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Abstract: To process micro-structured surface optical elements without surface damage and subsurface
damage in higher efficiency, a numerical control system for Atmospheric Pressure Plasma Processing
(APPP) was established. The design of a system platform, APPP process characteristics and numeri-
cal control process were investigated. First, according to the principle and requirements of the APPP,
the numerical control system composition was presented. Then, by taking the processing of fused sili-
ca by He/SF;/0O; as an example, the controllability of the process as well as multi-parameter process
characteristics were explored using the plasma torch with a needle electrode, and the removal function
under this condition was fitted. Finally, the entire realization process of the numerical control machi-
ning for the APPP was proposed. Experimental results indicate that the sine structure with an ampli-
tude of 150 nm and wavelength of 6 mm can be processed on a flat fused silica surface by this system,
which verifies the feasibility of the numerical control system and achieves the deterministic processing

of complex optical surfaces.

Wi EHEA:2012-11-26 ;1817 H#§ :2013-01-06.
HEWE  BERHRFFIREES T H (No. 51175123)



54 z

B8 A5 < AR R G 2 A ) R RF B AR s i T 935

Key words: micro-structured optics;atmospheric pressure plasma processing; removal depth; numeri-

cal control system

1 3]

nu\A

Bt ARG 7 R 1 KR, Ot & G b ok
i 22 b R FH AR BRI DL AR T L 2 R O A
RE I8 /NAME RSE R L e fe g i 50 B,
R B RHE C 2 KR T g it
JE Al S AR L I Sl i i T B R R I Y B
BRI EEHOR B 25 A 08 B AR &
NI B A Jmy B P . 0 v i Al T R I T
6T 3 IR R A R o T 3 1 R AT AL B R
VI, PRt 25 51 A 3 T8 A 25 T8 5 15 5 04 0 28 4l
e AR LABY V) I = R LT AR
FET )2 B % 7 B e B B (AR S B
T35 1) [ ) Lo B AR 5 8 7 AR OB B R AT LU
ARAG e oL i O M Y R T B T B A A
RYOR S WA A AR E . W RAFE T
PN TORAERAE T o >R e 0 7 F A =2 8] A 5
HILHL . (S 75 2 07 A A A5 8 R 450 L v R
PG PERL T, 5 A SR T B R R A A RN
A AR KAL) SR G2 AR T, &y
BIC R B A I TRA AR, O R T
Z ) A A2 B Jas Al R Ao 0 T, ) DL sk A 4
fik 7 T T R A R R R E . B, KRR
B AN AR G i s S e A AR K R R T

20 M4l 90 4EAR, H AR BOR 7 1Y 55 12 1
1Ak 2% 7% & il T. (Chemical Vaporization Machi-
ning, CVMDY LS5 HT « Fl 3k 50K B R 90
ESSE G N N (VA S R 3
& AR (Reactive Atom Plasma, RAP)U P J {8
] S A Je o 3 THT 0 S 0 EE Y A R R S O 2 ke
(Plasma Jet Etching, PJE)!I Y E £ il o Hoobg ok
AR AR Tl A A s i o, K
t,CVM F1 PJE % H LG 0978 i 7 20, RAP
W) SRe Y H J 5 14 77 X5 CVML R RAP 249 5R 43
AR YR R AF B TR T PTE R 22 5% FH 0k
U5, H T H R A 0 H 2RV F TR Y B K
T5 AR S 3 A S AR DX B B o e L AR A
T T R e IR A P S A Tl 2 3 T i
BB FE PR M AR SO 49 Rk B 2040 65 /N T4 S AR v

U ARG 9 07 AR BEAT RAAF B AR T,

ARSCHESTE T R B TR B i T &R gk it
Fr A A AR B T, AR R T2 S Y
5 IEW] TZ RGN I Tl B A Al 4 vk L 15 2] T
ZASRI T EHEEIF LG W R 5 T i T
L BR R, O T AR B E L R AL
i R 8 BILPR 1 Ao A58 B 1 MM LR A 119 B A8 T 3
JEAE e T R L B AT IR B AR a2 Bl L il
) A — DX PN R B P R D RS At e 42 ) AR R R
L BR A . f i B IE 5% AR N T S2 B0 e 1% &
G AL R O 2 R R T I TR SR T
R RGER AT

2 KRAFBETFHRMmIZ%i&H

RAGEE T Torp, 8 8 TR SR — i ik
PE 5 Bl B R ML T He, Ar 2505 AU, ok 72
A T e 0 R A B R T R AR D Oy
RF A B 2 I e R A R M I TR R AR .
FINTX SN E& Si gt R Mok 2E T F (il £ 5%
SIC b BEI A5, PR 52 SRR T CF, 5 SF
L& F oL E WA A B S AR B SR O,
AR R S I T 6 3 AR DR A Y L ) R A S
B TR R AR E S L AE 13,56 MHz 5955 F 8 A4 %
Jil R BN AR A B R b S Bl Y
SRR N (LA CF SR R )
CF,+e *—CFy+ +F« +e . (1)
B A S B F O T B BROSR I Ak 2
ML AT LS AR R B STORAr K A AR R IR R R T M
L& A 0 A2 SO A S 7= W R AR A
Si+4F « =SiF, + . (2)
TR S KA B AN T R I R G R A R
By R AR,
RAFEFIRRG R IAT IR RAEE T
THFG, FEARERMEN RS, AR M A 2
SEMRGE BRERE. AL ENRSE, R RS
DR s s R 5. i Toad #2 v, 3 8 s fe) 3
BN TR SR g AR A B A ALK 45 iz
SR EALE B R TR TS 4%
B PR IE 2 8] A X iz 3h B T 1 TR B HL R BR



936 b= i

5 21 &

7o MR AT LAPRIESF B 7 (R0 A9 i 207 1) 5 T
PEROI T2 0 9 1k 207 1) G, DT 552 B2 %
TR AAF B TR T, S Ah, i T Tl A
P22 R A B R Ok B R AR
SiF, PR B T — A% 0 TARR . T LU A
FARA B HR R 2 b R IE T TN B
NG 24,

|

() LK HE B (5]
(a) Assembly drawing

(WO BRI
(b) Machine picture
Bl 1 RS FEREE N ALK

Numerically controlled machine for APPP
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Fig. 3 Results of repetitive experiments
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Tab.1 Parameters of small disturbance stability experiments
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Fig. 4 Experimental results of small gas flow rate disturbance stability
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Fig. 7 Processing effect of sine structure
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