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Research on high deterministic removal characteristics of

fused quartz using RF focused ion beam source

XI Yingxue, LIU Weiguo, MA Zhanpeng, ZHANG Jin, ZHOU Shun
(Shaanxi Province Thin Film Technology and Optical Test Open Key Laboratory,
Xi'an Technological University, Xi’an 710021, China)

Abstract: The characterization of the deterministic material removal plays an important role in
the ion-beam figuring (IBF) polishing process, which is used to predict the material removal and
help to determine the dwell time needed at different positions of the workpiece. The ion beam
etching characteristics of fused quartz optical components were studied by radio frequency(RF)
ion source, the precise removal function was calculated and obtained by using ZYGO interferometer,
and the influences of the plasma source operational parameters such as work gas mass flow rate,
screen voltage, incidence angle of ion beam and work distance on the material removal function
of fused quarts were investigated. Furthermore, the relative change rates of the material peak
removal rate, the full-width-at-half-maximum (FWHM) of peak and the material volume
removal rate were measured and calculated when individual work parameter was perturbed. The
experiment results show that the variation of removal functions varies slightly with the gas mass
flow rate under the same work vacuum pressure. It is found that the relative errors of the

removal function’s peak removal efficiency, the FWHM and the volume removal efficiency can
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all controlled in 5% when the screen voltage fluctuation is =5 V, the incidence angle deviation

of ion beam is &= 1° and the work distance deviation is £0. 5 mm, respectively. Hence the removal

function of IBF for fused quartz by using RF focusing ion source has better certainty and stability.

Key words:radio frequency ion source; removal function; ion beam figuring; fused quartz
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Fig. 1 Measurement of removal function after typical

fused quartz ion beam etching
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Fig. 2 Relationship between gas flow rate and feature

quantity of removal function
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i 4 TR TR R B S IR B2 £5 V2%
T+ 25 Bk oR B U6 {8 25 BR SR AR AL/ T 500, R
FBRARAA /N T A0 T (B2 55 98 52 B B4 52 i g

INGHASEAS & 100, 2% BH A R T 0 /N Bl X 2%
B BRI SN F 5%,
2.3 ANHARAEXMNBEFRZIMFENZME

B 5 Ca) FI (b)) oz B 1~ A G A BEAR CAE 07
30°,40°.50°,60°F1 70°, Hofth T Z S R 5 A AL BT
ZBR BB AR A B R B AT 0 BE A A ST A
3G K 25 B eR B 25 A R AE 6 A 4 B =22 38 KL A
60" IR . W 7E 707/ P LR . X—45RY
SCHERL20 ] A 4238 19 Kaufman &5 20 1 98 4 A0 26
1oL, 6 U 5t 20 ot AR o, A S F 5 Oou i IR 1 kAR
IR L A ST BS F 0I S  S O AR
BUREE S AT AR K 2k AR B RS A
60 R ZI Ak R IR B T i oK. &Y A G A
B BT RSO G AU D R B T RE S T
208 R 7 K A kA OBl L X R 70T K BR
PRECRRE S B0 T B JR A

2 --0-- FWHM/mm o s
23 | —t— A/]lm/]lli]l“__.—""' “'*---._._O
o o T~ lieo E
‘g 2270 o g
£ /
£ 21 {355 £
< r =
5 20 =
T " 13.50 42
o 18 Z o
& | g 13.45 &
17 o
P - DI I .l PN
30 35 40 45 50 55 60 65 70 75
NHHHEE 61°)
() VAP 2% B 36 A S VAR 755 SEFWHM
1.6

—o— B/mm" * min"' x 10
o

Lo //\
N

30 35 40 45 50 55 60 65 70 75
ANSSFRE 01(°)
(b) AR LBRFEB
BS ZREHEETFTRAHAENXER
.5

Relationship between removal function and

PRRZI M ZB/(mm’ - min~ x 107)
(=]

Fig
incident angle of ion beam
T X BT AR A BE I P A A e 2 R
PRI B 78 [) — 6 1 S i 22 T BE AT = W %)
b Xl b S PR HA A AN L S A A
BEBERE N 59°.60°H 61°, 1 T AL A1 BE 607 25 R bR
B0H0 2% TURFAE AR B LA A B2 DRy SR 1 B2 O R 3l
Xof 25 % BR RO ) e R RS R AN TR 6 B . fh B T



AW A5 SR AR B T IR 0 S v B E B R AR AT R - 289 -

R TEAS AR £ 1°ZAF T LB oA R Ve
FBRFAANT 200 AR L BRI/ T 3010,
T 08 L~ 7 8 32 2 19 52 Wi KA B /s JLAE A /N T
0. 596 « 2 B B 2 7 X0 £ J8E o b BB Y 60° BT £
JE£ /N Bl ok 25 65k e B S A S R 304

1.5F
1.0
0.5
0.0
-0.5

AR A %

-1.0
-1.5

-2.0

50 I 6IO I 6Il

NHARE6/(°)

E6 BFRASBENMARERE

Fig. 6 Perturbation stability of incident angle of ion beam
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