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Vacuum ultraviolet radiation is among the space environment elements that can be hazardous to DC93-500
silicone film, which has been proposed for use on spacecraft exterior surfaces. Investigations have been con-
ducted to examine vacuum ultraviolet effects on DC93-500 film. Laboratory exposure tests were used to determine
the effectiveness of various wavelength ranges in causing optical and mechanical degradation and to determine
intensity-dependence of optical and mechanical properties degradation. Results indicated that wavelengths be-
tween 185 and 200 nm were significantly more effective in causing degradation than wavelengths between 140
and 185 nm. These findings were consistent with results of vacuum ultraviolet ellipsometric optical measurements,
which provided data on depth of penetration in DC93-500 as a function of wavelength. Wavelengths between 185
and 200 nm penetrate to depths between 1 and 3 μm in DC93-500, depths where bulk degradation is likely, whereas
the penetration of shorter wavelengths is much more shallow and more likely to result in only surface degradation.
Results of exposures of DC93-500 film samples to vacuum ultraviolet radiation of intensities between 1.5 and 5.5
times the sun’s intensity indicated no intensity-dependence of optical and mechanical property degradation.

Nomenclature
Dp = depth into a surface at which a propagating light beam is

attenuated to 1/e of its original intensity
e = base of natural logarithms
k = extinction coefficient
n = index of refraction
Rp = complex Fresnel reflection coefficient for the parallel

component of the electric field
Rs = complex Fresnel reflection coefficient for the

perpendicular component of the electric field
S = light intensity expressed as number of equivalent suns
� = relative phase change for light reflection from a surface
λ = wavelength of light
ρ = ratio of complex Fresnel reflection coefficients Rp and Rs

τ = transmittance
ψ = relative amplitude change for light reflection

from a surface

I. Introduction

D OW Corning DC93-500 is a space-grade silicone elastomer
that is commonly used as an adhesive for spacecraft compo-

nents such as solar cells and optical solar reflectors and as a general
encapsulant or potting material for spacecraft electronic compo-
nents. Its wide service-temperature range (−115 to +200◦C), flexi-
bility, and low outgassing properties make it desirable for spacecraft
applications.1 Recently, DC93-500, in freestanding film form, has
been incorporated into the design of a refractive Fresnel lens solar
concentrator for a patented spacecraft solar-cell array referred to
as the Stretched Lens Array (SLA).2 Simulated space environment
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testing of the DC93-500 material has shown that it is susceptible to
ultraviolet (UV)-radiation degradation.3 Such degradation requires
that DC93-500 surfaces be protected from ultraviolet radiation for
long-duration durability for space power applications. As part of
ongoing studies examining vacuum ultraviolet (VUV) radiation ef-
fects on polymer films for spacecraft applications,4−6 this paper
describes laboratory investigations on DC93-500 for VUV penetra-
tion depth, and wavelength dependence and intensity dependence
of VUV degradation.

The air-mass zero solar (AM0) spectrum contains UV radiation
of wavelengths extending down to the Lyman-alpha emissions of
hydrogen at 121 nm (Ref. 7). The high-energy portion of the UV
spectrum containing wavelengths below approximately 200 nm is
generally referred to as VUV radiation. Polymer surfaces on space-
craft are vulnerable to degradation due to incident solar radiation in
this wavelength region, which contains short-enough wavelengths
and thus high-enough energies to break bonds in organic molecules.8

Photochemical reactions within organic molecules may result in ef-
fects such as discoloration of the material, which can result in in-
creased solar absorptance or loss of mechanical properties due to
chemical changes in the material. The depth within which degrad-
ing effects occur depends upon the depth of penetration of the VUV
light. In general, organic polymers absorb VUV within a shallow
depth on the order of micrometers or less, although the depth is
dependent upon the polymer.9 Only surface degradation can oc-
cur for wavelengths that penetrate a shallow layer of the polymer,
whereas for wavelengths that are more penetrating, bulk degradation
is possible.

Ground testing is important for predicting long-duration durabil-
ity of spacecraft materials, especially for materials or components
that have not been previously tested for long-duration exposure in
space. However, differences between the space environment and the
ground laboratory environment lead to complexities in interpreting
the ground test results. Two important differences between space
and laboratory VUV exposure conditions are light intensity and
irradiance spectra. It is desirable to be able to conduct accelerated
testing, or testing at intensities greater than those in space, especially
for long-duration mission durability predictions. However, there is
no conclusive information on the maximum acceleration factor that
will produce damage that is realistic compared to the space environ-
ment. It is likely that the acceleration factors are material specific,
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depending on material chemistry. It is important to determine the
maximum intensity that can be used to produce realistic damage
in a reasonable amount of time. Differences between the AM0 ir-
radiance spectrum and that of a laboratory VUV radiation source,
when considered along with a materials spectral absorption curve,
can also lead to complexities in interpreting results of ground tests.
For example, a typical laboratory VUV source is a deuterium lamp
with a magnesium fluoride window. This source has a peak at ap-
proximately 160 nm, which does not exist in the AM0 spectrum. If
a material is highly absorbing in this wavelength region, the labo-
ratory source might produce damage that is unrealistic compared to
space, especially for high intensity levels.

This paper describes results of testing to investigate wavelength
dependence and intensity dependence of VUV degradation for
DC93-500 silicone. The goals of this work were to determine the
wavelength ranges that are most damaging to silicone DC93-500
and to determine whether accelerated testing of up to six times the
sun’s intensity (i.e., six VUV suns) produces realistic degradation
by comparing results to those obtained using lower intensity levels.
To best interpret the results relative to the properties of DC93-500
silicone, spectral measurements were made of VUV penetration
depth.

II. Experimental Methods
A. Preparation of DC93-500 Film Samples

Dow Corning® (DC) 93-500 Space-Grade Encapsulant two-part
silicone elastomer was cast and cured by ENTECH into a film of ap-
proximately 150-μm thickness following a proprietary process for
mixing, casting, and curing via a proven temperature/time schedule
in an environment free of cure inhibitors. Samples tested were cut
from this “stock” film.

B. Optical Properties Characterization
Total transmittance of the silicone films was measured using

a Perkin-Elmer Lambda-19 ultraviolet-visible-near-infrared spec-
trophotometer equipped with a Labsphere reflectance accessory,
which includes an integrating sphere 150 mm in diameter. Mea-
surements were made over a wavelength range of 210–2500 nm.

C. Mechanical Properties Characterization
Tensile testing was conducted using a DDL Model 200Q Elec-

tromechanical Test System. Tensile test specimens were punched
using a die fabricated to the specifications defined in American So-
ciety for Testing and Materials (ASTM) Standard D-638 for type
V tensile specimens.10 Whereas the tensile die produces an over-
all sample length of 63.5 mm, samples for these experiments were
trimmed to an overall length of 44.5 mm to better accommodate
the VUV exposure chamber dimensions. The trimmed length was
simply the excess material that would fall outside the grips of the ten-
sile tester. Sample width is 9.52 mm with a narrow section 3.18 mm
wide and 7.62 mm long. The initial grip separation distance was
25.4 mm. Samples were tested using a speed of 63.5 mm/min, and
load vs displacement data were obtained. From the load vs displace-
ment data, ultimate tensile strength (UTS) and elongation at failure
were obtained. Elongation was based on the change in grip distance
from test start to sample failure.

D. Vacuum Ultraviolet Variable-Angle Spectroscopic Ellipsometry
Spectroscopic ellipsometry is a surface-sensitive, nondestructive

optical technique widely used to determine film thickness and op-
tical constants. Reflection ellipsometry measures the change in the
polarization state of light upon reflection from a sample surface.
Measurement results are expressed as psi (�) and delta (�), rela-
tive amplitude change and relative phase change for light reflected
off of a surface, respectively. These measured parameters are related
to the complex Fresnel reflection coefficients Rp and Rs as shown
in Eq. (1):

ρ ≡ tan (ψ) ei� = Rp/Rs (1)

In this work, the optical constants of index of refraction n and
extinction coefficient k of DC 93-500 silicone in the UV, including
VUV, were determined using variable-angle spectroscopic ellipsom-
etry (VASE®). Theory and methods of determining optical constants
for materials using VASE have been described in detail elsewhere.11

A commercial VUV-VASE® system (J. A. Woollam Co.), covering
the spectral range 140–1100 nm, was used. Measurements were
performed at two angles of incidence (60 and 70 deg) and over
spectral range 140–400 nm. Prior to measurement, the silicone film
was backside abraded to eliminate back surface reflections, and the
sample was then placed on a glass slide for measurement.

Raw VUV-VASE data were fitted to optical models for a 200-μm
(nominal) silicone film to determine the optical constants. Silicone
was represented in the optical model by a sum of four Gaussian oscil-
lators to account for interband absorptions. Surface roughness was
modeled by a Bruggeman effective medium approximation (BEMA)
layer, assuming 50% material and 50% void.

The penetration depth Dp for a material at a given wavelength
is a measure of how far a beam of light of that wavelength will
penetrate into the material. A propagating beam will be attenuated
to 1/e of its original intensity after propagating a distance equal
to the penetration depth. Penetration depth is related to the optical
constant k as indicated in Eq. (2):

Dp = λ/4πk (2)

Using Eq. (2), UV light penetration depth in silicone DC93-500 was
determined as a function of wavelength of 140–400 nm.

E. Vacuum Ultraviolet Exposure
The facility used for VUV exposure has been described in detail

elsewhere.6 The facility uses a cryogenic vacuum pumping sys-
tem. The test chamber contains four individual VUV exposure ar-
eas separated by water-cooled copper walls to minimize cross in-
teractions between compartments. Each exposure area contained a
30-W VUV deuterium lamp with a magnesium fluoride end window
(Hamamatsu Model L7293), which provided broad spectrum VUV
with a lower cutoff wavelength of 115 nm. Sample stages, one per
area, were motor controlled so that the intensity of VUV light could
be adjusted by changing the distance between the VUV light source
and the sample. Each exposure area was equipped with a cesium
iodide (CsI) phototube, calibrated to a NIST-measured deuterium
source, to make measurements of lamp intensity (in the wavelength
range of sensitivity of the detector, 115–200 nm) at the sample dis-
tance. Lamp-intensity measurements were used to determine the
number of VUV suns, defined as the ratio of lamp intensity to AM0
intensity in the 115–200-nm wavelength range. For reference, the
AM0 intensity in the 115–200-nm-wavelength range is 1.073E-5
W/cm2 (Ref. 7). Multiplying the number of suns by test exposure
hours provides the number of equivalent sun hours, or ESH, which
is the equivalent time for direct AM0 exposure. Additionally, mul-
tiplying the lamp intensity (in units of watts per square centimeter)
by test exposure duration (in seconds) provides incident energy flu-
ence (in units of joules/centimeter2). These exposure conditions are
reported with material degradation results.

Prior to exposure, samples were installed in the facility, and the
chamber was brought to high vacuum. An operating pressure of
approximately 4 × 10−6 torr was achieved within 24 h of establish-
ing high vacuum before commencing ultraviolet exposure. The test
chamber was brought to atmosphere using nitrogen to remove or
replace samples. Separate from the sample exposure tests, thermo-
couple temperature measurements were made, which indicated that
the VUV lamps did not cause the temperature of the sample stage
at the testing distances to rise above room temperature.

A comparison of the AM0 irradiance spectrum and the deuterium
lamp irradiance spectrum is shown in Fig. 1.12 The lamp irradiance
spectrum was obtained by the National Institute of Standards and
Technology using a distance of 25.4 cm from the source to the de-
tector. For the results described in this paper, the VUV exposure
facility used distances that were significantly greater than 25.4 cm,
between 50 and 92 cm, and so the absolute irradiance values shown
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Table 1 VUV exposure conditions for wavelength dependence of DC93-500 degradation

Filter peak Filter wavelength range Test Avg. Cumulative Avg. Total
wavelength, at half-maximum duration, intensity, incident energy number equivalent
nm transmittance, nm h μW/cm2 fluence, J/cm2 of suns sun hours

151 143–159 74 2.7 ± 0.5 0.76 17 ± 3 1360
408 4.0 7190

170 157–184 74 3.9 ± 0.8 1.1 2.0 ± 0.4 150
408 5.7 800

182 171–193 74 6.2 ± 1 0.17 0.14 ± 0.03 11
408 0.92 57

188 179–197 74 4.0 ± 0.8 0.11 0.07 ± 0.01 5.7
408 0.6 30

Table 2 VUV exposure conditions for intensity dependence of DC93-500 degradation

Test Source to sample Exposure Avg. intensity, Cumulative incident Avg. number Cumulative equivalent
area distance, cm duration, h μW/cm2 energy fluence, J/cm2 of suns sun hours

1 51.3 118 64 ± 5.4 27 6.0 ± 0.5 700
356 59 ± 6 75 5.5 ± 0.6 1900
238 56 ± 4 47 5.2 ± 0.4 1200

2 71.6 118 34 ± 2 14 3.2 ± 0.2 370
379 32 ± 3 43 3.0 ± 0.2 1100
262 30 ± 2 29 2.8 ± 0.15 740

4 91.6 117 18 ± 1 7.6 1.7 ± 0.1 200
379 16 ± 2 22 1.5 ± 0.2 570
262 15 ± 0.7 14 1.4 ± 0.1 370

Fig. 1 Air mass zero solar irradiance compared to deuterium VUV
lamp irradiance at a 25.4-cm source-to-detector measurement distance.

in Fig. 1 are much higher than would be used for typical test condi-
tions. However, from Fig. 1 it is evident that the spectral shapes are
very different between the AM0 sun and the deuterium lamp. For
example, the deuterium lamp shows a peak around 160 nm that is
absent in the solar spectrum. Additionally, beyond approximately
170 nm, the deuterium lamp irradiance is much less than that of the
sun. Test conditions using this facility for wavelength dependence
and intensity-dependence studies for silicone DC93-500 degrada-
tion are described in the following sections.

1. VUV Exposure Methods: Wavelength Dependence
of Silicone Degradation

Samples of DC93-500 silicone films approximately 152 μm thick
were exposed to VUV using narrow bandpass filters to isolate var-
ious wavelength bands provided by a broad-spectrum deuterium
lamp in the VUV exposure facility. For each of four DC-93-500
film samples, a magnesium fluoride window was placed over the
silicone samples, and the narrow bandpass filter was placed over
the magnesium fluoride window with the coating surface of the fil-
ter facing the magnesium fluoride window. This configuration was
used so that organic contaminants would not have a view of the
coating on the filter. Samples were located at a distance of 50.4 cm
from the deuterium lamp source.

Samples were measured for total transmittance in the 210–2500-
nm-wavelength range. Filter wavelength ranges and exposure con-
ditions are provided in Table 1. Intensity was measured approxi-
mately every 24 to 72 h of exposure. Whereas Table 1 indicates the
time-average intensity and number of suns, additional error exists
because of the intensity variation across the sample area, which is
approximately ±15% of the measured value.

2. VUV Exposure Methods: Intensity Dependence
of Silicone Degradation

Samples of DC 93-500 silicone film approximately 152 μm thick
were exposed to VUV above a 115-nm wavelength using three dif-
ferent intensity levels to determine rates of transmittance degra-
dation and of mechanical properties degradation. Three exposure
compartments in the VUV exposure facility were used to obtain
the various intensity levels using different source-to-sample dis-
tances. These source-to-sample distances include the maximum and
minimum distances achievable with the VUV exposure facility and
one additional distance in between. Tensile samples were exposed
for three exposure durations. Exposure conditions, measured in the
VUV wavelength range of 115–200 nm, are shown in Table 2.
Whereas the deuterium lamp also provides radiation above 200 nm,
it is a small fraction of the AM0 intensity above 200 nm and is not
accounted for here.

Approximately every 24 h of testing, intensity values were mea-
sured, lamp windows were cleaned, intensity was remeasured, and
exposure resumed. It is necessary to frequently clean lamp win-
dows because even trace amounts of organic contaminants in the
test chamber can be easily deposited and fixed on surfaces in the
presence of high-intensity UV light, and the highest intensity UV
light is at the lamp output window. Because the VUV lamps are
located on ports that can be isolated from the main sample cham-
ber, lamp maintenance was conducted while the samples remained
under high-vacuum conditions. Whereas Table 2 indicates the time-
average intensity and number of suns, there is an intensity varia-
tion across the sample area, which is approximately ±15% of the
measured value.

III. Results and Discussion
A. Wavelength Dependence of DC93-500 Optical
Properties Degradation

Figure 2 shows the total transmittance spectra of 152-μm-thick
DC93-500 film samples that were exposed to VUV from beneath
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Table 3 Effect of VUV exposure of various wavelength ranges on transmittance at 250 nm of 152-μm DC93-500 film

VUV exposure conditions

Filter peak VUV exposure Cumulative incident Equivalent sun hours in Transmittance
wavelength, nm wavelength range, nm energy fluence, J/cm2 filter wavelength range measured at 250 nm

151 143–159 0.76 1360 85.80
4 7190 75.71

170 157–184 1.1 150 87.61
5.7 800 78.55

182 171–193 0.17 11 87.56
0.92 57 75.87

188 179–197 0.11 5.7 86.97
0.6 30 79.42

Pristine sample 0 0 87.51

a)

b)

Fig. 2 Effect of VUV exposure of various wavelength ranges on spec-
tral transmittance of 152-µm DC93-500 silicone film for a) the wave-
length range of 200–300 nm in which the most significant degradation oc-
curred and b) the overall spectral measurement range of 210–2500 nm.

various narrow bandpass filters (test conditions are fully described
in Table 1). Data in Fig. 2 are shown only for samples exposed to
VUV for 408 h, because spectra for samples exposed for 74 h were
difficult to distinguish from the spectrum of the pristine sample. The
legend for Fig. 2 indicates the filter peak wavelength and equivalent
space exposure, in units of ESH, for each wavelength band from the
exposure conditions listed in Table 1. The most significant changes
to the spectra are in the UV wavelengths below 300 nm as shown in
Fig. 2a. Significant degradation was observed for all four exposure
wavelength ranges. This indicates that degradation is not exclusively
caused by exposure to an individual wavelength or narrow wave-
length band. However, data can be further analyzed to establish
the effectiveness of these wavelength bands in causing degradation.
Table 3 shows data for transmittance at 250 nm obtained from the
spectral data shown in Fig. 2. Figure 3 shows a plot of transmittance
at 250 nm vs incident energy fluence (listed in Table 1) for all expo-
sures. It is evident from Fig. 3 that the VUV filters providing longer
VUV wavelengths cause a higher rate of transmittance degradation

Fig. 3 Transmittance of 152-µm DC93-500 silicone film at 250 nm as a
function of incident VUV energy fluence provided by exposure to various
wavelength ranges through narrow-bandpass filters.

Fig. 4 Depth of penetration of VUV in pristine DC93-500 silicone film.

than the shorter VUV wavelengths. The most likely explanation for
this is that the longer wavelengths are more deeply penetrating into
DC93-500 and, therefore, affect more of the bulk of the material.

B. VUV Variable-Angle Spectroscope Ellipsometry (VASE) Results
Figure 4 shows VUV penetration depth as a function of wave-

length for DC93-500 film. Because radiation must be absorbed to
cause degradation, wavelength dependence of VUV degradation,
observed in Fig. 3, can be related to the depth to which VUV can
penetrate as a function of wavelength. Below 175 nm, penetration
is limited to tenths of micrometers, but it increases rapidly with
increasing wavelength above 175 nm. Based on the very shallow
penetration depth for wavelengths below 175 nm, it is evident that
optical degradation caused by VUV below 175 nm would be limited
to surface degradation.

Table 1 indicates the wavelength bands for the narrow bandpass
filters through which DC93-500 film samples were exposed to VUV
radiation. As shown in Table 1, the 151- and 170-nm filters transmit
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VUV wavelengths no greater than 185 nm. Based on the data in
Fig. 3, indicating the slow rate of degradation for DC93-500 ex-
posed beneath filters that transmit up to 185 nm and the signifi-
cantly more rapid rate of degradation for samples exposed beneath
filters that transmit up to approximately 200 nm, it can be con-
cluded that the wavelengths between approximately 185 and 200 nm
are more effective in causing DC93-500 transmittance degrada-
tion. These wavelengths can penetrate from 1 to 3 μm in depth in
DC93-500.

C. Intensity-Dependence of DC93-500 Optical
and Mechanical Properties Degradation

Figure 5 shows the total transmittance spectra of 152-μm-thick
DC93-500 film samples exposed to VUV of various intensity lev-
els and for various equivalent sun hours. Samples were exposed to
the unfiltered deuterium lamp output, wavelengths above 115 nm,
and output is reported in the 115–200-nm-wavelength range, which
contains the majority of lamp output as shown in Fig. 1. It is evi-
dent that the most significant degradation occurred in the ultraviolet
wavelengths, below 400 nm, as shown in Fig. 5a. It is also evident
that degradation increases with increasing equivalent sun hours of
exposure.

Table 4 and Fig. 6 show transmittance at 300 nm (a wavelength
at which significant transmittance degradation of DC93-500 is ev-
ident, based on Fig. 5) as a function of exposure, represented by
thousands of ESH, for various intensities (number of equivalent
suns). In Fig. 6, symbols indicate the measured data points, and
lines indicate exponential decay curve fits. In addition to examin-
ing data for individual intensities, data were considered all together,
independent of intensity, as one of the curves shown in Fig. 6.

a)

b)

Fig. 5 Effect of VUV exposure of various intensities on spectral trans-
mittance of 152-μm DC93-500 silicone film for a) the 200–400-nm spec-
tral range and b) the 210–2500-nm spectral range.

Table 4 Effect of VUV exposure (>115 nm) of various
intensities on transmittance at 300 nm of 152-μm

DC93-500 film

Intensity, number Exposure level, Transmittance
of VUV suns thousands of ESH at 300 nm, %

1.5 0.2 79.10
0.37 70.77

3 0.57 66.24
0.7 64.50

5.5 1.12 55.43
1.93 48.76

0 0 92.50

Fig. 6 DC93-500 film transmittance at 300-nm wavelength as a func-
tion of VUV exposure duration expressed in thousands of equivalent
sun hours.

When transmittance data for all intensites are considered together,
the best-curve-fit equation for transmittance τ is given in the format
shown in Eq. (3):

τ = y0 + a exp (−kx) (3)

where x is VUV exposure, in thousands of equivalent sun hours,
and y0, a, and k are constants. Equation (3) represents an expo-
nential decay reaching an asymptotic value, which is evident from
examination of Fig. 6. We can further determine the expression for
transmittance of unexposed materials, or τ0, by setting x = 0:

τ0 = y0 + a (4)

Using the expression for a as a function of y0 and τ0 from Eq. (4)
and by expressing x as the product of S and h, equivalent suns
intensity and thousands of exposure hours, respectively, Eq. (3) can
be rewritten as

τ = y0 + (τ0 − y0) exp (−kSh) (5)

To determine whether the rate of transmittance decay shows a de-
pendence upon intensity, Eq. (5) is solved for k to give

k = −(1/Sh)ln[(τ − y0)/(τ0 − y0)] (6)

The curve fit for all measured transmittance data at 300 nm (Fig. 6)
produces a value of y0 = 46.7, which is the asymptote being ap-
proached by the decay in transmittance and which is assumed to
be constant, independent of intensity. If we examine transmittance
data at 300 nm for all intensities and plot k vs S, it is possible to
determine whether k is actually constant, which would mean it is
independent of intensity, or whether it varies as a function of in-
tensity, indicating intensity dependence. The values for S and h are
obtained from the VUV exposure conditions (Table 2), and τ and τ0

values are the measured transmittance data (shown in Table 4). The
plot of k vs S is shown in Fig. 7. Based on the data shown in Fig. 7,
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Table 5 Effect of VUV exposure of various intensities on mechanical properties degradation of DC93-500

Avg. number Exposure Cumulative VUV No. test Avg. UTS, Avg. elongation,
of VUV suns duration, h equivalent sun hours samples MPa %

5.5 118 700 2 5.9 ± 0.1 79.0 ± 2.8
356 1900 3 3.8 ± 2.0 65.3 ± 2.0
238 1200 3 3.6 ± 0.4 69.3 ± 2.1

3 118 370 2 6.2 ± 0.8 86.0 ± 2.8
379 1100 3 4.3 ± 0.6 69.0 ± 0
262 740 3 5.3 ± 0.9 76.3 ± 2.1

1.5 117 200 3 6.2 ± 0.4 91.3 ± 2.5
379 570 3 5.0 ± 1.0 75.0 ± 4.4
262 370 3 5.6 ± 1.6 82.3 ± 6.1

0 (Pristine) 0 0 5 9.2 ± 0.5 139 ± 6.9

Fig. 7 Coefficient k, described by Eq. (6), as a function of VUV equiv-
alent suns for DC93-500 film samples.

a)

b)

Fig. 8 Mechanical properties of a) tensile strength and b) elongation
at failure for 152-μm DC93-500 silicone as a function of VUV exposure
equivalent sun hours.

it is evident that there is no statistically significant dependence
upon exposure intensity between approximately 1.5 and 5.5 VUV
suns.

Table 5 and Figs. 8a and 8b show mechanical properties of 152-
μm DC93-500 silicone film samples as a function of exposure
(ESH). Both ultimate tensile strength (Fig. 8a) and elongation at
failure (Fig. 8b) decrease with increasing exposure and indicate
the approach of an asymptotic value near the 2000 ESH exposure
level. An exponential decay curve fit is shown in each figure. Based
on these data, especially because of similar degradation for sim-
ilar ESH, regardless of intensity, there is no clear trend indicat-
ing an intensity dependence upon the rate of mechanical properties
degradation.

IV. Conclusions
DC93-500 silicone has been found to undergo degradation in

optical and mechanical properties upon exposure to a laboratory
deuterium lamp providing VUV radiation of wavelengths greater
than 115 nm. In one experiment, samples of DC93-500 films were
exposed to narrow bands of VUV radiation (∼20 nm) in wave-
length ranges between approximately 140 and 200 nm by using a
broad-spectrum deuterium lamp as the VUV source and narrow-
bandpass filters over the DC93-500 samples. Results indicated that
each wavelength range used for the exposures produced degradation
in DC 93-500 optical properties. However, degradation per incident
energy fluence indicated the highest rate of degradation for sam-
ples exposed from beneath filters that included wavelengths above
185 nm. VUV ellipsometric optical measurements were made on
DC93-500 silicone to determine the depth of penetration of VUV
light as a function of wavelength. Data showed that VUV of wave-
lengths below 185 nm penetrate DC 93-500 to depths no greater
than 1 μm, indicating that VUV degradation of these wavelengths
can only occur in a shallow layer compared to typical spacecraft
polymer-film applications, which use films on the order of tens
to more than a hundred micrometers in thickness. Compared to
VUV exposures to wavelengths below 185 nm, a significantly more
rapid rate of transmittance degradation was observed in DC93-500
for VUV exposures that included wavelengths between 185 and
200 nm, which correspond to depths of VUV penetration between
1 and 3 μm.

In another experiment, the rates of optical and mechanical prop-
erties degradation for DC93-500 films were examined for exposures
to broad spectrum VUV (above 115 nm) of various intensities. It
was found that for both transmittance degradation and mechani-
cal properties (ultimate tensile strength and elongation at failure)
degradation, loss of these properties followed exponential decay
functions approaching asymptotic values. Examination of the data
indicated no clear dependence of degradation on the intensity of
exposure within a range of intensities between 1.5 and 5.5 VUV
suns. The lack of intensity dependence in these data indicates that
DC93-500 can be tested using VUV intensities as high as about
5.5 suns without causing significantly different degradation rates
compared to near-real-time exposure rates. It remains to be deter-
mined whether these rates of degradation are similar to those caused
by actual space exposure, especially considering the significantly
different spectra between the sun and the laboratory VUV source.
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It is hoped that space exposure data will eventually be available to
make such comparisons.
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