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CHAPTER 6.

CONCLUSION

The accomplishment of this research project was two-fold:

() The (modified) manufacturing-friendly, sequential deposition process was used to
establish a base CuGaSe, process, and was then optimized to gain substantial
improvements in the performance (especialy, the Voc) of our CuGaSe, solar cells,

(i1) The Voc improvement gained in this project is belittled by the high Voc value
theoretically predicted for a CuGaSe; structure. This pointed to a performance
ceiling for the material and the process. Therefore, numerous physical, as well as
simulation experiments were carried out, which helped improve our understanding of
this limitation.

Our EDS results (on a Type || sample) showed that the ratios of the three (Cu, Ga,

Se) elements presert in the absorber layer were close to 1:1:2, which meant that the

material was close to being CuGaSe,, at least in the top region of the film. XRD anaysis

(also on a Type Il sample) showed that the structure of the analyzed CuGaSe, film was

polycrystalline, with a preferred orientation along the [112] direction.

The spectral response curves showed that the bandgap of our CuGaSe, materia
was around 1.63 to 1.64 €V. Thisindicated towards the formation of a material that was
very close to the ideal CuGaSe, absorber material. Also, the response curves showed the

presence of avery thin CdS layer, perhaps less than a 100 A°. It is possible that this layer
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was not atrue CdS layer, but was rather present as an intermediate phase, or mixture,

between CdS and the adjoining ZnO top contact layers. Thisis one area where more

systematic experimentation is needed.

The mgjor part of this study entailed the processing of CuGaSe; solar cells using
the Type | and Type |l recipes for the absorber formation. There are several differences
between the two recipes, in terms of the processing and the results they accomplished.
These are listed below, along with the best -V characteristics obtained for each of the
recipes.

() InTypel, al of the Ga was deposited up front, before Cu, wheresas, for Type 1, the
Ga was split into two layers, one before, and another after, Cu.

(ii) Typically, a Type Il sample saw a higher temperature for alonger period of time.
Because this made the substrate more vulnerable to the loss of 111-V1 species, the
process was adjusted so that much more Se was available during a Type Il run.

(ii)Variations in the thickness of the initial Ga layer changed the outcome of Type |
samples, whereas they had little effect on Type Il samples.

(iv) Type Il samples had improved Voc values, compared to Typel. The better Voc
values for Type Il samples were around 725 mV, with the best one at 735 mV.
Annealing treatment increased this number to 775 mV. The highest Voc for a Type
sample was 699 mV, with most other “high” values between 650 and 699 mV.

(V) The Jg: (current density) performance of Type Il samples was diminished, when
compared to that of Type | samples. Typica vauesfor Type | were between 13 and
15 mA/cn, with the best one at 15.2 mA/cnt (not in the same sample that showed

the best Voc). Typical values for Type Il samples were between 10 and 12 mA/cnt.
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The above results indicate towards a basic structural difference between the Type
| and Type Il processing recipes. Such a difference was intended, in that Type Il wasan
attempt towards raising the Voc's by utilizing the Cu-poor-to-Cu-rich film conversion.
Although this Voc improvement was accomplished, it was at the cost of the Jg-, keeping
the overall efficiency nearly the same. Repeated efforts to decouple the voltage and
current behavior were unsuccessful. Such a decoupling is needed, in order to improve the
overall performance.

The shunting effect (as seen in the |-V characteristics) was successfully reduced
by optimizing the thickness of the absorber layer. Thisresulted in a better curve-shape,
and improved fill factor values, with the best one at 58%. This aso resulted in the best
efficiency value of 4.8%.

As mentioned above, annealing, at a high temperature (200°C), improved the
Voc's, while somewhat reducing the current performance. Neither annealing at a lower
temperature, nor light soaking, showed any specific trend.

Experiments with other layersin the solar cell structure shed some light on the
complexity of the material. Efforts to replace CdS, as the heterojunction partner, had
very limited success, once again re-establishing CdS as the right choice. These
experiments, however, improved our understanding about the CdS process itself. The
best CuGaSe, results have been achieved, elsewhere by making variations in the CdS
process. Although all the details of this work couldn’t be known, asimilar effort with our
CdS was unsuccessful. Further research is needed, to focus on this aspect.

Efforts were a'so made to intentionally form an ntype layer at the top surface of

the absorber, resulting in little success. This experience, along with the SCAPS
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simulation experiments, indicates towards the strong possibility of the junction being a
true heterojunction.

The two simulation techniques were helpful in separating the effects of various
parameters on the device performance. SCAPS simulation produced a close match to our
Type | (processed) devices. This needed the introduction of interface, as well as bulk-
defects in the solar cell structure. AMPS simulation, on the other hand, placed the blame
on the back contact. (SCAPS produced no such results when the back contact properties
were changed.)

Because of the unavailability of an alternate back contact material (and process)
in our laboratory, actual (physical) experimentation with the back contact could not be
carried out. Such experimentation is needed, to make use of the smulated results, and to
better understand the source of the limitation on the Voc of the CuGaSe,/CdS solar cell

structure.
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APPENDIX A. EDS and XRD Results

The EDS are XRD results for a CuGaSe; Type |l sample are presented below.
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APPENDIX A (Continued)
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