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Simulation Study on Ion Beam Polishing with Changing
Aperture by Diaphragm Method

Kang Le, Jiang Shilei”, Sun Guobin, Zhang Yuhao, Liu Weiguo

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

Abstract A simulation method is used to optimize the residence time distribution and modification process. The
beam shape of the ion beam is changed by adding an diaphragm at the light exit of the ion source. Ion beams with
different apertures are simulated on MATLAB software and the ion beam is modified according to different stacking
intervals. In the simulation process, we introduce a correction method to obtain the residence time distribution and
residual distribution of the surface shape remaining after the removal of material. We analyze the removal rules to
determine the best aperture size, stacking interval, and residencetime distribution. The initial peak and valley value
of the fused silica plane is 1079.59 nm, the root mean square value is 304.95 nm, and the diameter is 120 mm. The
shape is modified on the basis of simulation. We modify the surface shape on the basis of the simulations. After
13 h of modification, the peak-to-valley accuracy of the surface profile is improved to 95. 62 nm, RMS value is
improved to 8.99 nm, and RMS value of the convergence ratio of the surface profile is 33.92.

Key words image processing; ion beam shape modification; diaphragm; superimposed spacing; correction method
OCIS codes 100.6890; 220.5450; 220.4610; 350.4600; 350.4800

17 = T i R R A e G R O S T R B T T R4
PEAIRR 5k D) RE I 04 il 2 45 0 FL A7 ) 92 10 Bz i

BP RN — AR 2Oe 2 n T ok, BUY . B JUAE BT A0k TR 1 % 2 5
HAN TR BE L 5 B pR BORR E  R We Sde e SR A IR A SC T 1T 3 B eE 18] B SR 2 2 5 SR T
TED SR AR MBI FRE A AU Z R R G IR L R 0 B PR i o g ik

Wi B HI: 2020-08-07; f&EI HHA: 2020-09-08; R BHA. 2020-09-14
EEWAB.: A HE T ESLBRERIFTRI (18]S053)
“ E-mail: jiangshilei8@163. com

0810016-1



$£58%5 F£8HI/2021 £4 B/BAERETFEHR

A B A ek R AROR R Nt R B R
fipkt e, ENFET Lk SRy i T — el
PREEELEY I LA RO B B B T — s R
HH LG T 55 45 22 EL AR 20 B9 B B8 I D oR g kL B
WA TE A5 B0 AR S A7 3 AR BRI 5T,
Bl A AT AL AR WL O HEARAE TR
7 v ¥ 2 Ok R FE B A . AT L B
FRASTE Ay B0 LASZ BN TRt . o 7R TR
TR B0 TR 58 38 , A SCHE THOR L AR 1548 O 42
BT O L HEAT BT LTS . 38 A U o R R
A 2% o TR R 2 ok L AR 45 AN [R] 1 8 1 SR 2L B R
B, IR MATLAB T H 57 25 B ok B /Y, 2%
BRI HAR I B F A5 A MBI R A A B i i)
5 i) DR >k N7 A TR 0 L A BRI Y 3 o A A
AN T SRARS 14 5 - SRR AN [] 28 o TR] BT 45 0 25 BR AR
ML IR ASE B RS IE SRR R A AB T (a5 R, T
PLAS B — 2 51 S [R) i B 53 15 1) 43 A 0 5% 22 40 A3 14 4
FLZE R,y G SR AT DR R AR R A R AR Y
B SRR AR Y B 0 [ B 2 BOR 5 R I ) o AL 25
S B SR A AT LA e % i Al 1

2 BT AR RCAR R R

2.1 ERBEHHEBGTR
T AUB I ) 25 B RROR: 8 7 0 I ) A 25 B
(A TR JEE L LR B0 T v 30 0 A 9 25 B

PR, ] A A B 1 RO A PR %) kY
7 AR ARAT 23 Bk ok B, 1255 T ] = 4 s 30 R A R AT

Ui BEG . = 4E i S BR eR BU B Rk R
G(x,y)=A - exp(—l ZJrZy ) ) @D)

K .G, y) =4 B L BR R A S B pR %K
mwﬁiﬁimﬁm%ﬁﬁ%ﬁw.%%ﬁmi
PREHE = A1y PR IR B9 A 18 DL . 22 BR B
%*%émxmmmnm%mﬁxmw: InZo
LBRRENEAE D 2 6o
2.2 AEASHHEREB=ZHETR
1BI% 2 G fdt F A D6 5 2 5 0 B8 U, 8 i T3k
i 3 A AR B U O O B BRI O AR AT LGk
WA FRRAEMEN., BARGHOEN 5,8,
12,16 mm, 41 1 PR,

00090

2R . (a) 16 mm;(b) 12 mm;
(¢) 8 mm;(d) 5 mm

[N e

Fig. 1 Diaphragms of different apertures.
(a) 16 mm;(b) 12 mm;(c) 8§ mm;(d) 5 mm
TE Rl A7 S0 T PR I A [ 11 42 9 D' [ O
FCHEAT B Z0 0l G TRTE AN [R) FAR TR 19 25 B pR E0UEL
PN 1 fiR .,

# 1 JGCRTEARR DT RBREES

Table 1 Removal characteristic parameters of diaphragm in different apertures

i Removal characteristic
Target

) Aperture/mm Maximum removal Effective etching
distance/mm FWHM/mm o/mm
rate/(nm * min ') diameter/mm
5 3.5 1.47 318.8 8.4
8 5.6 2.38 325.4 11.1
10
12 7.1 3.02 330.6 16. 3
16 7.3 3.10 352.8 20.0
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Fig. 4 Initial profile of fused quartz sample with

diameter of 120 mm
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Table 2 Modified optimization results
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Fig. 7 Root mean square values of diaphragm at different apertures. (a) 12 mm; (b) 8 mm; (c¢) 5 mm

#£ 3 HWAEARFE DR TS FIRMOE B4R
Table 3 Simulation results of ion beam polishing of

diaphragm at different apertures

) Minimum
Optimal ) Root Total
Aperture/ residual
superimposed mean residence
mm peak-to-
distance/ mm square/nm time/min
valley/nm
16 1. 504 119. 80 11.50 542,40
12 1. 501, 108. 58 9.66  630.70
8 1. 40y 87.56 8.23  744.53
5 1. 40, 76.42 4,63 1136.82
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