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Study on the Fabrication of the High Accuracy

Optical Aspherical Mirror with Atmospheric Pressure

Inductively Coupled Plasma Chemical Etching Technology
Wang Xu
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Abstract The inductively coupled plasma chemical etching technology operating at atmospheric pressure is used to
fabricate the optical mirror whose materials are fused silica, reaction-sintered silicon carbide (RB-SiC), Si

focused of the primary study on the removal function of the plasma torch on different samples. The Gaussian fitting
Il width at half maximum (FWHM) of the removal function is 18 mm. The removal rates are 10.86, 0.82,
~ 1 1

1.51 pm/min respectively. A 100 mm caliber SiC mirror substrate is processed by using this technology, the error
220.4000; 220.5450

rate of the real obtained surface shape and virtual processed surface shape is 8.57 % , and the error of converge rate is

mf

i. It is
The experimental results show that the new technology has a potential application value on fabricating the
operating at atmospheric pressure will have a promising foreground in the future

large-aperture aspherical optical mirror in astronomy. So the inductively coupled plasma chemical etching technology

Tmﬁia 2495 % B RO W R

.
WSS

R
AT R
R B HE: 2014-02-11; Y EIMEBF HEA: 2014-03-11
ELWmB: FF 973 1%/ (2011CB0320005)
B

HBURS F A =
==

optical fabrication; atmospheric pressure moductively coupled plasma; SiC; high precision; aspherical
A&

%P_TI?F“F'% 2O ER T ELWNAY # 1 3 ¥ (]

JuE’Jﬁé?ﬁEaT—IJuE’J
) ) 5 I T 45
FOM1982—) . 5 M+

wangxu-308(@163. com

CIE=L Ry Pu) 99/
s BT 58

58 O3 IR T A A SRR SE G 2 i T A 45 D T R B

0816001-1



H |

# ot

MR A 7= AE S B TR 0 B AR A5 1 AT DA A B
PR3 2 b o AR R 55 8 7 K F0 e TR 55 B AR, (IR )E
EB TR T T AR 2000 5 5 5 & e 5 B
A = B T3 43 B 55 S0k

U R A B A S e IR O Ok L W RL AR
HLZS RS A %5 B 7 1K (CCP) il B8 & 2% 8 Tk
(ICP),

HAMASH FhRELGFZMR NRIT T
KEWWEFE I AR 24700 B3 20 7 AL o
JEAE B2 FUH RN /Y6 2% Jo A g in T 1 - E B
FUERSZM TN LT —HER R 24 mm [ K9
BEES A E AR R 25 mm @A 0. ERE S
B A S5 e TR T SIC 3 A HBEE R 3 T
Ra 0. 46 nm. 5 4b H A& 8 B #F A & F H
PCVME > (1 J& —F A 25 5 55 8 1 1K) 78 ik S Bt
B LN T T ok E R AT A — A R TR
2 mm B AN TH T AR FERa 0. 77 nmfy
SR, HEA RN TAEE B E 1 IOM 2
R SE RIS L AT R AR AT DL S B R B A Y
AR A ME — AN 2 2 2 B eR B XA

FL B B 55 B IR AE DS 0 A U — N CH
BB FE AR B FE 620 A0 38k B0 A 4 i
o HR AR N 2R I LA . 7E 21 20 ) 2
) RAPT /23 #0535 [E iy Cranfield J¢2gi 1w
BAEH R T RN 45 8 TR R . Helios 1200
SR A AR S . XA BRI N SR L GR K
K BEIN T 5 @ s B LB T — B R RIEH AR,
RAPT BPR in T 68 71 © & 78 45 042 09 Rk 25Ok
U 7 AR 2] T EIE

RN B IS & B S i TAERE SRS T
B L S 45 B TR (PCET) . PCET fgf M
SN 4% i ik O 24 b RE IR b 45 Bk Ak i (RB-
SiC) . ks 45 ik 4k ik (S-SIC) | Ak 2 S A T B 4k 1k
(CVD-SIC) 5 1 9 88 K I ik 3 3% (ULED DA M Ak
AL FEA G PCET P15 LR 458, HhiRg
(S 0 25 R S G e S h i — BN A

2 SEERER Ay

Bl 1 PCET %5 21 U5 B | it & 10 /s 2 &
K 2 & PCET & 1A T/ER B . PCET fy
EEFIHERRKTAEDR R 2000 W, TAEHE K
27.12 MHz, % 8 75 ty 55 59 i Y5 1) UG e 25 0k 3
VCfit, PCET i F A% 213 b @ <. 558 7 < ) A
AR RN TAE S 8y CF, MA R E

Sk AN T SIC Ak SRR F A TR BB E M RD
S (RE) H Y8 19 Ty 2238 o — 4 J5T 4% Pl #3055
BHFR. HTEEFRARR K. & EM & L
RO R 2 B R i B R AR RS E . AR AR
T« SR AR e = [ R A 2 L v A
15 L/min i3 f 8 5 S 5 48 i 48 1R S5 2 1
A LA 300 mm/min [ i 508 o E S SN B 4%
B, W TAES AR LA 0~150 mm/min A9 3 &8 o
o BB HAMEE FRIEEE MRS
Bl T IR EE o I 4 I H TR D 250 48 3] H Jek
B b 05 A AR T L 2k B H R R
A TR BRI T SR A U 4 U T RS AR
Be” . e . AN A RO AR AR ARG 1
T ) AR A S R B S B T R 1 U AT AN
BT, B R A RT MRS 5 5 6k B R
AL TC 2R R A AR 22 IO T RIS I 77 0 R A
VU A A L 38 RS TS B MR S BR i H Y.
SNt AN s
Si+ CF, + O, — SiF, + CO, 4

SiC + 40 — Si0O, 4 ; SiO, +4F — SiF, A +0, 4

outer tube RF coil

/ __pdp

intermediate tube
inner tube

B =[] e A S I A 4% e Y s I
Fig. 1 Schematic picture of three co-axial

quartz tube and RF coil

Kl 2 PCET % FIHM TAER A
Fig. 2 Working picture of the PCET torch
ARSI F N T T RB-SICL 0 A 9% ik i
B SRR 1 R (1 scem S A5 #EAR BL T

1 mL/min) .,

0816001-2



FoOH R R B A S B TR DT TN A bR Y 25 B BRI 5

Table 1 Experimental parameters

Material Fused silica Si SiC
RF power /W 1000 1000 1000
Cooling gas flow /slm 15 15 15
Plasma gas flow /sccm 300~2000 300~2000 300~2000
CF,/sccm 0~100 0~100 0~100
0, /scem 0~30 0~30 0~30
Working distance /mm 25 25 25
Sample temperature / C 215 160 105
3 SR LI A P5418 . LU T AL RE 050 0o e 5 B

2t JUA RO RAESC B0, A8 T F B gcdg. | MO0 5 mm®/ming WSRRINRN T AR S I B 4R
3 MR M PCET o TH AR R, R TE SR k2.
SR A 50 scem. LRSS 60 s, RBRTREE )
FOUE 75 (PVO A H10. 86 pum, 5622 I i 42 o 72 [
2 E N FE ) CMM Zeiss navigator = ARFRiNf5, %
FE S 90, T3 A Fh 0 IR KL L 90 5 R AE I
AR R . DT RS L 5 T R Y s 4
(FWHM) X 18 mm,

removal area

Bl 5 SiICAHE R 1 PCET 2: Bk s %L
Fig. 5 Removal function of PCET on SiC sample
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Fig. 3 Fabrication result of PCET on fused silica
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Ph bS8 80 H 028 78k H PCET
I SiC LSt 9 55 ORI A R SRR E T

BETFRMMA PCET .M T —H 0% R
100 mm ) F- 1 f2 B be 45 e fL R B 0 . 5 58 0 T2 76
KB EIN T4 T R et . S8R TS5k
JE SRR I T A AE 5255 A0 [ L in B[] 2460 min,
TN A1 I (56 P 22 ) 1 = A bR ot T R AT .
St R 9 ) PR D R E 9 iR, # 2
Shy JT ) T AR 2

IILIIJII‘II

NE)

B9 WM. () MR (b IMTJE; (o) mEElnT

Fig. 9 Surface comparison. (a) Before fabrication; (b) after fabrication; (c) virtual fabrication
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Table 2 Surface data
Before After Virtual
PV'/#nl 9. 04 6.95 5.91
RMS /pum 1.93 0. 96 1.05
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Fig. 11 Surface roughness testing results. (a) Before PCET; (b) after PCET
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Fig. 12 Microstructure of RB-SiC before and after PCET process. (a) Before PCET (zoom in 200 X)) ;
(b) after PCET (zoom in 200X ); (c¢) before PCET (zoom in 2000 X)
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