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1 Abstract

It is well known (McCandless & Sites [1]) that a back contact to CdTe cells can
be achieved by first creating a Te-rich layer via selective etching, followed by application
of copper which reacts with Te to form the p+ layer that can be contacted with metal or
graphite. But copper has high diffusivity, multiple valence states, and a weak bond with
Te, all of which contribute to stability issues. Hegedus [2] and others [3-6] have shown
that there are multiple modes of degradation induced by long-term light-soaking at
forward bias at elevated temperatures, namely formation of a blocking contact, increased
junction recombination, and increased dark resistivity. Asher [7] showed accumulation of
copper in the CdS layer.

This paper describes how varying the dose of copper used to form the back
contact changes both initial efficiency and performance in accelerated stress testing. All
test cells were 1 cm?, and 12 cells were tested per condition. Figure 1 shows the
performance of test cells in the standard “ALT” accelerated life test, which is continuous
0.7-sun illumination at open circuit and 65°C. As shown by Hegedus [2], the higher
copper dose leads to increased rate of degradation, driven by both voltage and fill-factor
loss. This is shown most clearly in Figure 2. The loss of fill factor is driven by increases
in both resistance (Roc) and light-shunt conductance (Gsc), shown in Figure 3.

The use of too little copper results in low-performance but relatively stable
devices, most of which exhibit a back-contact barrier. Figure 4 illustrates this by plotting
Rmax — the resistance at 0.9 volt forward bias (dV/dJ at 0.9V bias). There is extreme
noise in the data for low copper dose, since noise in process conditions results in either a
good contact or a very poor one. Higher copper dose is required to reliably form a good
contact. Figure 5 shows an example of a good cell and one that is degraded exhibiting
lower voltage and rollover. Using more copper eliminates the barrier and increases the
initial efficiency. Thus a compromise must be made balancing reproducibility, initial
efficiency, and long-term stability.
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Figure 2. Secondary metrics correlated to efficiency degradation.
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Figure 3. Tertiary metrics correlated to efficiency degradation.
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Figure 4. Effect of copper dose on JV rollover, (a) definition, (b) data.
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Figure 5. Typical JV curves showing good initial performance
and degraded performance with rollover.

&
£
o
g Initial, no rollover
£
2
]
S Degraded
[m] with rollover
-
=
g
R
S
(8]
Voltage (V)
e

This document contains no confidential information



Coyle, NREL PV Module Reliability Workshop, Feb 28, 2012, Golden, CO

2 Literature Cited

(1]

(2]

[3]

[4]

(5]

[6]

[7]

B.E. McCandless and J.R. Sites, Cadmium Telluride Solar Cells, In: Handbook of
Photovoltaic Science and Engineering. Edited by A. Luque and S. Hegedus, Wiley
(2003).

S.S. Hegedus, B.E. McCandless, R.W. Birkmire, Analysis of stress-induced
degradation in CdS/CdTe solar cells, 28th IEEE Photovoltaic Specialist Conf., 535—
538 (2000).

J.F. Hiltner, J.R. Sites, Stability of CdTe solar cells at elevated temperatures: bias,
temperature, and Cu dependence, AIP Conf. Proc. 462, 170-175 (1998).

Gupta A, Townsend S, Kaydanov V, Ohno T, Conf. Rec. NCPV Rev. Mtg, 271-
272 (2000).

D.K.D. Dobson, I. Visoly-Fisher, G. Hodes, D. Cahen, Stability of CdTe/CdS thin-
film solar cells, Solar Energy Mater. Solar Cells 62, 295-325 (2000).

I. Visoly-Fisher, K.D. Dobson, J. Nair, E. Bezalel, G. Hodes, D. Cahen, Factors
Affecting the Stability of CdTe/CdS Solar Cells, Deduced from Stress Tests at
Elevated Temperature,
http://www.nrel.gov/pv/thin_film/docs/cahen_factors_afm.pdf (2002)

S.E. Asher, F.S. Hasoon, T.A. Gessert, M.R. Young, P. Sheldon, J. Hiltner, J. Sites,
Determination of Cu in CdTe/CdS devices before and after accelerated stress
testing, 28th IEEE Photovoltaic Specialist Conf., 479-482, DOI
10.1109/PVSC.2000.915876 (2000).

This document contains no confidential information 6



