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Processing technology of cutting ZnS crystal

Li Shijie, Xu Chao, Huang Yuetian, Wang Shouyi, Liu Weiguo

(Shaanxi Province Key Laboratory of Thin Films Technology and Optical Test, School of Photoelectric Engineering,
Xi'an Technological University, Xi'an 710021, China )

Abstract: With the wide application of ZnS crystal optical elements in infrared optical system, the surface
quality of ZnS crystal optical elements is more and more demanding, but due to the brittleness of the material, it is
difficult to obtain high quality surface roughness. In order to obtain high quality surface of ZnS crystal, the
principle of cutting and fly-cutting based on single point diamond lathe was introduced, as well as the factors
affecting surface roughness. And then the influence of different parameters of diamond tool and different
processing parameters on the surface roughness of ZnS flat element was studied by single variable method
through process experiment. The quality of the machined surface was tested by microscope and white light
interferometer, and the processing parameters were optimized by feedback. Finally, based on the optimal
processing parameters, high quality ZnS flat optical elements with surface roughness Sa of about 1 nm were
obtained in the both different methods. The results provide technical support for the development of high quality
optical elements of ZnS crystal and have good engineering application value.
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15 e oLt 1Y) R TEDRDRE B2 T HL, B R B T
4 R | AR R RORAR, HELLSE AL AR 7, Xl
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(Single Point Diamond Turning, SPDT) ¥ % &, LA S %}
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— PR AR RS . AR .,
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AFM) X} 3% A Al B2 2 A7 A 0, 3R A5 9 fe A 45
Sa 2y 7.3 nm", AR, 2 A R4 HIm Ty
3, R H Zygo Newview HYE AT, 753 T
FTE MRS Ra /T 4 nm 1 ZnS fHAARTT I, FEAR S
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A7 75 PR g A, SR FAS ) 89 4 i hn 175 3K, R A B —
AR, AR RL Y N T 24, WF5E 41N T ZnS &
PRI R BE N T T.25, O ZnS S TTARRY )iz I
FHR AR S R

1 SPDT ARMIAK

B A I 2R DR 1 18 a2 o kR TR I Tk
7%, AL G @A RL . 20 Ah SRR AT R A PLBE S AL
BHGE O T o B T80 T ok A A m) I AU 5
SR, AT LAKE T B 4 WA 42 RR T AN [] 4 n 107 =gk
FFMT, W) PRI R L 02 0 AR R N %S
FERENXT ZnS SRR TR, B, BT
7 ORI Ty ORI %R T ey E
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PN TR TR S A WA AR, I P
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C-axis ZnS element to be processed

(a) ©IIIN AR
(a) Model of fly-cutting

Radius
of fly-cutting ~ T 5

Center of C-aixs—
P

.

(b) ZnS SR EUE N T 5

(b) Circular arc process path on ZnS element

P RN TR P R IR i LA

Fig.l Schematic diagram of fly-cutting and its arc profile
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ZnS element to be processed

(a) JIHIN T AR
(a) Model of cutting

(b) ZnS PR HIRHEL I T B

(b) Spiral line process path on ZnS element

2 AT 5305 TR IR hE L n Tk

Fig.2 Schematic diagram of cutting and its spiral line process path
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GO, ERESEA IR AT R s
JE 45, HoE SCINPE 3 B o X T ZnS @RI 0 F
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FMEPEIE AR, A REARAT i o ) i T2 iy o A s

LR LB b B v, X F A RLA TR E, EEK
75 TR A B TR B2, SRR R S 800 T H
X} ZnS SRR TR 520 o BRI S0RE TN TR
Fm A R, (0 TN T ZaS fn AN VT, 42 NI
A1 ) B T3 A 4 R () — A a5 (S ),
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WA K,

(a) A2 NIl ] AR
(a) Model of diamond tool

cremanee 2P gige ey
(b) ML=l
(b) Side view

Waveness error

Top view
(c) IRFRLIE]

(c) Top view

3 BRIGTIRSEORER

Fig.3 Schematic diagram of diamond tool parameters
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S WA ZE BB AN T A 2 TS A B A 5K (H
Je X T TE AR RN i EE A AT A TE .
P, XF T ZnS FRAHIN T, 75 ZAR P LA A0, SR
R T 255, RS M T T XS

2 IZEWEEEST

N T RS R ZeS SR T %, R
SPDT # AR Xt ZnS AR T2 525 v, F 8% & n T
ZHCS T B SHO8 I TR E U A . iR
YU T 5286, i & 4210 T 5288, #R T 250
(94 WA T B AR RN I T 280, XF ZnS F i kAT T
T ZnS iR H H 4228 &50 mm, JEEE N 10 mm
() ZnS V- T oo F o 1% S5 5 BT R N T A
Precitech 2\ &) Y B 15 4= W A5 % IR Nanoform 700 Ultra.
2 THI LA B2 A6 % %5 4 Zygo /A Y Newview 8200,
JUTA V0 T 55 A 000 552 55 14 T SR 4 ) v S B, ek
AFALTE N 22 C£1 C, BE R 45%~55%RH.,

2.1 ZnS @ FEAHIEREE

h TR R S B0 — Bk, RO TR, AR
FAARTE S 06 ZnS oA TR0 T2, BRAF A X
—HWWIRSE . RAETA 250, PR | mm /Y
JIE, INEZ80h : F 8% 1000 RPM, U1 HI TR EE
J 6 pum, 45 E 10 mm/min. 1T I EDE TR
R 300 DR X R T O R A TGN, AJAS A A T 25 SR A
Bl 4 Fs . B TR, H 3% MRS B2 Sa=74.516 nm,
$g=109.283 nm, FE LA KB TCA N 2K
MIEL 4(b) 7T AR, R IA R ZBEL0, X & H T
T AR e AR T B . MR I AR A AR, B
FET AR RS 7= A 2805 1 24, 32 40 m T
ZnS TR UL )

¥t

(8a=74.516 nm, Zygo Newview  (Microscope, TVM-500, 100 X)
8200, 50 X)
(a) FHRE LA 25 51 (b) T B &=

(a) Roughness test result (b) Surface quality

[l 4 ZnS ST IR K T FTaE

Fig.4 Initial surface quality of ZnS crystal element

22 £RIATESHREHELEENZ I

AT T 1 BB B0 ZnS Je N T2 i
ISR o TR AR B 4 I 0 ELRE RS A S50 il e v B
AR A BOE ZoS S RTTAR N T o, AR
FRAATG A ) BRI T, H LR A A A ) B
I FA R-15°5-25°, S itk 28 46 A6 S0 v it FH Y =48
ENIA T B SEANT RITR

KR 1 RTR B =48 4 WA ) B ZnS SF- 1
TCHFEAT RO T, sk N T2 800k - 32 il
2500 RPM, YIHIVREE 2 pm, #E4538 %K 0.5 mm/min, il
T5E W5, F Zygo NewView 8200 [T ¥ AL EAT4:
I, ALK B2 Sa AT VEMY, B A A&l 5 s .

®1 AESHERETIR

Tab.1 Diamond tool of different parameters

Diamond tool Rake angle/(°) Arc radius/mm
Tool 1# —25° 1.056
Tool 2# —-15° 0.755
Tool 3# —25° 5.000

251
Processing parameters:
spindle speed: 2 500 RPM
feedrate: 0.5 mm/min
20l cutting depth: 2 um
g
£
3
1.5+
1.0

1# 2# 3#
Diamond tool
5 A IR, ZnS -1 T4 2 RS B2 R 45 2R
Fig.5 Roughness test results of ZnS flat element processed by fly-

cutting with different parameters of diamond tools

WS s, B ZnS -1 H =0 R 25000 4 W
A1 T H R R RE S BGHEAT R U 15, HaR T RS
JE Safi#82%E AL, 76 1~2 nm WL N . %45 R *
B, 2R FH-15°80-25°, AN 4 NI JTH, BIEEsk
1P Ry AR B . SRR, FERAUIA
1 PN, HBHOMRTf-25°, JTEBIEE 1.056 mm.,
SR I]H, R R YN T ZaS P A9 i T2
BORATHEGE, A4 32l 580 DR B R A R
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W
23 XYIMIITZELE
23.1 FihiEig st ZnS A @A E 9% h

H LB SPDT (1% 3= il 5% 3 M [l 24 0~10000 RPM,
SEH v, S5 A ETTIN T2 5 LR T AR e e, i
P F Al 3 1 AR AR A 1000~3 000 RPM, [R] Bif, [
SE 25 3N 10 mmymin, YIHIRE R6 pm. FI1 T
fa B 08 I 6 Fis .

MIEL 6 FT 73 (14 2 TDRELURE B2 Ao U 45 5 ml LA, 24
T 25 3 23 5 ) R A [T, AR [R] A 3 o] LAAS BN
[ Y 2 THDRLRE 2 o B 2 ok 9 T8 8 o, 2 AL
o R N o R IR 7E 1000~2500 RPM 3 Fl, 1
BEEE Sa ZALRIMREEES K, EHEM 100 nm /)3 10 nm
ZeAi o {HAE 2500~3000 RPM {12 [l P, 5 4K 26 T A R
JE Sa A Frdis s, AR IR BER AR 28 T AR 2, 1 W s 3 4
HHOANEFENRHNET,

120 - .
Processing parameters:
100 L feedrate: 10 mm/min
cutting depth: 6 um
80 +
g
£ 60
S
2 g0t
20 \
—
O L

1000 1 500 2000 2500 3000
Spindle speed/RPM
(a) FHF% 10 mm/min SYIHIEE6 pm
(a) Feedrate of 10 mm/min and cutting depth of 6 pm

0l Processing parameters:
feedrate: 2 mm/min
cutting depth: 2 um

gL
\%/
E o
3
4t \f
2 L

1000 1500 2000 2500 3000
Spindle speed/RPM

(b) Al H2 mm/min FYITHEE2 pm
(b) Feedrate of 2 mm/min and cutting depth of 2 um
&1 6 Sl A0 e TR LR 2 ) 52 )

Fig.6 Effect of spindle speed on surface roughness

A ISR, Y4 RN 2 mm/min, YHIR BE
9 2 pm B, [FERELE 50 3 AE 1000~3000 RPM N A4S
A, N #4 ZnS - T 14 2 TDRLRS B2 AG I 25 2R 40 T
Ji7R o HORDRE B AR fh R 34t A0 E] 4 2L, 2RI 24 %
5 R F] 2500~3 000 RPM B, A 3 X 28 17 AH it &5 1) 5%
Mg AN TR S T FEJS SN T 5256w, 35°% F 324
5k 2500 RPM,
232 tnHlIREAT ZnS & & ALAL E 69 %0k

IR B 2 EE AN T 280, 7E0F e VIEIR
JRE X0 T T AR JEE 1 S e e TRDRE SR B — A
Wk, Ve R H R 2 500 RPM, #4534 2 mm/min.,
IR 25T B R 0.5~4 pmeo 0TS, HUBE G
MEE R 7 fis o
[ Processing parameters:

spindle speed: 2 500 RPM
feedrate: 2 mm/min

52- P/%\\ﬁ///////4

0 1 2 3 4
Cutting depth/pm

7 UITHI TR IBE X 2 THTRELHE 2 PO 52 )

Fig.7 Effect of cutting depth on surface roughness

ML 4 S Jir 7S 1) 2 TH0REL RS 8 A 00 225 SR v LA+
VIHIER BETE 0.5~4 pm 15 BP9 AZ PR, Jin T 3R A5 i Rk
FE Sa ¥ 2 nm Ay, FRWILE Fhl%% 8 2500 RPM,
P25 R 2 mm/min B, D) B A2 AT 2 TR RS
FERSE AR K . (HNEE 4 TR LLE Y, 24 35l
2500 RPM, Bk %5 7 % 2 mm/min, Y1 E N 6 um
B, 0 TS Y ZnS SF- 1 (9 2% 1EORLRE B Sa B B K —
S i DI HIER BB BE R K, FURTE— e v [l A2
AR, L 3 TR B A 5 i R B A S 2 TS 56
SR FHUTHIRBE S 2 pm,

233 itk Fat ZnS k@A E 0%k

AT T Y SCE, BEASHE T ORYIIN T ZnS P iE
TCERET, BRI T 2500 3 % 4 2500 RPM, Y]
HIVREE A 2 pmo MEREFX BTN SHON AT, EE4A
RIE 0.5~4 mm/min PAELE, XF ZnS -1 #E47 0 T2, XF
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O P REL RS A D0 45 SR G el 8 T

HRAE (&1 8 Fir 7 Ao AEDRE B R 45, 224 3 7 iy
2500 RPM, IHIREE Ry 2 um I, B/ 1 39F 45 7 5675
BN RMROR LGS o R, #4738 22 7E 0.5~2 mm/min
AR AV, 2 TEDREURE B2 09 A8 A0 AN B dab , (E Y 3 45 o 32 3
KF| 4 mm/min B, H 2 T ALRS B I 38K . BT AR
YN T, ZnS I, /N 2 25 R B8 L AR A B 4T
F1%) 2% THI RELRRE 2

[ Processing parameters: {

spindle speed: 2 500 RPM
cutting depth: 2 V
2+

NS

O L L L
0 1 2 3 4

Feedrate/mm-min™!

Pl 8 k4 A SR TR L (5

Fig.8 Effect of feedrate on surface roughness

454 DL B U2 X LG S B, PR A Al R
3000 rev/min, Y] Hl| & 2 pm, 3 45 # K 0.5 mm/min {J;
S EGHEATIN T, 7] LAAS 3 3R EHLRE B Sa=1.078 nm,
Sq=1.727 nm 4 ZnS JCk, GE 9 s .

]

(Sa=1.078 nm, Zygo Newview  (Microscope, TVM-500, 100 X)

8200, 50 X)
() MR A I 2524

(a) Roughness test result

(QES i
(b) Surface quality
9 BT TR ST N T AT 2 A kLS 2
Fig.9 Roughness test results with the optimal processing parameters of

fly-cutting

EAESE B i T, 25 BB T 0%, AN BEKs 1F 45 ok
SEIGPR /N, R R 22E 45 5% 2R 24 0.5 mm/min, il T
A (] o AR K, (EDRELRS B2 200 L i 45 3 % 2 mm/min B
ARG, SRR SE . —BiE, 75 &Y
JINT. ZnS -1 A, SR FHEZ5 3 R 2 mm/min([A] B, 3=
% Ry 2500 RPM, DIHIRBE R 2 um), g AEFS 1] 3
TR FE Sa 6T 2 nm A & .

24 FHMIIEZXLH

K ZEE 7 2% ZnS SR 1 T AR EA T T, )
FETFEER ORI M T, e 80, SRR 1 iR ]
Ho#b AT N T (M T B 1 T ) S5 7 AR
), Hoxb i ZHOh T f—-15°, J1 B BIREAZ 0.753 mm,
SER T AR R S AR, R SR A — AR vk, X
TR SRR UTHIIR B AT AR SE, 4 3R A
F14) 2% TETAEURS B AGHIN 25 SR 4 I

WA 10 AR B A TR] A0 T 280 5 K R 75 (0 R LR
BRI 45 5T DAAE H, 0 b R0 2 R0t 3 1A

101 Processing parameters:
9r feedrate: 2 mm/min
8L cutting depth: 2 pm
7L
6L

g
£ 5t
3
a4l
3+ \i\
L ..
2 T
1k
0 1 1 1 1 I
1000 1500 2000 2500 3000
Spindle speed/RPM
(a) ANIF) Y e 1
(a) Different spindle speed
6+ Processing parameters:
spindle speed: 3 000 RPM
5t cutting depth: 2 pm
g’ f
£
S3
2L
1+
0 1 1 1 1 1 ]

0 1 2 3 4 5 6
Feedrate/mm-min™!

(b) ANIFIHEZE
(b) Different feedrate

Processing parameters:
spindle speed: 3 000 RPM
3L feedrate: 2 mm/min

PR

Sa/nm
)

o 1 2 3 4 5 6
Cutting depth/um
(ORNEESZIERN
(c) Different cutting depth

[ 10 B AR s R LI T2E0AT 0T

Fig.10 Analysis of the cutting parameters with single variable method
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REJE A2 HL R . AT /R, b i) S b e e 5 4
15 9 15 265 OB A R T3 20 2R B RIS . &
i 55 08 4 R A8 7 AR R A VI Ty, U g 4 ol
ZnS FhRFRIE A MEME I AR, DT R T 58 s 2R DR
B RE . AT UIHIVR B 5, 456 10(c) BRI EicHE
MH/NF 6 pm B, O SR EORLDRE BE (2 N K A
AN SR D) 1 VR B Ak e 38 o, ) 2 R SO R O AR 1
A WER R R . B E S, EHIINT. ZeS SRR,
IR B — R 2~4 pm BI0] o e, S FH 3 b
3000 RPM, #4533 % 0.5 mm/min, Y] §| & 7E 2 pm, 7]
PLAS BBy i 2R 10, v 3R TEDRLKS B2 Sa=1.000 nm,
Sg=1.223 nm 4 ZnS A1 Tk

(Sa=1.000 nm, Zygo Newview
8200, 50 X)
(a) R MR DRE 2 ol 2 R

(a) Roughness test result

(Microscope, TVM-500, 100 X)

(OEI)s
(b) Surface quality

11 EHIIN T RS I TAS 20 5935 A

Fig.11 Roughness test results with the optimal processing parameters of

cutting
3 &

EEXT ZnS S RBRIEDN T 048R, SO ST s,
LW IR, KPR TR N T 055X, X ZnS & ik
ST ICAFEAT TN T AL IR RS . BRI TR 4
L7 2 N i 5 O = s = -3 P A = A
ZnS g PR T A 0 8 A B R —FE i Tl AR —
B, B AR X P o TN T, 7E R ARG &
NI JTEXF ZnS SR A T 5258w, —15°F1-25° /) Aif
eI T3 T R R R I S, [RIRE, ) BRI Y
R/NELFZ M AN B

B T AN ] HSHON, SChid BT TN T
SO N TR0 A 52 W, LG A R R
VIR B, 3% R F B — 78 i A~ S 80 A7 it
o TCIRAEEHI T, & YT T, 32 ki R
25 R 3R O T 2R T J5 P ) L AR, I R et

B FEEHIR R R AEMHIEAS, 7€ ZnS AR
LML 28, P E IR . X T IIHINR
FE, YHAE 0.5~4 pum {8 [ 3 AR fh s, 0T 2% 1 T 6 7
SN o YR FH L 3 3000 RPM, 45 1
0.5 mm/min, YIHIEEE R 2 pm B, R H KU,
A LLAR B ZaS & K 7 T T 1R (Y 2% TE ML RS B Sa=
1.078 nm; 2% FH 4= H Jin T2, v LA 3] ZnS 5 M4 16 7Y
A Sa=1.000 nm.,

T2 BR B FH H, 27 45 25 O TRCRE 5 A &
M, SR A AT A oA —15°F-25°, JJ 242 R 0.5~1.0 mm
[ 4 W47 70 2, 32505 5 2500 RPM, #E 45 3 R
2 mm/min, YR By 2 pm B, BIVAT 75 3] 3R Th0ORL RS B2
Sa f.F 2 nm f & & ZnS SR ICHE . 5T AR
XF ZnS AR RHE LTSN E R G RN AR AL T R
SCRE, 8 TR 7 T A )2 B A
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