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ABSTRACT 

A series of photovoltaic module development 
activities, designated Blocks I through V, used 
increasingly refined requirements together with 
extensive testing and failure analysis to assist 
industry in developing the most advanced modules 
possible. The block program approach is described 
and the design details are given for all modules 
developed, highlighting the blockwise improvements. 
The success of this approach is demonstrated by 
the fact that most design details of the Block V 
modules have been adopted internationally. 
Instrumental to this success have been the steady 
improvements in design and test specifications 
that have guided module development. The 
experience gained since development of the Block V 
specification is being incorporated into a 
Block VI Design and Test Specification, which 
includes upgraded and revised application-specific 
requirements. Highlights of this Block VI 
specification are also described. 

INTRODUCTION 

In 1975 the National Photovoltaics Program 
initiated research on PV materials, processes, 
components and systems with the goal of developing 
photovoltaics as a viable alternative energy 
option. One instrument organized to pursue this 
program was the Flat-Plate Solar Array Project 
(FSA) at the Jet Propulsion Laboratory (JPL). The 
FSA Project, in consideration of the need for an 
objective method of evaluating progress towards 
this goal, conceived the idea of embarking on a 
series of photovoltaic module development programs. 
In these programs the development would be 
performed by industry and the performance evalua- 
tion of the modules would be performed by JPL. In 
preparation for each of these development programs. 
JPL prepared a design and test specification and a 
statement of work, both of which were instrumental 
in inducing the proposers to make maximum use of 
the latest PV technology. 

*This paper presents the results of one phase 
of research conducted at the Jet Propulsion 
Laboratory, California Institute of Technology, 
for the U.S. Department of Energy through an 
agreement wit11 the National Aeronautics and 
Space Administration. 

For each development program several parallel 
contracts were issued to provide for alternative 
approaches. Furthermore, each contractor was 
encouraged to continue work on his approach until 
he had successfully passed the qualification tests 
or had abandoned the proposed design. 

These development programs served two 
functions. First, they were an effective method 
of transferring the technology developed under the 
national program to the industries that must make 
use of them if the goal were to be met. Second, 
they produced practical modules whose performance 
evaluation under a formal set of qualification 
tests enabled identification of the research 
problems to be solved to continue progress toward 
the goals. 

THE BLOCK PROGRAM APPROACH 

The sequence of events that typify the block 
program approach are: 

JPL prepares design and test specification. 

JPL conducts competitive procurement 
culminating in award of parallel contracts. 

Contractor performs module design. 

JPL conducts design review. 

Contractor manufactures 10 modules. 

JPL performs module qualification tests (and 
failure analysis, as applicable). 

Contractor modifies design and/or processing 
procedure to correct problems revealed by 
qualification tests. 

JPL conducts design review. 

Contractor manufactures 10 modules. 

JPL performs module qualification tests (and 
failure analysis, as applicable). 

Contractor modifies design and/or processing 
as necessary and supplies modules for retest. 

JPL completes final testing. 

( 13 )  JPL prepares and issues User Handbook [l, 2, 
3, and 4 1 ,  describing construction details 
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and performance of successf111 m&u!e design 
by each contractor. 

The principal ingredients responsible for the 
success of this approach are the competitive 
procurement, the JPL design and test specification 
and the continuous cooperative interaction between 
JPL and the contractor. The competitive procure- 
ment provides incentive to incorporate the latest 
technology. The design and test specification 
identifies the design improvements needed to 
improve performance, as revealed by the results of 
prior qualification test results (from the 
preceding block), field experience and project 
research. The interaction between JPL and the 
contractor is the means for applying all available 
technical resources to the guidance of the design 
and the solution of the problems. Not the least 
part of this interaction is the provision that JPL 
qualification tests and failure analysis provide 
the vehicle for unearthing and correcting flaws, 
rather than merely identifying success or failure. 

RESULTS OF THE BLOCK APPROACH 

The block approach has been applied to a 
series of five development programs designated 
consecutively as Blocks I through V and spanning 
the period 1975 to 1985. The mechanical and 
electrical characteristics of the resulting 
26 modules are given in Tables 1, 2 and 3 and a 
photographic example of one module in each block 
appears in Figure 1. The variety of design 

MANUFACTURER 

SENSOR TECH. 

SOLAR POWER 

SOLAR POWER 
SPECTROLAB 
ARCO SOLAR 
MOTOROLA 

SOUREX 
SOLAR POWER 
ARCO SOUR 

PHOTOWATT 
SOLAREX 

ARCO SOLAR 
G.E." 

SPIRE' 

MODEL NO. 

V.1 3.AT 
785 
E.10.229.1.5 
0605134 
20.1 0.1452.J 
A.0221.0 
E.IOOO8-C 
022962.6 
10699.C 
P.0170.770.J 
20.10.1 646 
A.0221.G 
E.1 0008.F 
O l Z l I O I  
80.3002-F 
47J254977GLC 
MSP43040.G 
ML.1961.0 
580-0T.L.C 
5808T.RE 
058.0007.A 
004Ll14168.2 
47E258448G2.1 
L-180.12.0 
C.120.10A 
058.00084 

LENGTH 
Irnf - 
0.57 
0.5 1 
0.61 
0.66 
0.582 
0.579 
1.168 
1.168 
1.188 
0.583 
0.582 
0.579 
1.168 - 
1.219 
1.198 
0.8 18 
1.198 
1.199 
1.200 
1.193 
1.200 - 
1.221 
1.226 
1.791 
1.391 
1.134 

wirl~in each block that revells .3 stepwiss 
evolution from the common features of one block to 
those of the succeeding block. This evolutisn is 
illustrated in Table 4, which lists a single, 
representative set of characteristics for each 
block. A set does not constitute a description of 
a specific module because each feature is 
individually chosen for being most representative 
of that block and most indicative of design 
evolution. It should also be explained that the 
representative Block I11 characteristics do not 
materially differ from those of Block I1 because 
the Block 111 procurements were for large produc- 
tion orders (30 to 50 kW each) of essentially 
Block I1 technology, rather than for a development 
program. 

Table 4 shows that over all five Blocks, the 
module area has increased more than tenfold, the 
quantity of cells increased about sixfold, cell 
size increased, cell configuration changed from 
round to shaped, and the packing factor increased 
about 60%. These mechanical changes are the 
principal reason that module power has increased 
from about 8W to about 117W and module efficiency 
has increased from about 5.8% to about 10.6%. 
Some of these changes are evident from the module 
examples shown in Figure 1. 

The Block I features  able 4 )  that 
predominantly limit power are the small 0.1 m2 
area, and the poor 0.54 packing factor, which 
limited the module efficiency to 5.8%. The only 

Table 1. Module Mechanical Characteristics 

WIDTH MASS 

0.26 
0.37 2.6 
0.12 1.6 
0.289 
0 . 5 Z  4.1 
0.399 7.6 
0.388 6.1 
0.231 3.7 
0.583 6.6 
0.286 3.7 
0.579 4.4 
0.389 7.4 
0.305 5.2 
0.696 13.5 
0.669 4.0 
0.356 5.8 
0.444 7.4 
0.635 13.9 
0.628 11.2 
0.4 17 7.8 - 
0.810 12.0 
0.633 13.6 
1.203 29.5 
0.857 23.6 
0.595 7.3 

SUPERSTRATE 
OR TOP COVER 

RTV.6 15 
SYLGARO 184 
D.C. R4.3117 
GLASS 
HTV.EI 5 
SYLGARO 164 
O.C. XL.2577 

?- RTV.6 I 5  

SYLGARO 184 
D.C. R4-3 1 I 7  
Glnss 

%ESIDENRAL MOOULE %-m 
b ~ ~ m ~  o AREA "T-POLESTER FILM, POLYTHYLENE TEREPHTHALATE 
(OVERALL DIMENSION 

SUBSTRATE 
OR BOTTOM COVER 

ALUMINUM 
NEMA.GlO BOARO 
NEMA.GI0 BOARO 
ALUMINUM 
ALUMINUM 
NEMA.G 10 BOARD 
GFR WLYESTER BOARD 
MYLAR 
TEOLAR 
STAINLESS STEEL 
ALUMINUM 
NEMA.GlO BOARO 
GFR WLYESTER BOARO 
TEOISTITEO 
TEOLAR 
MEAD PAN.L.8OARD 
TEOlALiTEO 
TEDIALITED 
TEOLAR 
TEDLAR 
MYLAR.AL.COAT -- 
TEOIPETITED~- 
TEOIPETIALITEO~J 
PETIALITEO~ 
PETIMYLARITED~ 
TEOLAR 

ENCAPSULANT 

RTV.815 
SYLGARO 184 
SYLGARO 184 
RTV.6 15 
RTV.615 
SYLGARO 184 
SYLGARO 184 
PVB 
PVB 
D.C. 034527A 
RTV.615 
SYLGARO 184 
SYLGARO 184 
PVB 
PVB 
G.E. SCS2402 
PVB 
PVB 
EVA 

ENCAPSULANT 
METHOD 

CASTING 

t LAMINATION 

LAMINATION 
CASTING 

1 LAMINATION 

FRAME 

L ALUM. 

NONE 
ALUM. 
ALUM. 
ST. STEEL 
NONE 
ALUM. 
NONE 
ALUM. 
ALUM. 
NONE 
ST. STEEL 
ALUM. 
ALUM. 
NONE 
ST. STEEL 
ALUM. 
NONE 

I 

ELECTRICAL 
CONNECTIONS 

TERMINALS 
PIGTAILS 
J.8OXICABLE 
TERMINALS 
TERMINALS 
J.BOX 
J.BOX 
PLUG4N 
TERMINALS 

I v PIGTAILS 

FLATXABLE 
J.BOX 
RUG4N 
PIGTAILS 
PIGTAILS 
PLUG-IN 
J.BOX 
FLAT CABLE 
J.8O.X 
PLUG4N 
PLUG4N 

- 
PACKING 
FACTOR - 
0.51 
0.6 1 
0.57 
0.49 
0.64 
0.56 
0.69 
0.52 
0.69 
0.65 
0.65 
0.56 
0.69 
0.76 
0.74 
0.76 
0.76 
0.62 
0.85 
0.87 
0.85 
0.90 
0.90 
0.89 
0.88 
0.76 

features within each block reflects? inclusivelv, other directly contributing factor is encapsulated 
the applicable state of the art at the time of cell efficiency of 10.6%; however, perusal across 
procurement. However, despite this variety there the table shows about 12.3% cell efficiency in 
is a degree of cormnonality among the modules Block V, only a 16% improvement from Block 2. 
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Table 2. Module Cell and Circuit Characteristics 

MANUFACTURER 
SENSOR TECH. 
SOLAREX 
SOLAR POWER 
SPECTROLAB 
SENSOR TECH. 
SOLAREX 
SOLAR POWER 

1 SPECTROLAB 
I ARC0 SOLAR 

MOTOROLA 
111 SENSOR TECH. 

SOLAREX 

MOTOROLA 

SOLAREX 

ARC! SOLAR 
G.E. 
MSEC' 
SOLAREX 
SPIRE' 

MODEL NO. 
V-13-AT 
7 8 5  
E-10-229.1.5 

- 

ONTY - 
2 5 
1 8  
2 2  
2 0  - 
4 4  
4 2  
4 0  

1 2 0  - 
4 1  
4 8  
4 4  
4 2  
4 0  - 
3 5 

1 3 6  
1 9  
3 3  
7 2 
7 2 
7 2 

108  - 
7 2 
7 2 

4 3 2  
1 1 7  

7 2  

CELL 

SIZE I 
tmm) I SHAPE 
5 0  Dl4  I ROUND I I 
7 6  DIA 
8 7  DIA 

5 6  DIA 
7 6  DIA 

1 0 2  DIA 

7 6  DIA 
5 6  DIA 
7 6  DIA 1 ROUND WI1 FLAT 1 

1 0 2  DIA 1 ROUND 
103  DIA I ROUND W12 FLATS I 

7 6  DIA ROUND 
1 0 0  DIA ROUND WI1 FLAT 

1 0 0  x 1 0 0  OUASIXIUARE 
7 6  DIA ROUND 

9 5  x 9 5  SOUARE SEM 
9 5  x 9 5  1 SQUARE 
6 4  x 6 4  1 OUASIISOUARE 
9 7  x 97 QUASI-SOUARE 

1 0 0  x 1 0 0  QUASI-SOUARE 
9 5  x 48 RECTANGULAR 

1 0 1  x 101  RECTANGULAR 
91 x 9 1  QUASI-SOUARE 

NIP l PIN 

f 
ICXTL 

1 SEMCXTL 

cz 1 EFG 
SEMI-XTL 

1 
NIP 
NIP 
NIP 
NIP 
NIP-P+ 

Cell efficiency is very important because cell 
cost is the major driver of module cost. 
Nonetheless, cell efficiency has clearly been a 
minor factor in increasing module power. A 
greater effect was achieved by improving the 
module packing factor. This was achieved directly 
by manufacturing cells that are quasi-square or 
rectangular rather than round, thereby permitting 
close spacing. An additional increase in the 
packing factor has resulted from reducing the 
ratio of frame area to active module area, an 
outcome of the increased module area. 

In summary, the major techniques for raising 
module power have involved (1) increasing the cell 
area, (2) using larger cells (enabling better 
packing factor), and ( 3 )  using more cells 
(requiring larger module area). The advantages of 
higher power modules are reduction in dollar-per- 
watt cost of manufacture and reduction in 
field-site labor costs. The latter follows 
because a given application will involve fewer 
modules to install and to interconnect. However, 
there are application-related limits on module 
size. For example, in a residential roof-top 
array, module replacement cost or the desire for 
simple installation and replacement may set an 

SERIES 
CELLS 

25  
1 8  
22 
2 0  - 
4 4  
4 2  
4 0  
4 0  - 
4 1 
1 2  
4 4  
4 2  
4 0  
3 5  
3 4  
1 9  
3 3  
1 2  
3 6  
1 2  
3 6  
P 

1 2  
3 6  
3 8 
1 3  
3 6  

CIRCUIT I 

upper limit. And even in a central station 
application, where the foregoing considerations 
would probably not apply, the advantages of a 
larger module may be overweighed by inherently 
reduced reliability. For these reasons the need 
for modules larger than the Block V sizes is not 
now predictable. 

Addressing improvements in electrical 
reliability, the early modules were subject to 
catastrophic failure caused by even one crack in a 
single cell. Cracks can result from many causes, 
including defective cells, module handling, hail 
impact, thermal differential stresses, or from 
hot-spot heating caused by shadowing on a cell. 
Manufacturers have improved cell reliability by 
redesigning collector and grid patterns for 
increased numbers of cell attachment points, by 
attention to crystal plane orientation, and by 
providing additional care in processing and 
inspection to prevent or reject crack-prone 
cells. At the module level, manufacturers were 
encouraged, via the block procurements, to 
introduce design protection against this failure 
mode. The recommended fault-tolerance measures, 
listed in Table 4, are parallel cell strings, 
interconnect redi~ndancy and by-pass diodes. 





Figure 1. Examples of Block I Through Block V 

t l  
21 Watts" 

in residential applications. The three modules on 
the left are made of single crystal cells; the 
Solarex module uses semi-crystal cells; the Mobil 
Solar module uses edge-defined film-fed (EFG) 
ribbon cells, grown by the Mobil Nonegon Process. 

bVlt(t GENERAL 

tics, it can be seen that all the designs have 
converged to the glass/Ethylene-Vinyl-Acetate 
(EVA)/plastic-film configuration. All have high 
packing factor, except for the Spire module. 
However, the lower packing factor in that case was 
the result of an early cost trade-off that is no 

From Table 1, Module Mechanical Characteris- 

Table 4. Representative Characteristics of Block Nodules 

A R E A  lm21 
WEIGHT (kg1 
SUPERSTRATE OR TOP COVER 
SUBSTRATE OR BOTTOM COVER 
FRAME 
CONNECTIONS 
ENCAPSULATION SYSTEM 
ENCAPSULATION MATERIAL 
CELLS 

OUANTITY 
SIZE lmml  
CONFIGURATION 
MATERIAL 
JUNCTION 

FAULT TOLERANCE 
PARALLEL CELL STRINGS 
INTERCONNECT REDUNDANCY 
BY-PASS OlODES 

PACKING FACTOR 
N O C T ~  

0.1 
2 

SILICONE RUBBER 
RIGID PAN 

NO 
TERMINALS 

CAST 
SILICONE RUBBER 

2 1 
OIA: 76 
ROUND 

C Z  
NIP 

NONE 
NONE 

NO 
0 . 5 4  
43 

0.4 
5 

SlLlCONE RUBBER 
RIGID PAN 

YES 
J BOX 
CAST 

SILICONE RUBBER 

PERFORMANCE AT 28 'C CELL T E M ? . ~  
POWER. MAX.  IWI  
MODULE EFFICIENCY (%I  
ENCAPSULATED CELL EFFICIENCY 1%) 

42 
OIA: 76 
ROUND 

CZ 
NIP 

8 
5.8 

10.6  

NONE 
MINOR 

NO 
0 . 6 0  
44 

0.3 
5 

SlLlCONE RUBBER 
RIGID PAN 

YES 
TERMINALS 

CAST 
SILICONE RUBBER 

43 
DIA: 7 6  
ROUND 

cz 
NIP 

NONE 
MINOR 

NO 
0 . 6 5  
48 

0.6  
9 

GLASS 
FLEXIBLE SHEET 

YES 
PIGTAILS 

LAMINATED 
PVB 

7 5  
95 x 95 
SHAPED 

cz  
NIP P' 

3 
MUCH 

YES 
0.78 
48 

1.1 
17  

GLASS 
FLEXIBLE LAMINATE 

NO 
PLUG-IN 

LAMINATED 
EVA 

1 1 7  
1 0 0  x 1 0 0  

SHAPED 
c z  
NIP 

6 
MUCH 

YES 
0 . 8 9  
48 

'NOMINAL OPERATING I:ELl TEMPERATURE: CE!L TEMPERATURE I H  OPEN-CIRCUITEO htODULE EXPOSED TO 8 0  r n ~ l c r n ~  INSOLATIOM IN AMBIENT OF 10'C. 1 inlr iVlNO VELOCITY 

b~~ i l l 0  m ~ l c m ~ ,  AM 1.5 INSOLATION. 



Figure 2. The Block V Modules; 

longer valid; Spire has since produced a design 
with 0.90 packing factor, on another JPL contract. 

Table 2, Module Cell and Circuit Characteris- 
tics, shows the large cell quantities used in the 
modules, the large cell sizes (except for the 
ribbon cells) and the fact that all of the cells 
are rectangular, or nearly so. Parallel circuit 
strings are the rule, both for array reliability 
and, in most cases, to avoid string lengths that 
necessitate bypass diodes at substring intervals 
to prevent back-bias caused hot-spot failures. 

The data in Table 3, Module Electrical Perfor- 
mance, was measured on a single sample of each 
module. Power values are high, ranging from 71 to 
185 watts. Current values range up to 23.8 A, 
resulting from the large number of parallel cells. 
The efficiencies are almost uniformly good, the 
ribbon mo,dule being lowest. The efficiency values 
for the Solarex modules and cells are particularly 
noteworthy because they represent an increase in 
encapsulated cell efficiency and module cell 
efficiency at 25OC from about 8% and lo%, 
respectively, 2 1/2 years ago, to approximately 
10% and 12% today (In clarification of the module 
efficiency calculations, the value used for module 
area includes an allowance for borders, based on 
the dimensions of the mounting system suggested by 
the contractor.). 

Symbolic of the advances in Block V relative 
to Block I is the increase in module power output 
from about 8 W to as much as 185 W, the addition 
of semi-crystalline and ribbon cells to the 
original single-crystalline cells, and the elimina- 
tion of failures due to cracked cells, fatigued 
interconnects, hail impact and back-bias induced 
hot spots. 

BLOCK VI SPECIFICATION HIGHLIGHTS 

The steady improvements in design and test 
specifications that have guided the module 
development have been instrumental to the success 
of the block program approach. Since 1975, the 
requirements within the documents have undergone 

significant evolutionary changes through frequent 
assessment of module design and performance results 
from the closed-loop (interactive) specification 
development process. Table 5 summarizes the 
chronology of these specifications and their 
intended application. 

Table 5. Prior JPL Block Module Specifications 

JPL 
Document No. Application Date Issued 

5-342 

5-342-1, 
Rev. B 

5-342-1, 
Rev. C 

5101-16, 
Rev. A 

5101-83 

5101-161 

5101-162 

Block I June 1975 

Block I1 December 1976 

Block 111 May 1977 

Block IV November 19 78 
Intermed. Load 

Block IV November 1978 
Residential 

Block V February 1981 
Intermed. Load 

Block V February 1981 
Residential 

Since publication of the Block V specifica- 
tions in 1981 [5 and 61, a wide selection of solar 
cell and module performance data have been 
generated from endurance testing, including 
long-term accelerated environmental exposure and 
exploratory tests characterizing anticipated or 
known failure mechanisms. Module assessments from 
these sources along with performance data of 
fielded modules from previous block procurements 
and JPL's qualification testing have been used to 



upgrade existing design and test specification 
procedures. In addition, simplification of 
procedures and elimination of less useful tests 
based on past performance history, have been used 
to reduce qualification test costs. 

These recent changes together with the need 
for a generic specification, combining the require- 
ments of low-voltage small-remote residential, 
intermediate-load and central-station arrays into 
one document, has resulted in the ongoing develop- 
ment of a Block VI Design and Test Specification. 
The Block V1 Specification is to emphasize module 
performance rather than geometrical or aesthetic 
considerations so as to allow one to select appro- 
priate design and test requirements based on the 
application. Discussions of several anticipated 
additions and refinements are given in the 
following paragraphs. 

Global Air Mass 1.5 Measurement Conditions 

Over the past few years interest has increased 
in adopting a reference solar spectrum which more 
accurately matches the spectral distribution of a 
typical clear-sky day, including the blue-sky 
diffuse component. The previous AM1.5 direct 
spectrum was chosen for its compatibility with 
standard reference-cell calibration procedures, 
which utilized precision normal-incidence radio- 
meters that only view the direct component of the 
sun and exclude the blue sky light. Although the 
differences between the direct and global spectra 
are small (1%) for a broad-band device such as 
crystalline-silicon, they can result in large 
(>15%) differences with narrow-band devices such 
as amorphous-silicon. Consistent with the inter- 
national movement to the AM1.5 global spectrum, 
that spectrum has been adopted in the Block VI 
specification. 

New NOCT Test Procedure 

A module's Nominal Operating Call Temperature 
(NOCT) has proven to be an effective f igure-of - 
merit of its thermal design performance as well as 
a useful numerical parameter for predicting field 
operating temperatures and annual electrical energy 
production. The previous test procedure, included 
in Blocks IV and V, has undergone gradual 
refinement and upgrading to improve the speed and 
accuracy of its NOCT determinations. A recent 
study [7] has identified that observed scatter in 
NOCT test values is attributable to secondary 
environmental factors that were not controlled. 
These include sky radiation, ground reflection and 
emission, test angle, and transient wind effects. 

The new test methodology defines allowable 
values for these secondary factors and measures 
the module's temperature relative to that of a 
calibrated reference plate with a known NOCT 
value. Since the module and reference plate are 
subjected to the same environment, the temperature 
difference between the module (cell) and plate 
surface is approximately constant. 

The NOCT value is obtained by summing the 
calibrated-plate NOCT temperature and the average 

differential module-cell-to-plate temperature over 
a selected time interval. The new methodology 
simplifies NOCT determinations by not requiring 
sophisticated wind and solar irradiance information 
and by allowing a broader test window. Addition- 
ally, the NOCT test is more accurate, since 
relative temperature values between modules (cell) 
and plate temperature are monitored simultaneously 
and can be known within 0.5OC. 

Design Criteria and Test Procedure for 
Bypass Diodes 

Bypass diodes are frequently used to limit 
the detrimental effects of array shadowing and 
internal open-circuit module failures. Since 
diodes are required to perform their function 
occasionally or continuously over the life of the 
array, an important consideration is their 
long-term reliability. Important parameters 
influencing by-pass diode reliability include 
derating of the diode characteristics, adequacy of 
the heat-sink design and the expected worst-case 
field thermal environments. 

A recent study, addressed to the development 
of a methodology for assessing the design adequacy 
and reliability of bypass diodes [8], identified 
the predominant failure mechanisms in diodes as 
being strongly temperature-dependent. Design 
criteria were established addressing the adequacy 
of diode heat sinking by.limiting diode junction 
temperatures to: (1) the manufacturer's maximum 
allowable operating temperature under worst-case 
PV field thermal conditions, and (2) a derated 
temperature, 50°C below the manufacturer's 
maximum, for prolonged periods of high operating 
temperature (see Table 6 ) .  

Table 6. Diode Design Criteria 

Maximum Derated 
Allowable Temperature 

Diode Junction for Long-Term 
Type Temperature Reliability 

Schottky 125OC 7S°C 

Applicable 100 d/cm2 100 mw/cm2 
Field 

Conditions 40°C 40°C 

1.5 Isc 1.0 Isc 

The rating criteria and the corresponding 
test method developed are applicable to diodes 
mounted either integrally to or externally to 
module assemblies. Test results have shown that 
the derated, long-life temperature is the more 
difficult design criterion. The design criteria 
and test procedures have proven useful in 
assessing diode reliability, configuring heat 
sinks and selecting reliable diodes. 



New Ultraviolet Exposure Test CONCLUSIONS 

Inspections of modules fielded for the last 
few years utilizing polymeric films for either 
back or front cover materials have revealed 
shrinkage and cracking due to UV exposure. These 
observations have encouraged renewed photothermal 
aging studies to characterize degradation 
parameters and aging rates and to develop a 
photothermal qualification test. Results from 
this ongoing study will be used to recommend a UV 
exposure test procedure for the Block VI 
Specification. 

Electrochemical Stress Test 

Electrochemical corrosion of metallized grids 
of solar cells was initially observed on mini- 
modules exposed to 85OC/85% RH environments in 
the Wyle long-term endurance tests [9 and 101. 
Subsequent testing has subjected mini-modules with 
a variety of cell metallizations, encapsulants and 
back-cover materials to electrical stresses 
including positive and negative polarity voltage 
biasing up to 500 V dc. These tests have 
characterized this degradation mechanism over a 
range of environmental exposures [ll]. Electro- 
chemical degradation is accelerated greatest in 
high temperature and high humidity environments 
and is directly proportional to electrical stress. 
Consequently, this type of degradation is of 
particular concern for central station applications 
where maximum array voltages are 250-300 Vdc 
relative to ground. Consideration is being given 
to adding electrical stresses to the Block V 
Humidity-Freeze test procedure to assess module 
sensitivity to electrochemical degradation. 

Micellaneous Updates 

It is also expected that the Block VI 
Specification will include minor improvements such 
as an upgraded ground continuity test with 
resistance and applied test current requirements, 
and refinements in design requirements and test 
procedures for electrical isolation, hot-spot and 
hi-pot tests. In addition, it is expected that 
the twisted-mounting-surface test will be 
eliminated, and that the hail test will be waived 
for module designs having 0.125-thick tempered 
glass front cover and a hail-size requirement 
below one inch in diameter. 

The Block Program approach to photovoltaic 
module development has been an effective method of 
progressively transferring advanced photovoltaic 
technology into the successful design and produc- 
tion of commercial modules. Current evidence of 
this success is the fact that the Block V 
technology is now in common use internationally 
and that three of the five Block V modules, in one 
form or another, are now part of major PV installa- 
tions. Much of the credit for this record is due 
to the effort that has gone into the continuous 
upgrading of the module design and test specifica- 
tions over a ten-year period. The Block V Design 
and Test specifications, which have gained interna- 
tional acceptance and application, are now being 
refined and modified, incorporating research and 
experience during the last four years, to provide 
a new contribution to the field of PV module 
technology. 
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