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INTRODUCTION 

After 10 years of extensive research on crystalline-silfcon flat-plate 
photovoltaic modules, the emphasis of recent reliability research at JPL has 
shifted to the emerging first-generation thin-fi lm amorphous sil icon 
modules. These new modules share much in common with their crystalline 
precursors, but also include many new materials and processes that demand 
the development of new reliability technologies. Key research thrusts 
include light-induced effects, cell corrosion, glass breaking strength, hot- 
spot heating, and electrical isolation of the cells from the module 
exterior. 

A critical first step toward achieving high-reliability modules is identify- 
ing the strengths and weaknesses of the available technologies. To this end 
JPL has been conducting a systematic test program involving qualification 
testing, field aging studies, and 1 aboratory investigathons using a broad 
variety of avai 1 able first-generation a-Si modules. 

BLOCK V QUALIFICATION TESTING RESULTS 

To assess the reliability attributes of the first-generbtion a-Si modules 
and to define priorities for required reliability research, a representative 
sample of a-Si modules was acquired from the 4 U.S. man facturers and sub- 
jected to the standard JPL Block V qualification test s 

In general, the first-generation a-Si modules performedwell in the Block V 
test sequence--comparable to the performance to first-g neration crystal - 
line-Si module designs. Such designs rarely pass the t st completely, 
because of minor design deficiencies, but degradation 1 vels are modest (on 
the order of 10%); a degradation of less than 5% is req ired to pass the 
Block V test. 

FIELD TESTING OF AMORPHOUS-SI  MODULE^ 

To obtain high quality field data, a representative Sam le of first- 
generation and prototype a-Si modules was placed in the Q field at JPL's main 

Because the Block V test sequence was developed and 
crystalline-Si modules, another important first step was 
ability of the test procedure to amorphous-Si modules. 
ful compari son of real -time and accelerated field-aging 
obtained in the Block V test sequence. Of specific 
induced degradation, which is known to be important in 
which is not tested for in the Block V tests. 

refined specifically for 
testing the applic- 
This required care- 
results with those 

concern was light- 
a-Si modules, and 

Proceedings of the SERI Photovoltaic Thin-Film Module Reliability Testing and Evaluation Workshop
Lakewood, Colorado, August 13-14, 1987, SERI/CP-275-3239

Solar Energy Research Institute, Golden, Colorado, 1987, pp. 179-195.



test site. Performance degradation was carefully monit$red by periodically 
removing the modules and making precision I-V measurements using JPL's LAPSS 
measuring system. 

When mounted in the field, each module was electrically loaded to a specific 
electrical operating point on its I-V curve; some modules were loaded open 
circuit, some short circuit, and the majority were loaded at their maximum 
power point via a constant-voltage (zener diode) load. 

Light induced effects were prominent in nearly all fielfl-test modules. The 
degradation is typified by modest short-circuit current loss accompanied 
with a shunt-like loss in fill factor. However, the in'tial rapid rate of 
degradation slows to a stable asymptotic level after a onth or so of field 
exposure. Consistent with device testing experience, t e electrical opera- 

level and rate of degradation. 

1 
ting point of the module is found to have a significant influence on the 

ACCELERATED LABORATORY AGING TESTS 

In combination, the Block V qua1 ification testing and t e field aging reveal 
a number of degradation mechanisms important to a-Si mo 1 ules and highlight 
the inadequacy of the Block V test procedure to predict the light-induced 
degradation observed in the field. To further understa b d the stress para- 
meters influencing these mechanisms and to separate the interrelated effects 
of light-induced-effects and cell corrosion, JPL is con ucting a broad 
program of laboratory testing on specially prepared tes coupons. These 
investigations are focused in four key areas: 

e 
o Corrosion of the cell interconnection regions and back metal 

o Electrochemical corrosion between cell string and module frame 
including "bar graph" del amination of the tin oxide 

o Electrical breakdown and leakage currents between the cell string 
and modul e frame 

o Degradation of large-area a-Si cells due to hbt-spot heating 

Although not covered in detail in this presentation, results from these 
laboratory investigations have been reported elsewhere (1, 2, 3, 4, 5). 

SUMMARY 

As an indication of the evolving nature and continuing growth of photo- 
voltaic technology, thin-film amorphous-Si power modules have made their 
commercial debut during the past 2 years. Because of the extensive interest 
in this technology, the majority of recent reliability research has focused 
on characterizing the reliability of the first-generation a-Si power 
modules, and on initiating the development of re1 i abi 1 i ty enhancements 
required to achieve 30-year-life. Extensive field testing and early 
application experience have highlighted certain failure mechanisms as being 
the most important to long-term power generation. These include light- 
induced effects, corrosion of the cell monolithic interconnects, electro- 
chemical corrosion between cell s and module frame, electrical breakdown 
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between cell string and frame, and diffusion of dopants and chemical 
elements between the thin-film cell layers. Research thrusts in each of 
these areas are actively underway and are making important contributions to 
the reliability of this promising technology. 
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rlETAL VOIDS ALONG CELL INTERCONNECT 
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BAR-GRAPH CORROSION TESTING 
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MOISTURE SORPTION AND IONIC 
CONDUCTIVITY INSTRUMENTATION 
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