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ABSTRACT 

The ion beam figuring is a kind of advanced technology of mirror processing. It has the advantages of high processing 
precision, high speed and no damage to the mirror surface. The ion beam figuring machine is established by using a one 
meter diameter vacuum coating plant in this research project. Mechanical scanning device, ion source and workpiece 
make up of the machine. Water, electricity and gas will be imported to the vacuum chamber. The computer software, 
extracting the error function between the ion beam processing function and mirror surface function by using the data of 
interferometer measuring, will calculate the dwell-time function in the course of processing. The computer will control 
the whole process based on the dwell-time function. The experiment processing indicates that PV will reach 1/14λ and 
RMS will reach 1/70λ by once ion beam figuring. 
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1. INTRODUCTION  

As the development of astronomy and the advance in technology, the diameter of astronomical telescope increases and 
requirements of its performance are getting higher and higher. International modern large telescope has been able to 
achieve 80% of the light energy concentrated in less than 0.2”. In contrast, the level of domestic processing is still very 
low. It is very hard to concentrate 80% of the light energy in less than 0.6”.  
In order to guarantee the high-precision processing needs of astronomical telescope, developed country has successfully 
developed the ion beam figuring machine which can process the mirror of large-diameter telescope in around 1990 based 
on realizing ion beam figuring technics for small-diameter telescope in the early 1980s. For example, the ion beam 
figuring facility developed by the Eastman Kodak company can process mirror up to 2.5m diameter. 
The mirror will be accurately figured ultimately by using ion beam figuring1. The large mirror principal of the Eastman 
Kodak company introduces to the visiting Chinese that when they grind a large-diameter aspherical mirror, they just 
carry out preliminary polishing and then carry out ultimate polishing by using ion beam figuring technics. This greatly 
reduces the difficulty, improves the work efficiency and guarantees the quality specially. 
 

1.1  The working principle of ion beam figuring 

The principle of ion beam figuring is completely different from the conventional mechanical polishing. It is that gas 
molecules are ionized by ion source in a vacuum chamber and then ion-directional flow is formed by accelerating of high 
voltage electric field. The surface atoms will be removed one by one with appropriate energy ion bombardment of the 
workpiece surface3,4. 
The unique traits of ion beam figuring processing determined by its principle: 
1. High processing precision. The basic unit, which is removed from the surface of workpiece by ion beam, is atom. The 
processing parameters which will affect the polishing speed, such as ion energy and ion density, can be controlled 
accurately and the stability is fine. Point by point figuring is being used when processing, so the crossed influence is 
small. Its processing precision can reach RMS 1/50λ ~ 1/100λ2,3. 
2. There is no mechanical fore to the mirror during ion beam figuring processing,. It does not cause surface cracking and 
deformation and there is no metamorphic layer. 
3. Processing precision is unacted on the influence of environmental temperature field. 
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4. The exterior roughness is fine and the processed surface is very clean. The organic and inorganic contamination which 
attach the surface in the previous process will be removed completely. It will allow the coated reflective film to improve 
adhesion, the granularity to decrease and the reflectivity to improve. 
5. The effect of ion beam processing the heartland of mirror is same with ion beam processing the edge part of mirror. It 
is different from that the influence (edge effect), which is caused by partial vacantness of small grinder during CNC 
polishing (CCP) processing, must be eliminated by special amendment5,6,7. 
In summary, ion beam figuring processing is a kind of processing method which has no stress on the atomic scale and 
non-contact. It has the incomparable superiority compared with the conventional process. In addition, it is significative 
that this process which must use a high level of computer control technology will make polishing process no longer 
depend on operator’s skill and experience. 
  

1.2  The controlling principle of ion beam figuring process 

The controlling principle of ion beam figuring process is same with CCP technology. The mirror will be figured by 
controlling the dwell-time of the ion beam in different locations on the surface. The theory is based on well-known 
Preston equation5,6: 

( , )dh x y
dt

 = ( , ) ( , )KP x y V x y    ,                                                         (1.1) 

As to the ion beam figuring process, where P  is the working function of ion beam. V  is the relative velocity of ion 
beam with the workpiece. K  is a kind of coefficient which is related to the structure of experimental device and the 
trait of workpiece material. ( , )P x y  can be accurately determined by experiment. K  will be determined by 
experiment according to the combination of specific materials and specific process parameters. In this way, the computer 
software will adjust its speed when the ion beam is being scanning the mirror according to the error distribution of mirror 
surface so that ion beam will have different dwell-time at different points. This will achieve accurately figuring. 
 

1.3  Research work in progress and experiment results 

We reconstruct an old coating machine. Mechanical scanning device designed by ourselves, which is installed in the 
vacuum chamber, is driven by external motors. The power lines, cooling pipes, gas lines needed by ion source are 
imported to the vacuum chamber. The ion source is installed on the rail of the vacuum chamber. The required water, 
electricity and gas connect to the ion source through pipelines. This will guarantee natural work when ion source is 
moving. At the same time, the vacuum degree is not affected. Operation of this equipment over the years indicates that 
the situation of using is satisfying. 
For solving the problem of ion source working parameter stability, the power of ion source is reconstructed. It makes the 
stability of beam energy and beam current respectively achieve the requirement. 
According to the correlative data, a mathematical model is established and computer controlling software is developed. 
Combining the working function of ion beam, the computer calculates the dwell-time for how long the ion beam will 
dwell at every point in the process of scanning after the error distribution of mirror is measured by interferometer. This 
will finish scanning under its control. 
The software interface is very friendly. In addition to the basic functions, the software also can demonstrate three-
dimensional animation and vividly display the processing process. The software will also direct the beam spot location 
on the mirror with two-dimensional animation in real time. The ion beam velocity and coordinate will be displayed by 
digit. The changes in velocity will be displayed by curve. 
After repeated experiments, we have obtained relatively good results under the existing test equipment and measurement 
conditions. Many experimental data indicate that the mirror accuracy can achieve 0.07λ(1/14λ) PV and 0.013λ(1/75λ) 
RMS per ion beam figuring. Figure 1 and Figure 2 show the measured fore-and-aft data of a sample. 
Glass-ceramic, quartz glass and K9 glass are mainly used for samples in the experiment. Because the etching rate of ion 
beam to diverse materials is different, the working function of each kind of material should be measured by a number of 
experiment. 
The temperature coefficient of K9 glass is too large, so the data will not achieve stable point easily when measuring. The 
other two kinds of glass have a small problem in this area. 
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Figure 1: Before figuring PV 1/6λ  RMS 1/28λ.                 Figure 2: After figuring PV 1/14λ  RMS 1/77λ 

 
 

2. RESULTS  

In the course of the study in this project, two new ideas which have some signification in technology we think are 
produced.  
 

2.1  A simple method of convolution operation 

The relationship of mirror error function ( , )Z x y , ion beam working function ( , )R x y  and dwell-time function 
( , )D x y  is convolution in the mathematical model of computer: 

( , ) ( , )** ( , ) ( , ) ( , )Z x y R x y D x y R x y D x y dxdy= = ∫∫   ,                                   (2.1) 

We find that the operation of ( , )D x y  in equation (2.1) can be simplified a kind of unfettered matrix accumulation 
operation. Practice shows that compared with matrix operation now, this method has the following advantages: 
1. The smaller calculation and the faster speed, low demand on the computer, particularly fitting operating the bigger 
matrix; 
2. Calculations and processing method is identical. The concept is clear and it is flexible and convenient to use. 
 

2.2  Using the method of coating to amend the large concave mirror 

According to the principle of ion beam figuring, we think that by appropriate coating tools such as magnetron sputtering 
sources, coating materials(eg SiO2) can be used to fill the concave of mirror. It also can achieve the effect of amending 
mirror. Accordingly, the same mechanical scanning will be adopted in a 2.4m magnetron sputtering coating plant. The 
uniform coating or coating amendment of mirror figure up to 1.6m mirror in diameter will be achieved by computer-
controlled 160mm in diameter sputtering source. In addition, as long as high-precision measurement is solved, the effect 
of using the method to process large-diameter aspherical mirror should also be good. 
From the practice of ion beam figuring processing, it is not difficult that processing accuracy will be improved to a very 
high level sequentially. The mirror can be processed multiple times to gradually increase the mirror accuracy. The 
precondition is that the mirror figure accuracy measured by interferometer should be guaranteed before processing. There 
are more than one such statement in literature: The accuracy achievable is limited only by the accuracy of the test data 
for virtually any optical form8.  
The amendment to optical error in the optical path of interferometer, which is included the figure of processed sample, 
has been observed. This is significant for the manufacture of astronomical telescopes. The error of main mirror will be 
amended by specially processing the secondary mirror. It will greatly improve the image quality of telescope. The 
working mode of IBF’s point by point figuring has the unique advantage in this aspect. 
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3. CONCLUSIONS  

Through this study, we have seized the design method and manufacture technology of ion beam figuring used for large-
diameter mirror. The next step, a large equipment, which is used for processing more than one-meter diameter mirror 
with high precision, will be developed. There are some new ideas in the structure of equipment. The internal structure 
will be simple and the utilization rate of the vacuum space is high. At the same time, the positioning accuracy of 
scanning system and high reliability of operation will be guaranteed.  
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Figure 3: The blueprint of new ion beam figuring machine 
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