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This standard is issued under the fixed designation E1362; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 FhisThese test method-—coversmethods cover calibration and characterization of seeondarynon-primary terrestrial photo-
voltaic reference cells to a desired reference spectral irradiance distribution. The recommended physical requirements for these
reference cells are described in Specification E1040. Reference cells are principally used in the determination of the electrical
performance of a photovoltaic device.

1.2 Seeoﬁf}anyon primary reference cells are callbrated mdoors usmg s1mulated sunllght or outdoors in natural sunlight by
reference to a ary v a -previously
calibrated reference cell, which is referred to as the calibration source device.

1.2.1 The non-primary calibration will be with respect to the same reference spectral irradiance distribution as that of the
calibration source device.

1.2.2 The calibration source device may be a primary reference cell calibrated in accordance with Test Method E1125, or a
non-primary reference cell calibrated in accordance with these test methods.

1.2.3 For the special case in which the calibration source device is a primary reference cell, the resulting non-primary reference
cell is also referred to as a secondary reference cell.

1.3 SeecondaryNon-primary reference cells calibrated according to thisthese test methedmethods will have the same radiometric

traceability as the-of-theprimaryreference-celused-for-the—ealibration—that of the calibration source device. Therefore, if the
primary-referenee-eeHcalibration source device is traceable to the World Radiometric Reference (WRR, see Test Method E816),

the resulting secondary reference cell will also be traceable to the WRR.

1.4 TFhisThese test method—apphiesmethods apply 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 E1143.

1.5 FhisThese test method-appliesmethods apply only to the calibration of a photovoltaic cell that has been fabricated using a
single photovoltaic junction.

1.6 The values stated in SI units are to be regarded as standard. No other units of measurement are included in this 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 appropriate safety and health practices and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:*

E490 Standard Solar Constant and Zero Air Mass Solar Spectral Irradiance Tables

E691 Practice for Conducting an Interlaboratory Study to Determine the Precision of a Test Method

E772 Terminology of Solar Energy Conversion

E816 Test Method for Calibration of Pyrheliometers by Comparison to Reference Pyrheliometers

E927 Specification for Solar Simulation for Photovoltaic Testing

E948 Test Method for Electrical Performance of Photovoltaic Cells Using Reference Cells Under Simulated Sunlight

"' This test method is under the jurisdiction of ASTM Committee E44 on Solar, Geothermal and Other Alternative Energy Sources and is the direct responsibility of
Subcommittee E44.09 on Photovoltaic Electric Power Conversion.
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E973 Test Method for Determination of the Spectral Mismatch Parameter Between a Photovoltaic Device and a Photovoltaic
Reference Cell
E1021 Test Method for Spectral Respons1v1ty Measurements of Photovoltalc Dev1ces

E1040 Specification for Physical Characteristics of Nonconcentrator Terrestrial Photovoltaic Reference Cells

E1125 Test Method for Calibration of Primary Non-Concentrator Terrestrial Photovoltaic Reference Cells Using a Tabular
Spectrum

E1143 Test Method for Determmmg the Lmearlty of a Photovoltalc Dev1ce Parameter w1th Respect To a Test Parameter

G173 Tables for Reference Solar Spectral Irradiances: Direct Normal and Hemispherical on 37° Tilted Surface

3. Terminology

3.1 Definitions—Definitions of terms used in thisthese test methodmethods may be found in Terminology E772—and—in
TerminotogyE1328.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 junetion—temperature;—calibration source device, photovoltaic, n—synenym—Tforthe reference cell temperatare-used to

measure the incident irradiance during the calibration. 1328

3.2.2 monitor solar cell, n—a solar cell used to measure the irradiance of the solar simulator during the calibration; prior to the
calibration procedure, the monitor solar cell is compared against the calibration source device using a transfer-of-calibration

procedure.
3.2.3 non-primary reference cell, photovoltaic, n—a photovoltaic reference cell calibrated against another reference cell in

accordance with Test Method E1362. E772
3.2.4 primary reference cell, photovoltaic, n—a photovoltaic reference cell calibrated in sunlight in accordance with Test
Method E1125. E772
3.2.5 secondary reference cell, photovoltaic, n—a photovoltaic reference cell calibrated against a primary reference cell in
accordance with Test Method E1362. E772

3.2.6 test light source, n—a source of radiant energy used for the secondary reference cell calibration, either natural sunlight
or a solar simulator.

3.3 Symbols:

3.3.1 The following symbols and units are used in thisthese test method:methods:
A—active area, reference cell (m?),

C——calibration constant, Am*W™,

C,—transfer calibration ratio (dimensionless),

D—as a subscript, refers to the reference cell to be calibrated,

E—irradiance, Wm(Wm™%),

E,,—total irradiance, Wmreference spectral irradiance distribution (Wm_ L
1E,—eurrent;A;(\)—reference spectral irradiance distribution (Wm2um ™' or Wm?nm™"),

#i —primaryreferenee-cell-short-cirenit-eurrent, As—as a subscript, refers to the ith calibration data point,
I or I ~—secondaryreference—cett-short-etreniteurrent, As—short-circuit current, (A),

I, —short-circuit current, A;monitor solar cell (A),

€

’ B

M—spectral mismatch parameter;parameter (dimensionless),
n—total number of calibration data points,

#O(\, T)—ecollimator-reeetving-aperture-radius;-m;,—quantum efficiency (electrons/photon or %),
R—-collimator-opening-apertureradius;-m;—as a subscript, refers to the calibration source device,
R.4(A)—absolute spectral response;AWresponse (AW™=L),
Rs—relativespeetral-response;—standard deviation,
S—standard-deviation;
T—temperature, <€;(°C),
o] —temperature—coeffictent-of reference—cel,*€—calibration temperature, (°C), =L
BAT —ecollimator-opening-angle;—and—temperature difference, (°C),
A—wavelength; nmor-pa-—wavelength (nm or pm), and

O(\)—partial derivative of quantum efficiency with respect to temperature (electrons per photon-°C~! or %-°C™").
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4. Summary of Test Method

4.1 The calibration constant, C, of a photovoltaic refererence cell is defined as the ratio of its short-circuit current to the total
irradiance when illuminated with a reference spectral irradiance distribution (such as Standard E490 or Tables G173). In integral
form, the calibration constant is:

afr

EO rE() d)\‘

@

4.2 A reference cell is used to measure irradiance through Eq 2:
E=1_C 2

4.3 Errors and difficulties associated with measuring A and R,(A) in Eq 1 can be avoided by comparing the short-circuit current
of a reference cell to be calibrated (/) against that of a previously calibrated reference cell (that is, the calibration source device,
1), while both cells are illuminated with a test light source. The calibration constant of the calibration source device transforms
short-circuit current to total irradiance so that Eq 1 becomes:

ID
CD - I ;/C;e
4.4 For calibrations in natural sunlight, the calibration source device and the cell to be calibrated are placed on a normal
incidence tracking platform, and the short-circuit currents of both devices are measured simultaneously.

©)

4.5 For calibrations in simulated sunlight, the calibration source device is first placed in the test plane, and a transfer-of-
calibration procedure is performed to a monitor solar cell. The calibration source device is then replaced with the cell to be
calibrated in the same location, and the non-primary calibration is then performed.

4.6 Calibration Temperature—These procedures assume the calibration temperatures, 7,, of both the calibration source device
and the cell to be calibrated are 25°C; other calibration temperatures may be substituted if desired.

4.7 Calibration Data Collection—Raw calibration constant data are corrected for spectral and temperature differences using the
spectral mismatch parameter, M (see 5.2 and Test Method E973).

4.8 Light Soaking—Newly manufactured reference cells must be light soaked at an irradiance level greater than 850 W/m? for
20 h prior to initial characterization.

4.9 Characterization—

test—mefheds—rs—as—fel-}ews*Pnor to cahbratron the non-primary cell is characterized using the followrng procedures

4.9.1 The-speetralresponse-of-the-eelto-beQuantum efficiency at the calibration temperature, Q(A,Tealibratedis-), determined
in accordance with Test Methods E1021.

4.9.2 TheeeH—s—sheﬁ-eﬁetuﬁeuﬁefﬁ—tempef&HﬁeeeefﬁeteﬂfPartral derlvatlve of quantum efﬁcrency with respect to temperature

BO,(M)=00 /0T s(A), determined in
accordance with Annex Al of Test Methods E973

4 9. 3 Lrnearrty of short- c1rcu1t current versus rrrad-ranee—rs—rrradrance, determrned in accordance with Test Method El1143.

5. Significance and Use

5.1 It is the intent of these test methods to provide a recognized procedure for calibrating, characterizing, and reporting the
calibration data for non-primary photovoltaic reference cells that are used during photovoltaic device performance measurements.

5.2 The electrical output of photovoltaic devices is dependent 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 eelto—be-eatibrated—device under test. 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

aeeeunfed—feﬁby—guantrﬁed with the spectral mrsmatch parameter M (Test Method E973)—a—q-uan-t—rt&t—we—me&sufe—ef—t-he—eﬁer—m

5 2 1 Test Method E973 requlres four quantities for spectral mismatch calculations:
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5.2.1.1 The quantum efficiency of the reference cell to be calibrated (see 7.1.1),
5.2.1.2 The quantum efficiency of the calibration source device (required as part of its calibration),

Note 1—See 10.10 of Test Method E1021 for the identity that converts spectral responsivity to quantum efficiency.

5.2.1.3 The spectral irradiance of the light source (measured with the spectral irradiance measurement equipment), and,

5.2.1.4 The reference spectral irradiance distribution to which the calibration source device was calibrated (see G173).

5.2.2 Temperature Corrections—Test Method E973 provides means for temperature corrections to short-circuit current using the
partial derivative of quantum efficiency with respect to temperature.

5.3 A seeendarynon-primary reference cell is cahbrated in accordance w1th these test methods is with respect to the same
reference spectral irradiance distribution as the— eren d ationr—that of the calibration source
device. Primary reference cells eanmay be cahbrated by use of Test Method El 125—@14Fest—Met-hed—E+939

Note 2—No ASTM standards for calibration of primary reference cells to the extraterrestrial spectral irradiance distribution presently exist.

5.4 A seeondarynon-primary reference cell should be recalibrated yearly, or every six months if the cell is in continuous use
outdoors.

5.5 Recommended physical characteristics of reference cells are provided in Specification E1040.

5.6 Because silicon solar cells made on p-type substrates are susceptible to a loss of /. upon initial exposure to light, it is

required that newly manufactured reference cells be light se&ked—&t—&nﬁfra&mee—}evel—gfeafeﬁ&mﬂ—%ﬁ—\‘#msoaked, see 2for2
hprior-to-inttial-chareterizationin-Seetton—74.8.

5.7 The choice of natural sunlight versus solar simulation for the test light source involves tradeoffs between the advantages and
disadvantages of either source. Natural sunlight provides excellent spatial uniformity over the test plane but the total and spectral
irradiances vary with the apparent motion of the sun and changes of atmospheric conditions such as clouds. Calibrations in a solar
simulator can be done at any time and provide a stable spectral irradiance. Disadvantages of solar simulators include spatial
non-uniformity and short-time variations in total irradiance. The procedures in these test methods have been designed to overcome
these disadvantages.

6. Apparatus

6.1 Normal Incidence Tracking Platform (for calibrations conducted in natural sunlight) —A tracking ptatformused-tofoltow
thesun-that-hotdsboth-the primaryreference-celt-and-platform that holds the calibration source device, the cell to be ealibrated:
The-tracker-shall-be-able-to-track-the-sun-to-within—=0-5%calibrated, and the spectral irradiance measurement equipment (see 6.7)
coplanar during the calibration procedure. Using two orthogonal axes, such as azimuth and elevation, the platform must follow the
apparent motion of the sun such that the angle between the sun vector and the normal vector is less than 0.5°.

6.1.1 When-the-ealibration-ts-For calibrations performed in direct nataral-sunlight, each-eetthe cells and the spectral irradiance
measurement ¢seeequipment 6-7-shall have collimators that meet the requirements of Annex Al of Test Method E1125.

6.1.2 When-the—calibratton—ts—For calibrations performed in global-normal-conditions;no—significant-hemispherical sunlight
conditions, energy reflected from surrounding buildings or any other surfaces in the vicinity of the teststandtracking platform shall
be a-l-}ewed—ente—t-he-fefefeﬂee—eel-}s—blocked for the duratlon of the cahbratlon perlod Gaf&shaﬂ—be—takeﬁ—te-eeﬂéiet—ﬂae—eal-ﬂafa&eﬂ

e*t-remes—ef—t-he—ﬁe%d—ef—ﬁewSuch condltlons can result in spatlally non- unlform 111um1nat10n between the cell to be cahbrated and

the calibration source device.

6.1.2.1 Care shall be taken to conduct the calibration in a location or manner such that a condition of high ground reflectance
is avoided. If significant reflection can occur, a horizon shield shall be used. This horizon shield shall consist of a black
nonreflecting surface, and shall block the view downward from the local horizon to the lowest extremes of the field of view.

6.2 Solar S—nnm‘afar—&mulator (for calibrations conducted in simulated sunhght)—A hght source that meets the requ1rements
ofaCIass § ¢ A - e of 4l o] . g

simulator per Spe01ﬁcatlon E927

6.3 Temperature Measurement Equipment—An instrument or instruments used to measure the cell temperataretemperatures of
both-the-primaryreferenee-eelthe calibration source device and the reference cell to be calibrated that has a resolution of at least
0.1°C, and a total error of less than =1°C of reading.

6.3.1 Sensors used for the temperature measurements must be located in a—pesitten—positions that minimizesminimize any
temperature gradients between the sensor and the photovoltaic device junetionzjunctions.

6.3.2 Specification E1040 requires packaged reference cells to have embedded temperature sensors.

6.3.3 Time constants associated with these measurements must be less than 500 ms.
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