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Abstract: This contribution presents a study of the effect of ion sputtering on the 
transmission of coverglass. The coverglass samples of interest have magnesium fluoride 
(MgF2) anti-reflective coatings and the first component of the study was to measure the 
sputter yields of the MgF2 for bombardment by xenon ions. Based on the measured yields, 
coverglass samples were sputtered by xenon ions with various doses corresponding to 
removal of different thicknesses of the coating. Optical transmission spectra of the sputtered 
coverglass samples were measured. We discuss the changes in transmission of the samples 
relative to removal of the anti-reflective coatings. 

Nomenclature 
dC = erosion depth of coating layer 
dG = erosion depth of coverglass 
A = target exposed area  
JAvg =  average current on the sample 
Y =  sputter yield  
∆m = mass change in sputter yield tests 
∆t = test duration of sputter yield tests    
ρC =  material density of coating layer 
ρG =  material density of coverglass 

I. Introduction 
pace solar cells are protected by a coverglass the principle purpose of which is to shield the solar cell from space 
radiation.  With advances in electric propulsion, many of today‘s spacecraft are equipped with ion propulsion 

systems; and during spacecraft operation, energetic ions within the plumes of ion propulsion systems can bombard 
the solar cell coverglass.  It is necessary to understand the effects of the ion exposure on the optical properties of the 
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coverglass, since such changes can ultimately influence the operation of the solar cells and the spacecraft power 
system. A typical anti-reflective coating for space solar cell coverglass is MgF2. The present research is an end-to-
end study spanning sputter yield measurement of MgF2 and optical transmission studies of coverglass samples that 
have undergone different sputter doses.  Initial analysis of state-of-practice triple junction GaAs/Ge array indicated 
that a completed eroded layer of MgF2 coating on the coverglass can degrade solar cell performance by 2.6%.  For 
all tests, the samples consisted of CMG coverglass having thin layer coatings of MgF2.  The CMG is cerium doped 
borosilicate (product name CMG) produced by Qioptic. The CMG coverglass thickness was 100 microns. The MgF2 
coating was approximately 110 nm thick. 

The layout of the paper is as follows.  Section II presents the experimental method and results of MgF2 sputter 
yield measurements.  Section III presents the experimental method and test conditions of the ion beam exposure 
tests.  Section IV presents the optical measurements of the samples for pre- and post-exposure conditions.  Finally, 
brief conclusions are provided in Section V. 

II. MgF2 Coating Sputter Yield Measurements   
In this section, we present sputter yield measurements to evaluate MgF2 coating erosion due to ion bombardment 

using specially-prepared coverglass samples with 310 nm MgF2 coating thicknesses. The nominal MgF2coating 
thickness for flight coverglass is 110 nm. The larger thickness of 310 nm is used to enable higher accuracy sputter 
yield measurements. 

A. Experimental Facility and Sputter Yield Determinations 
A photograph of the Colorado State University (CSU) sputter yield measurement facility is shown in Figure 1.  

The setup has been previously described [1] and here we summarize the essential features.  The ion source is housed 
within a 0.125 m3 stainless steel vacuum chamber (43 cm inner diameter x 76 cm long main section), equipped with 
a 1500 liter/s CTI-8 cryogenic pump. The chamber base pressure was ~5×10-7 Torr giving a working pressure of 
approximately 0.6×10-4 Torr.  A gridded ion source, further described below, is used to direct a collimated beam of 
mono-energetic ions onto the sputtering targets.  A filament neutralizer is used to neutralize the ion beam and a 
plasma bridge neutralizer (PBN) is used to neutralize non-conductive targets.  A target mount is positioned 
approximately 25 cm downstream of the ion source.  As will be further described, sputter yields are determined from 
changes in target mass before and after exposure to a known dose of ions.   
  A four-grid ion optics with a 5-cm grid open-area diameter was employed for the sputter measurements. The 
upper grid is the screen, maintained positive relative to ground at the desired beam energy. The upper-center grid is 
the acceleration grid, kept at 600 V below ground. This grid accelerates the ions out of the plasma chamber.  The 
lower-middle grid is the focus, which draws high-angle ions back into the beam path reducing beam divergence, and 
is maintained at 125 V below ground. Finally, the lowest grid is the deceleration grid, which screens the outgoing 
ions from the high negative potentials above and further narrows the beam, and is maintained at ground potential by 
an attached power supply. An example of an ion beam current density profile (measured in a plane 4 cm below the 
sputter target plane, and showing half the axisymmetric beam) is given in Figure 2. Our measurement method 
requires that the incident ion beam be contained within (not overfill) the sputter target.  To confirm this, and to 
verify our knowledge of total beam current (integrated over the area of the beam), we measure current density 
profiles.  Measurements were made for each ion beam operating condition (ion energy).     

 From Figure 2 it can be seen that the highest current density, occurring at the center of the beam, reaches no 
more than ~0.14 mA/cm2. This peak value is used for rough estimation of etch rates in order to set the time durations 
of the sputter yield tests.  (We conservatively use the highest possible current density to avoid sputtering through the 
full coating, though we also experimentally verify that we have not sputtered through the coating.)   

The sputter target mount consists of a 6” x 6” plate of stainless steel with ¼” cooling lines mounted across the 
bottom, as shown in Figure 3. The plate is ¼” thick, and testing has shown high thermal conductivity, such that 
samples placed on the holder are effectively cooled.  

A thermocouple was placed in the chamber during several tests, typically at the point of highest expected 
temperature. In general, those parts of the samples not in direct contact with the sample holder (due to natural flex in 
the sample) reached the highest temperatures. No temperature measured on the sample ever exceeded 53°C, a 
sufficiently low temperature that sputter yields should not be influenced by temperature in this range. 

The sputter yield, Y, (units of mg/C) is found from the measured mass change ("weight loss") as: 

             � = Δ�
����Δ	
              (1)  
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where ∆m is the mass change (units of mg), ∆t is the test duration (units of s), and JAvg is the average current on the 
sample over the length of the test (in amperes).  The current, JAvg, was found by placing a conductive target (of the 
same dimensions and location as the actual target) into the chamber and directly measuring the incident current (at 
given ion beam conditions) using a simple circuit.  (Note that the test samples are insulators, and so their current 
cannot be measured with such an approach, which is why we need to replace them with conductive samples for the 
current measurement.)  We also verified these measured currents against the settings from the ion source power 
supplies and the full profiles mentioned above (e.g. Fig. 2), and found good agreement. The current measurements 
were repeated multiple times throughout the testing cycle and it was verified that current doses were not drifting.  

 
Figure 1. Photograph of sputter measurement facility. 

 

Figure 2. Example of current distribution from 350 eV beam profile test.    
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Figure 3. Cooled sample holder. Inflow and outflow tubes are visible extending from underneath the 
right side of the holder. 

B. Sample Handling 
The coverglass samples were obtained from a space-qualified coverglass supplier (Qioptic) and were stored in a 

nitrogen box to reduce atmospheric and moisture exposure. Samples were only removed and exposed to atmosphere 
during transition to the vacuum chamber, with open-air exposure times limited to less than 30 minutes. Prior to 
arrival at CSU, samples may have been exposed to atmosphere, as the container in which the samples were received 
was not air tight. Samples could not be baked to remove atmospheric effects due to thermal constraints on the 
experiment; however, effects are believed to be minimal. At all times, samples were handled with plastic-tipped 
tweezers. In some cases tests used single 6”x6”  samples while in other cases four smaller samples were tiled 
together to create an equivalent area.  In all cases, the ion beam exposure times were determined based on the 
expected mass loss of 1.5 mg.  This value was chosen based on the density of MgF2 (3.18 g/cm3) and the reported 
thickness of the coating (310 nm) as a desired mass removal that would be large enough to minimize error in mass 
measurements, but small enough so as to not completely sputter through the coating. 

Before testing, samples were weighed five times to ensure accurate measurements. After sputtering, the samples 
were similarly weighed five times before being placed back into the nitrogen box. 

C. System Validation 
Prior to conducting sputter measurements on MgF2-coated samples, the sputtering system was validated through 

the use of molybdenum targets. Figure 4 presents this validation, with data from other researchers and a prediction 
based on expressions from Yamamura and Tawara2.  While there is some spread in all of the sputter yield results, 
the current measurements are consistent with expectations (and self-consistent with one another), thereby providing 
a validation of the CSU sputter measurement system. 

D. Sputter Yield Results - MgF2 Coating 
Here, we present results of the sputter yield measurements of the MgF2 coating.  As a means to interpret the 

results, we have made coarse predictions of the yields with the expressions from Yamamura & Tawara2.  The 
Yamamura & Tawara equations are not generally applicable to multi-component materials and proper values for 
many of the parameters in the equation (e.g. binding energy) are not readily available. For the coarse predictions we 
use parameter values based on weighted averages (1/3:2/3, based on molar ratios) of the corresponding values for 
magnesium and fluorine, along with the heat of sublimation for MgF2. As such, the Yamamura & Tawara curves 
provided in Figures 5 and 6 should be taken only as guides. Figure 5 presents the sputter yield results at normal 
incidence.  For an individual measurement, the experimental uncertainty is due to 15% uncertainty in current 
measurement and 0.01 mg uncertainty on the weight loss measurements. Generally multiple experimental 
measurements were made for each condition. The plotted error bars in Figure 5 were determined as the larger of the 
above uncertainty or the spread in the data of repeated measurements. Table 1 presents the results numerically. 
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Figure 4. Validation data from Molybdenum target at normal incidence.  Also included are data from several 
other researchers4-7. 

 
Figure 5. Total sputter yields of MgF2 coating at varying energy (normal incidence). 

 

Table 1. Normal incidence sputter yield data.   

Sample# Energy Total Mass Loss Run Time Ion Current Sputter Yield Error 

  (eV) (mg) (s) (mA) (mg/C) (mg/C) 

1 350 1.28 7500 1.88 0.0908 0.0083 

2 250 1.76 14100 1.75 0.0713 0.0068 

3 150 0.17 19980 1.55 0.0055 0.0039 

9 150 0.23 23440 1.55 0.0063 0.0035 

11 250 2.52 22500 1.75 0.0640 0.0078 
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Sputtering measurements were likewise taken for ion bombardment at non-normal incidence for ion energy of 
250 eV.  Note that all incidence angles given in this report are relative to the surface normal (such that zero degrees 
corresponds to the ions arriving perpendicularly to the target surface). A prediction from Yamamura [3] was used 
for coarse interpretation of experimental results. Again, as above, weighted averages of parameter values were used 
and the resulting curve should be taken only as a guide. Figure 6 presents these results.  Error is calculated in the 
same manner as above. Table 2 presents this data numerically. 

 

Figure 6. Total sputter yields of MgF2 coating at varying incidence angle (250 eV). 

Table 2. Non-normal incidence sputter yields 

III. Ion Beam Exposure Tests 

        Ion beam exposure testing was performed on coated and uncoated coverglass samples. The samples consisted 
of CMG coverglass with thin coatings of MgF2 having thickness of approximately 110 nm. These coverglass 
samples are flight units Loral qualified for their space solar arrays.  The exposures were performed in a Spector ion 
beam vacuum system4.  Photographs of the system are shown in Figure 7.  The main components of the system 
include the RF ion source, ion beam RF neutralizer, rotatable target, and target plasma neutralizer (plasma bridge 
neutralizer). The ion source was equipped with a 16 cm diameter grid set to produce a uniform ion beam spot over 
the area of the mounted test samples on the target. The target was located 40 cm from the ion source. 
      Each coverglass slide was mounted to an aluminum sample holder which was then mounted to the Spector 
target. A set of samples (copper, silver, molybdenum) were also mounted to the target for comparison of ion dose. 
These samples were used as controls.  The mass loss of the samples was measured which provided a check on the 
ion beam dose (using known sputter yields for the control materials). Graphite masks were used to hold the 
coverglass slides in place and as masking for the aluminum and stainless steel target. Graphite masks were chosen 
because of the low sputter yield of carbon. This helped to reduce unwanted sputtering of the target and mask 
material onto the coverglass samples. The exposure area of the manufactured mask was 24.88 cm2. The mask 
thickness was 0.020 inches.  The target holder and mask is shown in Figure 8. 
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Sample# Incidence Angle Total Mass Loss Run Time Ion Current Sputter Yield Error 

  (degrees) (mg) (s) (mA) (mg/C) (mg/C) 

2 0 1.76 14100 1.75 0.0713 0.0068 

4 30 2.48 16140 1.65 0.0931 0.0085 

10 60 6.31 19200 1.01 0.3254 0.0259 

11 0 2.52 22500 1.75 0.0640 0.0078 

12 45 5.94 21060 1.75 0.1612 0.0141 

13 70 2.31 16320 0.64 0.2212 0.0181 
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Figure 7. Spector ion beam vacuum system.  Left: Photograph showing principal components.  Right: 

Photograph showing plume from the ion source.  

 
Figure 8. Left: Solid model of sample holder and mask.  Right: Photograph of sample holder with coverglass 

and control samples. 
 
      The samples were handled using the same procedures as described above.  The sample holder was water cooled 
to maintain the temperatures of the coverglass slides. Two K-type thermocouples were attached nearby the 
coverglass for temperature monitoring. Thermocouple temperatures ranged from 20 oC to 44 oC during testing. A 
general procedure was to turn on the water cooling to the target/sample holder prior to sample exposure. With no ion 
beam and water cooling on, the target temperature would be near 20 oC, although this temperature varied depending 
on how long the water cooling had been running. During the exposure, the temperature of the target/samples would 
slowly rise during testing. Short duration exposure tests would remain at low temperatures from 20 oC to 30 oC, 
while longer tests would gradually rise in temperature. Temperatures slightly above 40 oC were reached during 
exposures that were near normal incidence and at run times lasting greater than 4 hours (see Table 3). In addition, 
the samples at larger incidence angles would also remain at lower temperature due to a lower effective beam energy.  
     Prior to sample exposure, the xenon ion beam current density was characterized using a current density (Faraday) 
probe. The current density was characterized for xenon ions at energies of 250 eV and 345 eV (see Table 3). Typical 
operation consisted of 3.0 sccm Xe to the RF ion source, 2.0 sccm Xe to the beam neutralizer, and 1.0 sccm Xe to 

Target

16 cm Source

Target neutralizer

Beam neutralizer

Sample holder

Graphite mask

Coverglass

Comparison Samples
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the target plasma neutralizer. The operating vacuum pressure was 1.6x10-4 Torr and base vacuum pressures were in 
the low 10-6 Torr range. Figure 9 shows the current probes and gives operating conditions. 

Table 3 shows the sequence of tests for (with some tests being conducted more than once).  The ion doses were 
determined (using the measured MgF2 yields) to achieve various desired erosion depths for the given ion incidence 
angles and energies. The corresponding exposure run times were determined using the measured beam current 
density, jB (see Table 3).  For these studies, we did not specifically measure the spatial uniformity of the ion beam 
current uniformity; however, based on previous measurements at similar ion energies (250 to 350 eV) and target 
location (40 cm from the ion source), we estimate that the beam current varied by at most 10-15% across the 8.4 cm 
sample width. 

As further validation, we also measured the mass change of the coverglass samples induced during the tests as a 
means to estimate how much of the coating has been removed.  As will be seen from the discussion below, insights 
can be obtained from such measurements. Table 4 presents the thickness removed, or erosion depth (microns), for 
each sample. The erosion depth was estimated as: 

 

A

m
d

C
C ⋅

∆=
ρ                (2) 

A

m
d

G
G ⋅

∆=
ρ  

 
where d is the erosion depth, ∆m is the mass loss, A is the exposed area, and ρ is the material density. The 
subscripts, C and G, refer to the coating (MgF2) and CMG coverglass, respectively. The exposed area of the 
coverglass through the graphite mask window was 24.88 cm2. The density of MgF2 was assumed to be 3.1 g/cm3, 
and the density of CMG coverglass was assumed to be 2.55 g/cm3.   
      For sample numbers 15, 27, 28, and 29, the ion beam exposure removed the entire 110 nm thick coating plus 
some of the underlying CMG coverglass. In these four cases, the eroded thickness of the underlying glass was 
estimated from knowing the sample mass change and the mass of the removed coating: 
 

A

Adm
d

G

CC
G ⋅

⋅⋅−∆
=

ρ
ρ

           (3). 

     From Table 4, one can see the amount of optical coating removed is generally as expected, though with some 
anomalies.  In Task 1, for the three repeated points, the mass removal was relatively consistent in the range of 80-
110 nm, i.e. approximately the thickness of the coating layer.   

 

 

 

Figure 9. Photograph of current density probe. 

Typical Operation
Xenon gas flow = 6 sccm
Pressure = 1.6x10-4 torr
Vbeam = 250 eV, 345 eV
Jbeam = 90 mA, 80 mA

16 cm SourceFaraday Probe



 
The 32nd International Electric Propulsion Conference, Wiesbaden, Germany 

September 11 – 15, 2011 
 

9

Table 3. Test sequence and ion beam exposure parameters. Total dose refers to a case where 2.4 µµµµm of the 
cover glass is eroded (as determined from measured sputter yields). 

 
 
     Task 3a did not have a coating and in this case we have determined the thickness of the CMG coverglass that was 
removed.  The intent was to remove similar thickness at each incidence angle, though we find that for increasing 
incidence angles, higher thicknesses were removed (by a factor of ~2).  One possible explanation is that the true 
variation of sputter yield with incidence angle is larger than that assumed in determining the test doses. (Our past 
work4, for sputtering of quartz samples, finds the ratio of the peak sputtering rate at ~60 degrees incidence to be ~3x 
that at normal incidence, which is a somewhat higher ratio than that used here (~2).) 
     In Task 3b, the intent was to remove half of the coating layer in each test (55 nm).  For most tests the 
experimental removal depths were indeed close to the target.  The reason for the discrepancy at normal incidence is 
unclear. 
      Finally, in Task 4, the intent was to remove increasing fractions of the layer.  The results show the removed 
thickness of the coating increasing roughly in proportion to the prescribed % Total Dose, as expected.  The full layer 
is removed when a dose of ~15% Total was reached (sample 28).  We also note that the normal incidence test of 
Task 3b (sample 18) is self-consistent with the results from Task 4, i.e. falling between samples 24 and 26. 

IV. Optical Transmission Tests and Discussion 

A.  Testing Procedure 
      Special care was taken in the handling of the samples (as described above).   During testing, each sample was 
transferred from the tray to the spectrophotometer’s slide mount using carbon fiber tipped tweezers.  The samples 
were each mounted with the same orientation for the pre- and post- exposure transmission tests to ensure 
consistency. The spatial extent of the illumination source (when incident) on the samples was approximately 1 cm x 
0.5 cm.  The approximate measurement location on the sample is shown in Figure 10.  Transmission data were 
recorded over the full wavelength range of the spectrophotometer from 175-3300 nm.  The detector and grating 
changeover were programmed to occur at 800 nm into the wavelength sweep producing a need to extrapolate the 
data at that wavelength.  The source changeover was programmed to occur at 350 nm and also must be extrapolated.  
Scanning at a rate of 600 nm/min, the transmission spectra for each sample was then obtained.  We have conducted 
tests to consider the reproducibility of the optical measurements, including possible effects owing to slight variations 

Task Coverglass Sample # Beam Energy Angle jB Run Time Ion dose % of Total Peak TC temp

Type (eV) (deg) (mA/cm2) (min) (C/cm2) Dose recorded (
o
C)

15 39.5 0.59 30.9

16 35.1 0.52 30.9

17 35.1 0.52 26.2

3 0 328.0 5.70 41.4

4 15 297.0 4.99 38.9

5 30 286.0 4.31 39.0

6 45 257.0 3.16 32.9

7 60 265.0 2.30 26.0

8 75 489.0 2.20 26.3

9 75 489.0 2.20 25.3

18 0 12.8 0.22 31.1

19 15 13.2 0.22 27.2

20 30 10.7 0.16 23.3

21 45 5.1 0.06 25.6

22 60 5.3 0.05 26.2

23 75 20.5 0.09 17.0

24 5.8 0.10 1 24.6

26 29.7 0.52 5 27.3

28 87.0 1.51 15 35.5

27 290.2 5.04 50 44.2

29 580.0 10.08 100 43.8

1

3a

3b

4 Coated

Coated

Uncoated

Coated

n/a

n/a

n/a0

0

0.25

0.29

0.29

0.29

250

345

250

250
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in the position of the coverglass sample within the instrument.  These tests showed transmission reproducibility to 
better than 0.3% at each wavelength (smaller variations as compared to relevant transmission changes in this study), 
thereby confirming the reproducibility of the measured spectra. 
 
Table 4.  Thickness of MgF2 and/or CMG coverglass removed in the ion beam exposure tests. 

 
  
 

 
Figure 10. Optical measurement geometry.  The rectangle within the coverglass shows the position of the 
light-passing aperture.  The oval within the (small) rectangle shows the position of the illuminating beam.  

 

B. Results of Optical Transmission Tests 
     The measured pre-exposure and post-exposure optical transmission spectra are attached as an Appendix. Where 
appropriate we have added, as guides to the reader, traces showing the typical transmission for coated and uncoated 
samples (found from the average traces).  We discuss the transmission results as follows.  

Task Coverglass Sample # Energy Angle Ion dose % Total MgF2 Rem. CMG Rem. Notes

Type (eV) (deg) (C/cm2) Dose (µm) (µm)

15 0.59 0.110 0.092 110 nm coating removed

16 0.52 0.099 - Part way through coating

17 0.52 0.077 - Part way through coating

3 0 5.70 - 1.586 no coating

4 15 4.99 - 1.871 no coating

5 30 4.31 - 2.728 no coating

6 45 3.16 - 3.559 no coating

7 60 2.30 - 2.659 no coating

8 75 2.20 - 2.909 no coating

9 75 2.20 - 2.817 no coating

18 0 0.22 0.017 - Part way through coating

19 15 0.22 0.040 - Part way through coating

20 30 0.16 0.054 - Part way through coating

21 45 0.06 0.063 - Part way through coating

22 60 0.05 0.060 - Part way through coating

23 75 0.09 0.066 - Part way through coating

24 0.10 1 0.009 - Part way through coating

26 0.52 5 0.038 - Part way through coating

28 1.51 15 0.110 0.017 110 nm coating removed

27 5.04 50 0.110 0.957 110 nm coating removed

29 10.08 100 0.110 2.359 110 nm coating removed

1

3a

3b

4

n/a

n/a

n/a

Coated

Coated

Uncoated

Coated

250

345

250

250 0

0
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      In Task 1, three tests were done with (roughly) the full coating removed in each case.  The resulting post-
exposure spectra are close to those of uncoated samples, which is reasonable.  At the lowest wavelengths studies 
(<~450 nm), the post-exposure transmissions fall below those of uncoated samples by ~1-2%.  It is notable that 
analogous transmission drops were not observed in transmission spectra for 250 eV exposures (Tasks 3, 4).  There 
are several possible explanations for this low wavelength behavior  which will be investigated in future research.   
      In Task 3a, the samples are uncoated.  Only very minimal change in transmission due to ion beam exposure was 
observed, consistent with expectations.  The exception here is the sample with ion beam at incidence angle of 75 
degree to the surface normal.  In this case the transmission has dropped significantly.  Indeed, the sample was 
visibly discolored.  We believe that this is due to some deposition of the mask material as may occur owing to the 
very high incidence angle. In such geometries, even for the thin mask we have used (0.51 mm thickness), the ion 
beam is largely incident on the “side edges” of the mask (only 15 degrees from the surface normal to the mask side 
edge). We have repeated this ion beam exposure test (samples 8 and 9) and found very similar results.  It is possible 
that, at more normal incidence, a similar effect occurs, albeit much weaker, explaining some of the small 
transmission drops mentioned above. (Other possible mechanisms for the small transmission drops at the more 
normal incidence angles include small surface roughness effects or impurity absorption, as mentioned in connection 
with Task 1.) 
       In Task 3b, we have removed approximately half the coating layer from each sample.  Roughly speaking the 
transmissions dropped to an intermediate level between the uncoated and coated level, which is a reasonable result.  
We further note that the 75 degree sample has the lowest transmission which may be due to the deposition effect 
mentioned above.  (The transmission of the 75 degree sample in Task 3b is far higher than that of Task 3a, which we 
attribute to the significantly lower current dose used in Task 3b.) 
       Finally, in Task 4 we have removed increasing thicknesses.  The full coating has been removed by the 15% 
exposure condition.  The data are in agreement with the mass removals.  For the weak exposures that remove part of 
the layer (1% and 5%), the post-exposure transmissions reduced from the coated level towards the uncoated level.  
By 15% exposure, the layer was fully removed and the post-exposure transmission was nearly coincident with the 
uncoated condition.  Further exposure had minimal (additional) effect on the spectra since the layer was already 
removed.  The higher dose post-exposure curves, with no layer remaining, were very slightly below the uncoated 
trace, which, as discussed in connection with Task 1, may be due to very minor mask contamination effects (and 
possibly also due to surface roughness effects or impurity absorption).   

V. Conclusions 

This contribution presents a study of the effect of ion beam sputtering on the optical transmission of coverglass 
samples having thin MgF2 coatings (thickness of 110 nm). The MgF2 layers are designed to act as anti-reflective 
coatings to increase the transmission of the coverglass and thereby increase the efficiency of the solar panels. We 
have performed a comprehensive study in which we have measured sputter yields of the MgF2 coatings, used those 
to sputter yields to determine doses corresponding to removal of varying fractions of the coatings, sputter eroded 
coverglass samples (with and without coatings) based on the aforementioned doses, and finally measured the 
changes in the optical transmission of the coverglass samples. In general, the measured transmission changes were 
consistent with expectations, with the transmissions degrading roughly linearly with the thickness of the removed 
layer. Further sputtering of the coverglass itself (beyond the thickness of the anti-reflective layer, or as measured in 
samples with no layer) showed minimal change in transmission. This latter observation also provides confirmation 
that the ion source operation and chamber conditions do not significantly contaminate the samples, as can be a 
problem in some facilities. For ion exposure at high incidence angle of 75 degrees, larger reductions in transmission 
were observed but this can be readily explained by sputtering and deposition of the mask material (“edges”) for this 
geometry. The measurements did show a larger than expected reduction in transmission at short wavelengths (<~450 
nm) for sputtering by 345 eV ions (the largest energy of this study).  Possible explanations for this low wavelength 
behavior including ion beam induced surface roughness or morphology changes (that become pronounced for ion 
energies above 250 eV), absorption due to trace impurities on the sample surface (which form owing to changes in 
ion source operation that become pronounced for ion energies above 250 eV), or increased sputtering of the target 
mask for energies above 250 eV (see also below).  The effects observed by 345eV ions will need further evaluation.  
The results of this study are useful for analyses of the effects of sputtering on solar power systems in spacecraft 
using electric propulsion systems. Similar methodologies can be used to address related problems for other materials 
and conditions. 
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Appendix 

Optical Spectra  
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Task 3a 
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Task 3b 
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Task 4 
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