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Abstract: This study investigates and enhances the corrective capability of small-sized tool influence func-
tions (TIFs) in addressing form errors with spatial wavelengths comparable to their dimensions, through
the analysis and optimization of millimeter spot-sized ion beam figuring (IBF). A radial shell ribs evalua-
tion method was established to quantify the corrective performance of small-sized TIFs across multiple fre-
quencies, employing root-mean-square density (RMSD) distribution, convergence rates, and periodic sur-
face processing outcomes. Based on this framework, a dwell time compensation strategy incorporating
high-pass filtering was developed, resulting in improved convergence rates within the target spatial fre-
quency bands. Experimental results demonstrate that the radial shell ribs analysis provides an efficient and
convenient approach to evaluating TIF corrective capability across frequencies. The introduced dwell time
compensation method significantly enhances the single-cycle convergence rate of small-sized TIFs within
their effective frequency range. Specifically, for the critical frequency band associated with corrective ca-
pacity transitions (0. 186 to 0. 385 mm '), the average convergence rate of a 2-mm full width at half maxi-
mum (FWHM) TIF increased from 76.4% to 91.7%. This approach enables consistent convergence of
form errors throughout the entire frequency spectrum during processing with a single TIF, thereby advanc-
ing the manufacturing of high-precision optical components.

Key words: ultra-precision fabrication; ion beam figuring; dwell time; convergence rate; small-sized tool

influence function; corrective capability

1 3 7

PE R —FpeE s X2 TH A & i
P15 A A B S AR R T R b SRR, B
JNTORG B R E PR SRR R B E L TC I K
JoF R 3 TR 408 405 25 5 L T W T TSR T R Y
BB T A, ZEANZEORIESH—K
ST  Q= N NG a  E TE Wi  WLK 5
oo 3k M-l BRI ZH 1 B 2 R AR R T SR
ALY RS 1 I, 0 2 B eR BB o U 4 T
(Full Width Half Maximum, FWHM) M & ¥ 19
B 2K T GO A R A 2 2 K G, AT R AN
A R hn T/ 2K

F R R A B IR B8 1 5 H R ST B DDA O BR
TR /Iy, AT TE T 152 25 01 25 () 40 5 1 ey (25 (]
WA ) BRI, 7R A8 IE 4 ] 1 422 3 HRRAE
ReF By I 3 22 0, ol Sae 1 & B2 . A
MREERIF ST 2 I, 24 158 2 5 (R A 52 398 I 3] — o A8
B ] A AR 2 ok R AR A RE 2 BR AR ROCR 2 T R
B Y SR BT AR R SRR A AR
e TR A R R R 2 2 R E AR
B T Z2 (0 0 T E) B0 TR BE O S B B 4R o
FERE A A 5 AR 5 3 TR 22 19 B AR 98 45 313
4538, HARAH 0.5 mm FWHM 2 B R 5009 #1E

Bk 0. 88 mm !,

BRI SURE 1 32 R Y 0] R 4% 58 07 12538
B S A8 /N SRR Y 2 A% R LA iR %o B g 4 () AR
B IEBE 1, 2k A0 T3 s 52 B TR 12
B R B RS AR N TN G5 A T AR A B B 4R
F AR T 5T B 7 R RST Ay e85, Jd
35 BT I D 2R % 2% i (Power Spectral Density,,
PSD ) K5 22 55 B3 ik, R FIAS [R) SRARS 119 25 B pR 4
HEAT ARG IE o BRI, %7 AR T b AE i &
2 2 ik pRBR 1) 4B I S AU B L A AT B PR
— IR LR R BB RE IR AT R R . Ak, —
R4 /N 25 BR sRBORAR 9 7 A E D] R R AR
A /N T BUPRE 25 B o B AT, 38 A 38 B 8] 8 L A1)
B0 T TR ) AR S 2 5 R ORI Y R E
P, JE TR W) TG TEKG B2 5 [R) IR, RO )N, i ir
TR 25 A DN 2R 6T T3 A 5 w2 O

AN T3k B A B AR AE Ry BR L R AL 1R 22
BE B I ) SR R 25 HLIK Bl AR I R 22 LA B 25 BR
PRI DR 22 5 Z2 I R BRI RS . BE R i
FRUEL B 38 n 3 26352 22 1 R BUK S BOG = R 1
TR 22 I3 A7 S 2 A, 68 S S I T A B TRT 2 T A
KU, AR RRWEBATRE S - LA T
R B IR B AR B T R e 5 I o
W28 PR A {7 35 U 8 I (1) S0 8 52 B fin I I



11 T

A, A5« T U D0 T JE ) 2 K R RS B AR B I ) 1741

Ko I, BN 3 D7 B0 58 4 ] T e R
1 AE IE iR 7 7E 48 35 R AR ST AT 82 1,
o 4 T A0 AR 2 B ek EIC7E AR AT A T Y W SRk
R IEACUE . WAL, F R B ek B0 S
EBE 3 PEAl D7 12 B T B R B AR X TEE I R E
FFTE 2 B0 ORI AE R B

B LR R) 8, A SR T A FE AR A 2
ARBCTHIE (D52 80) , H T 5% Ji B 9 y 7 1) 3% S 3%
25 B IR AE PR R G — o 8 PRI TS g B
]S BR Z2 0 B TR R 22 48 IR RE ) o0 A . %07 12
TR A 52 bR A4 T rp 2200 1 25 2R AE ) B0 KR
it JF H 12 3% 52 74 25 R ek BUIB T AR 0 19 1Al 2
o TEMCERAN BT R T 2K G A R AR X B eR AL
WS GETT B 3 T DL s g0 R Y L B
BRBCIN T8 T3 43 A O 1k 3l Ak 43 B X O AR B
(Root-Mean-Square Density, RMSD) 4 45 3 73
A1 M 5 25 B R W SO A () 9 T i Y

A5 SR PE Al A R 25 R R R B 0 B R
ZEMBIERE T o 3 I A ] E I AN SR i

7 — o T A I O A T B N[ A E  S BR
PRBOIC SR AL AR T 7k o SRR, i kB
G PR I 1] AT AR e 2 RO A 25 Bk pR AT ARk AR
BT A SO, DT 52 B B4 T S5 A 4 0

2 R =

2.1 BFHRMINES KR EIHER

PR FRME R, BT IREE TAES
A7 A B o 3 e A R R O A S A R N R
BN B R & S B oo 2R E . AR % Sigmund
e 57 I, B 8 TR E 5 TR RE
Rl 8, AR RS AR AR 2R N Y RE B A A 2 i
YK RE AL 3 O T R R, R R

O
Surface atomn
; : ; Io m
il Ion b
. on beam soprce
Sputtering Se

K18t

Fig.1 Schematic principle of ion beam figuring
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