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Abstract: As the method to get the removal function by traditional lon Beam Figuring (IBF) has
complicated operation and higher costs, this paper proposes a new method to calculate the removal
function. The method uses the Faraday cup scan to measure and calibrate the temporal distribution of
ion beams and to obtain the different working parameters of ion sources which corresponds to removal
functions. Firstly, the material removal theory of IBF was studied based on the Sigmund sputtering
theory, and the influence of ion beam distribution on the removal function was researched. A
simplified IBF removal function model was proposed. Then, an experiment was conducted to obtain

the relationship between the temporal distribution of ion beam and the related parameter of removal
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function, and the different removal functions of various working parameters were calculated with the

combination of the basic removal experiment and Faraday cup scan results. Experiments were

performed on silicon and fused silica, and the experimental results show that the peak value of the

removal function for the same material is proportional to the that of the scan result. A mirror with a

®d800 mm silicon flat modification layer was polished, obtained the Root Mean Square (RMS) of

surface error is 57.866 nm. After polishing for two times, the RMS is 11. 837 nm, and the

convergence rate is up to 4. 89. These results meet the requirements of optical fabrication for polishing

accuracy and improve the determining efficiency for removal functions.

Key words: optical fabrication; ion beam polishing; sputtering theory; Faraday cup scan; removal

function;
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Fig. 1 Schematic illustration of energy distribution of an

incident ion
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Tab. 1

Results of removal function experiments (silicon)

Ton beam source parameter

Faraday cup scan Removal function

RF Beam Acc. power Gas flow Work Grid Lwx FWHM_ X FWHM Y Tinax N Ny
power/W power/V ~ /V  /(mL * min~') Dis. /mm size/mm /pA /mm /mm /(nm-e+s ') /mm /mm
130 1 000 100 3 20 10 15.76  7.229 7.203 2.942 2.49 2.480
130 1 000 100 4 75 30 17.894 23.125 23.325 3.335 8.61 8. 740
170 1 000 100 5 90 30 19. 821 20. 865 21.42 3. 664 7.82 8. 030
170 1 000 100 S 85 37 21.42  20.95 20.71 3.956 7.83 7.75
170 1 000 100 5 80 37 25.579 18.851 19. 324 4. 751 7.03 7.20
200 1 000 100 7 90 50 27.905 50.51 51.125 5.182 19.02 19.22
200 1 000 100 7 80 37 36.862 20.241 20. 154 6. 849 7.65 7.56
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Tab. 2 Results of removal function experiments (fused silica)

Ton beam source parameter

Faraday cup scan Removal function

RF Beam Acc. power Gas flow Work Grid Lax FWHM X FWHM_ Y Tmax N 7
power/W power/V ~ /V  /(mL * min~ ') Dis. /mm size/mm /pA /mm /mm /(nm-e+s ') /mm /mm
130 1 000 100 3 20 10 5.663 9.121 9.082 2.326 3.62 3. 60
130 1 000 100 4 15 10 6.719 5. 82 5.742 2.71 2.31 2.28
170 1 000 100 4 15 10 7.397 8. 17 8. 248 2.935 3.24 3.27
170 1 000 100 5 15 10 7.945 7.559 7.593 3. 087 3.00 3.01
170 1 000 100 S 10 10 8.945 6.784 6.762 3.596 2.69 2.68
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Tab.3 Comparison between calculated value and measured value of removal function (silicon)

Measured data of removal function

Calculated data of removal function

Calculation error

Vinax Volume removal
7./mm  7,/mm

Volume removal of volume

7./mm  7,/mm

/(nm=+s ) rate/(mm® * min ') /(nm=+s ") rate/ (mm® * min~!) removal rate/ /%
2.942 2.49 2.480 0. 006 870 2.926 2.51 2.50 0.006 921 0.74
3.335 8.61 8.740 0.094 661 3.322 8. 66 8.73 0.094 712 0. 54
3. 664 7.82 8.030 0.086 748 3.68 7.84 7.75 0.084 397 1.71
3.956 7.83 7.75 0.090 490 3.977 7.81 8.02 0.093 952 1. 83
4,751 7.03 7.20 0.090 678 4,749 7.06 7.24 0.091 442 0. 85
5.182 19.02 19. 22 0.714 152 5.181 18.91 19. 14 0.707 171 0.98
6. 849 7.65 7.56 0. 149 337 6. 844 7.58 7.55 0.147 572 1. 21
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Tab. 4 Comparison between calculated value and measured value of removal function (fused silica)

Measured data of removal function

Calculated data of removal function

Calculation error

Volume removal

Tmax

. 7./mm  7,/mm

Tmax

Volume removal of volume

7./mm  7,/mm

/(am+ s ) rate/(mm® * min"') /(nm -+ s~1) rate/(mm®  min 1) removal rate/ %5
2.326 3.62 3. 60 0.011 428 2. 260 3. 60 3.61 0.011 544 1.18
2.710 2.31 2.28 0.005 371 2.682 2.32 2.25 0. 005 275 1.78
2.935 3.24 3. 27 0.011 731 2.953 3.23 3.31 0.011 897 1.42
3.087 3. 00 3.01 0.010 508 2.963 2.98 3.03 0.010 680 1. 64
3.596 2.69 2.68 0.009 783 3.570 2.63 2.73 0. 009 656 1. 30
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Fig. 4 Simulation results by measured data and calculated data
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Tab.5 Removal function results and Faraday cup scan results with 30° ion beam angle (silicon)
Faraday cup scan Removal function

Loax / A FWHM_ X/mm FWHM_Y/mm T/ (nm ¢ s~ D) 7./mm 7,/ mm
Calculated value 5.70 8.28 9. 38

18.563 20. 886 23.655 Measured value 5. 68 8.27 9.40

Volume error (%) 0. 35

()W RMS=57. 8

86 nm

£ RMS=11. 837 nm
(a) Original shape error RMS of 57. 886 nm (b) Polishing result for RMS of 11. 837 nm
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Fig. 5 Polishing results #3800 mm silicon flat mirror
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Fig. 6 Flow chart of calculation of removal function by

results of Faraday scan
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