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Abstract: Multispectral zinc sulfide is widely used in infrared optical guidance seeker, photoelectric detec-
tion radar and airborne photoelectric pod because of its high optical transmittance in near, middle and far in-
frared spectral bands. In order to obtain multi-spectral ZnS optical element with ultra-high surface shape
accuracy and improve ion beam polishing efficiency, the orthogonal experiment method was used to carry
out ion beam single point etching experiments on ZnS, and the removal function characteristics and volume

removal efficiency were obtained under each process parameter. Through direct analysis of orthogonal ex-
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perimental data and range analysis, the process parameters were optimized with the target of maximum vol-

ume removal rate. The optimized process parameters were obtained as follows: ion beam voltage 1 100 V,

radio frequency power 110 W, acceleration voltage 200 V, argon flow rate 7 sccm, and processing dis-

tance 30 mm. By adjusting the process parameters, different ion beam spot diameters were obtained for

combined polishing of 80 mm diameter zinc sulfide. After processing, the surface shape accuracy of zinc

sulfide decreased from 467 nm to 71. 506 nm and from 112 nm to 10. 75 nm. The above experimental re-

sults show that the combination of large and small diameter ion beams can effectively improve the process-

ing efficiency and surface shape accuracy of multi-spectral ZnS optical elements.

Key words: ZnS; ion beam polishing; removal function; process optimization; range analysis
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Tab.1 Process factor level table

Process factor Level 1 Level 2 Level 3 Level 4

Ion beam voltage/V 800 900 1000 1100

RF power/W 50 70 90 110
Accelerating voltage/V 100 150 200 250
Gas flow/(scem) 4 5 6 7

Working distance/mm 20 30 40 0
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Tab. 2 1416(45) Experimental results of orthogonal table and single point etching

Volumetric re-

Ton beam RF Accelerating  Gas flow/ Working Peak removal ~ FWHM/

o voltage/V  power/W  voltage/V scem distance/mm rate A, (nm/s) mm movfd ratef v/
(10 *mm*/s)

1 800 50 100 4 20 5.362 7.287 3. 191

2 800 70 150 5 30 7.287 7.563 4.672

3 800 90 200 6 40 9.735 7.754 6.558

4 800 110 250 7 50 8. 969 8. 267 6. 868

5 900 50 150 6 50 6.233 6. 986 3.422

6 900 70 100 7 40 7.871 5. 787 3.035

7 900 90 250 4 30 9.876 6. 264 4.342

8 900 110 200 5 20 8.575 7.914 6.017

9 1 000 50 200 7 30 9.423 8.722 8.032

10 1 000 70 250 6 20 9.488 6. 689 4.756

11 1000 90 100 5 50 8. 878 7.382 5.421

12 1000 110 150 4 40 10. 788 7.548 6. 886

13 1100 50 250 5 40 9.876 8. 257 7.544

14 1 100 70 200 4 50 12.022 8.954 10. 811

15 1 100 90 150 7 20 10. 132 9.743 10.776

16 1100 110 100 6 30 10. 843 9.214 10. 323
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Tab.3 Volumetric removal rate very poor analysis results

Experimental

Experimental group number ) k, b. k, Range
. ) . factors ’
P4 AN [m) S5 2H i AR AR e B 8 R A
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Fig. 6 Etching curve corresponding to the experimental
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Fig.9 Measurement results of large beam diameter machining

() FEFFA
(a) Sample piece A

FE /NI TS BT IO, n T /Y
2 06 1% B AL B RE 11 SR O T AU AT R I O
HHI Metropro #1147 20 M, TIIE 45 R 4 10
JIi7R o it B T RO LIS , 2061 AL B A

4 A B A T E K 110.5 min, H PV {H H
282.904 nm F F& & 91.015 nm, I 8 K K
67.83%, RMS {f i 42.063 nm T F& % 12.743
nm, Y SRR 69. 7% 5 206 1B A BERE 44 B in T
B [E) Ry 62. 4 min, H I JE PV {H H 194. 902 nm T
R 2 71. 506 nm, YL SLH K 63. 31% , F 1 RMS{H
i 27.21 nm F F& & 10.758 nm, U 8 K K
60.46% .

(b) #:14B
(b) Sample piece B

F 10 /NEAIN TG e il 2 4%

Fig. 10 Measurement results of small beam diameter machining

(2) FEMFA
(a) Sample piece A

A 2 P 2 S5 56 M T, g R e
Z R LR HAR 85 1 Al 't B2 1P 1R 22 1Y
W B33 5 T S ARG, PSR /N RS B 1 R AR 2R 12
T, BB I 4 J AR I T[] SR TR /N IR AR
5 TR 75 2CRE B 2 00 B AL B I TR
AR T A JE

Wit IE R SR A RS T 2S5 LBk
ORI B AR R R BR e, O 0 1E 28 52 50 $i s kA7
LW 43 BT R 22 43 BT, 459 20 R B4R i T 45 A1 1 41
ATESHNEFRFEEE L 100 V, $ 50 T %
110 W, i 5 F 200 V, @ A0 i 7 scem, il T
FEES 30 mm;/NRARAA T ESHChE T RH
JE 900 V, 4 2y & 70 W, i 3 B R 100 V, &<
WE 7 scem, il T-FE 2% 40 mm,

PR SR ¥R R NREB A A I Ty
I, B 449 B 260 B A0 B R T A A ) TEDE PV
ik %] 71. 506 nm, RMS {8 14 £ 10. 758 nm.
R % TSR G & &0R i T8 & g
K B2 2otk b e LA 1R 5



2254 err K TR 532 %

S % 3k : veloped uniformly dispersed colloidal silica in slurry
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