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Abstract: In order to solve the problem that it was difficult to obtain high surface quality of multi-spectral
ZnS in chemical-mechanical polishing (CMP) , this paper focused on the synergistic optimization of flat-
ness and surface roughness to carry out experimental research. Through single-factor experiments, the op-
timal values and ranges for polishing time, abrasive type, rotational speed of the polishing disc, and polish-
ing pressure were determined. Subsequently, response surface methodology was employed to design the
experimental framework, and grey relational analysis was introduced to investigate the influence of these
parameters and their interactions on surface morphology. The results show that the speed of polishing disk

is the dominant factor affecting the surface quality, followed by polishing pressure and grain size. The opti-
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mum process parameters were determined by model optimization: abrasive grain size of 0. 5 pm, polishing

disc speed of 55 r/min, and polishing pressure of 16 N. Under these conditions, the process was validat-

ed, and the surface flatness of the workpiece reached 112. 49 nm, the roughness was reduced to 1. 11 nm,

and the surface morphology was uniform with fewer defects. The synergistic control of high precision and

high quality of multi-spectral ZnS surfaces can be achieved by optimizing the CMP process parameters,

providing technical support for its application in high-performance optical devices.

Key words: multi-spectral ZnS; Chemical Mechanical Polishing (CMP) ; response surface method; high

surface quality; grey relational analysis
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Tab.1 Performance parameters of multi-spectral ZnS

Polishing pressure ,
é
é

& Slurry

Reactive
~ layer films

\ Abrasive surface

Parameter Value
Density/(geem *) 4.09
Hardness/(kgsmm *) 250
Fracture toughness/(Mpa'*) 1.0
Thermal conductivity/(Weem™'K™") 6.8

Workpiece
separator
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(b) Diagram of the experimental equipment
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Fig.1 Experimental principle of chemical-mechanical polishing
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Tab.2 Single factor experimental parameters of multi-spectral zinc sulfide chemical-mechanical polishing

Variable Values

Fixed parameters

Polishing time/h
Abrasive type
Polishing disc speed/rpm
Polishing pressure/N

0.5,1.0,1.5,2.0,2.5,3.0,3.5
AL O3, CeOy, S1,0,
10,25,40,55,70
5,10,15,20,25

Al,04,55 r/min, 15N
3.0h,55r/min,15 N
Al,04,3.0h,15N
A1,O,,55 r/min, 3.0 h
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Fig. 2 Variation of workpiece flatness and surface rough-

ness with polishing time.
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Fig.4 Surface morphology of the workpiece after polishing with different abrasive grains.
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Fig. 6 Changes of workpiece flatness and surface rough-

ness with polishing pressure.
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Tab.3 Response surface experimental design and results.

Number Abrasive size/pm Disc speed/(rsmin ") Pressure/N Flatness/nm Roughness/nm
1 0.1 65 16 179. 81 4.59
2 1 45 20 192. 64 4.42
3 0.5 55 12 188. 54 3.91
4 1 55 20 166. 45 4.76
5 0.5 55 16 170. 16 3.71
6 1 65 12 185. 82 4.62
7 0.5 65 16 173. 36 4.78
8 1 65 16 168. 23 4.88
9 0.5 45 12 214. 28 3. 64
10 0.1 45 20 209. 36 4.07
11 0.1 45 12 227.84 3.03
12 0.1 55 20 174.48 4.28
13 0.1 55 12 194. 26 3. 36
14 0.5 45 16 203. 39 3.41
15 0.5 55 20 168. 25 4.62
16 1 45 12 201. 37 3.85
17 1 65 20 164. 52 4.91
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Tab.4 Results of analysis of variance of workpiece flatness regression model.

Source of variance Square sum Degree of freedom Mean square F P
Model 6 607. 71 9 734.19 64.21 <20.000 1
A 626. 26 1 626. 26 54.77 0.000 1
B 2292.30 1 12 200. 47 <<0.000 1
C 663. 35 1 20 58.01 0.000 1
AB 87.50 1 16 7.65 0.027 8
AC 86.18 1 12 7.54 0.028 7
BC 3.67 1 3.67 0.3211 0.588 6
A’ 22.04 1 22.04 1.93 0.307 6
B’ 691.51 1 691. 51 60.48 0.000 1
c? 14. 22 1 14. 22 1.24 0.2016
Residual 80. 04 7 11.43
Cor Total 6 687.76 16
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Tab.5 Results of analysis of variance of surface roughness regression model.

Source of variance Square sum Degree of freedom Mean square F P
Model 5.36 9 0.5960 15.47 <C0.000 1
A 0.3797 1 626. 26 9.86 0.001 4
B 2.46 1 2.46 63.90 <0.000 1
C 1.02 1 1.02 26.60 0.016 3
AB 0.0889 1 0.0889 2.31 0.1724
AC 0.094 8 1 0.094 8 2.46 0.0287
BC 0.017 3 1 0.017 3 0.448 8 0.524 4
A 0.028 5 1 0.0285 0.7407 0.4179
B’ 0.267 2 1 0.2672 6.94 0.0337
c’ 0.2138 1 0.2138 5.55 0.0506
Residual 0.2696 7 0.0385
Cor Total 5.63 16
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Fig.9 Surface morphology of parameter combinations at the lowest point of the PV and Sa response surface maps.

4.3 RUEGRIE

3 o o gl TR ASE X A% A B3 A b R 25 B
BILTT B 7 42 Tl i 7 R 2% 18D 981 SF- 580 T T AR AL
LA 255 A M, /B4R ALO5(0. 1~0. 5 pm)
155 5% 33 (55~65 r/min) LI K i 45 2 4 = 4G &
(15~20 N) Ky BT — 41 & 98 P W] 0 Ak 2 1mi KRS
B (Sa) 5 FmE(PVIRESHA G . DRR
AL 1) 0 203 A L A R T R AR R R O
et AT Jr 35 107 3 4 vy R 1 D0 LR o vl s A T
WY REORE 25 BR AR LE HE TRC /DN AR B R B ok
G T PR R AR S R 7 AR R b o T aE
JE A B T o PR R e A T A R TR R L TE
I HE G P, b RE 25 B o AR 52 )5 RE A OR L A
I B o A DX LA 58 R R v R RO T
JE 5 0 He g A i — 20 18 K, ) 25 5 0 TS KL 1)
R BE S %, BT ) Sl R B A R, AN AR
PRFEATRLRS 2 .

GRG

123 4567 891011121314 1516 17
Number

BI10 17 19256 45 SRR 0 K BE 7 M
Fig. 10 Grey relational analysis of experimental results

from 17 groups

10 7R 1 17 20 55 56 77 28 7 ) iy if A1 % 1
b b 38 o S i R S ORLRE B S AR U — Ak E



2878 P

K TR

33 %

17 I8 SR TR 23 A7 Je A 1) 9 4 S TR TR 24
REW A S IR (ERRLAR O 1.0 pm, il
710 16 N, #5324 55 r/min) {9 52 5 76 5 45 F ifi
JE 5 3 TR RE 3 T T B B L K 8 SR R IR
5, 0 0. 68, & WIHAE Z H AR U R L4k b B 5 85
SRR L AR PR R SRS .
22 BN 2203 B A B B4 R TRDHLRE 5 F T
PEAT B [ D8 A, 1 R AR 3 LS 32 ) ] I
B 17 AV i AR 4 ) A BB D, R S B e R T
AL T 208 1

o 4

l— +289.86

x/nm

(a) PV=492.2 nm,RMS=0.099 nm

Shy 385 0E W 15 TRV 3 A AR I O S HUH A
B A RE , P BUK A2 8 0.5 um BY ALO M Y6 ¥,
Bic & 3% £ 7% 3 55 r/min MG IE /1 16 N #E47
SR RIE . LR g R A 10 R 11 Bow, T
ST B PV H1 492,12 nm B FEAKE 112. 49 nm.,
[] Fof, 2% TR B S, 2 Ak, R 3. 03 nm 4k 22 %
% 1. 11 nm, 35 B B8 09000 I OEROR . iz s R
B S T R 2R A X i S, 8 PV AR IME
REZHEZDFEEGT Z4 650 T 260%
i A B e 2 T B g 0 P TR A4

I— +107.29

P11 Zo6HEa AL B AT T B G T IS X Lt

Fig. 11 Multi-spectral ZnS workpiece flatness comparison before and after polishing.
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Fig. 12 Multi-spectral ZnS surface roughness comparison before and after polishing.
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