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\ Standard Reference (Test) Conditions

« Continuous lllumination,
« 25° C Junction Temperature,

« 1000 W/m? Total Irradiance=1-sun,
« ASTM G173 Reference Spectrum
(direct only for concentrators)

* Area definition for efficiency (mesa

area minus peripheral bus bars)




Reference Spectra
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Theory

P
Efficienc 100
fficiency = n = £ A

To be uniquely specified:
P.... 1s the maximum electrical power produced when illuminated
standard reference (test) conditions given by:
25 ° C junction temperature, 1000 Wm-2 total irradiance,
IEC 60904-3 ed. 2 or ASTM G173 global reference spectrum
A is the total area of the device including contacts and
peripheral bus bars
E,.: 1s the total irradiance at standard reference conditions 1000 Wm-2

TRE I Ep (4 J. Eg(
I"°M M=
Where: I
Reference (photon flux) spectral |rrad|ance Er.AN
Simulator (photon flux) spectral irradiance, E¢(A)

Reference (Quantum efficiency) spectral responsivity, Sx.(\)
Test cell (Quantum efficiency), S-(\)

1=

A)dA j Eg(2)S,, (2)da

A
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Multi-junction IV theory

« Areference cell (j%:B for each junction is required.
« The reference cell should ‘match’ the spectral response of

that junction. Ry R
IR] .S — [
M]
IRZ,S _ IRZ,R
M2
° )
° ) )
® ®
RS "
M

» Calculate M, using the Corﬁposite spectrum

Adjust source(s) until the above equations are true

* Recalculate M, to verify that mismatch has not changed
Measure the |-V characteristics

NATIONAL RENEWABLE ENERGY LABORATORY



Multijunction Fill Factor vs.
Photo-current ratio
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Reference Cell Packages

 Encapsulated
 Temperature sensor attached or other means to correct

for temperature
Packaged cell or cell in module package
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Cell Solar Simulators
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Low cost Cell Solar Simulators
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Simulator Spectral Classification

* Spectrum changes with Bulb age — larger for continuous then pulsed
simulators
* For flash and filament simulators the spectrum changes with lamp voltage

* For may short pulse simulators the spectrum changes during the flash
Spectrolab HIPSS 1.5 ms flash
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Features In I-V System

Lowest uncertainty — (Calibration lab) Voltages
and currents measured to 0.02% accuracy. So
out of tolerance 1s not a significant error source
(>0.1%).

Standards call for V., I, measured to 0.02%
resolution, 0.1% accuracy!

Fast testing — production, combinatorial studies
Flexibility — Wide I and V range and not just
what is currently being evaluated

Lowest Random error — Reliability and other

studies where % change vs. time 1s measured




Features In I-V System

 Ability to control premeasurement history
including bias point and light level.
« Control over sweep rate to make arbitrarily slow
and the ability to sweep in both directions.
« Management of data
« Save data to a data base versus save data
to a directory and individual |-V files that can
be imported into a data base.

* Automatic file naming vs. user selected file
names.

 Ability to examine and modify the source code
to meet changing needs.
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NREL |-V System Features

 Measure resistance between voltage and current on IV systems
to verify a good contact before testing. Manually measure with
ohm meter for commercial systems, automatically or manually
for custom systems.
* Hardware is PV polarity independent — use sigh on V__to
determine polarity and bias ranges.
* High and low current and voltage connections to device are
isolated from ground.
o Shielded twisted pair or coax for connections to sample
with the shield tied to ground. This gives you 1 free pass for
a stealth ground.

o Commercial system often make the low negative and tie it
to ground.
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Probing to thin-film Cells
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Probing to thin-film Cells
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Accuprobe (http://www.accuprobe.com/) tips are used because of the
large range of diameters (12.7 to 381 microns, 0.5 to 15 mils) and come

Z assembled with wires for current and voltage
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Artifacts

* Device Fabrication and Processing

* The most common processing change or package
design that results in an artificial increase in the
efficiency 1s to have current collected outside of
the defined area.

* Adjust the dye cell electrolyte to achieve a greater
efficiency at expense of stability.

* High mnitial efficiency can be achieved for
amorphous silicon by adjusting the 1-layer
thickness with same stabilized efficiency.

* Unstable AR coatings

* Sample unstable 1n air
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V.. as a temperature sensor
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Bias rate & direction
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Bias Rate Artifact

Sweep < 0.03 V/s for this OPV cell
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Transients in CIS
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- Thin-Film Poly-Crystalline Metastability

357

* K. Emery, “Light Soaking Effects in
Thin Film Polycrystalline Solar Cells,”
Proc. SERI Polycrystalline Thin Film I
Program meeting, July 20, 1987. 355

* K. Emery and H. Field, “Artificial -
Enhancements and Reductions in the PV
Efficiency,” Proc. 24th IEEE
Photovoltaic Specialists Conf., 1994, p.
1833.

e J. A. del Cueto and B. von Roedern,
"Long-term Transient and Metastable
Effects in Cadmium Telluride
Photovoltaic Modules,” Progress in PV,
14, p.615.

e Michael Gostein and Lawrence Dunn,
"Light Soaking Effects on PV Modules:
Overview and Literature Review,” Proc.
NREL PV Module Reliability Workshop,
February 2011,
http://www1.eere.energy.gov/solar/pv
module reliability workshop 2011.html I

* S. Novalin, et al. "Metastabilities In 345
Thin-Film Modules Due To Pre-
Treatment, Proc. 26th European

Photovoltaic Solar Energy Conference, | | | |
2011, p. 3473. 343 L~ - ' L1 . . 1
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Cell Area

Side view
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Light Enhancements to [,
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QE Artifacts

« Bias light
« Measure without bias light assumes QE independent of injection
level.

* Current from Bias light should be 37% the 1-sun Isc for 1-sun QE
« Signal from light reflected off the chopper will cause an error in the QE.
 Place the chopper at the entrance slits
« Broadband Stray light. Increases rapidly in the UV. With a single grating
monochrometer a bandpass filter normally is required for 300-400 nm.
« PV Response time too slow for chopping frequency (dye cells)
« Monochromatic light nonuniform (complete illumination)
« Partial illumination vs. complete illumination of sample with
monochromatic beam.
 |If real time calibrations are used with a grating monochromator
(monochrometer) then the reference detector may see a different
polarization then test device.
« Damaged or improper order sorting filter causing the sample to see
multiple wavelengths of light at a given wavelength setting.
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QE bias light effect
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* The proper bias light for 1-sun 1s
* l-sunl/2.7183=0.37 *1-sun I,
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Summary

* Compare with another trusted laboratory often enough to see
the random error.

* Have a calibration lab calibrate your research cell

* Verify that sample did not change

Transfer the calibration to a stable packaged reference cell

Repeat annually

Repeat for cells with very different QE’s

May vary with bulb age so do at least once for old vs. new

bulb

* Document potential metastabilities and sensitivity to
premeasurement conditions

* Measure the 1-sun spectral responsivity with a bias light level
of 0.37 times the expected 1-sun Isc.

* Be aware of bias rate artifacts in I-V and QE
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