N76 12500

(a)

(b)-(e)

{£)-(g)

(h)

(i)

PROCESS-INDUCED DEFECTS IN TERRESTRIAL SOLAR CELLS

We are not now a grantee or contractor in
either ERDA or NSF sponsored solar photo-
voltaic research. The results we report
have derived from research sponsored by
NASA (Grant NSG-3018) begianing June 23,
1974 and still in force at $60,000 per
year.

Authors:
F. A. Lindholm and S. S. Li
(University of Florida, Gainesville)
and

C. T. Sah
(University of Illinois, Urbana)

Principal Investigators of NASA Grant NSG~-3(C.8:
F. A. Lindholm and S. S. Li

Part of this paper was presented at the
1975 PSC Conference in May in Phoenix;
part has never been presented before.

578



The expectation of good performance has prompted interest in low-
resistivity, shallow-junction solar cells for space applications. Such
devices contain, however, regions of high doping and high impurity gradients.
Hence the physics underlying their operation is complex; many different
mechanisms, traditionally ignored, compete to determine cell behavior.

Thus a major problem in understanding the operation of such cells lies
in determining which of these wechanisms are dominant and which may be
neglected. A second problew, relating to design, lies in controlling both
the dominance and the magnitude of the phenomcna via coantrolling the device
structure and the steps used in fabrication.

These problems are the main uudertzkings of our research sponsored by
NASA Crant NSG-3018. Our progrim includes collateral experimental and
theoretical efforts. At present, the experimental etiort concentrates on
the fabrication of sclar cells and related test devices, and om a detailed
characterization of the current-veltage properties and of the defects that
contribute to them ‘'The experimental tools employed in our study iunciu’ -t
current-voltage meaturement and transient-capacitance, thermally-stimulated-
capacitance and thermally-stimulated-current measurements made on pn
junction or Schottky-barrier test vehicles. The theoretical effort anticipates
the dominant contributors te the behavior that need experimental study, provides
a careful interpretation of the experimental data, and seeks full utilization
of the data in calculating its inferences on solar-cell behavior. The theore-
tical and experimental efforts interplay, each guiding the direction of the
other.

Although aimed toward very high-efficiency, low resistivity silicon
solar cells for space applications, the results of our studies reached
thus far have considerable implications for cells of materials, such as
solar-grade silicon, currently being advanced for terrestrial application.
A review of our main findings will help clariiy tuese implicatiums.

To examine the issue of dominance among the high-doping mechanisms, we
have divided them into two broad categories:

1. Gap shrinkage, as produced, for example, by band t iling, .
impurity-band widening and impurity misfit; and

2. Altered interband transition rates, arising from Auger-
impact or SRH processes or from electronic tunneling via
defects.

Which of these mechanisms predominates depends, in general, on the physical
make-up of the device, on environmental conditions such as temperature, and
on the aspect of cell performince of interest.

To provide a quantitative illustration, we have taken a concrete example:
& rhosphorous diffused n+p cell, junction depth 0.25 microns, impurity grade
constant 1023 atoms/cm&, substrate resistivity 0.1 ohm-em., Further our
cttention has centered on the measured open-circuit voltage at 300°K.

To analyze this device, we have extended the traditional analvtical
theorv of silicon solar cells to enable inclusion of the high dopiong rmechanisms,
0f these mechanisme, we have concluded that gap shrinkage, taken alone in a
one-dimensionnl mdel, falls far short of explaining the measured open-circuit
voltage. To fit the data, a gap shrinkage of 0.23 eV would be required for
impurity concentrations only slightly higher than 1018 em™ 3, which compares
to out upper-bound estimate of 0.07 ¢V for such concentrations. From a
phvsical standpoint, we predict gap shrinkage to be small hecause minority
carrivrs can exist in sizable numbers in the dark cell only where the doping

is relotively small. . ORIGINAL PAGE B
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Of all the other mechanisms described until now in this paper, we have
proposed the sharp increase in the defect demsity near the highly-doped
‘surface to be the most likely candidate to explain the data. This result
indicates the desirability of additional expceriments concerning the proper-
ties of the defects near the surface and their relationship to processing,
particularly to the processing now used in the solar-cell technology.

To this point in our review, we have considered a one-dimensional model
of the cell, the only coordinate of interest having been that measuring the
distance from the surface. But the solar cell is a large area device, and
inhomogeneities across this area could play a significant role in governing
the performance. In particular, we note the existence of a statistical
distribution of impurity clusters, thermodynamically stable, occurring in
the diffused layer, -’

Viewing the overall solar cell as a collection of sub-cells roughly in
parallel one with another, we propose that those sub-cells with relatively
high doping ani defect density can severely degrade the performance of the
overall device. Hence the area-inhomogeneity mechanism accompanying hi_h
doping could play a drminant role and establish a basic limitation on the
performance obtainable. We give experimental indications on devices of our
fabrication that suggest the importance of area inhomogeneity.

Our work on low-resistivity, high-efficiency cells has suggested the
dominant role that defects take in determining performance. For materials
being put forward for terrestrial use (EFG, WEB, polysilicon, etc.), the
characterization of the defects and their relation to the fabrication
processes used will be even more significant. Researgh similar to ours,
conducted presentiy with NASA. but extended in scope and aimed toward
teriestrial solar cells, could thwus provide valuable iunformatica to the
nation's solar photovoltzic program.
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Figure 4.4

Experimental I-V curves for the 0.) Q-cm N*P test cells
obtained randomly from wafers C-101 and C-102 respectively.




