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Study on Machining Small Precision Optical Component
Using Thin Ion Beam
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( College of M echat ronics Engineering and Automation, National Univ. of Deferse Technology, Changsha 410073, China)

Abstract: With the development of modern optical technology, there has been a basic requirement to control the surface error in all
spatial frequency ranges for precision optics. The low spatial frequency range error of the suface can be easily and effectively eliminated
by CCOS methods, but for the surface error in the middle and high spatial frequency ranges, there are few effective methods to correct
them. Hence i has becomes a universal concern in modern optical manufacturing because of its serious influence on some modem
precision optical systems. As is proved previously, the correcting ability of middle and high frequency error can be improved by reducing
the size of the polishing lap. Based on this theroy, the small ion beam figuring methode has been intruduced to solve the problem of mid
and high frequency emor correcting. Firstly, we studied how to gain small and steady ion beams by two methods. Then we designed a
series of actual figuring experiment and computer simulation to test the effectivness of those mothods on small scale optic surfaces. The
desired results have been gained to reduce the surface emwor from 0. 111 A ms to 0. 015\ ms ( A= 632. 8nm).
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Fig. 1 Material removed in process
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Fig.2 Mechanism and sructure of small ion beam
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Tab. 1 Beam removal functions with different screen grids
(mm) 690 50 $25 #15
(mm) $45 $32 $25 21
(Mnf min) 0.49 0.41 013 0.025
(10" *mm? min) 179 62 4 16.6 1. 67
, , , $90mm
¢15mm P45mm $21mm 1 ,
$90mm $15mm 0.4~ 0.5Ym/min —_—
0. 025Hmy/min; 179(10’mm’/ min) 1.67(10"° i
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3 2 Fig. 3 The principle of diaphragm



2
Tab.2 Beam removal functions with different diaphragms

(mm) $10 $5mm $2mm
(mm) $15. 8 $10. 4 ¢7.7
(U min) 023 017 0.032
(10" *mm?¥ min) 6.5 4.0 0.33
Smm $10. 4mm , 0. 17¥m/min;
) > , $21mm,
0. 025Mm/min >
3
4
70mm X 70mm X 10mm,
50mm X% 10mm, 45mm X 10mm,
0. 48m

R 3
3 s :PV:0. 618\, ms: 0. 111\
Tab.3 Residuals simulated of processes with different ion beams, wih original surface eror: PV: 0. 618\, ms: 0. 111A

(min)

(mm) (mm) PV()) ms ()
0. 227 0. 0254 119. 6
0 5 8 0. 242 0. 0268 20. 8
’ 0. 251 0. 0274 24. 3
0. 268 0. 029 17. 4
017 0. 166 112 9
0. 171 0. 0168 86. 3
5 10. 4
0. 176 0.0171 70. 3
0. 205 0. 0181 54.9
0. 21 0. 0148 755. 4
0.222 0. 0159 483.9
2 1.7
0.24 0. 0183 357.9

0. 255 0. 0218 285.5
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Fig.5 The result of IBF process with thin ion beam
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