
constituents, slight improvements in performance (5%-7%) 
associated with increased voltage and fill factor were 
recorded during the first l-2 days of stress testing. Of this 
set, the most stable contact after 1000 hours of stress was 
the Cu,,dTe dag contact containing no HgTe. Degradation in 
Cu-containing contacts was evidenced by the onset of 
forward current blocking behavior within the first l-2 days of 
stress testing. This roll-over behavior has been attributed 
to the formation of a reverse-biased diode at the dag/CdTe 
interface [12]. 

0.1 1 10 100 1000 
Hours Stress Testing (-2suns; 100°C; OC) 

Fig. 3. Dag-paste contact stress data 

Also shown in this figure are some initial attempts 
to duplicate the approach by Romeo, et al. [13] who report 
excellent stability of sputtered Sb,Te, contacts. When 
applied using a dag-paste neither this material nor Bi,Te, 
showed good stability. It should be noted that stress tests 
like those shown in Figure 3 represent accelerated 
conditions. Similar tests performed at the max power point 
are estimated to accelerate in-field degradation by a IO3 
factor[3]. 

The impact of Te on Device Reliability 

In this final part of our paper, we attempt to show 
how the chemical nature of the Te layer impacts device 
stability. A previous study [9] had supplied us with a good 
number of cells where the dag/CdTe interface chemistry 
included Te-rich, highly oxidized, and near-stoichiometric 
but possibly Cd-rich surfaces. In this study, it was 
determined that NP etched surfaces yielded similar device 
performance regardless of whether SCC or VCC processes 
were used. However, when considering a process void of 
any solution etching prior to contacting (and therefore a 
more manufacturable approach), VCC-treated CdTe 
surfaces contained much less oxide than SCC-treated 
surfaces and produced better devices. To evaluate the 
reliability of non-etched devices and devices with various 
degrees of oxide at the dag/CdTe interface, we subjected a 
subset, including both SCC- and VCC-treated films with and 

without the NP etch, to stress testing. In addition, one 
device for each process modification was set aside for 
comparison as an “unstressed” sample. 

The results of stress testing (again under open- 
circuit conditions and 1.5 to 2.0 suns illumination at 100°C) 
up to 504 hours is shown in Figure 4. In this figure, we show 
the actual change in measured open-circuit voltage (V,) 
and fill factor (FF). 
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Fig.4. Divergence of stress stability of NP and non-etched 
CdTe devices 

It is obvious that a strong divergence in the 
performance of cells that have been NP etched and those 
void of the etch exists. Another observation concerned 
how the I-V curves of these two groups of cells changed 
with stress. As mentioned previously, Cu-containing 
contacts, in conjunction with NP-etched CdTe surfaces, 
show roll-over within the first l-3 days of stress testing. 
During this initial phase, overall performance increases 
slightly. This behavior was replicated in the devices shown 
in Figure 4. The non-etched group, however, did not exhibit 
this behavior. Particularly interesting was the behavior 
observed with the VCC-treated cells minus the NP etch. In 
this case, degradation occurs from the onset of stress 
testing, principally by a rapid decrease in V,. Roll-over was 
not observed in this case. We have also observed this 
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switch of the primary degradation mode between roll-over 
and rapid V, drops in devices with Cu backcontacts using 
BRM etches. 

SIMS depth profiles of Cu as a function of film 
thiokness for etched and non-etched films with and without 
stress were taken after removing the backcontact. The 
valriation in Cu for VCC-treated films is shown in Figure 5. 

- non-etch; no stress 
- non-etch; stressed 
--- - NP etched; no stress 
. - - - NP etched. stressed 

0 2 4 6 8 

Depth from CdTe/Backcontact, pm 

Fig. 5 Cu distribution in NP and no-etched films 

Also shown in Figure 5 is the background trace 
level of Cu impurity measured in our CdTe films before 
backcontact processing. It is quite clear that films without 
NP etches contain more Cu at the CdSiCdTe interface 
before stress than NP-etched films. It is also obvious that 
Cu segregation at the back is also much greater when NP 
etches are used. The enhanced degree of Cu at the 
backcontact/CdTe interface and gradual decrease away 
from that interface follows the profile of Te (not shown) in 
these films. In contrast, Cu in non-etched films show much 
less segregation at the surface and a “flat” distribution in 
the ICdTe bulk again mirroring the Te profile. These results 
are supportive of Cu gettering by Te. 
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100 140 180 220 260 
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Fig. 6 DLTS difference of NP-etched and non-etched CdTe 

DLTS measurements performed between 80-300 K 
show a distinct difference between NP-etched and non- 

etched devices (Fig. 6). A recent DLTS study of CSS-grown 
CdTe devices using the NP etch identified one dominant 
electron and two hole traps at EC-O.28 eV, E,+0.34 eV, and 
E,+0.45 eV respectively[l4]. The hole trap at 0.34 eV was 
belileved to be associated with Cu, substitutional defects 
localized in the vicinity of the backcontact. As shown in 
Figure 6, we have also observed these same defects 
except for the case of the non-etched devices in which the 
0.34 eV states were always absent. This result supports 
our earlier claim that Te layers, and perhaps the thickness 
of these layers, play an important role in the ability of Cu to 
be incorporated as an active dopant near the 
CdTe/backcontact interface. 

SUMMARY 

The performance and stability of CdTe solar cells 
is siignificantly impacted by the backcontact/CdTe interface 
chemistry. Elemental Te is observed to impede degradation 
and favor doping in CdTe through the formation of Cu,, 
substitutional defects. Degradation modes are also 
impacted by whether Te is present or not. 
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