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ABSTRACT

The stability of the spectral transmission in the spectral
region .3 to 2.2 p of Solar cell cover glass materials when ex-
posed to the simulated solar wind proton environment has been eval-
uated. The test specimens were irradiated with 2 and 3 Kev protons
sep:cately and combined with simulated solar electromagnetic rad -•
iation. Proton fluxes were nominal 2x1011 p/cm?- sec where fluences
of 5x1017 p/cm2 were obtained. The material irradiated- include
0211 microsheet and 791W fused silica with and without Mo,F, anti-
reflective coAtings and were tested at 1400K, 30000 and kpoK.
Samples of these materials were irradiated in 1) a "clean" vacuum
system, and 2) intentionally contaminated with 704 diffusion pump
condensate and then placed in a "clean" vacuum system for irradi-
ation. A model is presented which attempts to explain discrep-
ancies in reported proton damage to MgF2 and is based on a contaminant
film build-up on the MgF 2 surface. No optical damage was observed
in the spectral region specified. for any material tested under a
combination of test conditions. X-ray diffraction characteriza-
tion showed, however, that the crystallinity of the M gF2 thin film
was altered by irradiation but no optical damage correlation was
possible.

Technical Objective

The purpose of this program was to study the effects of
exposure to the simulated solar wind environment on the optical
stability of solar cell cover glasses which may or may not employ
an antireflective crating. Specifically this means to evaluate
the effects of 1) simulated solar wind proton energy, flux and
yluence 2) sample temperature during irradiation and 3) combined
electromagnetic and corpuscular irradiation (synergistic or anti

-energistics effects) on the transmission characteristics of cover
glass materials in the spectral region .3 to 2.2 p. The study
has concentrated on the evaluation of the vapor deposited magnes-
ium floride thin film used as an antireflective coating, although
two other materials (substrates) were evaluated. The criteria
for evaluation of these materials was primarily irradiation induced
changes (damage) in spectral transmission. Since no such damage
was observed during this program the technical depth of the anal-
ysis and the cross correlation of other methods of materials
characterization to the optical damage will be.. necessar,",1y, a
minimum. However, X-ray diffraction was used on several of the
samples before and after irradiation to characterize the nature
of the crystal structure or changes in the event any optical dam-
age was observed. <.	 a
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Introduction to The Problems

Rscent data indicate that the cover slide materials utili-
zing an antireflective coating experience a severe transmission
loss (^_1^0%) when irradiated with 2.0 Kev protons to a fluence
of 5x10 p/cm .* The report containing these data attributes
this damage to the magnesium fluoride antireflective coating on
the front side of the cover slide material. The limited data
available here pointed out the need for a more comprehensive
study designed to evaluate these cover slide materials using accur-
ately simulated and controlled space environment conditions and
substantiated measurement techniques. The program which this
report summarizes was designed to provide this data and to pro-
vide the experimental data required for selection of stable anti-
reflective coatings and substrate materials for solar cell cover
slides and for prediction of their performance during interplane-
tary missions.

•
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Employing an antireflective coating on a solar cell surface
increases the energy transmitted to the photovoltaic converting
surface by approximately 2%. For missions of 1 AU or less, this
increase in usajle irradiance does not appear to Improve the out-
put of the cell unit enough to warrant its use if degradation
problems are evident. However, for interplanetary missions of
approximately 5.0 AU, the solar total irradiance is 0.04 of a
solar constant and, under these conditions, the output of the
solar cell unit must be maximized. In this case the use of an
antireflective coating, if optically stable significantly improves
the output of the conversion device. For this reasen the anti-
reflective materials must be evaluated.

The antireflective coating placed on the outer surface of
solar cell cover slides reduces the reflecting losses at tho
cover slide surface. Antireflective coating materials must sat-
isfy several criteria, both optical and mechanical, to effectively
reduce reflective losses. The index of refraction of a single
coating layer, n, muRt satisfy

2n .- nl 22

where nl and n2 are the refractive indices of the materials on
either side of the antireflective coating. For the vacuum/S102
interface, we have al = 1, n2 = 1,5 so that n = 1.2. The coat-
ing thickness must be approximately 1/4 Wavelength in the optical
region and must also satisfy the requirements of high stability,
low optical absorption, high resistance to abrasion, and rea unable

*'Summ'ary report prepared by D. J. Curtin of a sympos^.um
entitled, Solar Cells At Synchronous Altitudes, held-cat Communi
cations Satellite Corporation, Washington, D.C., March 15, 1968; p 8.
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•
coat.. Although a single -layer coating provides ideal anti-
reflective properties at only one wavelength, the reflectance
rises slowly on either side of the Minimum so this single coat-
ing can provide good antireflective properties over the range of
wavelengths important to solar cell operation.

Technical Discussion

Co^aition of the antireflective and ultraviolet filter
coatings: The initial effort of this program was devoted to the
study and characterization of the magnesium fluoride (1MgF2)
material as a vacuum deposited thin film, the cover glass struc-
ture, and the fabrication technique used to produce the cover
slides. This approach was taken primarily because a better under-
standing of the MgF2 thin film and substrate was needed. The
technique used as the basic characterization tool was X-ray dif-
fraction. With this tool, it was possible to study the crystal
structure (or changes in) specifically, the stress levels, stoi-
chiometry and crystal order of the material. This technique
looks at crystal planes (surfaces) that are most nearly parallel
to the substrate. The results obtained from this phase-of the
study points out some very peculiar characteristics of these thin
films.

A composition and constituency model has been constructed
from information about the materials fabrication procedure. This
information was obtained from vexious conversations with Optical.
Coating Laboratories, Inc., Santa Rosa.. California (OCLI) person-
nel and a visit to this plant. The antireflection coating is
vacuum deposited on the substrate material at a substrate tempera-
ture of 6000h: --4.4lizing a sample table rotating about an eccentric
axis with respect to the W2 Pounce. This technique results in
a continuously varying angle of deposition. The MgP2 crystal
material is held in an alumina (Al2O3) crucible and
heated to a vaporization state from above with a tungsten fila-
ment. This vacuum deposition technique introduces the possibili -
ties of Al203 and W (tungsten or wolfram) impurities within the
thin film crystal structure, as well as the possibility of certain
unique local stresses.

When the ultraviolet filter is employed (on the opposite
side of the substrateto that of the antireflective coating), thin
films of two or more of the following compounds may be used:_
Cerium Oxide CeO Magpqsium Fluoride,F2^, Titanium Dioxide,.
Ti02' Silicon Oxi e, SiOx, si2O3. The F2, Ce02 compounds are
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used only on microsheet substrates and the T102 and Si203 comp-
ounds are used on the 79+0 silica substrates.

The X-ray diffraction technique used to characterize these
cover glass materials was accomplished using a Siemen KYystal-
flex 17 Diffractometer with a copper (Cu) target tube which pro-
duces a 1.548 X-ray beam. The sample is rotated about the center
of a table at d® and the detector is rotated at 2 d®.

U.	 ar

.

The early work with X-rays was to survey the different
cover glass samples to compare the diffraction patterns of samples
from different production runs and of different types ' as well as
to determine what the limits of such a measurement might be. The
ultimate use of the tool was to characterize the material befora
and after irradiation in the simulated space enviroi-Cment to com-
pare induced changes in crystal structure. It was observed early
in tb;z investigation that the diffraction pattern of any two
cove.° slides would not be the same. An example of this can be
seen in Figures 1 and 2. Both of these samples are from tho same
production run and it can be seen from the height and width of
the peaks that the crystp-1 order is not the same. It is inter-
esting to note that the pattern shown in Figure 3 looks like that
pattern shown in Figure 2. and the sample measured in Figure 3
is of a different type and has both antireflective and ultraviolet
filter coatings. The difference in the width, or actually the
area under the peak, or intensity of the peak, can be influenced
here by two factors: 1) the crystallites ere very/ smalls or
2) microstresses, many times smaller than the crystallite size
(<100A) exist. The apparent line shift ( o ) that can be observed
(periodically) relative to the preferred order of 

*F2 
and from one

pattern to another can be influenced here by three actors:
1) decrease in unit cell size '(which is effectively a variation
in density due to non-stoichiometry); 2) maerostresses (compression,
tension, and torque in the film; and 3) defects present at a lat-
tice point (e.g... foreign ion replaces 	 ion or F ion). It is
felt that since these ef'f'ects are observed is the cover glass film-
before irradiation, they are a product of the fabrication procodure,`
primarily micro and macro stresses. The peak-that - varies the most
is the %F2 peak with a Miller Indices of 111 aad is observed at
20 =x+20 (center peak). This can be seen by comparing all the 4lf"
fraction patterns. This may be due to acicul.ar or platelett forma-
tions with dimensions ou the order of 50A-`thiakness and 50002
le;ZA, that grow during the depsttiort _roeess,
show the diffraction pattern of two	 ldifferent cover g aoa . s~  mplea -
PUV"- 4 dif'f'ers in substrate U cknesa a l: P1 ur d3 fsra 10

4 0
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substrate material. Dote the change in tihe scattering peak
of PIgure 5, due to the microsheet substrate.

•

The literature reports that the preferred order of a pure
single crystal of M o should produce its dominant peak at 20 c 24c
with a Miller Indices 110. The peak is very weak or non-exis-
tent in these diffraction patterns. It is obvious from these
results that a general characterization of a class or run of
cover glasses is not possible. The specific characterization
operation must be performed on each sample before it is to be
tested. This characterization technique may present a prob3em
If the X-ray i-. •adiation acts as a catalyst or triggering mech-
anism for dam%a to the this film. This phenomenon has been
observed on one cover glass sample, and is d monstrated in Fig-
ure 6. This diffraction pattern was measured two weeks after the
pattern shown in Figure 2 (e.g. ,v same sample). No other irradi-
ation of sample 1 occurred during this time. Apparently, the
crystallinity of this film has been destroyed. The resulting
crystallite sizes are probably smaller than 20R. An attempt to
explain or study this further in terms of temporal changes or
recovery has not been made; however, at is strongly felt that
this may be a stress relief phenomenon. This change in crystal-
linity did not directly ef ,,'ect the spectral transmission of the
covere9.ide in the region of 0.3 to 2.1 U. this Inadvertent awyotal
change did not affect the Stability of the transmission 

vronerties
of the film when exposed to the simulated space environment.

Diffraction patterns of the type showa In Figures 8 and 9
caused some concern during the early phase of this investigation.
These measurements were made on the only type of samples studied
to date that have both antarefl.ective and ultraviolet filter
coatings (fused silica substrates). This mesons that on one- side
of the cover glass (antireflective) the M 2 and on the other
(ultraviolet filter) there is Ti .O and gi end an this case, the
substrate is 3 mils thick. Both &4 and 2 are of tetragonal
crystal structure. There are two forks of ' 02s anatase ,, wh (Ai
has a race-centered tetrogouel,,_Bgomet r	 motile, which has a
body-centered tatragoml Bo''Y•- . p1s ^freatioa pie Pf
each of theme structures will look very ajoh, the a+^uQae.	 ^ coca-:. ;
placates observations of the metal ahang +es in the 14^F2
particularly when the substrate is thin and the X-ray diffraction
;pattern can actually record the effects of both fllanc (antirefaea
tive and ultraviolet filter) in spite of this rough calculation.
made from the line shift observed as	 8$ show that this sample
has a unit cell density ap	 tely ]: smau er gran n6rma~I +2.

i
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This change way be due to the proton irradiation suffered by
this sample.

It is difficult to make aMr general conclusions based
solely on the data presented here; however,, the understanding
of the nature of these films has been greatly increased. It
is apparent that the fabrication process produces cover glass
slides which are vastly different in stress chaaracteristics.
Because of this and other faactorsv each slide that was to be
analyzed with X-ray diffraction techniques was characterized
before and after testing# however no correlation between optical
damage due to proton irradiation and change in crystal proper-
ties using X-ray diffraction was possible because Mere were no
induced changes in transmission. The bulk of the X-ray diffrac-
tion data is contained in the Appendix I r a separate volume.

h



The Space Env.1.ronments.
•

Two components of the interplanetary space environment
that are potentially damaging to the optical properties of anti-
reflective coating materials are the solar wind and solar electro-
magnetic radiation. Since the sun is the source of both of these
energetic radiations, their intensity varies inversely as the
square of the distance from the sun. The solar wind is an elec-
trically neutral plasma composed of low-energy positive ions with
an accompanying flux of ev-range electrons. The ionic component
is primarily protons with less than 10% heavier ions, mostly alpha
particles. The plasma travels nearly radially outward from the
sun with velocities that range from 300 to 500 km/sec for a quiet
sun and from 560 to 750 km/sec during activa periods. The average
proton energy is bet  on 1 and 2 ev and the average flux density
at 1 AU is about 1x10 protons/em -sec.

The total solar electromagnetic irradiance at 1 AU (solar
constant) has a value of 140 mw/cm . Over 90 of this total lies
in the wavelength range from 0.2 to 4.0 microns -- about 9% in
the near ultraviolet (0.2 to , 0.4 micron), and the remainder in the
infrared. Less than 0.1% of the solar energy lies below 0.2 micron.
Badia,tion in the near ultraviolet is generally considered most
damaging because of the high total energy and the relatively high
photon energyr in this band.

Simulated-Space Environment Conditions

The test equipment is designed to simulate the actual space
environment conditions as accurately as possible and still perform
economically. Where it is necessary to make major comprises in
simulated vs. actual parameters the conditions are measured accur-
ately and an attempt is made to correlate this data to actual, con-
dition. For example, higher than actual fluxes and total irradi-
ance values were used to reduce test time to reasonable periods.
When these anomalies occur they are pointed out in the test matrix.

The vacuum system consists of the exposure chamber, the part-
icle accelerator and mass separator, the mass spectrometer, and the
transmission measurement tube. The system is pumped with a 500 liters/
second nitrogen capacity Ulteh Ion pump. Rough pumping is accom-
plished with sorption pulps.

The particle accelerator uses a special RP source to generate
hydrogen ions that are extracted as a uniform 7.5 am-diameter
beam. The beam passes into a Bennett tube, a RF-type muss separator,

7.



in which the heavier ions can be removed to provide a pure proton
beam. Mass analvsi$of the unseparate beam used shows 25 c' i&
ions protons, 75^	 ions or heavier, (x.10% heavier ions. The
unseparated "beam was used during this program. Following mass
separation the protons can be accelerated to an energy variable
from 100 to 4000 ev, where the energy distribution curve is esti-
mated to have a 100 volt; half heigh width Instantaneous proton
flux densities in the range from 100 to 1012 p/cm -sec are available
at specimen position. The 7.5-cm beam density varies in spatial
uniformity from 20% to 70%. Thermal energy electrons can be in-
jected into the accelerated beam from heated filaments to provide
a space -charge neutral beam of solar wind character. This feature
was not used however because preliminary tests using Z-93 thermal
control coating showed no positive charge build up effects (data
contained in appendix). A Faraday cup provides calibration and
monitoring of flux density, .'aam uniformity and collimation, energy
spectrum, and bean neutrality in a horizontal plane between sample
positions. A mass spectrometer is attached to the system behind
the exposure chamber to check, and monitor if desired, purity of
the proton beam.

The solar simulator utilizes a high -pressure xenon short-
arc lamp. The total irradiance at sonpl^ position is adjustable
from 0.5 to 7 solar constants (140 mw/cm /solar constant) by means
of a Suprasil quartz lens system. Two 1-inch diameter beams of
individually variable intensity pass through Suprasil quartz win-
dows in the test chamber so two of the four samples can be exposed
to electro-magnetic radiation. Monitoring of the spectral and total
irradiance is provided.

Dour individual sample holders are provided in the facility.
Provision for heating or cooling and for temperature monitoring is
made for each sample holder. A sample transfer assembly removes
the samples individually from the samples holders and transfers
them to the optical measurement system.

This transmittance mea.surp.,Ient unit consists of an evacudted
extension that terminates in a cylinder that is capped at the ends
by sapphire windows. Test specimens that have been mounted in the
sample holders can be transferred (by the standard sample transfer
assembly) to the center of the cylinder so the beam must pass through
the specimen. A comparison of transmission measurement with and
without the specimen in place gives a measurement of the spectral
transmittances of the sample. The transmittance measurement is act-
ually a spectral irradiance measurement made of the distribution
of irradiance transmitted in each case (e.g. with and without sample
in place). The measurement is made with a Gars 14R spectral radiometer.

8.
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%	 Test Cotditions and Results

The test matrix shown in Table 1 - "Test Matrix for Evalu-
ation of :polar Cell-- 11 presents the specific toast conditions for
each test and describes each test specimen in detail. The speci-
fied samples were irradiated at several, different fluxes and temp-
eratures to different fluences. Under no combination of test
conditions was any optical damage (change in transmission charac-
teristics) observed. For this reason the bulk of spectral trans-
mittance data is not intimately involved in any conclusions that
are drawn in this report and consequently will be contained in a
voluminous appendix to this report. Two anomalies exist which are
not reflected in the test matrix which must be pointed out. First
the sample holder temperature during test #3 was to be maintained
as 1400K during the entire test. After discussion with the Tech-
nical Monitor midway through the test it was decided to abandon
this cryogenic test and continue the test at 3000K. The final
transmission measurement of test was also made "in air". Secondly,
the two transmission measurements made at the beginning and end
of Test #4 were made "in air". The in air measurements were made
using a different measurement system to improve the absolute accur-
acy, of the measmtvement.

Surface Contamination Effects

Teat was conducted to investigate the possibility of
optical damage resulting from polymerization or other damage
that might modify the optical properties of a thin film of
704 diffusion pump oil. Such a film might arrive at the sample
surface when test6d in a chamber using diffusion pumping. Recent
data from the Boeing Company shows this to be true when %F2 surfaces
are irradiated in a diffusion pumped vacuum system with 4 Kev
protons* There is no facility at MC which utilizes a diffusion
pumping system and can accommodate the low energy proton source.
Consequently, the approach taken was to irradiate intentionally
contaminated samples in the existing "clean" system. The trans-
mission of the samples was measured.. and they were exposed to the
vacuum condition in a diffusion 

I 

pumped system for eighteen houra
located at various points near the pumping throat. During this
period the baffle was not cooled. At the end of this period,
the transmission of the samples was again measured, and they were
placed in the "clean" vacuum system for proton irradiation.

`Report given by Roger Gillette of the Boeing Company
at the Second Thermopbysics Rountable Meeting on September 7,
1969; in Dos Angeles.
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All of these measurements were made in r in 
i 
Beckman DK2

Spectrophotometer. At a fluence of 1x10 p/em the samples
were measured again. No damage was observed. There was
evidence showing that the film which had been deposited during
the eighteen hour exposure had been removed during this test.
This was concluded from the shift in interference bands on the
0211 microsheet samples with the antireflective coating and
ultraviolet filters before and after each exposure. Apparently,
to produce an oil film that results in significant optical
changes or net damage to the cover slide, a very thin film must
be forming during proton irradiation and must react with the
radiation and build up a series of damaged layers in this manner.
This produces various degrees of optical damage. The Boeing
data indicates that this might be the case. Damage under the
monolayer formation condition rather th9n the intentionally
deposited thick film (several thousand Angstrom) condition is
reasonable if the penetration (or energy) of the proton is
considered. In the case of the intentionally deposited thick
film, the proton energy is dissipated in the near surface of the
oil film, and to produce optical changes, damage must occur to
the oil. In the case of simultaneous buildup of the monolayer
film, the energy can be dissipated at the oil - MgF2 interface.
This indicates that optical damage due to contamination may
require the presence of the M.P thin film, the monolayer' of
contaminant, and proton irradiation. This naturally occurs at
the MgF2 - oil interface. If this phenomenological model is
valid, then much can be determined about the role and nature
of various contaminants in the optical modification of particular
optical components. It could be determined from knowledge of
the availability and temporal distribution of a particular
contaminant "a priori" what its role in direct optical modifica-
tion and in residual radiation induced damage might be. This model
is highly tenuous and will. vary with efferent materials axd
particle species and energy. however, it presents a possible
and partially documented explanation of whyM^' might show
apparent degradation in some simulation fac- Attes and not in
others. It also provides foundation for future study in'direet
and residual contamination effects in the space environment.
It is obvious that considerably more study will be necessary
tefore such an approach might become valuable, but it do's
address itself to one of the major space technology problems of
the future.

10.



Conclusion

Proton irradiationn the energy range 2 -3 Kev, reaching
fluences as high as 5x107 p/em2, of MF2 thin film anti-
reflective coatings ca substrates of 0§11 microsheet and 7940
fused silica as well as irradiation of the substrates them-
selves applied in the manner prescribed in this report does not
alter the spectral transmission characteristics of said materials
in the spectral region -:3 to 2.2A ' The X-ray diffraction
characterization does, However, show the crystallinity may be
altered under these conditions. No correlation can be made.
It is concluded then that optical menage that, occurs to similar
materials from exposure to these irradiation conditions might
be due to surface contamination or diffused surface adsorbed
contaminants. This could result from either a faulty production
run, from handling, or f'roin residual contaminants in a test
chamber or in the space environment. Further investi;ations
might study such contamination problems to determine what im-
purities might be available in space (and ­'-tent) conditions, and
their availability and disttibution. This -:ady should identify
contaminants which are mzjor contributors to color or other
absorption center formations. A superficial model has been
presented in an effort to explain existing data and give direction
to studies devoted to direct and indirect contamination effects on
optical properties.

6



TEST MATRIX FOR EVALUATION OF SOLAR CELL COYER GLASS MATERIALS IN THE SIMULATED SPACE ENVIROMM, T	 4

NOMENCLATUR,	 DESCRIPTION OF :EST SPECIMENS 	 TEST CONDITIONS
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1	 1	 T1S1A 7940 ZxZ 3 X X	 A/R X	 X 2 . 10' a ZO-C 2070 840 0 2 . 10 10 6.10'° 2.10'
Silica

2	 T1S2A 7940 2x2 3 X X	 A/R _	 _ 2.1011 200C 2070 - 0 2.1016 6.1616 2.1017
Silica

3	 T1S3A 7940 1x2 12 X _	 A/R X	 X 2.1011 200C 2070 - 0 2.1016 6.1016 2.1017
TOP Silica

BOT-T1S3B 7940 1x2 12 X -	 A/R -	 - 2 . 10 11 200C 2070 - 0 2.1016 6.1016 2.1017
TOM Silica

4	 T1S4A 7940 1x2 12 X -	 A/R X	 X 2.1011 200C 2070 - 0 2.10 16 6.10 16 2.1017
TOP Silica

BOT- T1S4B 7940 1x2 12 X -	 A/R _	 _ ` .10 11 200C 2070 - 0 2.1016 6.10 16 2.1017
TOM Silica

2	 1	 T2S1A 7940 1x2 20 X -	 A/R -	 - 2.1011 401 2050 - 0 1.1016 6.1016 1.1017

TOP Silica

BOT-T2S1B 7940 1x2 20 X -	 A/R -	 - 2.1011 401 2050 - 0 1.10 16 6.10 16 1.1017
TOM Silica

2	 T2S2A 7940 1x2 12 X -	 A/R X	 X 2.1011 375 2050 - 0 1.1016 6.1016 1.1017
TOP Silica

BOT-T262B 794v 1x2 12 X -	 A/R X	 X 2.1011 375 2050 - 0 101016 6.10
16

1,110 17 
TOM Silica

3	 T2S3A 0211 1x2 6 X - X	 X 2.1011 390 2050 840 0 1.1016 6.1016 1.1017
TOP Micro

BOT-T2S3B 0211 1xI 6 X -	 A/R _	 _ 2.10 11 390 2050 840 0 1.1016 6.1016 1.1017
TOM Micro

4	 T2S4A . 0211 1x2 6 X - A/R X	 X 2.1011 383 2050 - 0 101016 6.1016 1.1017
TOP Micro

BOT-T2S4B 0211 1x2 6 X - A/R _	 _ 2.1011 383 2050 - 0 1.1016 6 . 1016 1.1017

TOM Micro

12.

I

,4t ,
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TEST MATRIX FOR EVALUATION OF SOLAR CELL COVER CLASS MATERIALS IN THE SIMULATED SPACE MmIRON-
MENT.

NOMSNCLA.URE	 DESCRIPTION OF TEST SPECIMENTS 	 TEST CONDITIONS

1E1p^	 ►
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M W	 W	 Pa fA	 0	 [1	 G4	 rl N	 C"

pi ^	 H- 	 6.1	 ^ ^	 Q ^ ^ R1	 pppQ^

Gtt^î 
►d 	 go.	 WW	 fM	 1	 1	 1

^ ^ ^ Q3 666x111 pGf

wtli PA	 G9 as ( ^ D N I F	 1	 Ira

3 1 T381A 0211 iX2 6 X _ A/R X R 2.10 	 140& 2000	 0 2.10LP 6.5110 1:2.10
TOP	 Micro	 300

BOT- T381B 0211 112 6 X - A/R	 _	 2.1011 140& 2000	 0 2.1016 6.5.10161.2.1017
TOM	 Micro	 300

2 T382A 0211 1X2 6 X X A/R X X 2.10 11 140& 2000	 0 2.1016 6.5.10161.2.1017
TOP	 Micro	 300

BOT-T382B 0211 1X2 6 X X A/R - -	 2 . 10i1 140& 2000	 0 2.1016 6.5-. 10161.2.1017
TOM	 Micro	 300

3 T3S3A 7940 1X2 20 X - A/R X X 2.1011 140& 2000 840	 2.1016 6.5.10161.2.1017
TOP	 Silica	 300

BOT-T3S3B 7940 1X2 6 X - A/R - _ 2 . 1011 140& 2000 840	 2.1016 6.5.10161.2.1017
TOM	 Silica	 300

4 T3S4A 7940 1X2 20 X - A/R X X 2.10 11 140 2000	 0 2.1016 6.5.10161 . 2.1017
TOP	 Silica	 300

BOT-T3S4B 7940 1X2 20 X - A /R - -	 2.1011 140 2000	 0 2.1016 6.5+10161.2.1017
TOM	 Silica	 300

4 1 USIA 0211 1X2 6 X - Back - _ 4.1OLL 300 3000	 0	 -	 -	 5.10
TOP	 Micro

BOT-T4S1B 0211 1X2 6 X _ A/R - _ 4.1011 300 3000	 0	 -	 -	 5.1017
TOM	 Micro

2 T4S2A 7940 1X2 20 _ _ _	 _ 4.1011 300 3000	 0	 -	 -	 5.1017
TOP	 Silica

B0T-T4S2B 7940 1X2 20 X - A/R - - 4.1011 300 3000	 0	 -	 -	 5.1017
TOM	 Silica

3 T4S3A 7940 1X2 20 X - Bach - - 4.10 11 300 3000	 0	 -	 -	 5.1017
TOP	 Silica

BOT-T4S3B 7940 1X2 20 X _ A/R _ - 4.1011 300 3000	 0	 -	 w	 5.1017TOM	 Silica

1,3.
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TEST MATRIX FOR EVALUATION OF SOLAR CELL COVER GLASS MATERIALS IN THE 8IIWAM SPACE ENVIRONMENT

M ^	 R7	 ^ N
	

^ ^	 ^ rl N	 r1
Q	 r►

DO
N	 1	 ^i N	 ^,

I , I ilil 1	 '1
4	 4 T464A 0211 1X2 6 - - - 	 - - 4.1011 300 3000 - -	 •	 '5.1017

TOP	 Micro

BOT-T4S4B 0211 1X2 6 X - A/R - - 4.10 
11

300 3,000 - -	 5.1017
TOM	 Micro

5	 1 T501A 7440	 1X2 12 X - A/R - - 4.10 11 300 3000 - -	 -	 -	 1.1016
TOP	 Silica

1 T5S1B 7440	 1X2 12 - - -	 - - 4.1011 300 3000 • -	 -	 -	 1.1016
BOT	 Silica

2 T5S2A 0211	 1X2 6 X - A/R - - 4.1011 300 3000 - -	 1.1016
TOP	 Micro

2 T5S2B 0211	 1X2 6 • - -	 - - 4.1011 300 3000 • -	 -	 -	 1.1016
BOT	 Micro

	3 T5S3A 0211 1X2 6 X X A/R - - 4.1012 300 3000 0 -	 -	 -	 1.1016
TOP	 Micro

3 T5S3B 0211 1X2 6 X X A/R - - 4.1011 300 3000	 -	 -	 i	 1.1016
BOT	 Micro

4 T5S4A 0211 1X2 6 X - A/R - - 4.10 11 300 3000	 -	 -	 1.1016
TOP	 Micro

4 T5S4+B 0211 1X2 6 - - -	 -	 4.1011 300 3000 -	 -	 -	 1.1016
BOT	 Micro

14.
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