
Paper Number 

Radiation Testing Of Thermal Control Mirrors  

John Russell, Glenn Jones 
Thales Space Technology 

 

Copyright © 2004 SAE International

ABSTRACT 

Thermal Control Mirrors and mirror substrates have 
been exposed to various simulated space radiation 
environments. One of the key parameters for this type of 
spacecraft component is the solar absorptance. Results 
are presented which compare the change in solar 
absorptance of four mirror types after exposure to 
electron, proton and UV irradiation. Comparisons 
between radiation induced degradation of substrates 
and the thermal control mirrors are made, an 
explanation for the smaller than expected degradation is 
provided. 

INTRODUCTION 

Spacecraft components undergo terrestrial testing to 
enable quantitative data to be produced that 
characterizes the degradation of materials and 
components with an aim to give results representative of 
the degradation expected when the spacecraft is 
deployed in space. The testing performed is dependant 
on the environment the component is likely to 
experience in space, but is also dependant on factors 
such as cost, the type of test equipment available and 
space heritage. For coverglasses and thermal control 
mirrors this environmental qualification testing usually 
consists of electron, proton, and vacuum UV irradiation 
which is in addition to other tests that are more 
frequently done at a production level: visual inspection, 
solubility, humidity, thermal shock, salt fog, and thermal 
cycling. 

EXPERIMENTAL DETAILS 

ELECTRON IRRADIATION 

Electron irradiation was carried out at the Technical 
University of Delft, the Netherlands, using the K3 Van de 
Graaf electron accelerator. Samples were subjected to 
irradiation by electrons of 1MeV energy and a total dose 
of 2 x 1016 e-cm-2 in an inert gas atmosphere. 

 

 

PROTON IRRADIATION 

Proton irradiation was carried out at AEA Harwell, UK, 
using the Tandem Van de Graaf accelerator. Samples 
were subjected to protons of 1 MeV energy and total 
dose of 1.4 x 1014 p+cm-2 in a vacuum of 3 x 10-6 mbar. 

ULTRA-VIOLET IRRADIATION. 

UV irradiation was carried out at QinetiQ Farnborough, 
UK; test duration was 1000 equivalent solar hours using 
a Cermax 1KW Xenon arc lamp with an average 
acceleration factor of 2.5 for wavelengths 200-300nm in 
a vacuum of better than 8 x 10-6 mbar. 

SAMPLES. 

Four types of commercially produced thermal control 
mirror, on 150 micron CMX substrates, were irradiated. 
The short wavelength reflection profiles of which are 
shown in Figure 1. 

1. Plain Second Surface Mirror – uncoated front 
surface, second surface mirror coating.  

2. Conductive Coated Second Surface Mirror – 
conductive front surface coating, second surface 
mirror coating. 

3. UV Reflective Second Surface Mirror – UV 
reflective front surface coating, second surface 
mirror coating. 

4. Conductive UV Reflective Second Surface 
Mirror – front surface UV reflective coating with 
underlying conductive coating, second surface 
mirror coating. 

 

 

 



 

 

 

 

 

 

 

Figure 1: Reflection Profiles of 4 mirror types 

All samples were extracted from standard production 
lots. In addition to single radiation exposure the samples 
were exposed to sequential irradiation as shown below. 

1. Protons and Ultra-Violet 

2. Protons and Electrons 

3. Protons, Ultra-Violet and Electrons 

4. Ultra-Violet and Electrons 

MEASUREMENTS. 

The optical measurements before and after irradiation 
were made using a Perkin Elmer Lambda 9 UV/VIS/NIR 
spectrophotometer with an attached integrating sphere. 
The E490 AM0 solar spectrum was used to compute 
mirror solar absorptance (as) 250-2500nm. 
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In order to identify the spectral location of any 
degradation within the total solar absorptance figure the 
solar absorptance of the thermal control mirrors was 
broken down into 3 wavebands: 

UV 250-350nm (4.54% of AM0 250-2500nm)    
VIS 350-650nm (32.4% of AM0 250-2500nm)        
NIR 650-2500nm (63.03% of AM0 250-2500nm) 

 

 

 

 

Where each waveband is calculated: 
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Results of thermal control mirror solar absorptance 
measurements before irradiation using this method are 
as follows: 

Mirror Type Solar 
Absorptance Plain CC UVS CC/UVS 
UV 250-350nm 0.042 0.038 0.009 0.008 
VIS 350-600nm 0.040 0.041 0.016 0.019 
NIR600-2500nm 0.019 0.019 0.022 0.025 

TOTAL 0.101 0.098 0.046 0.053 
 
Table 1: Average Results of Component as Before 
Irradiation. 

SUBSTRATE IRRADIATION. 

CMX glass substrates have undergone extensive 
irradiation programmes over the last 20 years. 
Degradation of the substrate under electron, proton or 
UV irradiation primarily occurs in the blue-end of the 
spectrum resulting in an upward shift in the UV cut-on 
wavelength of the glass and reduced transmission in the 
400-450nm waveband. Figure 2 shows a typical result 
for electron irradiated CMX glass. UV and proton 
irradiation show similar effects.[1] 

 

 

 

 

 

 

 

Figure 2: Uncoated CMX before and after Electron 
Irradiation. 
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ELECTRON IRRADIATION. 

Samples were irradiated with 2 x 1016 1MeV electrons. 
The resultant changes in solar absorptance are shown in 
Table 2. 

Mirror Type Solar 
Absorptance Plain CC UVS CC/UVS 
UV 250-350nm 0.0002 0.0003 0.0000 -0.0007 
VIS 350-600nm 0.0038 0.0030 0.0017 0.0008 
NIR600-2500nm 0.0013 0.0005 0.0022 0.0017 

TOTAL 0.0053 0.0038 0.0038 0.0018 
 

Table 2: Average change in as after electron irradiation. 

PROTON IRRADIATION. 

Samples were irradiated with 1.4 x 1014 1 MeV protons. 
The resultant changes are shown in Table 3. 

Mirror Type Solar 
Absorptance Plain CC UVS CC/UVS 
UV 250-350nm 0.0000 0.0002 -0.0002 -0.0002 
VIS 350-600nm -0.0003 0.0002 0.0005 0.0000 
NIR600-2500nm 0.0008 0.0018 0.0015 0.0008 

TOTAL 0.0005 0.0022 0.0018 0.0007 
 

Table 3: Average change in as after proton irradiation. 

ULTRA-VIOLET IRRADIATION. 

Samples were subjected to 1000 equivalent UV solar 
hours at an acceleration factor of 2.5. The resultant 
changes in Solar Absorptance are shown in Table 4. 

Mirror Type Solar 
Absorptance Plain CC UVS CC/UVS 
UV 250-350nm 0.0000 -0.0001 -0.0001 -0.0001 
VIS 350-600nm 0.0020 0.0014 0.0009 -0.0003 
NIR600-2500nm 0.0006 0.0021 0.0011 0.0016 

TOTAL 0.0026 0.0034 0.0019 0.0011 
 

Table 4: Average Change in as after UV irradiation.  

ANALYSIS OF RESULTS FOR SINGLE 
IRRADIATIONS. 

ELECTRONS. 

Table 2 shows that broadband or total degradation of the 
solar absorptance is higher for electron irradiation than 
for proton or UV irradiation. The level of degradation for 
Plain and Conductive coated SSMs is lower than would 
be predicted from coverglass electron irradiation of the 
glass substrate alone. Spikes in the spectrum are due to 
sample averaging. 

 

 

 

 

 

 

 

 

Figure 3: Change in Absorption of Mirrors after Electron 
Irradiation 250-600nm 

Figure 3 shows the wavelength region where the 
degradation occurs and it is apparent that most 
degradation occurs for Plain and Conductive SSMs. The 
UV Reflective mirrors appear to mask this effect. This is 
not unexpected as the front surface UV reflector coating, 
in these component types, blocks wavelengths <508nm 
from reaching the substrate. (Figure1). Therefore, as 
long as there is no degradation in the UV reflective 
coating, any degradation in the glass will not be 
apparent in the spectral trace (or solar absorptance 
figure). 

PROTONS 

Table 3 shows that broadband or total degradation of the 
solar absorptance is low after proton irradiation. The 
location of degradation is similar to those exhibited by 
the electron irradiated components, however the 
magnitude in general terms is lower. 

  

 

 

 

 

 

 

 

Figure 4: Change in Absorption of Mirrors after Proton 
Irradiation 250-600nm 
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ULTRA-VIOLET. 

Ultra-Violet irradiation results are broadly in line with the 
proton and electron irradiation results.  

 

 

 

 

 

 

Figure 5: Change in Absorption (250-600nm) of 4 mirror 
types after UV Irradiation. 

EVALUATION OF SEQUENTIAL IRRADIATIONS. 

Mirror Type Irradiation Type 
Plain CC UVS CC/UVS 

P+ 0.0005 0.0022 0.0018 0.0007 
P+ and UV 0.0026 0.0036 0.0040 0.0024 
P+ and E- 0.0040 0.0040 0.0050 0.0020 

P+, UV and E- 0.0020 0.0060 0.0050 0.0040 
UV 0.0026 0.0034 0.0019 0.0011 

UV and E- 0.0030 0.0040 0.0000 0.0020 
E- 0.0053 0.0038 0.0038 0.0018 

Table 5: Summary of all single and combined 
irradiations. 

The results of the sequential irradiations appear to be 
consistent with the single irradiation results. The 
degradation increases with the total amount of 
irradiation, however this is difficult to analyse because of 
potential annealing effects due to the irradiation 
sequence (protons then UV then electrons) and potential 
temperature/photon annealing in between irradiations.  

 

 

 

 

 

 

Figure 6: Change in Absorption of Plain Mirrors with 
Sequential Irradiation 

 

 

The graphs in Figures 6,7 and 8 show the effects of the 
sequential irradiation on the different mirror types. The 
plain and ITO coated mirror types show the largest 
change in reflection consistent with that of the single 
irradiations. 

 

 

 

 

 

 

 

Figure 7: Change in Absorption of Conductive Mirrors 
with Sequential Irradiation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: Change in Absorption of Conductive UV 
Reflective Mirrors with Sequential Irradiation 
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DISCUSSION. 

Analysis of the Transmission profile of uncoated CMX 
150 and the Reflection profile of a Plain CMX 150 
Second Surface Mirror (Figure 9) reveals an induced 
absorption waveband. i.e. a shift in the cut-on to higher 
wavelengths. 

 

 

 

 

 

 

 

Figure 9: CMX Transmission and Mirror Coated 
Reflection. 

Three factors contribute to this absorption band: 

1. Reflector coating the second surface effectively 
doubles path length in the substrate material. 

2. Optical constants of the Silver Second Surface 
Mirror coating. 

3. Optical constants of the bonding layer used to 
assist bonding between the Silver layer and the 
glass. 

Evidence of the mirror coating induced absorption band 
can clearly be seen in Figures 9&10. In Figure 10 the 
location of the absorption band induced by the mirror 
coating is illustrated by the difference between cover 
and mirror change in absorption with electron irradiation. 

 

 

 

 

 

 

 

 

Figure 10: Change in Absorption of CMX coverglasses 
and mirrors with Electron irradiation. 

This mirror coating induced absorption band masks the 
cut-on edge of the glass where the majority of the 
degradation occurs and hence hides some of the 
reflectance change which would otherwise be expected. 

 

CONCLUSIONS. 

The electron, proton and Ultra-Violet irradiation of ceria 
doped substrates and Second Surface Mirrors has been 
shown to increase component solar absorptance. 
Notably at the short wavelength end of the spectrum, 
near the cut-on wavelength of the glass. 

Coating of the glass substrate with a Second Surface 
Mirror effectively shifts the cut-on wavelength upwards.  

This essentially masks any radiation-induced 
degradation in the substrate. Plain and Conductive 
coated SSMs therefore exhibit lower than predicted 
(from coverglass irradiation results) increases in solar 
absorptance under electron, proton and UV irradiation. 

UV reflective coating the front surface of the SSM not 
only reduces the BOL solar absorptance but it also 
effectively masks any radiation induced substrate 
degradation. 

The effective reduction in degradation is therefore two 
fold: 

The mirror coating masks the substrate absorption by 
effectively introducing it at the coating stage (i.e. BOL) 
and therefore further degradation on exposure to 
radiation is minimized. 

Secondly the use of a front surface reflective coating 
masks the effects of both the substrate and mirror 
coating degradation.  
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