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Development of Wavelength Separation Coating in 1 064 nm Laser and
Far-infrared Common-window Imaging System
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Abstract: According to the technical requirements of the laser and far infrared common-window imaging
system, a wavelength separation coating was developed, which aimed to separate the laser and far
infrared light through a common window, that is, 1 064 nm laser reflected, 8~14 pm far infrared light
transmitted. By analyzing the microstructure of the films, the refractive index changes of the films before
and after moisture absorption were studied. The structure of the films was optimized by combining the
optical film theory. On the basis of studying the stress of the film, the film thickness was optimized and
the film firmness was improved. The average transmittance of the wavelength separation coating in the
bands of 8~12 pm, 12~14 pm are 97.1%, 90.1% and the reflectivity of 1 064 nm is 99.71%. The
separation coating can meet the technical requirements of the imaging system for a long time in various
military outdoor environments.

Key words: Wavelength separation coating; Common-window imaging system; Packing density;
Refractive index; Stress analysis
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R GE5.2015 AF P4 B Wy BB AR B 5E B B0 KBS T 3.7~4.8 pm A1 7.7~10.3 pm B G H L1 XUk B XL
Mt 2 R 58 09 6 Ak = 3F . 2013 48 35 [ B 4 0L L AL R A8 B 4 Jay N. Vizgaitis, Arthur
Hastings W 7 K 3% 20 45 i o im g 4R 2 8557 .2015 4F Alaaeldin Mahmoud 25 % 96 A ML 0] W, 5 3 21 4 3% &K
PR AR VAT THF5E S H AT, & F 1 064 nm Al 8~14 pm AR BE BLAR 2R Ga ik & UL G4 .
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Table 1 Technical parameters of separation coating

Parameter Specification
Substrate ZnSe
Incident angle/(®) 45
Spectrum range/pm 1.064 8~12 12~14
Average transmittance/ % <1 =95 =80
Reflectance/ % =98 <1 <10

M1 % 1 A] AT, o B RIS S 80 55 1 AT 20 AR B G 2T A B L 7R T A S A DU Fl B O BE R
Bi , P HEBERE BB REA BR 25 B R B Tl ok T AR K TR A
1.1 R4S ERR5IER

TG J2 I B BRI B M R A 263 ZnS M ZnSe fH £ 64 ZnS iR 4K I HL7E 11.5 pm BHEA
AR 5 9 R WS, PR B ZnSe 1R R G0 K 7 B8 A JE IS

WINPT I R M B A Ge St Fl ZnS,Si EHIX K 1.2~9 pm,Ge BB XN 1.7~23 pm,ZnS
3% B IXFE 0.38~14 pm, TELLAMN X AT 56 3R 24y 2.2, 15 846 0 IR 37 5 6 b LA B 4 14 7 ) DETE. 3 1 1%
LLAMEYT S R AR BaF, . YbF, . BaF, BYBIIX N 1.2~9 pm, B E G R E K, YbF, BB IX 80,25~
14 pm, HA RAF M HLAEERE™ Bk B ZnS ., YDF, 1B & 4T 55 3 41 Kt
1.2 FHRMBRESIENSEHRR

A B MRS S S DX TR) A SRR A P T Y R Y SO X e, S5l A G 21 ROB BT
1 064 nmifO'% BUG T it 1 Ao 2% B A 0 A BT A0 R 358 v 4R 52 3 T 7K R e 25 B WO L kAR IR TR RS TG T
JAG PR I35 T B 2R ) R S DX ] A R AT Rl HE B 4 0% T P08 1 B T A8 I S AR T R R G SR I R R AR .

PRl 1 %) PN 45 ) 2 S TR [ A A s B 2 i v ) i s BRI R 5 R p A7 0 o SOk

Film cvlinder Film cvlinder

(a) No moisture absorption (b) Absorption of moisture

Bl o R R A
Fig.1 The model of moisture absorption film

1231001~ 2



754,55 .1 064 nm WOL5 IE L0 AN L6 1 AR 2R G0 1K 53 B 1 A BT 44

I 4
WIS A AR R
RIS P 2R A 7 R AT LA Sk Ay O R A AR T B A S A R I A B 2 M A R A
o St 5 TR A T B T AR R B 7 2 B e i K R e A O A B TR S B R 5 R L IS R L AT
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Table 2 Test standard of rain

Raindrop diameter/mm Rainfall/(Lem ?+h™ ") Test time/min
0.5~4.5 =280 15

TE ZnSe FJE FHEH] 1 500 nm 19 ZnS. £, Sy S HI T A7 3% 5 0K 590100 4R 5 003 1 S BRI A 9 S 1R )
PRG3R X A0 St PR E AT R AR (e o W AR 8RS 0 Ik 3 B,

x3 ARRESH
Table 3 Quartz crystal data

Material  Initial frequency f,/Hz Post-deposition frequency f,/Hz  The frequency after moisture absorption f, /Hz

ZnS 5986 813.98 5 898 270.57 592 733.23
Afy=f— f,=88 543.41 (1
Afy =f7 —f1=2912.65 (2)

Afy FRas AT S TTBUH R ET S A3 R AR R A S s TR IS 19 A 3 1A 32 ) i A9 000 30 28 1k 4
ZnS [ EARRE p.=3.98 g/cm’ , Wi M) FLEE O 1 500.27 nm.ZnS B REEE N

p B?Qd (3)
EEEIRES
Afi =B — plo.Ad; 4)
TR
Af7
BAdf:m (5)
X O AKX GHH
p=0F 10,/ (Af1py +puAFT) (6)
HFKEE o, =1.0 g/cm® 0] T EH ZnS FREEE N
D s Aflf;ﬁffo.gm 233 679 3 7D
e 58 B ZnS AP R B d ¢ AT LLSE R ZnS MR ENAR o RS BRI &, ZH
di=d,+d, (8)
WG ZnS i JIE i) 28 4 %85 T LA ROR
d. d,
pm:d—le—d—f 9)
T T 2 B 7K YR SRR 2 SR B 4yl
ndi=n.(d;—d,) +d, (10)
nidi=n.(d;—d, +1.33d, (1D
K10 51D AW A F]
(ni{ —n)d;=0.33d, (12)
TR
pznszl—i—‘[’:1—%-og‘3 (13)
i—’\:’” 7:"‘ a4
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e W TS 28 AT 3k 3 T R S A
1.3 KiEBEELEM

H, H

chiﬂii%ﬂ%/vnﬁﬁ( —jm,ﬁ’%iﬁi‘ﬁﬁa‘%ﬁ
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[cosaqu;p + 90" — (&} 773>T’Z (16)
cos &, (q, + 90" + (g2 — %)

BT R
167,7,
= - Do . (a7
/) A + 907 + Lo /9,0 — 7, 17}
T LR 17 AT 2 58 BE
Ag Zarcsin(ml_m] (18)
T MH —’—7]1‘
A )
AN =2Ag AX, 4;toaurcsin[?? L j (19)
bid 7u+ L

Horbrog, sn, AP NRRXRE pog BT i e e g 300 R ARIT S EEE LA A BZ R AT R
8, N q JROIMEIEEE s SRy WA 2 R 4
Al e RN 8 S )
Ad, = (1+ Ag)A, (20)
Hrpa k.
1.4 ERMELEIT
L BF TFCale, DK 38 0 36 6l 1B 5 L A
ZnS F1 YbE, W F 5 04 47 5 8 [\ i 2 A7 iR &R Ak
W B R .Gl (0.5HLO.SH) 15[ A, Hh G AL
2 ZnSe HJE L H 3 ZnS. L L3 YDF, . A fRF 2K,
Zad i I B R . G10.93H 1.00L 1.69H 0.17L

1.72H 0.85L 1.37H 0.93L 1.29H 1.01L 1.24H 1.03L Z 30l

1.23H 1.03L 1.22H 1.08L 1.14H 1.24L 0.91H 3.72L ?g — Before moisture absorption

0.32H 5.83L 0.66H| A 1 % 3% 1 & fu1 &1 2. ol . Afermoistureabsorption
¥ ZnS B YDE, W W0 0 57 51 % 5 A R 2 P aesneionm

TR A TEFCale & 480 73 A, B3 06 385 an 1 3. W% ) wif
1064 nm ANy 99.87%0,8~12 pm FIHFEL R 1 Th%ofeucil%lir}frf:i;zé;i:rum$ir%es of front
H99.1% ,12~14 pm 1 % it R N 94.2%. W 1 5 surface coating
1 064 nmHFFH499.67%,8~12 pmF1iE 14 KA 98. 9A,12~14 pm B RN 94.9 % FE WA T BT R
TR G H R ER.

Ry YA v G £ A i BB AR B A DD VS S 3R T S SRR R R L R 0 R TR BRI S R T B | 8~
12 pm P B B9 08 S5 5 L 220 A fb A R BE R . G 1 1.02H 1.00L 0.21H 5.19L 6.58H 0.51L 3.29H
0.44L\A,ﬁm}ﬁﬂﬁuﬁﬂsﬁ@zﬁn@ AW HNEAE 8~12 pm P BV 3% 1 R 5 5 Ry 99.1%6.99.2% 16 12~
14 pm P BOF 3435 5 %8530 97.3 %0 97.1 %.

T S 2R )2 B T AL A B A A 5 TR A B B 4R L 1 064 nm [T EEH 99.6 26,8~
12 pmIE BB RN 97.5% ,12~14 pm PWEBAFR BT HR K 92%.
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Fig.3 Theoretical transmission spectrum curves of front surface coating pre and post moisture absorbing
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Fig. 4 Theoretical transmission spectrum curves of rear Fig.5 The transmission spectrum curve of theoretical design

surface coating

2 HERHH

ASLH A OPCO-900 BYAF X L 22 BB, R FF 7 AROER 28 A ik DO B IBE ) 1C/5 A7 3 A 58 J2 42 o
ASCHEAT ) BB Y WA 5 R 2 B T IR AT R B DO Y s FEFE A 8.0X 10 ° Pa If A BLJE , 55 HEAS IR B2
150 CAHHEAED 1.0X10 7 Pa i M E IR & 24 1 15 min 8 T 228003k 4.

®4 YbF; M ZnSAMIE
Table 4 YbF; and ZnS deposition process

Material Substrate temperature/“C Degree of vacuum/Pa Deposition rate/(nmes ')
YbF, 150 1.0X10°° 0.7
ZnS 150 1.0X107? 1.5

3 WMKERESH

3.1 EEEMRK

B ] 58 B A o0 B IR A 2 P IR 24 /N R
WIS T A LT A 0 T B TR 6 T L AR
PRI 2 B 1) A1 AR

A AR SCBORE, 20 e B F L 4 2 TR 1Y
49 157 7 55 FE TR A DR I i B0 9 A 9 A b o s AL
TRAE BETE R A DURRAE BE G L 33 i 5 b1 ek 4 BT 4 : :
A B AR A R ) PR BUBRAE L 5 T AURE T 1) A B B 5% T o %6 ;m%#%
Bl LR BIR AN 24 57, R R T A Ol T 4 it IR 3

Fig.6 The picture ofcoating stripping
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(e # T B S ) 07 9B 7 g 0 ) b e 2 b O DI V5 sl B 14, B 0T S S A P B R AR E PEAB AL T LR
89 M 9IS ) — JBE AT 23O R R g 5 K R ). ZnS ZERORL 4K B R S DT BRI kL ) B e N L SR AR R
FHEHE R o B 222 W b BN H N 3. Y D 28 VOB 4K B 56 JEE D0 AU o o 1 1] B g A2 o 5 40 %8 R IC, AH L i
G o BB 2 B A B R 3 24 VI B A B NN g I 9T R RS b R B (BRI A S R R R R DA S
A5 LI R 7 U 2 05 2R L 1 28 ) VB 1 SN L > AR B D T I g I A S TR 2 BB RS L R
£ A R A L LA S 4 S N T U 2 0 2R B 2R T e R

Pressure stress Tensile stress
—> Film < ] Film -
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L DC—T
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Fig.7 The mechanical model of the membrane
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W PP 22 A% A K IO g AR SCRR 22 J2 R R Y L
TR A T R JYC A 23 X R A SR S A 7 R el R
N TP I T 2Z 18] A AR T RE AR 5 ZnSe 2R
I Z ZnS (R ).

UnTEL 8 Ji 7, B Y 0 g B HG JRE E A 48 i i 4
I3 BIAE ZnSe FE % L BE T A [F) )& BE 59 ZnS i L 3
50 CETR-Apex A AR & 5 i3 2 Hs IR R 9 0 3k
ASC A I G 1 T 45 3 5.
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Fig.8 The picture of film stress and thickness

R 5 ZnS M AMERER 13 KR

Table 5 The stresses corresponding to different thickness ZnS

Thickness/nm Stresses/( X 10" Pa) Thickness/nm Stresses/( X 10" Pa)
10 119.63 100 1 841.13
20 599.42 150 2 011.69
30 949.93 200 2 077.47
50 1 188.64 250 2 117.14
70 1675.21

B9 S ZnS I F1 Bl R BE AR AR 1 LA ] ZnS W 09 R S1#E 0~ 100 nm 2 [f] bifi 25 J5 3 (%) 38 i 1fif 38 in
100 nm LA b I Fifi 5 J52 B2 09 38 Jin He 102 3 38 Wil 17 22 AE Z B SO I R AT B T HORZOR T M5 — )2 ZnS
B4 5 2 JEE R B 100 nm, T BTS2 5

B 58 U SRS ST CE 24 /NS E AT AR R, R R T 3 N/em” At 55 WG 7E B2 2 i L R
S T Y B T 1 T ) R R L EE AT 15 UK O R IO R 2R B R R A B T
3.2 REMK RS

F 0 H A B UV-3150 4366 EE A1 Varian 600-TR {8 B 21 41 % 3% 46 W M 2028 28 B A FE 1 3647
JEIEIR L, W 11 FF78 .1 064 nm FCHR A 99.71%,.8~12 pm EHELHE K 97.1%,12~14 pm &t
A 90.1% FFE AR R G HTEK.
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Fig.9 The variation of ZnS stress with thickness
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Fig.10 Unstripped coating samples
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Fig.12 The actual spectral curve of the moisture absorption sample
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