed 98th percentile operating temperature (T98) of the PV module 

3.5 Tensile properties 

3.5.1  
elongation at break 
εB 
strain at which the specimen under test breaks 

Note 1 to entry: Break defines the point in the tensile test, where the tensile stress drops below 50 % of its highest 
value. 
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3.5.2  
tensile strength at break 
𝜎𝜎B 
maximum engineering stress measured when a specimen is elongated in tension to the point of 
breaking 

4 Designation and ratings 

The front- or backsheet shall be evaluated for its intended use in a PV module, including 
designation as front- or backsheet, maximum module operating temperature, maximum system 
voltage and module safety class. Due to the coordinating requirements for temperature and 
system voltage ratings, a front- or backsheet may be rated for multiple sets of ratings (e.g. 
maximum Vsys and T98). 

Frontsheets are designed for prolonged exposure to direct sunlight (> 300 W/m2). Backsheets 
are designed for exposure through glass and encapsulant on the interior side and restricted for 
use with indirect or limited direct sunlight (< 300 W/m2) on the exterior side. Because of this, 
the test conditions for the UV weathering test (FBST 09) are different for front- and backsheets. 
A product can be assigned as a frontsheet, backsheet or both. 

A front- or backsheet is rated for a maximum T98 module operating temperature. The module 
operating temperature is related to a combination of environment and mounting conditions as 
described in IEC 61730-1 and IEC TS 63126:  

– IEC 61730-1 (by default) specifies PV modules with 98th percentile operating 
temperatures T98 ≤ 70 °C.  

– IEC TS 63126 defines extended test conditions for high temperature operation with T98 
≤ 80 °C [level 1] or ≤ 90 °C [level 2]. The requirements for the thermal endurance test 
(FBST 06) depend on the specified [T98]max. IEC 62788-2-1 deviates from 
IEC TS 63126:2020, in that the UV weathering temperature conditions applied in the UV 
weathering test (FBST 08) shall be as specified in Table 3.  

NOTE IEC TS 63126:2020 is currently under consideration for modification and will likely be changed to conform 
with this document. 

In addition, a front- or backsheet is rated for a maximum system voltage and a module safety 
class. IEC 61730-1 defines PV module safety class and system voltage ratings. Front- and 
backsheets can be used in modules of safety class II (individual and/or system level electrical 
outputs at hazardous levels of voltage, current and power) and safety class 0 (intended for use 
in restricted access areas that are protected from public access by fences or other measures 
of the location that prevent general access). 

5 Requirements 

5.1 General 

5.1.1 Overview 

Requirements for front- and backsheets are derived from insulation coordination requirements 
from IEC 60664 and IEC 61730-1, and additional requirements for long term reliability based 
on observations of field failures. 

Requirements shall be met for the full front- or backsheet and also for individual layers 
designated as RUI (from here referred to as RUI layers). Typical constructions are described in 
Figure 1. 
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a) Single-layer 

a1) homogeneous layer a2) combined layers (e.g. co-extrusion) 

a2-i) polymeric composition 
differs by ≤ 10 % 

a2-ii) polymeric composition 
differs by > 10 % 

   

b) Multilayer 

b1-i) coated multilayer with RUI coating 

b1-ii) coated multilayer with non-RUI coating 

b2) laminated multilayer 
with non-RUI adhesive 

layers “x” 

b3) multilayer with 
conductive layera 

   

NOTE In actual front- or backsheet constructions the numbers of sublayers may differ from the examples shown. 

a The case of a conductive layer as in example case b3) will require additional module level considerations for 
insulation coordination as described in IEC 61730-1. 

 

Figure 1 – Schematic diagrams of typical constructions of front- or backsheets 

5.1.2 Single-layer constructions 

A single-layer construction is a front- or backsheet produced in one production step. It may 
consist of a single homogeneous layer (a1) or combined layers (a2) manufactured in one 
production process (e.g. co-extrusion) such that they cannot reasonably be separated without 
fundamentally changing their properties, e.g., residual strain or crystallinity, in ways that might 
affect their performance in a PV module. For combined layers, the thermal endurance 
requirements depend on the layer composition (see 5.3). If the polymeric composition differs 
by ≤ 10 % (by mass) between sub-layers or gradient zones within the material layer (a2-i) it is 
treated equivalent to a single homogeneous layer (a1). If the polymeric composition differs 
by > 10 % (a2-ii), the linearity of the Arrhenius plot shall be assessed (see 5.3). The 10 % 
criteria refers to differences in blending ratios and/or to copolymer ratios of the polymers. 
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The complete single-layer construction shall pass the insulation coordination (5.2), thermal 
endurance (5.3), and mechanical (5.4) requirements before and after accelerated aging (6.8). 

5.1.3 Multilayer constructions 

For front- or backsheets designed as multilayer stacks, typically one (monolithic) layer in the 
multilayer stack provides mechanical (tensile) strength (often referred to as core layer), 
whereas additional layers attached to the core layer in separate production steps may provide 
other functions, e.g., UV protection or adhesion to the encapsulant. The presence of sequential 
processing steps is a differentiator to a combined single-layer (a2).  

Examples of front- or backsheets designed with multiple layers (referring to Figure 1): 

• A coated multilayer stack (b1) with coated layer A on a single core layer B, both potential 
RUI layers. Typically, the coating is designed for a particular function in the layer stack (e.g. 
a UV protective air-side layer or inner layer). Coating processes include slot coating of 
functional formulations or extrusion coating of polymer melts onto another material layer 
that has been produced in a different process step. 

• A laminated multilayer stack (b2), with adhesive layers x between (potential) RUI layers A 
and B. Such a construction represents a combination of at least two single-layer materials, 
each produced as a film in a separate process step, which are then combined into one 
multilayer film using adhesive layers between them in a final lamination process. In this 
example, the (non-RUI) layers x do not pass the requirements of relied-upon insulation and 
therefore do not contribute to the distance through insulation (tDTI). 

• A multilayer stack including a conductive layer (b3), e.g. Aluminum, will require additional 
module level considerations for insulation coordination as described in IEC 61730-1: 
– If the conductive layer is within the minimum creepage distance to accessible surfaces 

(e.g. the frame), then only layer B contributes to the RUI.  
– If the conductive layer is not within the minimum creepage distance to accessible 

surfaces (e.g. the frame), then both layers A and B contribute to the RUI. 

The complete multilayer construction shall pass the insulation coordination (5.2) and 
mechanical (5.4) requirements before and after accelerated aging (6.8). 

Each RUI (sub)layer within the multilayer construction shall pass the thermal endurance (5.3) 
requirements. Additional requirements apply for insulation coordination (5.2.3). 

5.2 Insulation coordination 

5.2.1 General 

Insulation coordination for PV modules refers to requirements related to insulation materials 
and dimensions used in the design of a module. These requirements depend on various ratings, 
including module safety class and rated system voltage �𝑉𝑉sys�max. The rated module operating 
temperature [T98]max can also influence insulation coordination through thermal endurance 
requirements for RUI layers. Front- and backsheets must have a minimum breakdown voltage 
and a minimum tDTI value, both dependent on the rated system voltage rating �𝑉𝑉sys�max. Some 
of these requirements apply to the complete front- or backsheet, and some apply to individual 
relied-upon insulation (RUI) layers.  

5.2.2 Breakdown voltage requirement for complete front- or backsheet 

The film shall provide resistance to voltage stress which is verified by a minimum breakdown 
voltage VBD based on the module safety class: 

• Module safety class 0: basic insulation as defined by formula (1); 

• Module safety class II: double or reinforced insulation as defined by formula (2). 
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Minimum breakdown voltage requirement for basic insulation:  

 [𝑉𝑉BD]req = 1,0 kV + 2 × �𝑉𝑉sys�max  (1) 

 

and for double or reinforced insulation: 

 [𝑉𝑉BD]req = 2,0 kV + 4 × �𝑉𝑉sys�max (2) 

 

where 
[VBD]req is the minimum breakdown voltage requirement, expressed in kV. 

IEC 60664-1 defines the concepts of basic, supplementary, double, and reinforced insulation. 
Basic insulation provides a basic level of protection and double or reinforced insulation provide 
a supplementary level of fault protection. 

The requirements are summarized in Table 1.  

Table 1 – Minimum breakdown voltage requirements for basic and 
double/reinforced insulation before and after accelerated aging 

Maximum system voltage  

kV 

Minimum breakdown voltage requirement  

kV 

Basic insulation Double/reinforced insulation 

1,50 4,0 8,0 

1,00 3,0 6,0 

0,60 2,2 4,4 

 

The minimum breakdown voltage requirements shall be met before and after accelerated aging 
(6.8), see also Table 5. 

5.2.3 Breakdown voltage requirements for individual layers 

In a combined single-layer construction (see 5.1.2), (sub)layers cannot be tested individually 
as basic or supplementary insulation. Therefore, the minimum breakdown voltage requirement 
only applies to the complete front- or backsheet. 

In a multilayer construction (see 5.1.3), one or more RUI layers, which meet the thermal 
endurance requirements depending on [T98]max, need to also provide basic or reinforced 
insulation. For module safety class II, at least two RUI layers need to provide basic insulation 
(double insulation) or at least one RUI layer needs to provide reinforced insulation. For module 
safety class 0, at least one RUI layer needs to provide basic insulation. 

5.2.4 Creepage distance requirements 

The lamination protrusion test provides guidance to which layers are most likely to be in contact 
with live parts in a module. For polymeric materials in contact with live parts, the material group 
designation affects the minimum creepage distance requirements of the module design. This 
applies to both functional and relied-upon insulation materials. The materials group designation 
of a layer is not required, but may reduce minimum spacing requirements for the module design. 
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5.2.5 Distance through insulation requirements 

The sum of the thicknesses of all RUI layers (after the lamination protrusion test) shall meet the 
minimum tDTI values as a function of rated system voltage as shown in Table 2. 

Table 2 – Minimum distance through insulation requirements 

 

Rated system voltage  

kV 

< 0,30 0,60 1,00 1,50 

Minimum tDTI values 

mm 
0,030 0,060 0,15 0,30 

 

Consideration should be given to the thickness tolerance range, such that the thinnest product 
within the tolerance also complies with the required minimum distance through insulation (DTI). 

NOTE See IEC 61730-1 for background on the DTI requirements which are based on the IEC 60664 series. 

5.3 Thermal endurance 

Each relied-upon insulation (RUI) layer shall have a thermal endurance rating via temperature 
index (TI) or relative thermal endurance index (RTE) in accordance with IEC 60216-1 (for TI) 
or IEC 60216-5 (for RTE). Relevant relative thermal indices (RTI) evaluated in accordance to 
UL 746B are accepted as an alternative to RTE. Thermal endurance ratings for both mechanical 
strength and electrical strength are required. If the mechanical evaluation includes both tensile 
strength and elongation at break ratings, then the thermal failsafe test is not required. The need 
for the thermal failsafe test does not apply to coatings, which are evaluated for a flexibility 
rating. 

The minimum TI or RTE (RTI) rating is defined in IEC 61730-1 for T98 ≤ 70 °C:   

TI or RTE (RTI) ≥ 90 °C. 

For higher operating temperatures, the rating is defined by IEC TS 63126: 

Level 1 (T98 ≤ 80 °C):  TI or RTE (RTI) ≥ 100 °C. 

Level 2 (T98 ≤ 90 °C):  TI or RTE (RTI) ≥ 110 °C. 

Homogeneous single-layers (a1) and combined single-layers (a2-i) where composition of the 
polymeric base differs by ≤ 10 % (by mass) between sub-layers or gradient zones within the 
material layer, are treated as a single RUI layer. 

Combined single-layers (a2-ii) where the composition of the polymeric base differs by > 10 % 
between sublayers or gradient zones within the material layer require the following approach to 
determine the thermal endurance rating: 

a) If the Arrhenius plot from such a "combined material" for the thermally induced change 
of mechanical or electrical properties is sufficiently linear, the result of this approach can 
be accepted to derive the TI or RTE (RTI) value, even though different polymeric 
materials have been subject to the test.  

b) If the Arrhenius plot is not sufficiently linear (see linearity test in IEC 60216-3), the TI or 
RTE (RTI) values of the different polymers used in the sublayers or gradient shall be 
determined separately. To determine the tDTI, the front- or backsheet is treated as a 
multilayer (substructures of a coextruded film could also be evaluated). 
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For each RUI layer which does not have a TI or RTE (RTI) rating based on elongation at break, 
the thermal failsafe test is performed as described in IEC TS 62788-2, whereby the layer is 
exposed at (120 ± 2) °C for (2 000 ± 24) h (in dry conditions, no humidity control is required). 
The layer passes if the elongation at break is at least 25 % after the exposure. 

5.4 Mechanical requirements 

As an initial property, elongation at break of the (complete) front- or backsheet shall be ≥ 25 %, 
and the product shall pass a visual inspection (FBST 01). 

Accelerated ageing tests are applied on the complete front- or backsheet to show that the sheet 
can retain relevant mechanical and electrical properties after thermal and environmental 
stresses. After aging, the retained tensile strength shall be ≥ 50 %, the elongation at break shall 
be ≥ 25 %, and the product shall pass a visual inspection (FBST 01), see also Table 5. 

5.5 Model and variant designation 

A front- or backsheet model is considered to have one defined formulation and nominal 
thickness (with a maximum tolerance of the larger of ±10 % or ±5 µm) of its material layers. A 
variation with differences of layer thickness(es) and/or color can be qualified by using a reduced 
set of testing according to Clause 8 in addition to the qualification from the referenced product 
model. Alternate constituent materials (from the same or different suppliers) can be qualified 
according to 8.2. 

If a front- or backsheet model is constructed of:  

a) different materials (i.e., any change in specification of the material or any of its layers); 
b) different (external) surface treatments (inside or outside); 
c) change in amount of adhesives, primers or other additives; 
d) addition/removal of adhesives, primers, or additives; 

it shall be assigned a different model number and evaluated according to 8.2. 

NOTE The default position is that a different supplier means different material, for any material. The burden of proof 
of equivalency is up to the manufacturer and supplier of material according to 8.2. 

6 Evaluation of test results 

6.1 General 

All the tests shall be carried out as described in IEC TS 62788-2, unless otherwise specified. 

It is highly recommended that the manufacturer provides the uniform characterization form 
(UCF) of the front- or backsheet under test as evaluated by the corresponding test methods 
listed in IEC TS 62788-2 as required for the UCF. This information preferentially serves as 
reference values for the evaluations listed in this document.  

If certification documentation is supplied, the following information may (but not necessarily) 
reduce required testing: 

– TI or RTE (RTI) of relied-upon insulation layers (according to FBST 06); 
– Material group designation for the tracking index (according to FBST 05). 

It is highly recommended that the following information is provided to inform the test labs on 
how to test the materials: 

– Encapsulant types (base resin and cure chemistry) to be used for qualifying the front- or 
backsheet using the lamination protrusion test; 
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NOTE 1 Current encapsulant types are for example: 

i) polyethylene-co-vinyl acetate [co-polymer] (EVA) type encapsulants including fast and slow types; 

ii) thermoplastic polyolefin (TPO) type encapsulant; 

iii) silicone type encapsulants; 

iv) poly vinyl butyral (PVB) type encapsulants; 

v) polyolefin elastomer (POE) type encapsulants. 

– If applicable, type of UV filter and the corresponding UV cut-off wavelength as defined in 
IEC TS 62788-2, when qualifying the inner side of the backsheet for UV weathering; 

NOTE 2 In UV weathering test of inner side of backsheet (BS), the combination of glass (GS) and encapsulant 
(E) used in a test coupon (e.g., GS/E/E/BS) may act as UV cut-off filter. 

– Qualitative information on general visual appearance of the product, including description 
of opacity (e.g., opaque, translucent, clear), colour (e.g., white, grey, coloured, black) and 
gloss (e.g., matte, satin, glossy) of air-side and inner side, if applicable; 

– Handling precaution (product safety information), if applicable. 

6.2 Visual inspection – FBST 01 

6.2.1 General 

Visual inspection shall be performed according to the method described in IEC TS 62788-2 on 
the complete front- or backsheet product. An unaged 1 m2 sample and at least three selected 
samples with the worst appearance for each aging condition shall be inspected. 

There shall be no obvious defects, such as cracks, bubbles, pinholes, blistering or de-
lamination, which may impact safety. 

6.2.2 Reporting 

All information required in the reporting of the visual inspection in IEC TS 62788-2 shall be 
listed. Additionally, report if the product passes. 

6.3 Tensile properties – FBST 02 

6.3.1 General 

The tensile properties of the front- or backsheet shall be tested according to the tensile strength 
and elongation at break method provided in IEC TS 62788-2. This method is based on 
ISO 527-3, but stipulates adjustments of the methods in detail to provide consistent testing of 
the various types of polymeric front- and backsheets before and after ageing. 

The test of tensile strength and elongation at break shall be performed before and after 
accelerated ageing tests to determine the mechanical endurance of the material. Comparison 
of results before and after aging shall be based on the same initial grip distance and specimen 
dimensions, both length and width of strips. It is recommended to use the same specimen 
dimensions within a test plan including various ageing tests, and to cut the fresh and aged 
samples at the same time. 

For each measurement instance (unaged and after each ageing exposure) prepare at least 5 
specimens in machine extrusion direction (MD) and 5 specimens in transverse machine 
direction (TD). Because of the possibility of invalid tensile test runs, it is recommended that a 
few extra samples are aged. 

6.3.2 Reporting 

Report all information required in the reporting of the tensile strength and elongation at break 
test in IEC TS 62788-2 for both unaged samples, and samples after damp heat and UV 
exposures as described in Table 5. 
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After both damp heat test (FBST 07) and UV weathering (FBST 08), calculate the retained 
tensile strength: 

 𝑟𝑟𝜎𝜎B = 𝜎𝜎B,after/𝜎𝜎B,initial (3) 

 

where 
𝑟𝑟𝜎𝜎B is the retained tensile strength, expressed in %; 
𝜎𝜎B,initial is the initial tensile strength (unaged / pre-treated), expressed in Pa; 

𝜎𝜎B,after is the tensile strength after accelerated aging, expressed in Pa. 

Report whether the material passes or fails. A material passes: 

– if 𝑟𝑟𝜎𝜎B ≥ 50 % (retained tensile strength) is obtained after ageing exposure, and 
– if εB ≥ 25 % (absolute elongation at break) is obtained unaged and after ageing exposure. 

6.4 Breakdown voltage – FBST 03 

6.4.1 General 

Two methods are allowed for verification of the minimum breakdown voltage requirement 
[VBD]req. Method A uses a withstand voltage and method B a measured breakdown voltage (up 
to the capacity of the equipment); either method is acceptable.  

Individual RUI layers selected for basic or reinforced insulation shall have a breakdown voltage 
VBD ≥ [VBD]req as described in 5.2.3 and provided in Table 1. 

Front- or backsheets shall have a VBD greater than [VBD]req as described in 5.2.2 for a complete 
front- or backsheet. This requirement is evaluated after the VBD or Vw value is adjusted by the 
DTI ratio 𝑟𝑟DTI. The 𝑟𝑟DTI can vary with the target system voltage and temperature ratings as 
described in 6.5. 

 𝑟𝑟DTI = 𝑡𝑡DTI/𝑡𝑡total (4) 

 

where 
𝑟𝑟DTI  is the DTI ratio; 
tDTI is the DTI value determined in FBST 04, expressed in mm; 

ttotal is the complete sheet thickness as tested, expressed in mm. 

 [𝑉𝑉BD]adj = 𝑉𝑉BD × 𝑟𝑟DTI ≥ [𝑉𝑉BD]req (5) 

 

where 
[VBD]adj is the adjusted breakdown voltage, expressed in kV; 

VBD is the breakdown voltage (IEC TS 62788-2), expressed in kV; 

[VBD]req is the required breakdown voltage as defined in 5.2. 

The minimum value shall be met with both initial and aged samples, using the same method. 

NOTE For the withstand voltage method, the relation VBD ≥ Vw can be used for formula (5) if the Vw has passed. 
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