Lowered uncertainty in estimation of spectral
mismatch correction factor in solar cell and
photovoltaic (PV) devices calibration
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Motivation V

The spectral mismatch correction factor (SMCF) is a crucial parameter in solar cell calibration,

as It compensates for differences between the spectral irradiance of a reference source anc AML.5 Spectrum vs. Solar Simulator (irradiance) spectrum
the actual solar spectrum under standard test conditions (STC). This occurs when the spectral
distribution of the irradiance from the reference source does not exactly match the spectral
sensitivity of the solar cell being calibrated.

Estimating the SMCF involves a complex process, and the uncertainty in this estimation plays
a crucial role in the accuracy of the solar cell calibration, which directly impacts the
performance predictions of solar energy systems. Key concepts include spectral mismatch,
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SMCF, source spectral power distribution, solar spectrum variability, instrument calibration,

and spectral sensitivity of the solar cell. \W

Uncertainty in the estimation of SMCF arises from several factors, including spectral ek me e o e
measurement uncertainty, solar spectrum difference, instrument calibration, and spectral

sensitivity of the solar cell. Key components in this uncertainty include spectral measurement Wavelength (nm)

uncertainty, solar spectrum variability, instrument calibration, and spectral sensitivity of the

solar cell.

To estimate and reduce uncertainty in SMCF, steps for estimating and reducing uncertainty
include ensuring proper calibration of spectral instruments, accounting for light source
stability, using high-precision solar spectrum models, modeling and simulations, repeatability
and consistency in measurements, standardizing measurement protocols across laboratories,
and reqularly testing and calibrating the solar cell's spectral response using precise
Instrumentation as well as robust automation.
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The spectral mismatch parameter (M) and its total uncertainty UM was calculated for
Peltier controller ) two different cases. Case 1 consisted of a silicon-based reference solar cell and another
silicon based test cell, measured under a xenon based solar simulator at NIST. Case 2
| Solar cell (DUT) consisted of the same reference cell and a GaAs-based test cell, also measured under
Cooling = the xenon solar simulator. In both cases, the reference reporting condition is the air
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C XY Staee ) condition with spectral irradiance given by the IEC 60904-3 standard.
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Block diagram of Solar Simulator (IV Setup) & C++ Home-made Automation [1]

Ciiter wheet e L 2 -

Schematic of I:| — Ny / Fdetector where Es(A) is the spectral irradiance of the source, Er(A) is the reference
the LDLS- Q monochromator e spectral irradiance, St().\).is the spectral responsivity of the test cell, and Ss(A)

based DSR ,..u,,':f,?,tn,@~-‘.‘ Q IS the spectral r.esponjc,lwty of the reference cell. |
setup [1] ene “11122?’ ~ § >\ 5 The spectroradiometric measurements of the solar simulator spectrum are

T L — traceable to the NIST FEL lamp.
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‘ Uncertainty in the Spectral Mismatch Correction Factor (SMF) ‘ Measuring unit

To calculate the uncertainty of M, we assume that there are no significant spectral correlations between
the data points in spectral responsivity measurements of the cells or the spectral irradiance
measurements of the solar simulator. Therefore, using the calculus chain rule, we calculate the Detector
uncertainty of M for each of the four spectral functions, Er, Es, Sr, and St and finally add these in
quadrature. The uncertainty of M with respect to Er or UMEr = 0 since that is the reference spectrum.
Below, we only show this calculation for the UMEs term and the final two terms, UMSr, and UMSt are

similarly calculated. - 1
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In (2), UEs(M) is the uncertainty associated with the solar simulator’s spectral irradiance measurements.
Also note that in (2), UMEs is the relative uncertainty. The total uncertainty associated with M, or UM is
therefore given by:

UJ\J:J(UA/{E")z+(UMEf'f+(UMS“")2+(UMSf)2 (3) R R F N S

Photograph of the solar simulator part of the setup [1]
We performed the above calculations for cases 1 and 2 respectively and we report the following

outcomes: Case 1: M = 0.9994, UM = 0.036 % for k=2 & Case 2: M = 0.9452, UM = 0.042 % for k=2
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