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Ion Beam Polishing Process of Off-Axis Parabolic Mirror

Sun Guobin, Jiang Shilei, Zhang Yuhao, Zhang Jin’

School of Optoelectronic Engineering, Xi’an Technological University, Xi’an 710021, Shaanxi, China

Abstract Aiming at the problems of thermal effect accumulation and iterative processing efficiency in the process of
off-axis parabolic mirror ion beam modification, a method is proposed to combine batch machining with variable
beam diameter machining, which divided the total removal amount according to a certain proportion, and the
experimental exploration is carried out by using this method. The spherical mirrors with an aperture of 110 mm, a
radius of curvature of 1732.7 mm, an initial surface peak-valley value (PV) of 0.5251 (A =632.8 nm) and a root
mean square (RMS) value of 0.025) are polished in batches. The off-axis parabolic mirrors with vertex radius of
curvature of 1728 mm, off-axis of 85 mm, PV of 0.364 and RMS of 0.029A are obtained. Based on the analysis of
the experimental process and results, it is proved that the batch machining method can effectively eliminate the
thermal effect in the ion beam machining process, and the local finishing method with variable beam diameter can

reduce the number of iterative machining and improve the machining efficiency.

Key words optical design; ion beam polishing; off-axis parabolic mirror; thermal effects; variable beam diameter
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Fig. 1 Schematic of coordinate transformation of off-axis parabolic mirror
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Fig. 2 Flowchart of search algorithm closest to sphere
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Fig. 3 Three-dimensional simulation results of off-axis parabolic mirror. (a) Vector height of off-axis paraboloid; (b) vector

height of best fitting sphere; (¢) removal amount of sphere turning off-axis paraboloid; (d) asphericity curve
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Table 1 Process parameters for stable

operation of ion source

Parameter Value
Background vacuum /(10 ° Pa) 5.3
Operating vacuum /(107* Pa) 4.2
Radio frequency power /W 200
Screen grid voltage /kV 0.9
Accelerator grid voltage /V 100
Duty cycle /% 90
Gas flow /(mL + min~ ') 50
Working distance /mm 95
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Fig. 5 Surface shape subtraction diagram after line scanning processing. (a) 2D diagram; (b) 3D diagram
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Fig. 7 Surface diagram of one-time surface scanning
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Fig. 9 Simulation results of batch machining of spherical off-axis paraboloid mirror. (a) Two-dimensional distribution of
initial spherical error of concave spherical mirror; (b) three-dimensional distribution of initial spherical error of
concave spherical mirror; (c¢) total material removal; (d) 10% residence time; (e) 20% residence time; (f) 70%

residence time
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Fig. 10 Schematic of detection light path of off-axis parabolic mirror
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Fig. 11 Inspection diagram of off-axis parabolic mirror
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Fig. 12 Surface shape detection results of off-axis parabolic mirror after three iterations. (a) Test results after 1%

processing; (b) test results after 2™ processing; (c¢) test results after 3™ processing
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Fig. 15 Analysis results of local high point ion beam modification base surface. (a) Surface shape detection and pick-up

figure 1; (b) surface shape detection and pick-up figure 2; (c) surface shape detection and pick-up figure 3

600 ~

400 ~

Z /nm

200 - |

-200; = 6//jgf/§0
Y foaxe

&l 16 1F W0 Ak R 1 2 R A Y 0 FU 4G
Fig. 16 Simulation results of regularized base surface removal
SRR IR TR 0 TR ) 4 B — a2 E ) R
I3 122 MR T A R BN B A AL . X H AR D =
110 mm T & #2242 R =1728 mm. Bl h =
85 mm (145 Al P A 1A B R AT A O BRI 1AL 1R
Pl BRI ay K42 R=1732. 7 mm. K 1%
S T 2N T 05 ¥ AT 200 i Bk, R B AR
ot 107 AT = UGaE AR I T, 45 A /R R
TN /N AR R 50 R s T B SO T T vk L
KRG T MR 2E PV S 0. 364 .RMS {H 4 0. 0292

PRl 17 ol A 2 T Y e 2% T DS A DU 45 2R
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