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1. Scope

1.1 This test method covers calibration and characterization
of secondary terrestrial photovoltaic reference cells to a desired
reference spectral irradiance distribution. The recommended
physical requirements for these reference cells are described in
Specification E 1040. Reference cells are principally used in
the determination of the electrical performance of a photovol-
taic device.

1.2 Secondary reference cells are calibrated indoors using
simulated sunlight or outdoors in natural sunlight by reference
to a primary reference cell previously calibrated to the same
desired reference spectral irradiance distribution.

1.3 Secondary reference cells calibrated according to this
test method will have the same radiometric traceability as the
of the primary reference cell used for the calibration. There-
fore, if the primary reference cell is traceable to the World
Radiometric Reference (WRR, see Test Method E 816), the
resulting secondary reference cell will also be traceable to the
WRR.

1.4 This test method applies only to the calibration of a
photovoltaic cell that demonstrates a linear short-circuit current
versus irradiance characteristic over its intended range of use,
as defined in Test Method E 1143.

1.5 This test method applies only to the calibration of a
photovoltaic cell that has been fabricated using a single
photovoltaic junction.

1.6 There is no similar or equivalent ISO standard.

1.7 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.
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3. Terminology

3.1 Definitions—Definitions of terms used in this test
method may be found in Terminology E 772 and in Terminol-
ogy E 1328.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 cell temperature, °C, n—the temperature of the semi-
conductor junction of a photovoltaic cell.

3.2.2 junction temperature, n—synonym for cell tempera-
ture.

3.2.3 test light source, n—a source of radiant energy used
for the secondary reference cell calibration.

3.3 Symbols:

3.3.1 The following symbols and units are used in this test
method:

C—calibration constant, Am*W~!,

E—irradiance, Wm™2,

E,—total irradiance, Wm™2,

[—current, A,

I,—primary reference cell short-circuit current, A,

I—secondary reference cell short-circuit current, A,

I, .—short-circuit current, A,

L—collimator length, m,

M—spectral mismatch parameter,

n—total number of data points,

r—collimator receiving aperture radius, m,

R—collimator opening aperture radius, m,

R —absolute spectral response, AW ™",

R,—relative spectral response,

S—standard deviation,

T—temperature, °C,

a—temperature coefficient of reference cell, °C™",

0,—collimator opening angle, °, and

A—wavelength, nm or pum.

3.3.2 Symbolic quantities that are functions of wavelength
appear as X(\).

4. Summary of Test Method

4.1 The calibration of a secondary photovoltaic reference
cell consists of measuring the short-circuit current of the cell
under natural or simulated sunlight using a primary reference
cell to measure the incident irradiance. In addition to the
short-circuit current, the relative spectral response of the cell to
be calibrated and the relative spectral irradiance of the light
source must be determined. Errors in the short-circuit current
due to the spectral irradiance of the light source and the
spectral response of the primary reference cell are then
corrected by dividing the short-circuit current by the spectral
mismatch parameter. Also, if the temperature of the cell is not
25 = 1°C, the temperature coefficient for the short-circuit
current is needed. The list of necessary test methods is as
follows:

4.1.1 The spectral response of the cell to be calibrated is
determined in accordance with Test Methods E 1021.

4.1.2 The cell’s short-circuit current temperature coefficient
is determined experimentally by measuring short-circuit cur-
rent at various temperatures and computing the temperature
coefficient.

4.1.3 Linearity of short-circuit current versus irradiance is
determined in accordance with Test Method E 1143.

4.1.4 The relative spectral distribution of the light source is
determined using a spectral irradiance measurement instrument
as specified in Test Method E 973.

5. Significance and Use

5.1 The electrical output of photovoltaic devices is depen-
dent on the spectral content of the source illumination and its
intensity. To make accurate measurements of the performance
of photovoltaic devices under a variety of light sources, it is
necessary to account for the error in the short-circuit current
that occurs if the relative spectral response of the primary
reference cell is not identical to the spectral response of the cell
to be calibrated. A similar error occurs if the spectral irradiance
distribution of the test light source is not identical to the desired
reference spectral irradiance distribution. These errors are
accounted for by the spectral mismatch parameter M (Test
Method E 973), a quantitative measure of the error in the
short-circuit current measurement. It is the intent of this test
method to provide a recognized procedure for calibrating,
characterizing, and reporting the calibration data for secondary
photovoltaic reference cells.

5.2 A secondary reference cell is calibrated to the same
reference spectral irradiance distribution as the primary refer-
ence cell used during the calibration. Primary reference cells
can be calibrated by use of Test Method E 1125 or Test Method
E 1039.

Note 1—No standards for calibration of reference cells to the extra-
terrestrial spectral irradiance distribution presently exist.

5.3 A secondary reference cell should be recalibrated yearly,
or every six months if the cell is in continuous use outdoors.

5.4 Recommended physical characteristics of reference
cells are provided in Specification E 1040.

6. Apparatus

6.1 Normal Incidence Tracking Platform (for calibrations
conducted in natural sunlight)—A tracking platform used to
follow the sun that holds both the primary reference cell and
the cell to be calibrated. The tracker shall be able to track the
sun to within =0.5° during the calibration procedure.

6.1.1 When the calibration is performed in direct natural
sunlight, each cell and the spectral irradiance measurement
(see 6.7) shall have collimators that meet the requirements of
Annex Al of Test Method E 1125.

6.1.2 When the calibration is performed in global normal
conditions, no significant energy reflected from surrounding
buildings or any other surfaces in the vicinity of the test stand
shall be allowed onto the reference cells for the duration of the
calibration period. Care shall be taken to conduct the calibra-
tion in a location or manner such that a condition of high
ground reflectance is avoided. If significant reflection can
occur, provision shall be made on the tracker to shield the
reference cells by the use of a horizon shield. This horizon
shield shall consist of a black nonreflecting surface, and shall,
as viewed by each reference cell, block the view downward
from the local horizon to the lowest extremes of the field of
view.
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