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Cell durability fundamental to module durability
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Cell durability is a function of cell fabrication
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Past Cell Durability Studies
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Cell Accelerated Lifetime Testing (ALT)

Atlas Suntest CPS solar simulator

— Solar-matched spectrum
— 1500 hrs continuous
V, bias

Aluminum-milled cell holders
— Cells oriented TCO up
— No Shunting
— Good thermal uniformity

Independent heating/cooling zones
Tsample CONtrolled to +1 °C
— lIrradiance can affect T

ample

Experimental Procedure:
— Make initial, t=0 measurement
— Expose cells for some t
— Remove cells, store in the dark (12-24 hrs)
— Measure cells (J-V, C-V, Q-E, etc.)
— Repeat
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SPIE 2009 Study —Performance of CTO/ZTO vs nSn0O,/iSn0O,
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SPIE 2009 Study —Durability of CTO/ZTO vs nSn0O,/iSn0O,
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C-V hysteresis (metastability) during ALT
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C-V hysteresis (electronic processes) during ALT
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C-V hysteresis (ionic processes) during ALT
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CV-hysteresis correlates with performance during stress test
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*CdTe cells grown on CTO/ZTO transparent
conducting oxides degrade faster

*Magnitude of degradation proportional to
hysteresis

*For all cells, increasing hysteresis partly due to
continuous diffusion of Cu from the back contact.

o|o » Cd** s
515 , ZnZ éCUi"- Veq éCUi-l-
Sn#* "
- +
%N 9“‘ + VCd +
Veg

«Additional hysteresis indicative of “decomposition”
of the CTO/ZTO layers
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CV-hysteresis correlates with performance during stress test
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C-V hysteresis in industrial CdTe cells and mini-modules
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Cells “cut” from mini-modules and full-size
modules
* ALT performed at 65, 80, 100, and 125 °C
* 1-sunillumination and V. bias

« Correlate AEff vs AV, AJ,., and AFF

*Strong correlations between AEff and (V. , FF)

oc ?

*Cell and mini-module reliability good at 65-80 °C

*Higher stress temperatures (125 °C) see “outliers”

in Eff vs J . curve not associated with series
resistance
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C-V hysteresis in industrial CdTe cells and mini-modules
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C-V hysteresis in industrial CdTe cells and mini-modules
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Conclusions

* NREL CTO/ZTO cells are superior to SnO,-based cells in initial performance but have some
fundamental durability problems

» C-V hysteresis has been observed to increase with stress in cells using “infinite” sources of
dopant (Cu).

 Additional hysteresis in CTO/ZTO cells strongly suggests a “decomposition” of the CTO/ZTO
layers

» C-V hysteresis also observed to increase in industrial cells. Observe decreasing hysteresis
at longer stress times and higher temperatures.

» C-V measurements easily implemented during ALTs as a non-destructive technique to better
identify degradation mechanisms in cells and modules
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