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Material removal efficiency in ion beam figuring for
optical component

JIAO Chang-jun,XIE Xu-hui,LI Sheng-yi,ZHOU Lin

(School of Mechanical Engineering and Automation ,
National University of Defense Technology, Changsha 410073,China)

Abstract: The removal efficiency and the relative removal efficiency between two different materials
and three performance factors, normal removal rate, volume removal rate and sputtering yield, were
analyzed in ion beam figuring process. With the Sigmund sputtering theory, the relation models be-
tween three factors and processing parameters, such as ion energy, ion flux and ion incident angle,
were established. The experiments with samples of zerodur, SiO, and K4 glass were carried out to an-
alyze these relations and to verify the theoretical models, which indicates that the removal efficiency in-
creases with the ion current linearly and shows an approximate proportion to the square root of the ion
energy. It also increases with incident angle and climbs the summit at about 60~80°. The relative re-
moval efficiency is independent of ion flux, but has a little effect from beam energy, which can be ig-
nored. However, the effect of angle on the relative removal efficiency is rather obvious.
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Fig. 2 Experimental steps with small samples
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Tab. 1

Normal removal rate vs ion energy

AN T ik A 2 BRE # (nm/min)

R
400 eV 500 eV 600 eV 650 eV 750 eV

BEEE (Na Ca) 17.6 20.0 22.0 23.0 24.8
WeibfE (SIC) 28.0  32.0 35.2 36.7 39.6

A (SIO,) 35.2  40.0  44.0 46.0  49.5

T BT R RE R B P T G T ) R PR R A
A S8 R & T 7 i AE B e R K (6) —
B AEWE T2 S50 rho i 5 e AT R B R
FBRACR Wt 2 %Ak T b i SO
3.2 5AEMXA

PAGIORR A0 S 700 K4 3l 35 1 /N RUBE RE A g A
A FEAT SET 8 A Ik 1) ZRBR IR b 1k )
F R AR R A R PR OCR TR AR 5 S A
KR

4 25 T E ) 2 R AR AR N T A S A
A — 4R . RO BEIAE 3 FhRE i T A £ L
FHEG ASREE A E LRE R G AN MEZ
(] %) 5C 28 1 52 W ] 228, 5 2K (4D 1 e o B A
SCHERL6 153 A — 3. SLgn R BIY L A S A1 BE X 1t 3%
WAA S R R SR T K4 3. fE[R — o)
TEIER R A2 50° A S IS 5 R 25 bR R
TE T TSI AR BB it 2 % 25 B o R 5 ) B /DN

22
g 2r
=
—1.8F
S,
g L6r
=
= 14f
=
£ 12 —x—zerodur 900 eV \
TE“ 18 —B—zerodur 1 200 eV \
; 08 =%=+Si0, 900 eV
’ =X=K4 900 eV ’
1 1 1 1 1

1 |
0 10 20 30 40 50 60 70 80

Incident angle/ (°)

B4 gk REREER S A ARl
Fig. 4 Relation between normal removal rates and inci-

dent angles

P2 (6D o i 1 25 A1 BE R 19 L BRI R BR LA
S AR 19 AR 5% F AR T I LA B I A B R AT
A FER 6O BEATIU G 20 A 2 T AN 5

—@—zerodur 700 eV

4t —x%—rzerodur 900 eV
—B—zerodur 1 200 eV
== +Si0, 900 eV 2
—X=K4 900 eV o/

Normalized yield

0 L I L 1 I L L 1
0 10 20 30 40 50 60 70 80 90
Incident angle/ (°)
(= B (A L s TR DN Ly Y %
Fig. 5 Relation between normalized yields and incident

angles

JIT 73S BTG ST 7 50 Bt A5 R B AR A B —f T 4R

A AR BE T B S SRR ) A AR AR
] 23 B A [|] o A A JBE R 2 2R 757 ) I S
T R 5 P BRI SRR I S 0 T A D
S E

ST T R 25 BR R AT DR
FHRAG 1 A 5 5L G R 5 2 400 ) A SR A 1 38 3
X R ORE 25 BRI 1 5 ), i ORI
X
3.3 MR EEINERIE

BrRBIEm L, m e s SR LT
4 19 Rl TR A6 R P R R A 2 A 2 Bk R B
SR G MR A R 0 T A B T TR R 25 R G 25 R RR B
THE N TS 55 B ), (HAESEBR T2 AT R
ANREHE AR UL R ZOR I FEE . DO FF . LBR R
B R 5 I Y 3 A — B SRR AR OG
LR EZESR . AEE—F MR L BRACE
B 5 NS O IE L OB Rk TR] A AR R 2 B Ak R
HREmMEAXER.
3.3.1 LBk XA

DATHCAR A S F K4 3738 1 /N RUBEARE A A
A B R R A AR T S5 G ) e i 1) SRR
TRBE Ay B AR AT L BRACE SHRAE LR .

(& 6 F B 3 FobA Rk a] AYAE X 25 bR 3 B B e
IR WSSO . 3R C6) FE B AL RE m Y B

S 3 BURE XOF 25 B 003 B R e S IO . BT T

R X THEARD 3 FAMEA mw.e > m >
mso, o AHXF K BRACE Y BE AU BN E L2
AL



CRR R 45 DA BT B 1 AU A AR 2 R R 1347

P (6245 thy BB A #1121 AR o A f s 5 LA T
o o Kiterodun WM ZBRAMCR G MM X R, B 7 £V AR
o T (B i — X I 0 X 22 R AR 2 £
: H AR — B0 530 C6) 1 BS 43 BT — B0 (AR X
LS AR 0 OSR]I AT A

Relative removal rate
—
o
T

;;L;“;ﬁh:"'” WA PR 0 T2 56 05 0 AR A ] L 2 A
. | S IR R AR

1 L L
700 800 900 1000 1100 1200
Ion energy/eV

B 6 MBHHXN KRR S E FReE X R 4 % "
Fig 6 Relation between the relative removal rate and ion
energy T Sigmund PGS RELL # T R E TR
JCA R BR A AE bR AR, JF EAT T S I
3.3.2 hHAEMXA HIE - BIFFE 45 R R
I 5256 75 vk 5 R BE RO 1 S 86 7 1 — B, (D MR EBRSES R MEE LR 5H
1.9 AT Bh 52 °F- 5 AR G &% 5 B AR 2 Y B8 A R, A1k

—x—Si0/zerodur 900 eV
—0—Si0y/zerodur 1 200 eV
——K4/zerodur 900 eV
—-+-Si0/K4 900 eV

60~80° A K AR 5 /N 2 0. A i 4 4f
1 JBE Qi 2 X 2% B % 25 9 R W D) T2 v I RO

éfi T A LA
® 14 (2) FEMIRI I T LB BT R B R
313 W ] 2 9 7 3 0 — A 43 A IR L 5 oA 2 0 )
12 - R 5,
0 10 20 30 40 50 60 70 80 (3) % FH T B 7 000 T 0 bRk 0 10 A 0 52 B

Incident angle/(°)

BT BPRHARXE 2 BREOCR 5 A S A G R

BORE AR BA KR s 5 RBEI S R B . 1] L2
W5 55 A B OC AR LA L AR TSR

Fig 7 Relation between relative removal rate and incident .
TR 7E
angle
e e ¢
(1] . RFE. @124 DR FTIE BRI BE W BCE AT BOR DTS [T, b5 4% % 42,2006, 14(4) :539-544.

(2]
(3]

[4]
[5]

L6]

[7]

NIU H Y, ZHANG X J. Research on computer controlled polishing technology of 124 mm aspheric reaction-burn-
ed silicon carbide mirror [J]. Opt. Precision Eng. ,2006,14(4) :539-544. (in Chinese)

LYNN N A.ROBERT E K. An ion figuring system for large optic fabrication [J7]. SPTE.1989,116833-50.
FLAMM D, SCHINDLER A, BERGER M. Ion beam milling of optically polished CaF, surfaces [J]. SPIE.2003,
5180:81-88.

BEHRISCH R. Sputtering by Particle Bombardment I[ M]. New York: Springer-Verlag, 1981.

MAXIM A M, RODOLFO C, ALBERT-LASZLO B. Morphology of ion-sputtered surfaces[J]. NIM B ,2002,197
185-227.

BRE.FXB, Z48% .5, 87000 TGS G R ZBRFELT ] &% M % £ 42,2007,15(10):1520-1526.
JIAOCH]J, LISHY, WANG D F, eral.. Material removal property in ion figuring process for optical components
[I]. Opt. Precision Eng. ;2007 ,15(10) :1520-1526. (in Chinese)

JIAO CH, XIE X H, LISH Y, et al.. Design of ion beam figuring machine for optics mirrors [C]. Asia Pacific
Precision Engineer for Optics Manufacture 2007, HongKong, Janua,2007:13-17.



1348 e KE IR 5516 %

(8] & . & F RAUARERE AR MM dbat. & Toll ikt . 2003.
LIU J SH. Ion Beam Deposition Film Technic and Its Application [ M]. Beijing: National Defence Industry Press,
2003.

(9] Bk — WL, ARG HE 5. DG B0 B T AN T nl ik PELT ). b 58 # % £42.,2007,15(2) : 160-166.
ZHOU L, DAIY F, XIE X H, etal.. Machining reachability in ion beam figuring [J]. Opt. Precision Eng. ,2007,
15(2) :160-166. (in Chinese)

EER T AEREA979—) . B LA FEOR T W k% L. E-mail:kdjcj@vip. sina. com
FXAR (1946 =) I B W L A S I BB W 0K % TR S MALE RE.IUE REMEEIE S HAR.

E-mail: syli@nudt. edu. cn

@ THTHE
ETIREE A FREABAIIZT

TEK,F H
(BFAF AREFEFHR LR GERABRFRFREALE S, R E 30007D)

5T Gullstrand-Le Grand IREEFRIB I T — 0037 My 30° Gt T 45 X 00 B IR IS AR B . FE 255 5
FIBNIRA G FIMNB RGNS 2Z)G LB T 20 2X10° pixel 11515 Wi HR I BLAS  51 A HR AR 4 Bl i%
Pho s T IR B B 025 () 8, DAITTSE FH T A OG BB . [R) B, Ay i o JIEE o O il 56 K9 X s 9 51 A
FRHOE . L 1B T BRI 6 R R L Al BB AR 45 5 10 BRI R G0 . 45 R I LA AL R G0 i1 4 9 % > 120
Ip/mm., 3 i {<C0. 86 mm, WAL N 7. 226, (25 (H<3.5 pm. 3 HHA KK ERE T X —10D 2
7D Ji ' BE N R 5k 1 A



