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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC CELLS -

Part 3: Measurement of current-voltage
characteristics of bifacial photovoltaic cells

FOREWORD

1) Thqg International Electrotechnical Commission (IEC) is a worldwide organization for standardization)com
all pational electrotechnical committees (IEC National Committees). The object of IEC is to promote’intern]

Co-

peration on all questions concerning standardization in the electrical and electronic fields’.)To this ¢

in addition to other activities, IEC publishes International Standards, Technical Specifications) Technical R
Puflicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC,\Publication(s)”)

pre
ma

witH

Sta

baration is entrusted to technical committees; any IEC National Committee interested in the subject de
participate in this preparatory work. International, governmental and non-governmental organizations

hdardization (ISO) in accordance with conditions determined by agreementhetween the two organiza

2) Thg formal decisions or agreements of IEC on technical matters express, a§ nearly as possible, an interr
consensus of opinion on the relevant subjects since each technical .ofmmittee has representation f
interested IEC National Committees.

3) IEQ Publications have the form of recommendations for international use and are accepted by IEC N

Co

hmittees in that sense. While all reasonable efforts are madé. to ensure that the technical content

Pulflications is accurate, IEC cannot be held responsible for the way in which they are used or

mis|
4) In

Interpretation by any end user.

rder to promote international uniformity, IEC National' Committees undertake to apply IEC Publi

tranisparently to the maximum extent possible in their national and regional publications. Any divergence b
any| IEC Publication and the corresponding national\gr.regional publication shall be clearly indicated in th

5) IE(] itself does not provide any attestation of conformity. Independent certification bodies provide cor]

ass|
ser
6) Al

7) No
me
oth

Essment services and, in some areas, access to IEC marks of conformity. IEC is not responsible
ices carried out by independent certification bodies.

isers should ensure that they have the latest edition of this publication.

liability shall attach to IEC or its-directors, employees, servants or agents including individual expé€]
nbers of its technical committéés-and IEC National Committees for any personal injury, property dan
er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fegq

expenses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any oth
Pullications.

8) Attgntion is drawn to the_Normative references cited in this publication. Use of the referenced publica

indi

spensable for the eorrect application of this publication.

9) Attgntion is drawnto‘'the possibility that some of the elements of this IEC Publication may be the subject o
rights. IEC shalln6t be held responsible for identifying any or all such patent rights.
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systerlns. It-is a Technical Specification.

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

Draft Report on voting
82/2070/DTS 82/2094/RVDTS
82/2094A/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.
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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 https://www.iec.ch/members_experts/refdocs. The main document types developed by IEC
are described in greater detail at https://www.iec.ch/standardsdev/publications.

A list of all parts in the IEC 63202 series, published under the general title Photovoltaic cells,
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

e regonfirmed,
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
contpins 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 CELLS -

Part 3: Measurement of current-voltage
characteristics of bifacial photovoltaic cells

1 Scope

This part of [EC 63202 describes procedures for the measurement of current-voltagg (I-V)
charagteristics of crystalline silicon bifacial photovoltaic (PV) cells for both laboratory@nd| mass
produftion applications.

This dqocument is intended to be used for measurement of individual unencapsulated bjfacial
PV cglls, in addition to the requirements described in IEC 60904-1 and differentiatind from
IEC TS 60904-1-2 which is more applicable to encapsulated PV device- Specific requirements
on bifacial reference cells and calibration of solar simulators are also-defined to provide pseful
guidance for the proposed methods.

The blfacial I-V characteristics contain front standard test condition (STC), rear STC and bjfacial
STC results for the bifacial PV cells under test. Thus, bifaciality as well as the power gengration
capalfility under single-side or bifacial irradiation are evajuated.

NOTE | This document does not apply to tandem or multi-junction‘bifacial PV cells.
2 Normative references

The fgllowing documents are referred to ip;the text in such a way that some or all of their cpntent
constitutes requirements of this document. For dated references, only the edition cited applies.
For Jyndated references, the latest) edition of the referenced document (including any
ameng@ments) applies.

IEC 6P891, Photovoltaic deviees — Procedures for temperature and irradiance correctipns to
measbred I-V characteristics

IEC 6Pp904-1, Photovoltaic devices — Part 1. Measurement of photovoltaic current-vpltage
charatteristics

IEC TS 60904-1-2, Photovoltaic devices — Part 1-2: Measurement of current-vpltage
charatteristics of bifacial photovoltaic (PV) devices

IEC 60904-2, Photovoltaic devices — Part 2: Requirements for photovoltaic reference devices

IEC 60904-4, Photovoltaic devices — Part 4: Photovoltaic reference devices — Procedures for
establishing calibration traceability

IEC 60904-7, Photovoltaic devices — Part 7. Computation of the spectral mismatch correction
for measurements of photovoltaic devices

IEC 60904-9, Photovoltaic devices — Part 9: Classification of solar simulator characteristics

IEC 61215-1:2021, Terrestrial photovoltaic (PV) modules — Design qualification and type
approval — Part 1: Test requirements

IEC TS 61836, Solar photovoltaic energy systems — Terms, definitions and symbols
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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 https://www.electropedia.org/

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

3.1

bifaciLI standard test condition
BSTC
testing conditions that simultaneously meet the following requirements: spectgal irradiance
distrigution according to AM1.5 on both sides, cell temperature of 25 °C()front irradiation
intendity of 1 000 W-m™2, and rear irradiation intensity of 135 W - m™2

3.2
low reflection background
testing environment using anti-reflective materials and/or design)to reduce the influence of
ambignt light or light reflected from the testing environment on{he’intentional irradiance applied
to the|bifacial PV cells under test

Note 1 [to entry: The background is considered to be low reflection, if the difference in short-circuit currenflis less
than 0,B % when the bifacial PV cell is irradiated single-sided_under STC condition, and the non-irradiated|side is
coveredl or non-covered.

3.3
bifaciality
ratio hetween rear and front |-V characteristics of bifacial PV cells

Note 1 [to entry: By default, rear STC and front STC |-V characteristics are used to determine bifaciality.

Note 2|to entry: Main bifaciality caefficients include short-circuit current bifaciality ¢,,., open-circuit poltage
bifacialjty ¢,,. and maximum power bifaciality @p,qy-

Note 3 [to entry: The definitionyof bifaciality is consistent with IEC TS 60904-1-2.

Note 4 |to entry: The subscripts “f” and “r” stand for values derived from front- and rear-side measurgments,
respeciively.

3.4
bifacilal reference cell
referelnce c8l*with bifacial structure similar to the bifacial PV cells under test

Note 1 ltoentry: The |-V characteristics of the bifacial reference cell typically calibrated by certified callbration
laboratories, are used to calibrate the irradiance of solar simulators. Detailed requirements of bifacial reference cell
depend on the method to measure the bifacial PV cells under test.

3.5

bifacial I-V characteristics

I-V characteristics of bifacial PV cells under bifacial standard testing condition (BSTC) with
contributions from both front-side and rear-side irradiation

Note 1 to entry: Main bifacial 1-V characteristics include bifacial short-circuit current Iscg;z;, bifacial open-circuit
voltage Vocg;r; and bifacial maximum power Pmaxg;y;.

Note 2 to entry: Bifacial |-V characteristics are obtained from direct measurement or equivalent calculation and can
be used to evaluate the power generation capability of bifacial PV cells under double-side irradiation.
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3.6

bifacial power gain coefficient

BiFi,,

gain of Pmaxg;r; with respect to Pmax; as BiFi,, = (

M—1)><100%

Pmaxf

4 Methods

4.1 General

In most cases, bifacial PV modules are operated under double-side irradiance in the outdoor
envirgnment. The additional energy yield gain of bifacial PV modules compared to mongfacial
PV modules comes from the irradiance on the rear-side of the bifacial PV modules.

To evpluate the power generation capability of bifacial PV cells, the |-V characteristics shall be
reporfed at bifacial nameplate irradiance (BNPI), as defined in 3.11 of IEC. 61215-1:2021. It
corregponds to a front-side irradiance, G, = 1000 W -m~%, and a rear-side irradiance|, G, =
135 W|- m~2, on the device under test. Deviation of the measurement tést’conditions from the
reporfing standard test conditions are allowed (temperature and jrtadiance), in which| case
corregtion according to IEC 60891 shall be applied and taken int6 ‘account in the unceftainty
calculgtions.

One qut of the following three methods shall be used for measuring bifacial PV cells, depgnding
on thg apparatus available. The three methods yield equivalent results following the procgdures
and re¢quirements described in this document.

a) Double-side simultaneous irradiation.
b) Egquivalent irradiation.
c) Sequential irradiation.
The double-side simultaneous irradiation method requires a specific apparatus to pfovide
irradignce to both sides of the bifacial PV cells under test. The monofacial and bifacfal I-V

charatteristics of each cell undenest can be measured at the same position and with a gingle
contagting unit and cycle.

Alternfatively, the equivalént’irradiation method can be used with conventional apparatus for
measliring monofacial BV cells. The equivalent irradiation intensity, Gz, is determined in
formula (1) using thée bifaciality, ¢,.., as follows:

Gg = 1000+ @5 X 135 W -m™2 (1)

When measurement time allows (typically for laboratory applications), ¢, is determined by
measuring front STC and rear STC |-V characteristics of each cell under test. When
measurement time is limited (typically for mass production applications), ¢,,. can be inferred
from a bifacial reference cell and reported as representative to all cells under test. The error
resulting from such a method is acceptable if the production spread of ¢, remains within +3 %
relative to that of the bifacial reference cell. Samling of the spread of ¢,,. shall be taken into
consideration for mass production applications.

The sequential irradiation method can also be used with conventional apparatus. The front-side
and rear-side of the bifacial PV cells are characterised in sequence, requiring the cells to be
flipped between measurements. The measured front STC, rear STC and optional rear low
irradiance |-V characteristics are used to calculate the bifacial I-V characteristics following
procedures described in the Annexes to this document based on IEC 60891.
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4.2 Double-side simultaneous irradiation

With the bifacial PV cells under test placed in a low reflection background environment, the
front STC, rear STC and bifacial |-V characteristics are respectively measured by applying front
STC only, rear STC only and simultaneously BSTC irradiation to the bifacial PV cells.

For laboratory application, the front STC, rear STC and BSTC irradiations to the bifacial PV cell
under test can be conducted separately and in any sequence.

For mass production application where cycle time matters, the three measurement steps are
typically integrated into one sequence. An example schematic procedure of double-side
simul 4 L e " ) L

a) step 1 (11-t2): measure rear STC |-V characteristics under rear STC irradiation;
b) stép 2 (t3-t4): measure bifacial |-V characteristics under BSTC irradiation;

c) ste¢p 3 (t5-t6): measure front STC |-V characteristics under front STC irradiation.

A

Rear irradiation
Front irradiation

1000 + —

1200 4

800 A

600 -

400 A

Irradiance (W-m~2)

200 -

IEC

Figure 1 — Schematic-procedure of double-side simultaneous
irradiation method with integrated flash conditions

In this case, since double-side simultaneous irradiation is used, the irradiance corrgction
described in IEC 60891 cannot be applied without adaptation. The required adaptatjon is
described in formulae (2)-and (3) by calculating the equivalent measured, Gg 1045, and BSTC,
G gsrd, irradiance, suchthat:

GE,meas = Gf + Qe X G W+ m=? (2)

Ggpsrc = 1000 + @ X 135 W -m™2 (3)

Then G; = Ggmeqs and G, = Gggsrc can be applied in procedure 1 or 2 of IEC 60891. As in
IEC 60904-1, deviation up to 10 % from STC or BSTC conditions are acceptable. For BSTC
however, irradiance of the rear-side light source should not be smaller than 100 W - m™2 in order
to achieve sufficient contribution from the rear side.

4.3 Equivalent irradiation

With the bifacial PV cells under test placed in a low reflection background environment, the
front STC, rear STC and equivalent bifacial |-V characteristics are respectively measured by
applying front STC, rear STC and front-side equivalent irradiation to the bifacial PV cells.
Depending on the set-up and limitation of measurement time, equivalent irradiation method can
be conducted in different approaches.
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One approach is to sequentially measure front STC, rear STC and equivalent bifacial -V
characteristics of cell under test. For the latter, the ¢,,. of each cell under test is used to
determine the equivalent irradiation intensity Gg.

The s

equential irradiation process can be conducted with one solar simulator, typically for

laboratory application, or under the irradiation of two consecutive solar simulators, typically in
a production line.

An example schematic procedure of such approach is shown in Figure 2.

a) step 1 (t1-t2): measure front STC I-V characteristics under front STC irradiation;

c) st

Anoth
under

b) stIp 2 (t3-t4): measure rear STC |-V characteristics under rear STC irradiation;

p 3 (t5-t6): measure equivalent bifacial I-V characteristics under equivalent irradiafion.

A Rear irradiation
1 280 | Front irradiation

E
1000 -

800 -
600 - +

400 +

Irradiance (W-m~2)

200 A )

Y

0 t I
t1 t2 13 t4 t5 t6
IEC

Figure 2 — Schematic procedure of equivalent irradiation method
with sequential flash conditions

er approach is to measure front STC and equivalent bifacial I-V characteristics ¢f cell
test, usually under one contacting and one integrated flash condition. ¢, inferred from

a bifa
deter
acce

bifaci

An expmple schematic procedure of this approach is shown in Figure 3.

a) st
b) st

ial reference cell and assumed to be representative for all cells under test, is uged to
ine the equivalent irradiation intensity G;. The error resulting from such approach is
able if the spread_of ¢,,. of cells under test remains within +3 % relative to that pf the
| reference cell.

p 1 (t1<t2): measure equivalent bifacial I-V characteristics under equivalent irradiafion;
p,2\(t8-t4): measure front STC |-V characteristics under front STC irradiation.
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1 280 i Front irradiation

1000
800
600

400

Irradiance (W-m~2)

200

t1 t2 t3 t4
IEC

Figure 3 — Schematic procedure of equivalent irradiation method
with integrated flash conditions

4.4 |Sequential irradiation

With the bifacial PV cells under test placed in a low reflection ba¢kground environment, the
front $TC, rear STC, and optional rear 135 W - m~2 |-V characteristics are measured by applying
front [STC, rear STC, and optional rear 135 W -m™2 irradiancé to the bifacial PV |cells,
respegtively. The bifacial I-V characteristics are then determifed by theoretical modelling jwhich
is desjcribed in Annex A based on IEC 60891.

The sequential irradiation process can be conductéd with one solar simulator, typically for
laborgtory application, or under the irradiation of two consecutive solar simulators, typicglly in
a production line.

A schematic procedure of the sequential irradiation method is shown in Figure 4.

a) step 1 (t1-t2): measure front STC |-\ 'characteristics under front STC irradiation;
b) stg¢p 2 (t3-t4): measure rear STCI-V characteristics under rear STC irradiation;
c) stgp 3 (t5-t6, optional): meadsure rear |-V characteristics under rear 135 W - m~2 irradiption;

d) step 4: calculate the bifacial |-V characteristics using the procedures for irradiance
correction of measured\-V characteristics described in Annex A based on IEC 60891|.

A Rear irradiation
1200 A Front irradiation
-==- Rear irradiation (optional)
1000 A
&
£ 800
=
800 -
o
g
5 400+
o
~ 200 A
""""" |
]

t1 t2 t3 t4t5 t6
IEC

Figure 4 — Schematic procedure of sequential irradiation method
with integrated flash conditions
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5 Apparatus

5.1 General

In addition to the requirements described in IEC 60904-1 and IEC 60904-9, the requirements
of solar simulator systems for measuring bifacial PV cells are described in this document.

When the solar simulator’s irradiation extends over the designated cell area and beyond the
measurement plane, it is highly recommended to employ features such as baffles in the
measurement setup. Further, equipment enabling a monitored and controlled temperature
environment should be used to maintain temperatures in accordance with STC and BSTC.

5.2 Double-side simultaneous irradiation

A solar simulator system for double-side simultaneous irradiation is specified: {6 megt the
requirements as defined in IEC 60904-9, as well as following the additional requirementg:

a) B4 able to irradiate simultaneously both sides of the bifacial PV cellsyand separately each
side of the bifacial PV cells.

b) Frpnt irradiation shall be able to provide irradiance levels upo-1 135 W -m™2, angl rear
irradiation shall be able to provide adjustable irradiance Jevel from 100 W-m™2 to
1000 W -m™2.

c) Lgw reflection background and aperture masks shouldybe provided to ensure, that the
ndn-irradiated surface of the cell receives less than 8/W - m~2 of light from the light Jource
when irradiating the other side of the cell.

An example of a solar simulator system for double-side simultaneous irradiation is shqwn in
Figure 5.

Front simulator

-

AR

—

1]

Sample

Rear simulator

IEC

Figure 5 — Separate solar simulator on both front and
rear side for double-side simultaneous irradiation

5.3 Equivalent irradiation

A solar simulator system for equivalent irradiation is specified to meet the requirements as
defined in IEC 60904-9, as well as following the additional requirements:

a) Front irradiation shall be able to provide irradiance levels up to 1 135 W - m™2.

b) Low reflection background and/or aperture masks should be placed during I-V measurement
to ensure, the non-irradiated rear-side of the cell under test receives less than 3 W - m™2 of
light from the light source.
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An example of a solar simulator system for equivalent irradiation is shown in Figure 6.

Front simulator

L

_/

Sample

5.4

IEC
Figure 6 — Setup for equivalent irradiation with adjustable intensity

Sequential irradiation

A solar simulator system for sequential irradiation is specified to_meet the requirements as

defing

a) Lo
to

d in IEC 60904-9, as well as following the additional requirements:

w reflection background and/or aperture masks should bepfaced during I-V measur
ensure, the non-irradiated rear-side of the cell under test receives less than 3 W -

light from the light source.

An eXx
showr

F

=
o

6 P

6.1

in Figure 7.

SENTIE P T

Flipper
Figure 7 —«Schematic configuration with two consecutive solar simulators

rocedures

General

T \- -/ o

bment
n=2 of

ample configuration with two consecutive solar simulators for sequential irradiafion is

IEC

For measurements of |-V characteristics of bifacial PV cells, the procedures should firstly be
specified to meet the requirements as defined in IEC 60904-1, IEC 60904-2, IEC 60904-4,
IEC 60904-9 and IEC 60891.

6.2
6.2.1

Double-side simultaneous irradiation

Requirements for calibration

Typically, the spectral response of a bifacial PV cell differs between its front-side and rear-side.
Caution should be taken when calibrating the front and rear solar simulators, for example by

using

a representative bifacial reference cell.
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For the bifacial reference cell calibrated by an external calibration laboratory, at least three sets
of calibrated |-V characteristics are required, namely, that measured at front STC, rear STC
and rear 135 W -m™2.

For both front-side and rear-side measurement under STC irradiation, the spectral mismatch
between the bifacial reference cell and bifacial PV cells under test should not exceed 0,5 %.
Otherwise, a spectral mismatch correction according to IEC 60904-7 is required.

6.2.2 Procedures

Step 1: Calibrate the solar simulator for front STC measurement at 1 000 W - m~2, using front
STC Ipvcharacteristicsof thebifaciatreferencecett:

Step 2: Calibrate the solar simulator for rear measurement at 1 000 W -m~2 and135 W|- m™2,
using|rear STC and rear 135 W - m~2 |-V characteristics of the bifacial referencecell.

Step 3: Under front STC irradiation, measure the front STC |-V characteristics(Pmax, Iscg, Vocy)
of the|bifacial PV cell under test.

Step 4: Under rear STC irradiation, measure the rear STC |-V characteristics (Pmax,., Isc,| Voc,)
of the|bifacial PV cell under test.

Step p: Under BSTC irradiation, measure the bifacial I-\_Ucharacteristics (Pmaxgip;, 15¢giFi,
Vocgir) of the bifacial PV cell under test.

Step §: Calculate the bifacial power gain coefficient\BiFi,., as defined in 3.6.

For various setups of the solar simulator systems, Step 1 and Step 2 can be conducted |n any
sequgnce, and Step 3 through Step 5 can_be conducted in any sequence.

6.3 |[Equivalent irradiation

6.3.1 Requirements for calibration

Typically, the spectral respanse of a bifacial PV cell differs between its front-side and reag-side.
Therefore, it is necessary\to calibrate the solar simulator for front and rear side measurgment
separptely, using a suitable bifacial reference cell.

For thie bifacial reference cell calibrated by an external calibration laboratory, at least twp sets
of caliprated I-\V.Characteristics are required, namely, that measured at front STC and reaf STC.
A thirgd measurement at front equivalent irradiation intensity G5 is recommended.

For alf three conditions, front STC, rear STC and equivalent irradiation, the spectral mismatch
between the bifacial reference cell and bifacial PV cells under test should not exceed 0,5 %.
Otherwise, a spectral mismatch correction according to IEC 60904-7 is required.

6.3.2 Procedures

Step 1: Calibrate the solar simulator for front STC measurement at 1 000 W - m~2, using front
1 000 W -m~2 |-V characteristics of the bifacial reference cell.

Step 2: Calibrate the solar simulator for front measurement at Gg, using front equivalent
irradiation |-V characteristics of the bifacial reference cell.
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Step 3: Calibrate the solar simulator for rear STC measurement at 1 000 W - m~2, using rear
STC |-V characteristics of the bifacial reference cell. The 1 000 W - m~2 setpoint for rear side
irradiation may differ from the 1 000 W - m™~2 front irradiation due to the differences in spectral
response between front and rear side of the bifacial reference cell.

Step 4: Under front STC irradiation, measure the front STC |-V characteristics (Pmax, Iscy, Vocy)
of the bifacial PV cell under test.

Step 5: Under rear STC irradiation, measure the rear STC |-V characteristics (Pmax,., Isc,, Voc,)
of the bifacial PV cell under test.

Step 6: Use the front STC and rear STC I-V characteristics measured in Step 4 and Step 5 to

determine ¢, and Gz. Alternatively, G, of the bifacial reference cell may be used if\the cell is
not characterized with rear irradiation.

Step |7: Under equivalent irradiation intensity Gp, measure the equivalent bifacial I-V
charagteristics (Pmaxg;f;, Iscgiri, Vocgir;) Of the bifacial PV cell under test:

Step 8: Calculate the bifacial power gain coefficient BiFi,,; as definéd-in 3.6.

For various setups of the solar simulator systems, Step 1 through Step 3 can be condudted in
any s¢quence, and Step 4 and Step 5 can be conducted in any sequence.

6.4 |[Sequential irradiation
6.4.1 Requirements for calibration

Typictlly, the spectral response of a bifacial P¥Acells differs between its front-side and rear-side.
Therefore, it is recommended to calibrate the*front and rear solar simulators separately,|using
a suitable bifacial reference cell. In theycase where one simulator system is used fof both
measyirements, different calibrationsyfor front and rear side measurements arg still
reconimended. If not, spectral misfatch corrections according to |IEC 60904-7 shoyld be
perforimed and reported.

For thle bifacial reference cell*calibrated by an external calibration laboratory, at least twp sets
of calipbrated I-V characteristics are required, namely, that measured at front STC and reaf STC.
When|the rear 135 W {m~? |-V characteristics is also measured for the bifacial PV cell junder
test, additional calibrated |-V characteristics of rear 135 W - m™2 are required of the bffacial
refereince cell.

For both front*side and rear-side measurement under STC irradiation, the spectral mismatch
between the“bifacial reference cell and bifacial PV cells under test should not exceed 0,5 %.
Otheris€; a spectral mismatch correction according to IEC 60904-7 is required.

6.4.2 Procedures

Step 1: Calibrate the solar simulator for front STC measurement at 1 000 W - m™2, using the
front STC |-V characteristics of the bifacial reference cell.

Step 2: Calibrate the solar simulator for rear measurement at 1 000 W - m~2, and optionally at
135 W -m™2, using the rear |-V characteristics of the bifacial reference cell.

Step 3: Under front STC irradiation, measure the front STC |-V characteristics (Pmaxy, Iscy, Vocy)
of the bifacial PV cells under test.

Step 4: Under rear STC irradiation, and optionally at 135 W -m™2, measure the rear |-V
characteristics (Pmax,., Isc,, Voc,) of the bifacial PV cells under test.
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Step 5: Derive the bifacial |-V curve using the procedures described in the Annexes, then
calculate the bifacial I-V characteristics (Pmaxg;r;, ISCgiri, VOCgip;)-

Step 6: Calculate the bifacial power gain coefficient BiFi,,.; as defined in 3.6.

For various setups of the solar simulator systems, Step 1 and Step 2 can be conducted in any
sequence, and Step 3 and Step 4 can be conducted in any sequence.

7 Report

shall pe prepared. The test report shall include the information as required by IEC60904-1,

For bifacial PV devices, following completion of the procedure, a report of the [-V measure}nents
with

IEC 6P904-2 and IEC 60904-4, and additionally the following shall be included togethdr
their Uncertainty estimate:

¢ Information of calibration, i.e. name of external calibration laboratory.for reference cell,
method used to calibrate solar simulators, traceability of calibration.
o Bifaciality coefficient @5, @yoc aNd @pmay-

e Bifacial I-V characteristics Pmaxg;p;, Iscgir;, Vocgiri, and the method used to measure bjfacial
I-\f characteristics.

o Bifacial power gain coefficient BiFi,;.



https://iecnorm.com/api/?name=017b3cb5a463d6516d9ecc56547a8309

	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Methods
	4.1 General
	4.2 Double-side simultaneous irradiation
	4.3 Equivalent irradiation
	4.4 Sequential irradiation

	5 Apparatus
	5.1 General
	5.2 Double-side simultaneous irradiation
	5.3 Equivalent irradiation
	5.4 Sequential irradiation

	6 Procedures
	6.1 General
	6.2 Double-side simultaneous irradiation
	6.2.1 Requirements for calibration
	6.2.2 Procedures

	6.3 Equivalent irradiation
	6.3.1 Requirements for calibration
	6.3.2 Procedures

	6.4 Sequential irradiation
	6.4.1 Requirements for calibration
	6.4.2 Procedures


	7 Report
	Annex A (normative)Determination of bifacial I-V characteristics
	A.1 General
	A.2 Shift approximation
	A.3 Linear interpolation

	Figures
	Figure 1 – Schematic procedure of double-side simultaneousirradiation method with integrated flash conditions
	Figure 2 – Schematic procedure of equivalent irradiation methodwith sequential flash conditions
	Figure 3 – Schematic procedure of equivalent irradiation methodwith integrated flash conditions
	Figure 4 – Schematic procedure of sequential irradiation methodwith integrated flash conditions
	Figure 5 – Separate solar simulator on both front andrear side for double-side simultaneous irradiation
	Figure 6 – Setup for equivalent irradiation with adjustable intensity
	Figure 7 – Schematic configuration with two consecutive solar simulators




