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Abstract
Concentrating photovoltaic (CPV) systems have great potential to 

reduce photovoltaic (PV) electricity costs because of the low cost of optical 
components relative to PV cells. Ultimate success of CPV will require long-
term reliability, including stability of the transparent polymeric material 
that encapsulates the cell, and, therefore, is exposed to concentrated light. It 
is desirable to evaluate the UV-resistance of these materials in a reasonably 
short time. In this work we investigated two strategies for enhancing UV 
exposure, achieving a sustainable intensity of 40-45 suns UV. We applied 
these strategies to polydimethyl silioxane (PDMS), ethylene vinyl-acetate 
(EVA), ionomers, and thermoplastic polyurethanes (TPU). Superior 
performance was found for PDMS materials, but some of the hydrocarbon-
based materials could also be suitable for CPV applications.

Introduction
Concentrating photovoltaic (CPV) systems have great potential to 

reduce systems cost and the cost of electricity produced by photovoltaic 
(PV) cells. The relatively small area covered by the cells allows high-
performance cells to be used with optical systems that concentrate solar flux 
by as much as 500X to 1000X. At geometric concentrations less than 50X, 
monocrystalline silicon-based cells typically balance the considerations of 
cell cost and performance. However at high concentration (250X to 1000X) 
high-performance III/V multijunction cells are used exclusively because the 
high performance of the cells justifies their relatively high cost.

For CPV systems, a transparent polymeric material is typically used 
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your testing goals and needs.
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Specimen Spray Monitoring the Smart Way

Atlas has developed a smart alternative for mechanical water flow meters to monitor the rain function inside 
weathering instruments. Unlike mechanical water flow meters, the Atlas solution measures the change in chamber 

temperature and chamber humidity caused by initiating a rain cycle. Software analyzes and interprets both sensor data 
specifically during rain phases, thus receiving reliable and direct feedback from the test area. This is a major deviation 
from water flow meters located behind the test chamber that typically only receive indirect feedback. 

SSM was introduced in June 2009 for the SUNTEST® XXL/XXL+ models at no charge with the latest software 
release. Our engineers are working on the opportunity to bring this smart solution to other models in our weathering 
portfolio. 

‘Which Language Do You Prefer?’  
Atlas Instruments Go Global

Because not all users are alike, Atlas has expanded the language capability for its SUNTEST® and Xenotest® 
instrument lines. In addition to the simplified instrument start-up via pre-programmed test methods, 12 of the world’s 

most common languages have been integrated. Your instrument can now be operated in any of three Asian languages 
(Chinese, Japanese, or Korean) or nine other languages (English, Spanish, German, French, Czech, Polish, Italian, Turkish, 
or Dutch). More languages are planned for future product releases. 

Programming your Atlas instrument was never easier! 

Ci3000+ Fade-Ometer® Capacity Increased by 50%

A two-tier rack option is now available for the Ci3000+ Fade-Ometer. This option will increase the capacity of the 
Ci3000+ from 2188 cm² to 3422 cm², easily making it the most attractive price-to-capacity ratio of any xenon 

weathering instrument specifically designed for the textile market.
Other xenon textile testers have two tiers of specimens in a vertical configuration. The innovative design of the 

two-tier rack combines two sample holders in Atlas’ trademark inclined configuration, providing unparalleled irradiance 
uniformity across the entire vertical exposure area. Each specimen opening is 4 cm x 14.5 cm, ample space to take 
instrumental color measurements. The specimen holders have a standard insert to easily mask one portion of the 
specimen for visual color evaluations. The two-tier option will also be available as a retrofit option for previously installed 
Ci3000+ instruments. 

Contact your local Atlas sales representative for more information on this new product enhancement. 
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	 Join us at ATCAE in December
	 		  Atlas® Technical Conference on 
		  Accelerated Ageing and Evaluation

Atlas is excited to host a two-day conference for the global weathering 
community. Slated for December 8–9, 2009 at the Pointe Hilton Tapatio 

Cliffs Resort in Phoenix, Arizona, the conference will give participants 
the opportunity to hear from and interact with a range of experts 
from the solar energy industry. Presentations will focus on the 
latest developments, research, and innovative approaches to 
address environmental durability, performance and service life 
of materials, components, and PV modules. An optional site tour 
of Atlas’ Solar Test Center of Excellence is planned for conference 
participants on December 10.

With solar system life expectancies at 20, 30, and even 40 years, appropriate 
accelerated testing of long-term durability is crucial. The solar market has grown 
tremendously, and accurate weathering testing has never been more important 
to product development, quality, and certification testing.

The following conference speakers are confirmed:

For more information on the conference or on any of our solar energy services, 
visit www.solardurability.com or contact us at info@atlas-mts.com. 

 
To secure 
your spot 

at this event, 
register today!

•	 Dr. Richard Fischer, 3M (Retired)
•	 Mr. Christopher Flueckiger, Underwriters Laboratories, Inc.
•	 Mr. Dieter Haus, Weiss Umwelttechnik
•	 Dr. Werner Herrmann, TÜV Rheinland Group
•	 Dr. Norbert Henze, Institute for Solar Energy Technology (ISET)
•	 Dr. Michael Kempe, NREL
•	 Dr. Michael Köhl, Fraunhofer Institute for Solar Energy Systems (ISE)

•	 Dr. Sarah Kurtz, National Renewable Energy Laboratory (NREL)
•	 Mr. William Murray, Formerly of Medtronic
•	 Dr. James E. Pickett, GE Global Research
•	 Mr. Andreas Riedl, Atlas Material Testing Technology LLC
•	 Mr. Kent Whitfield, Miasole
•	 Dr. John Wohlgemuth, BP Solar
•	 Mr. Allen Zielnik, Atlas Material Testing Technology LLC
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Fundamentals of  
Weathering I

October 27 » 
Oensingen, Switzerland

November 3  » 
Bochum, Germany

November 4  » 
Paris, France

Fundamentals of  
Weathering II

October 28 » 
Oensingen, Switzerland

November 4  » 
Bochum, Germany

November 5  » 
Paris, France

SUNTEST® Workshop

October 29 » 
Oensingen, Switzerland

Atlas Client Education helps clients learn to design durability test programs to understand how weathering affects materials. Our education and training 
solutions will help you and your staff effectively master the skills and knowledge needed to develop long-lived products in shortened development cycles. 
Our programs are designed for all levels to ensure that everyone develops the skills required to understand the fundamentals of weathering and how to 
operate our instruments. For the latest schedules and locations, check the Atlas website, www.atlas-mts.com, or e-mail info@atlas-mts.com. 
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to optically couple the PV cell to optical components while also providing electrical insulation 
against condensed moisture that may create a grounding hazard and/or increase corrosion 
rates. The light intensity and wavelength distribution are important considerations for choosing 
an encapsulant because these will vary greatly depending on the focusing optics used [1]. At 
concentrations <5X, typical hydrocarbon-based encapsulants, such as ethylene vinyl-acetate 
(EVA), should be durable over the desired 20-year service lifetime if they are formulated 
correctly. At concentrations >50X, silioxane-based encapsulants [e.g. polydimethyl silicone 
(PDMS)] are used as they are extremely resistant to thermal and light-induced degradation. 
Issues such as the need for expensive Pt-based catalysts in high-performance PDMS 
formulations typically make them more costly to use. However, this can be acceptable at high 
concentration because the performance gains outweigh the costs.

For medium-concentration systems (~ 5X to 50X) the choice of encapsulant is less clear. 
The higher performance and higher durability of PDMS based encapsulants must be considered 
as an alternative to lower cost and lower performing hydrocarbon-based materials. Because PV 
systems will be in use for 20 or 30 years, evaluating their performance in a reasonably short 
time can be problematic.

In this study, we developed methods to expose transparent encapsulant materials to 
high (40 to 45 UV suns) optical fluxes of UV radiation to enable rapid evaluation of materials. 
Exposure was further modified by changing the glass composition (with and without cerium) to 
increase the effective UV dose [2, 3] relative to that of a typical CPV optical system [1].

We exposed a variety of hydrocarbon and silicone-based materials to this high UV 
flux and measured the changes in yellowness index (YI) and the quantum efficiency/solar 
spectrum weighted transmittance. We compared the results to identify candidate encapsulant 
materials for use under medium concentration and discussed the implications of the test results 
on expected service in the field. With this method, it is possible to evaluate materials for 20- to 
30-yr exposure in medium-concentration CPV applications in a relatively short time.

Experimental Procedure
Ultraviolet exposure was obtained using an Atlas® Ci4000 Weather-Ometer® with a 

light intensity of 114 W/m2 between 300 nm and 400 nm. The light was filtered using a type “S” 
borosilicate inner and outer filter. This light intensity (about 2.5X the AM 1.5 global UV Suns) is 
experienced by samples placed at a radius of r =32.4 cm from the lamp. To increase the UV dose, 
test samples were placed at a radius of r =7 cm from the lamp. Here, the UV dose was estimated 
by approximating the lamp as a 12.5 cm long line source with the light intensity decreasing as 
1/r 2 from each point along its length.

(1)  ∫
+

− +
= 2

2
22

1l
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l
Z

o

sample

sample

dz
rz

II

Here z is the vertical distance from the center point of the lamp, r  is the horizontal 
radial distance from the lamp, l is the total length of the lamp, and Io is a coefficient for the lamp 
intensity (See Fig. 1). Integration of Eq. 1 yields,
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+1 1 −12
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l
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r r r
tan tan= oII

where Io can be solved from the known condition that the UV intensity at r =32.4 cm and 
Z=0 cm is 2.5 suns. 

Using Eq. 2, the intensity at a radius of r =7 cm as a function of height was estimated 
as shown in Fig. 2. To avoid using regions where the light intensity changes rapidly, only the 
vertically central Z=±3.8 cm region was utilized. In this region, the calculated irradiance varies 
between 39.3 UV suns and 44.0 UV suns with an average of 42.3±1.5 UV suns. Whenever 
a sample was removed for measurement, the positions of all samples were randomized to 
avoid any location specific variations in light intensity. The Ci4000 Weather-Ometer was set 
at 30ºC and 30% RH with baffles placed to enhance air flow to the specimens to reduce their 
temperature. The black panel temperature was set at 29ºC to force the recirculation blower to 

High-Flux Testing for CPV,  from page 1
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continually operate at maximum speed, providing the maximum 
convective cooling possible. 

To verify the applicability of Eq. 2, measurements of the 
light intensity as a function of radial distance r were performed 
by Atlas weathering services in an Atlas Ci5000 Weather-Ometer 
using an integrating sphere attached to a fiber optic cable and 
a spectroradiometer, Fig. 3. The dashed lines indicate a slope 
of 1/r2, which is what one would expect at large distances 
from a point light source, or the slope of 1/r, which is what one 
would expect for an infinite linear light source. For most of 
the range of distances measured, the calculated line (Eq. 2) 
closely matches the measurements. However, at large distances 
(and low light intensities) the measured values are high, which 
could be explained from reflected light within the chamber. At 
small distances (<7 cm) there is a negative deviation. While 
this deviation may be attributable to the limitations of the 
optical measurement, this analysis demonstrates that Eq. 2 is a 
reasonable representation of the light intensity at most locations 
within a Xe arc lamp chamber.

At r=7 cm in the Ci4000 Weather-Ometer, a deviation 
in radius r of ±1 mm corresponds to about 1 UV sun irradiance. 
When one considers that the ability to position the samples 
should be accurate to ±3 mm, then the greatest sources of 
uncertainty in the irradiance comes from the vertical- radial- 
placement.

The samples used in this experiment were made using 
a ~0.5-mm thick polymer laminated between two 2.5-cm´2.5-cm, 
3.18-mm or 2.95-mm thick glass sheets. Because the samples 
are transparent, they remained at temperatures between 78ºC 
and 95ºC depending on their age, and hence relative amount 
of IR radiation, the Xe arc lamp emits. It was also observed that as samples began to discolor 
and become more optically absorbing, their steady-state temperature increased. Black samples 
were found to reach temperatures as great as 150 to 170°C. Samples with significant changes in 
YI were found to reach temperatures of 110 to 120°C.

After exposure to UV light, the transmittance of the samples was measured using 
a Varian Cary 6000i UV-VIS-NIR spectrophotometer equipped with an integrating sphere. 
From this, the yellowness index (YI) was calculated according to ASTM E313 using D65 as 
the illuminant (solar equivalent) spectrum and the 1931 procedure [4]. Because medium-
concentration CPV systems typically use monocrystalline silicon cells, the light transmittance 
was weighted against the AM 1.5 direct solar spectrum [5] and the quantum efficiency of a 

Xenon Arc
Lamp

Atlas Ci4000 Setup for High UV Flux

7 cm

32.4 cm

12
.5

 c
m

7.
6 

cm

“r” Distance from Lamp

“Z” Height above Center Line

High UV 
Flux

Sample

Typical
Sample
Plane

Co
nc

en
tr

at
io

n 
(U

V 
su

ns
)

“Z” Distance from Lamp Center Height (cm)

Sample at r=32.4 cm from the Lamp

Sample at r=7 cm from the Lamp

Region Used for Exposure

0

5

10

15

20

25

30

35

40

45

50

-6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6

1000

100

10

1

1 10 1007

Co
nc

en
tr

at
io

n 
(U

V 
su

ns
)

Sample Distance from Lamp (cm)

Calculation

Atlas Measured
Data Ci5000

1/r2

1/r

Figure 1. Schematic of Atlas Ci4000 Weather-Ometer® 
in cross-section, with samples placed close to the lamp. 

Figure 2. Plot of the calculated light flux  
along the lamp for r=7 and r=32.4 cm.

 Figure 3. Plot of the calculated light flux on  
a sample at a fixed height, z=0, as a function  
of radial distance, r. The calculation applies  

to an Atlas Ci5000 Weather-Ometer with  
2 UV suns at r=47 cm with a 25-cm-long bulb.



SunSpots

6

typical monocrystalline silicon PV cell.
Some samples began to degrade at their perimeter as an oxidative process dominated 

the degradation. Others (all EVA samples tested), turned yellow in the center first as an 
oxidative process serves to remove chromophores at the perimeter. In both cases, these 
perimeter oxidative effects were limited to the outer millimeters of the samples. Because a 
cell used in a medium-CPV application (or a non-concentrating system) typically uses a glass 
front sheet located in front of a relatively large cell, the anaerobic center of our samples is 

likely to be more representative of the majority of the 
packaged region useful in a PV application. Therefore, all 
transmittance measurements were made in the center of 
the samples. This assumption is more applicable to CPV 
systems than non-concentrating systems because intense 
UV irradiation degrades the encapsulant rapidly relative 
to oxygen diffusion rates which would not be accelerated 
equally.

Results 
The different encapsulant materials that may 

be used in CPV each possess unique UV-absorbtion 
spectra. Even though UV radiation comprises only a 
small amount of the total solar energy, the photons in this 
region (especially below 350 nm) are extremely effective 
at degrading polymeric materials [1, 6, 7]. In Fig 4., the 
transmittance of low-Fe glasses, with and without Ce, are 
shown to illustrate how the addition of trace amounts of 
Ce affects the UV absorption [8]. The addition of Ce also 
reduces transmittance of infrared light, yielding a loss in 
transmittance that develops upon exposure to UV light 
as shown in Fig. 5. This “solarization” produces a 1% loss 
in transmittance for low-Fe, Ce-containing glass along 
with a 0.2 increase in YI. This small loss in transmittance 
influenced many in the PV industry to discontinue using 
glass with Ce. While this may be appropriate for flat-
panel PV systems, medium-X CPV systems may require 
Ce-doped glass, or some equivalent UV screen, to enable 
the use of EVA (as opposed to silicone-based encapsulant 
materials).

Four different EVA formulations were obtained 
from different manufacturers and tested for changes 
in YI and optical transmittance as a function of 
exposure (Fig. 6). Different types of glass were used 
to demonstrate how blocking UV radiation below ~350 
nm can have a dramatic effect on changes in YI and 
optical transmittance. Changes in YI correlate well with 
optical transmittance in all the polymeric materials 
tested in this study. The YI values generally display 
significant changes with less exposure than the weighted 
transmittance, making them good predictors of material 
performance. However, the Ce-glass itself produces 
an initial drop in transmittance over the first ~200 hr, 
attributable to solarization of the glass, that does not 
correlate with a significant change in yellowness index. 
In Fig. 6, one can see significant differences between the 

EVA formulations illustrating the importance of using a well-formulated EVA. 
Because the loss of transmittance causes significant heating via optical absorption, 

the exact shape of the different curves might not be useful for comparison between different 
samples. Initially, all samples should be at nearly the same temperature, but as they become 
more absorbing, thermally induced degradation may further increase degradation rates. 

High-Flux Testing for CPV,  from previous page
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However, the onset of degradation should correlate well 
with UV dose, as thermal runaway doesn’t occur until after 
significant degradation has accumulated.

After 1000 h all the non-Ce EVA samples began to 
show some changes in YI, whereas none of the Ce-containing 
samples show statistically significant increases in YI until 
after 2000 h. Transmittance for EVA #2 behind Ce-containing 
glass, appears to be dropping at 2000 h but lack of data 
between 2000 h and 4000 h indicates it could be longer than 
4000 h before significant degradation occurs. For EVA #1 
behind Ce-containing glass, somewhere between 2000 and 
4000 h the sample began to delaminate. Therefore, further 
transmittance characterization was not possible. This 
sample will be reexamined to determine if delamination is an 
inherent problem for this formulation.

The yellowness index gave similar results to the 
transmittance measurements. For EVA sample #2, onset of 
significant changes in YI and Transmission occur at ~2000 h, 
500 h, and 100 h for Ce, non-Ce, and silica glass respectively. 
Fig. 7 demonstrates the visual appearance of a typical EVA 
sample. The ingress of oxygen from the perimeter bleaches 
the chromophores making the samples more transparent 
around the edges [6, 9]. This trend continued with time, and 
at 1568 h (Fig. 8) the UV-blocking Ce glass sample is still 
relatively transparent as compared to the non-Ce sample. 
However, after 4000 h of exposure behind Ce-containing 
glass, EVA # 1, #2 and #4 (and #3 to a much lesser extent) are 
discolored around the oxygen-exposed perimeter as opposed 
to the more anaerobic center (Fig. 9). This demonstrates that 
there are at least two different processes causing yellowing.

For EVA #2, it can be seen that the removal of Ce 
causes the onset of transmittance loss to occur about 4 
to 6X faster. For EVA #2 a sample was made using silica 
glass for which the onset of transmittance loss was almost 
immediate. This identifies the high potential of UV-B (285<l< 
320 nm) to cause degradation. This estimate of a 4 to 6X 
reduction in the time required for the onset of degradation 
is probably a low estimate for switching from Ce to non-Ce 
glass [10]. The observation that most of the EVA formulations laminated to Ce glass maintained 
good transmittance during extended exposure, indicates that the blocking of UV-B light may 
generally reduce discoloration by more than 6X. On the time scale of these experiments, it is 
apparent that oxygen has not fully permeated the samples; therefore, this result may not be 
applicable to non-concentrating systems where there may be sufficient time for oxygen ingress 
for photo-oxidative bleaching.

Other hydrocarbon-based polymers were examined (Fig 10). Only the ionomer showed 
better performance relative to EVA. The thermoplastic polyurethane (TPU) was comparable to 
EVA in its YI and transmittance changes. It also showed photo-oxidative bleaching around the 
perimeter in the non-Ce glass sample but not the Ce-glass sample after 4000 h. However, the 
non-Ce glass TPU sample delaminated after 2000 h of exposure. 

The polyvinyl butyral (PVB) samples in particular degraded quickly with time, 
even with the UV-blocking Ce-glass. The PVB tested turned yellow in all areas exposed to 
UV radiation; there were no perimeter yellowing or oxidative bleaching effects. For the PVB 
sample, it can be seen that the use of non-Ce glass causes degradation to begin about 2 to 5X 
faster relative to Ce-containing glass.

While the transmittance data for the ionomer showed no degradation after nearly 
4000 h, visual inspection of the sample clearly shows some photo-oxidative degradation that is 
more significant for the non-Ce glass (Fig. 11). In the figure, optical degradation is located on 
the perimeter indicating that it is an oxygen-induced degradation. Furthermore, the non-Ce 
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glass sample shows more degradation suggesting that the 
process is accelerated by UV radiation (especially the UV-B 
spectrum). 

The PDMS samples examined performed 
exceptionally well (Fig. 12). With a ±1% uncertainty 
in transmittance measurements, the only statistically 
significant changes in the silicone samples pertain to 
solarization of the Ce-containing glass and not silicone 
degradation. These silicone-based encapsulant samples 
clearly show superior performance as compared to all the 
hydrocarbon-based materials. There were no visual signs 
of degradation, even on the perimeters, of any of these 
samples. 

Discussion
At 42 UV suns running 24 hr/day, our modified test 

instrument provides a UV dose that is about 42×3=126 times 
as damaging as typical outdoor field exposure on a solar 
tracker. Therefore, 1000 h of exposure roughly corresponds 
to about 14 years at 1 sun, provided a linear relationship 
exists between exposure intensity and degradation. This 
assumption is tenuous at the extreme exposure conditions 
utilized here, but when making comparisons to CPV systems 
at 10X to 50X, this assumption is more robust because the 
instantaneous dose is about 4.2 times as intense. Typically, 
the dependence on UV dose at high concentrations is 
sublinear (i.e. 10 suns renders less than 10X acceleration) 
[11, 12, 13]. Furthermore, an Atlas Weather-Ometer® 
configured with a borosilicate inner and outer filter on the 
xenon arc lamp, is designed to emulate the global spectrum 
not the direct solar spectrum utilized in CPV applications. 
The direct spectrum has 30.5 W/m2 and the global spectrum 
has 46.1 W/m2 between 300 nm and 400 nm; therefore, 
there is another 1.5X acceleration factor for concentrating 
systems. This results in an irradiance of 42X3X1.5=190 times 
the direct UV solar spectrum.

If these are the only factors being considered, it 
would take about 9,300 h (1.1 years) for 20 years equivalent 
exposure in a system operating at 10X concentration and 
46,000 h (5.3 years) for a 20-year equivalent exposure for a 

system operating at 50X concentration. 
The equivalent test time can be further reduced if one considers that the mirrors 

and polymeric Fresnel lenses used in CPV applications act to reduce the amount of UV light 
transmitted as concentrated light, Fig. 4. Medium-concentration CPV systems typically use 
linear concentration in the form of Fresnel mirrors or lenses or trough reflectors. 

Fresnel lenses are typically constructed using an acrylate polymer (e.g. polymethyl 
methacrylate) that is stabilized using UV absorbers that will yield a transmittance profile 
similar to the UV-absorbing film shown in Fig. 4. Because this spectral distribution blocks much 
more UV light than the glass superstrates tested here, extrapolation to this condition would 
be very tenuous. It is anticipated with so little UV light, that other processes, such as thermal 
degradation, may instead dominate [1].

For the case of a mirror used to concentrate light prior to transmittance through a low-
Fe non-Ce glass, inspection of Fig. 4 indicates that the spectral distribution would roughly be 
represented by the transmittance through a low-Fe, Ce-containing glass. In this work, exposure 
to high UV flux has indicated that the removal of Ce from glass causes degradation to occur 
between 2 and 6X faster. If one assumes the performance of samples behind non-Ce glass 
compares to a mirror/non-Ce glass concentrating system, then an additional 4X acceleration 

Figure 7. EVA #5 after 400 h of 42 UV suns. 
Samples are 2.5 cm x 2.5 cm square.

Figure 8. EVA #2 after 1568 h of 42 UV suns. 
Samples are 2.5 cm x 2.5 cm square.

Figure 9. EVA #2 (left) EVA #4 (right)  
after 4125 h of 42 UV suns.  

Samples are 2.5 cm x 2.5 cm square.

High-Flux Testing for CPV,  from previous page
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Figure 11. Photograph of the ionomer samples after 
3900 h of exposure to 42 UV suns. 

Samples are 2.5 cm x 2.5 cm square.

factor can be assumed as a first-order approximation 
bringing the total acceleration factor to 190X4=760. With 
these assumptions, samples behind low-Fe, non-Ce glass 
exposed for 2,300 h or 12,000 h emulate 20 yr in the field for 
10X and 50X CPV systems, respectively. Because the effects 
of oxygen ingress are not adequately controlled in this 
experiment, and because the extra UV-B radiation with non-
Ce glass has the potential to accelerate non-representative 
failure modes, this extra 4X acceleration should be used 
with caution.

All the silicone materials have so far demonstrated 
this criteria (>2000 h exposure) for the 10X CPV conditions. 
It is expected that they will continue to perform well for the 
50X-CPV-equivalent exposure. For the hydrocarbon-based 
materials, only the ionomer (see Figs. 6 and 8) demonstrates 
UV stability for 10X-CPV applications. Continued study will 
examine the 50X-CPV-exposure condition. Even if it does 
continue to perform well, the perimeter degradation shown 
in Figure 9 is an important concern. Significant material 
degradation around the perimeter could create an electrical 
insulation hazard before the optical degradation affected 
module performance. However, extra UV protection around 
the oxygen-exposed parts may be sufficient to alleviate this 
concern. Further study is necessary to confirm this.

Another aspect to consider for materials selection is 
the total light transmittance. In prior work, it was estimated 
that PDMS silicones transmit about 0.7% more light (for 
normal incidence) than some of the best hydrocarbon-based 
materials (e.g. EVA and PVB) [3]. With continued exposure, 
further reductions in light transmittance is expected relative 
to the silicone-based materials. This 0.7% difference in 
performance should be considered as a minimum because 
properly formulated PDMS materials are less likely to 
experience transmittance losses after UV exposure. If the 
price difference between using a silicone and a hydrocarbon-
based material is less than 0.7% of the overall module price, 
then a silicone is likely to be the more cost effective solution. 
As the concentration ratio gets higher, the relative amount 
of area (and materials) required to encapsulate a module will 
decrease making the case for a silicone-based encapsulant 
stronger.

Lastly, this analysis has only considered the effects 
of degradation on light transmittance. An encapsulant 
material must also maintain good adhesion. If delamination 
occurs, there will likely be enhanced corrosion, a loss of 
light transmittance (associated with interfacial reflectance), 
and the potential for a safety hazard (arc or grounding fault). 
This safety hazard could make the system inoperable which 
is the greatest of these concerns.

Conclusion
A method was developed for exposing transparent 

encapsulant materials to 42±5 UV suns of radiation. Test 
samples were constructed using Ce- and non-Ce-containing 
glass superstrates to further increase the UV dose. It was 
found that samples with non-Ce glass, which transmit more 

Continued on next page 
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UV light, causes a loss of transmittance in a polymeric material somewhere between 2 and 6X 
faster than UV blocking Ce-containing glass.

As a first-order approximation, it was estimated that under these conditions a UV dose 
equivalent to 20 years for a system using mirrors and non-Ce glass can be obtained in 2,300 h 
and 12,000 h for 10X and 50X CPV systems, respectively. However, exposing samples to a UV-B 
rich environment has the potential to introduce non-representative degradation; therefore, if 
the spectrum is matched to the direct solar spectrum, 9,300 h and 46,000 h would instead be 
required for a 10X and 50X CPV system, respectively. This allows for evaluation of candidate 
materials in a more reasonable amount of time.

For the PDMS materials, no signs of degradation were seen after as long as 4000 h of 
exposure to 42 UV suns. The best hydrocarbon-based polymer tested was an ionomer. After 
4000 h of exposure, no change in transmittance or YI index was observed within the central 
portion of the ionomer samples; however, the edges that were exposed to air experienced severe 
UV-induced degradation. If adequate protection of these exposed surfaces were provided, it 
might be possible to use this material in a medium-concentration CPV application.
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Atlas® Launches Full Spectrum 
Monitoring Device

Several years ago, most standard weathering test methods were very specific in terms of the 
descriptions of equipment and components to be used. These included the geometry of the 

exposure cabinet, specific filter designations, and more—generically referred to as “hardware-
based” standards. Some of the more common methods include ASTM G26, SAE J1960, SAE 
J1885, and AATCC Test Method 16E.

Participating members of these organizations made a commitment to change the foundation 
of the methods to be “performance-based.” Rather than specifying the control methodology, 
geometry, filters, etc., any weathering instrument can now meet the standard, provided it meets   
the “performance” requirements.

The specific area most affected by this change was the 
spectral power distribution (SPD) provided by the light source.  
In the previous “hardware-based” standards, it was easy for users 
to know they were meeting the standard, because the standard 
specified specific filters to be used. Nowadays, the spectral output 
of the lamp system is the requirement (with certain tolerance limits). 
An example of an SPD table is given below:

An important implication of the performance-based 
specifications is the issue of showing objective evidence that you  
are in compliance with the test specification during ISO 17025 
quality audits. The concern for the user (and auditor) is that the 
laboratory likely will have no way of directly knowing whether or 
not their instrument is actually meeting the SPD requirements of 
the standard to which they are testing. And while the manufacturer 
can assure that a lamp and filter system will be within the 
specifications initially, lamp/filter aging, water quality, and other  
factors can cause this SPD to change over time. 

Current ways to verify the SPD include:
» Taking a direct measurement with a spectroradiometer. 

The problem with this method is that most laboratories cannot afford the expense  
of the equipment, nor have the resources available to train someone to operate it.

» Indirect methods such as the use of standard reference materials 
(SRMs). While these materials can give some indication if a unit is “in spec,” the 
reason for an SRM change in physical or appearance property may be due to other 
factors, including irradiance intensity, temperature, humidity, or more likely, a 
combination of these factors.

As a result of this concern, Atlas is pleased to announce the launch of the Atlas LS-200 Full 
Spectrum Monitoring device. The LS-200 has been specifically designed for use in Ci-series Weather-
Ometers® to precisely measure the SPD output of the xenon lamp. Validation tests have shown that this 
device has excellent correlation to the spectroradiometers used in the Atlas Calibration Laboratory. 

The device simply mounts in place on the specimen rack, and the output is measured over a 
short amount of time (30 minutes is sufficient). The data can then be downloaded and exported into 
a common spreadsheet program, and analyzed to quickly and easily determine compliance to the 
performance-based standard being run.

There is no need for any retrofit to older versions of Ci instruments. The LS-200 works with 
any generation of Weather-Ometer. For labs without the resources to purchase the device, Atlas’ 
Technical Services group offers measurement of their instruments, in addition to normal preventive 
maintenance and calibration services.

Finally, plans are in place to adapt the LS-200 device to be used in any xenon weathering 
instrument, including the Xenotest® and SUNTEST® product families.

For more information about the Atlas LS-200, please contact Matthew McGreer, Product 
Manager for Atlas Material Testing Technology at mmcgreer@atlas-mts.com. 

Relative Spectral Irradiance for Xenon-Arc Lamps  
with Window Glass Filters

Spectral Bandpass CIE No. 85:1989  
(+ effect of  

window glass)

Wavelength λ in nm Min. % % Max. % 

λ < 300 0.29

300 ≤ λ ≤ 320 0.1 ≤ 1 2.8

320 < λ ≤ 360 23.8 33.1 35.5

360 < λ ≤ 400 62.4 66.0 76.2

Table 1. ISO 4892-2
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Atlas® Establishes Solar Test Center 
in Phoenix, Arizona

Photovoltaic Testing Services for Performance, Durability and Reliability
Atlas now offers a complete portfolio of testing services to evaluate the performance, 

durability, and reliability of solar cells and modules. Atlas’ ISO 17025-accredited laboratory in 
Phoenix, Arizona offers testing programs for full-scale PV arrays, BIPV, complete modules, and 
individual PV cells in a confidential and secure test site.

Performance and Qualification Testing
Atlas’ Solar Test Center capabilities include many elements of qualification testing for 

industry standards such as IEC 61215, IEC 61646, and UL 1703. As product development projects 
expand in scope and expense, testing is required during the R&D process to validate performance 
and durability. Atlas can perform many of the individual tests required in these standards or 
custom, proprietary tests to help you understand your product prior to initiating a costly and  
time-consuming certification program. 

Atlas has the resources to help you qualify your PV products, including:
•	 Custom-designed SolarConstant 

six-luminary solar simulator
•	 Walk-in environmental chamber for 

temperature and moisture cycling 

•	 I-V curve tracing measurements •	 UV pre-conditioning chambers

•	 FLIR thermal imaging and analysis •	 Outdoor exposure racks

•	 Optical properties measurements including hemispherical solar reflectance, 
transmittance, and emissivity

Durability and Reliability Testing
Atlas is the global leader in weathering testing of materials, offering ISO-accredited test 

services to investigate the impact of long-term exposure of systems in almost any environment. The 
Solar Test Center provides proprietary R&D testing and exposure in secure and confidential settings. 
Services include:

•	 Accelerated artificial weathering and 
durability testing using fluorescent, 
metal halide and xenon light sources

•	 Atlas SolarClimatic chamber testing 
with solar loading and temperature and 
moisture cycling

•	 Accelerated outdoor testing using 
EMMAQUA® solarconcentrating 
system

•	 Ultra-accelerated solar exposure 
(100x optical)—ideal for concentrated 
photovoltaic materials and testing

•	 Solar radiometric measurements 

Complete System Testing
The new Solar Test Center also offers a range of testing options for in-situ testing of 

complete systems. Solar arrays can be tested grid-tied, under fixed load with periodic performance 
testing, measurement, and evaluation as well as continuous data collection via state-of-the-art data 
acquisition systems. 

Other available services:
•	 I-V curve tracing •	 Spectroradiometric measurements

•	 Complete meteorological and solar 
measurements

•	 Reference cell and silicon cell sensor 
measurements

To learn more about Atlas’ Solar Test Center and PV testing services, please contact a  
client services representative at 1-800-255-3738 or visit our website devoted exclusively to the  
solar energy market: www.solardurability.com.  
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Atlas® Introduces XenoCal® Solar
New Sensor Designed for UV Pre-Conditioning of  
Photovoltaic Modules

Precision is crucial for all testing equipment. Stable light outputs, 
control of temperature, and accurate performance measurement are 

critical factors for testing photovoltaic modules. For UV pre-conditioning 
tests, it is especially important to ensure that irradiance from the light 
source is within the specification, and that the specified radiant exposure 
is not exceeded. 

XenoCal technology has been widely used in weathering instruments 
to measure, control, and calibrate irradiance in the UV and visible spectral 
regions. Based on this proven technology, Atlas has developed the XenoCal 
Solar sensor to provide user-friendly, precise measurement and calibration 
exclusively for UV pre-conditioning of PV modules.

The XenoCal Solar sensor measures irradiance (W/m²) or radiant 
exposure (kWh/m²). Depending on which IEC standard is selected from the 
menu, values in two wavelength bands are displayed:

IEC 61215 “Crystalline PV modules”:
•	 280–320 nm
•	 280–385 nm

IEC 61646 “Thin-film PV modules”:
•	 280–320 nm
•	 280–400 nm

The sensor is water tight and capable of operating in harsh 
environments such as ambient temperatures up to 70 °C. Individual 
polynomial T compensation guarantees correct response over the whole 
operating temperature range.

The sensor comes in a protective case with a lithium battery, a 
connecting cable, and an RS 232 C interface for exporting data to a computer. 
The data is displayed and processed with XenoSoft. This software, as well 
as updates, may be downloaded for free from www.atlas-mts.com. The 
data may also be exported to common data processing programs such as 
Microsoft® Excel.

The XenoCal Solar sensor may be used to measure any light source 
used for UV pre-conditioning according to IEC 61215 or IEC 61646 (e.g., it 
measures fluorescent/UV, metal halide, xenon, gas discharge lamps, and 
even outdoor light). For optimal results and precision, a spectral correction 
factor can be programmed for each specific light source. Four commonly 
used light sources are factory pre-programmed. It is possible to program up 
to 10 additional user-defined spectral correction factors.

The XenoCal Solar sensor may be calibrated at one of Atlas’  
ISO 17025-accredited laboratories, fully traceable to internationally 
accepted standards—e.g., NPL and PTB. Calibration gives you the 
assurance of always measuring with the highest possible reliability.  
The XenoCal Solar sensor fully complies with international standard  
ISO 9370 on radiometry sensors.

For more information regarding XenoCal Solar, please contact  
your local Atlas sales representative. 

XenoCal 
Solar— 

the newest 
member of 

the XenoCal 
family
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Response

Single Variable “Which is Better?” Trial

Variable “A”

80° C

140° C

Vendor “A” Vendor “B” Vendor “C”Standard

Single Variable: Which Is Better? 
By Henry K. Hardcastle, Atlas R & D

Formulators often use the single variable approach in 
weathering experiments for alternative vendor evaluations or 

“Drop In” formulation component qualification. In this design, one 
includes multiple pairs instead of a single pair of experimental 
samples.

This type of experimental design answers questions such as: 

•	 Whose tin mercaptide stabilizer has the least 
effect on weathering, Vendor “A,”Vendor “B,”  
or Vendor “C”? 

•	 Which impact modifier has the best long-term weathering 
performance, the current vendor or a candidate vendor? 

•	 Is there one TiO
2
 grade that offers better weathering 

performance in my system? 

•	 Which colorant pigment system offers better performance in my system, 
powder pre-blend or liquid color? 

•	 Which is the best solvent system for my coating from these alternatives, methylacetate, acetone, or PCBTF? 

Application of this design is similar to the single variable. The experimenter prepares a separate sample set for each 
alternative candidate (usually including a standard set to compare performance against a control). The experimenter 
measures the output variable(s) of all sets after exposure and analyzes for significance and importance.

The graphic above shows a representation for this widely used design. 

Atlas® to Sell ACT Test Panels in Europe
Atlas has developed a relationship with ACT Test Panels LLC 

of Hillsdale, Michigan for the distribution of test panels in the 
European market. Since 1981, ACT has set the test panel quality 
standard, proudly serving automotive, appliance, heavy equipment, 
aerospace, and metal forming and manufacturing customers. Atlas  
will now be able to sell ACT panels to clients throughout Europe.

“Selling ACT panels is a perfect fit for Atlas,” said Jamie Chesler, General Manager Marketing & Aftermarket for Atlas 
Material Testing Technology. “There is a tremendous amount of overlap in our core customers. We know the market and 
will now be able to sell them a more comprehensive, one-stop solution for their testing needs.”

Atlas will sell ACT’s complete portfolio of panels but will begin by stocking TRU panels for immediate delivery. Ideal for 
quick, economical, and reliable on-the-spot quality control checks, these panels assure accurate spray out, flow, color 
match, and coverage evaluations. TRU panels are available prepackaged with VCI paper. They are specially formulated for 
longer shelf-life and batch-to-batch consistency.

“ACT is pleased to be working with Atlas,” said Brad Kimpell, Vice President of Business Development at ACT. “As leaders 
in our respective industries, we think this relationship will help both companies grow, furthering our commitment to be as 
close to our customers as possible.”

For more information on ACT Test Panels, please contact your local Atlas sales representative. 
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Atlas Opens Corrosion Testing Lab

Based on customer feedback, Atlas has expanded its growing list of testing services available at our 

accelerated laboratory in Chicago, Illinois. Effective immediately, Atlas will begin performing corrosion testing. 

The latest Atlas corrosion instruments have been installed in a secure lab environment. The new  
lab will provide Salt Fog and Cyclic corrosion testing according to common and custom test methods.  
Evaluations services are also available, making Atlas your one-stop shop for all your corrosion testing needs.

For a corrosion testing quotation, please contact your local Atlas sales representative. 

Atlas® Launches New Fluorescent 
Weathering Device – UVTest™

Atlas is excited to announce a new fluorescent UV testing device for accelerated weathering. 
The Atlas UVTest™ has been designed for economical weathering testing with the scientific 

sophistication of Atlas’ 90 years of weathering expertise. 
“Our engineering and design teams spent a considerable amount of time and  

effort reviewing the current state-of-the-art technology for fluorescent UV devices,” said  
Richard Schultz, Engineering Manager and UVTest Project Leader at Atlas. “Based on customer 
feedback and insight from industry experts, we were able to improve upon almost every aspect of 
the design and functionality without departing from established test environment geometry and 
performance, which is critical to the integrity of our customers’ ongoing test programs.”

The objective of artificial weathering is to reproduce real life product failures in a laboratory 
under accelerated and reproducible conditions. Fluorescent UV lamps are one light 
source used to simulate specific solar spectral power distributions. These sources are 
incorporated into fluorescent UV condensation devices like the new UVTest.

With easy-to-use features, including simple touch screen operation and control, 
pre-programmed and custom tests for error-free operation, and advanced calibration 
technology, the UVTest is a low-cost, economical, artificial weathering device.

Additional features include:
•	 Best-in-class, consistent distribution of irradiance and temperature
•	 Improved ergonomic specimen retaining clips/rings for easier sample handling
•	 High maximum irradiance levels of  > 1.55 UVA and  > 1.23 UVB
•	 State-of-the-art optical and temperature sensor technology for 

improved accuracy
•	 Air heater protection from splash water to avoid burn out
•	 Frame-integrated float switch and viewing window to protect against 

accidental damage
•	 Adjustable height casters and integrated bubble level
•	 Stackable option for increased capacity in the same device footprint; 

spray option available for stackable units
•	 Re-circulating spray water option 
•	 Adaptable for customer-specified spray nozzles

For more information, please visit www.atlas-mts.com or contact your local 
Atlas sales representative. 
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Atlas Material Testing  
Technology LLC 
4114 North Ravenswood Avenue 
Chicago, Illinois 60613, USA 
Phone: +1-773-327-4520 
Fax: +1-773-327-5787 

Atlas Material Testing  
Technology GmbH
Vogelsbergstraße 22 
D-63589 Linsengericht/Altenhaßlau 
Germany 
Phone: +49-6051-707-140  
Fax: +49-6051-707-149

KHS Germany Office
Gerauer Straße 56a 
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