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ABSTRACT   

For years now conventional aluminium 6061 T6 has widely been used for mirrors in astronomical instruments, being 
diamond turned or since a few years also being optically polished. This allows the development of optical systems that 
can be tested and operated at any temperature, without being affected by CTE effects. Using traditional aluminium the 
manufacturing methods could in some cases not deliver the required surface shape, accuracy and roughness due to the 
increasing demands from optical systems. Over the last few years RSP Technology developed a new series of aluminium 
alloys for several applications, produced with a Rapid Solidification Process. Both on a macroscopic and microscopic 
level these new aluminium alloys have different material characteristics compared to the traditional aluminium alloys. 
TNO and NOVA-ASTRON have performed diamond turning and polishing tests on these new aluminium alloys. This 
paper presents results of several diamond turning and polishing tests obtained over the last year and show the potential of 
these new alloys with surface roughness values of 1 nm on RSA 6061 and RSA 708 acquired with both diamond turning 
and polishing.   
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1. INTRODUCTION  
1.1 Back ground 

Single Point Diamond Machining (SPDM) of aluminium optics has progressed dramatically over the past decade. 
Currently, by use of this technology high quality optics can be manufactured with unique aspherical shapes that are 
compliant with the strict customer requirements. Unique to the state-of-the-art SPDM is the capability to achieve 
aspherical surfaces with a micro-roughness of a few nanometers. High accuracy in surface finishing reduces surface 
scattering to a level acceptable for optical systems operating in the visible region of the spectrum, while this technology 
was in the past confined to infrared applications. Recent experiences [1],[2] have shown that the surface roughness can 
greatly be improved by using amorphous material alloys obtained by Rapid Solidification Processing (RSP). The 
combination of diamond turning for (steep) aspheric optics and low surface roughness of rapidly solidified aluminium is 
an enabler for the manufacturing of compact reflective telescopes with low F# and large FOV making it possible to build 
very compact telescopes for both panchromatic and multispectral optical instruments. 

1.2 Rapid solidification processing 

Melt spinning is a rapid solidification technique for producing alloys with the highest cooling rates possible, up to 106 
K/s, providing ultra-fine and homogeneous microstructures. Figure 1 shows the different processing steps of the rapid 
solidification processing. Firstly the alloy needs to be prepared using melting and different alloying elements. Next, the 
melt is poured through a small nozzle onto a rotating copper wheel, creating a rapidly solidified ribbon. This ribbon is 
chopped to flakes and collected in a vessel. After that, the flakes are degassed and subjected to hot isostatic pressure 
(HIP) processing to create a consolidated material. Principally, billet sizes of 1 m diameter can be prepared. If necessary 
or required, the billets can be extruded or forged to different dimensions. 
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Figure 5: Diamond turned surface of RSA-6061, using optimized heat treatment and diamond turning conditions. Multiple 
workpieces (from different production batches) were diamond turned to 1 nm Rq surface roughness. 

3. POLISHING 
3.1 Conventional AA6061 

During the last ten years a large amount of mirrors have been made from this material for instruments like Visir, MIRI 
and X-Shooter, which are all (Near-) Infrared Instruments. For X-Shooter, mirrors up to 300 mm diameter have been 
produced with P-V surface accuracies up to λ/4 @ 633 nm over the entire surface. Surface roughness for the X-Shooter 
mirrors was around 1-1.5 nm Ra. All mirrors showed a bluish haze and visually small scratches could be detected. 
However, they were not a problem considering the operational wavelength of the instrument. In 2004 ASTRON achieved 
for the first time a roughness of less than 1 nm Ra on a polished 20 mm sample. 

 
Figure 6: Polished AA6061. The conventional alloy can be polished to 1 nm Rq. 

Proc. of SPIE Vol. 8450  84502M-6

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 02/11/2013 Terms of Use: http://spiedl.org/terms



 

 

ASTRON polished its largest mirror for the X-shooter instrument. This mirror, M7, has an optical diameter of 280 mm 
and is made from conventional AA6061. It took four weeks to obtain sufficient cosmetic surface quality. AA6061  
scratches easily and often displays a greyish or bluish haze. When too much pressure is applied during polishing, 
material will be pulled out of the surface creating scratches and pits. Best results have been obtained with low pressure 
and a diamond slurry on a Lapmaster.  The use of dense polishing pads (felt) improves the clarity of the surface, but it 
will introduce considerably more ‘orange-peel’ leading to a deteriorated surface texture. 

3.2 Rapidly solidified aluminium 

Rapidly solidified aluminium has a more homogenous microstructure. It is therefore expected that less material 
impurities can break out during polishing. With optical instrumentation in mind three types of RSA were selected for 
polishing trials: RSA 6061, RSA 708 and RSA 905. The next table summarizes the chemical compositions that were 
used in this research.  

Polishing tests were performed on rectangular mirrors of 100 mm x 70 mm. All RSA sample materials were made from 
extruded material and the polishing plane was lying in the long axis of the extrusion. Polishing was performed on a 
Lapmaster. 

Although it is known that the RSA-905 can be polished very well when the mirror surface is lying perpendicular to the 
axis of extrusion, the RSA-905 samples polished in this investigation resulted in bad surfaces, which was attributed to 
the polishing plane lying along the extrusion direction. Since this is typically not the plane that mirrors are made from, 
the data is omitted in this publication. Unfortunately no other measurement data of a “normal mirror plane” made from 
RSA-905 bar was present at the time of writing. This will be part of further research and will be presented in a next 
publication.  

As the polishing tests are very preliminary it is expected that the results will improve considerably over the next few 
years when the process is optimized for the specific characteristics of these materials. Figure 6 shows the results of the 
test samples for non-optimized polishing settings. 

For AA6061 a “regular” surface roughness of 1.8 nm is shown. It can be seen that this first polishing trial resulted in a 
very similar surface roughness value of RSA-6061 and RSA-708. For RSA-6061 a mirror was made after the tests. This 
mirror was polished to a surface roughness of 1.6 nm. This is not as good as the data shown in Figure 6, but the polishing 
times are greatly reduced with the RSA alloys, see Figure 6(b). The mirror has a surface structure as shown in Figure 8. 
Further process optimization is foreseen to improve this number to less than 1 nm. 

Table 2: Chemical composition of the used RSAs. 

  Composition (wt%) 
  Al Fe Cu Si Mg Mn Zr Mo Zn Ni 
RSA-6061 balanced   0,3 0,5 1,1           

RSA-708 balanced   1,1   2,3       11   

RSA-905 balanced 2,5 2,5     1 0,8 0,8   5 
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(a) 

 
(b) 

 
Figure 7: (a) Surface roughness values (Rq) for different RSA-materials after the non-optimized polishing process vs. AA6061. 
(b) shows the relative times that are needed to achieve these surface roughness values, showing a significant decrease in 
polishing time to achieve <2 nm surface roughness. 
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Figure 8: Polished surface of an RSA-6061 mirror, showing a 1.5 nm Rq surface roughness value. 

Visually, the appearance of RSA-6061, see Figure 9(a), is quite similar compared to conventional AA6061. The limited 
available time for the polishing test might have had a negative influence on the results since a considerably better surface 
roughness was expected with this material. The expectation is that an improved, optimized polishing process will result 
in a surface roughness of less than 1 nm Rq.  
Looking at the rectangular plate of RSA-708, Figure 7(b), a bright surface can be seen. However, some small scratches 
can be seen in the surface, but it is expected that these can be polished away if more time is spent on these samples. The 
latter was confirmed by recent polishing activities of ASTRON on a 200 mm diameter disc of RSA-708. Initially it was 
polished on the Lapmaster, but due to the relatively high weight of the blank no good surface could be obtained. 
However,  when polished TOT (Tool On Top) a brightly polished surface appeared, which was most likely the result of 
the reduced surface pressure. In fact, it seemed to be the best surface ever made at ASTRON. Only two days were 
needed to obtain this surface quality. Although not objective, but based on earlier polishing experiments we estimate a 
surface roughness <1 nm Ra. Although very small, scratches were still visible using a light source. The surface quality 
seems sufficient for applications at visual wavelengths. Unfortunately no surface roughness measurements have been 
performed yet. The best results were achieved using a soft pitch with diamond slurry. Whenever starting a new polishing 
session it seemed unavoidable to have a scratched surface, the more time in between sessions the worse it got. This is 
probably caused by oxidation of either small metal particles in the pitch lap, or oxidation of the surface of the mirror 
itself. A polishing optimization is needed. 

4. OUTLOOK AND CONCLUSIONS 
Rapidly solidified aluminium (RSA) has a very homogeneous microstructure due to its unique manufacturing method. 
When the RSA-6061 alloy is applied in diamond turning to manufacture mirrors, very good results can be achieved with 
respect to surface roughness. Rq values of 1 nm have been achieved on multiple batches during diamond turning. This 
makes the material an interesting alternative to diamond turning of Ni-P plating or Alumiplate. These platings always 
introduce extra delivery times and risks of delamination. Because of the low surface roughness value, RSA-6061 is an 
enabler for direct diamond turning of steep aspherical and freeform optics for opto-mechanical instrumentation without 
the need of post-polishing. No difference between billet and extruded bar has been observed when optimized heat 
treatment and diamond turning settings were applied. This makes it possible to make large optics from the RSA-6061 as 
well. Large optics up to 1 meter can be made from billet material. Using the optimized heat treatment found in this 
research, RSP Technology is currently working on material qualification for the European Space Agency.     
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(a) 

 
(b) 

Figure 9: Polished RSA-6061 (a) and RSA-708 (b). 
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Polishing of rapidly solidified aluminium shows benefits in the speed of achieving a low surface roughness. A reduction 
in polishing time to 1/3rd of conventional AA6061 is possible for the RSA-6061 alloy, and even more improvement for 
the RSA-708. In general, polished aluminium can exhibit good results as far as surface shape accuracy is concerned on 
flat and spherical surfaces. The quality of surface roughness (and cosmetic quality) depends greatly on the alloy and on 
the used parameters of the polishing process. In general it is known that aluminium is hard to polish: obtaining a visually 
scratch-free surface is very difficult and often it shows a bluish haze caused by microscopic scratches. However, surface 
quality of most polished alloys is good enough for NIR and IR instrumentation. For visual and UV purposes RSA seems 
to be very promising, especially RSA-6061 and RSA-708. The polishing processes for these RSA alloys will be further 
improved to achieve <1 nm Rq values, making it applicable for visual and UV instrumentation. 
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