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Abstract; In view of the current development of anti-satellite laser weapons, it is urgent to study and develop
laser protection technology of satellites to enhance their survival and protection capabilities in space. In this
paper, a glass substrate with transparency in the visible to near infrared wavelengths and absorption in middle
infrared wavelengths was chosen, and a linear laser protective film was designed on its two sides. A beam
splitter was designed on one side of the substrate and could achieve high reflectivity at a 1. 315 wm wavelength

and antireflection in 0.5 ~0. 8 wm and 1. 55 um wavelength. Dual-band antireflection film was designed on

7= B 4 :2018-08-31 ; 1&1T H #7 :2018-09-25

EE£mMB: BRAHRP 2% 4 (No. 61705165, No. 61775167, No. 61235011 ) ; K @ T H 2R B % 5 4 (No.
18JCZDJC37900)
Supported by National Natural Science Foundation of China(No. 61705165, No. 61775167, No. 61235011 ) ;
Natural Science Foundation of Tianjin Province( No. 18JCZDJC37900)



%4 4

% BN, 45 TR EOCH R o 1 B S 1 s ORI 805

the other side of the glass substrate and could achieve antireflection in 0.5 ~0.8 wm and 1.55 pm wave-

lengths. Using ion beam sputtering deposition technology, a laser protective film window was prepared, achie-

ving the transmittance greater than 96% at 0.5 ~0. 8 wm, greater than 98% at 1. 55 pum, less than 0. 1% at

1.315 pum, 30% at2.7 pm and 1. 1% at 3. 8 pm. The experimental results show that this method is effective

in the preparation of laser protection windows in the near-visible mid-infrared band and is very important in the

protection of the satellite platforms from laser weapons.

Key words: laser weapon ;ion beam sputtering technique ; protective film ;transmittance ; reflectance

1 3]

ol

B2 = REWOGE AR I Pk R, OB IR AR
WS — B B B A R R . AT R
PEBOCRAR RS, B YT L R TR
{OR G TR AL 5 N W B S 0 R EN=X <O ot e 3
CRERR G HUERM 28 ) SR T PO B0 i 15 1)
T AR A, LA 5 TR AR 7S [ 4 AR A7 S B B e
715

HET, @O RO R# E8AH 1.315 pm [
AL COIL) e 2.7 wm LR (HF) 3%
FEERLAM 3.8 wm BIFRALSR (DF) #OEaE '3 Fifro
X PR, % F B R W6/ I 4r 4h CCD AHHLEY
TARPBN 0.5 ~0.8 pum, OB TAERA N
1.55 pum ™ PRI, 3 U AR A TR T A
B 8 1 RO IR AR I KA BB 1 R
WG 1, S TR RO AR B B B

X T REFOGH R, B N A C ST A
WEIE. SEREZE A3 SO IE O B — R
2 RGBT B85, A 22 J2 40 SO o] %o 4 o
PRI R R RGA B R SCR . s
AT 532,694 Fi1 1 064 nm 3 FlG, Y% 5 K
4, 0] EE IRk T3% , B S R I B 5
o NP BIREZE I B TiO, Fl Si0, 1 A &
T 5 S R AF R, 76 KO BRI Al 4 1 ]
A SR B GE £ T B 4 ) Y, 2 SR A A T
fE % Bt 500 ~ 900 nm P, - 3 iF §f K K
95.2% ,{ELL 1 315 nm g o0 ) — 22 I B 7 ]
W, SRR I 99. 3% , T A R 4 L 3800 R AY
i, KRR i A SR B P RE . KRBT
g IR WO/ W LT A BT R T R R A

BT ST, S0 4 DG R AR X O ECE
WA BT EK ,R T Si il YDF, , ZnS il YbF,
Pl R AT S 3R 2 G BRI ) T 0 B 4 08 R 5
. TELHGHE ZnS LI I, >R FH L1 o B 3 7
BHUURH AR, il 45 T REAE X 532 nm 1 1 064 nm
WOLHEATAZBE, FEST 3 ~5 um 9B AT
R 375 S P TR

ASCEXF 0.5 ~0. 8 wm A WG/ IELL A CCD
AHBL 1. 55 pum AOPOGEAE BB DL S 1,315 2.7,
3.8 wm MROGEEE TR B, Beit il 8 14tk
WOGETAr I, 52 B0 A 5 B Ay e 7 i ANEOL K
A B ARSI, X DR G ROt R A R
HEZENEM.

2 RS RO
AR SCRFH Lambdad00 435658 H K i 3

SR | Ta, O H1 SiO, WA AT UL -3 210 it
JEREHEAT T R A RN 1 s, SR

—— Ta,0; film on fused silica

90
80
70

60+
50

100 — SiO, film on fused silica
951
° 90 '
Y 851
<
g 80 1 L L
g 100
(2
s
=

500 1000 1500 2000
Wavelength/nm

BT Ta, O HEHR AN SiO, WEAR 1 W] W OG-3 21 41 25 2od
il
Fig.1 Transmittance curves of Ta,O5 and SiO, films in

the range from visible to near infrared wave band



806 o DA

2%

BRUKER 2\ 7] ) VERTEX70 %141 4] i ~7 75
FEREAL XS Si FLJIK - Ta, O5 1 SiO, J# AR 1) 3T £1.4h-
HR L ANE BHGIEUEAT T, A 2 TR

80
60 w"———_—m
40
20t

0

80

ok ]

40} — Ta,0; film on Si substrate
20

— SiO, film on Si substrate

Transmittance/%

0 L L s L L
2000 2500 3000 3500 4000 4500 5000
Wavelength/nm

B2 Ta, O AN Si0, W I 1 2L bR 2050 i
VIESHE
Fig.2 Transmittance curves of Ta, O film and SiO,

film in the range from near infrared to middle

infrared wave band

Srough

EMA

Substrate

K3 R AR

Fig.3 Schematic diagram of single-layer film structure

22
- " Ta,Os film
21F =, ® SiO; film
* " ey ..
5] "
i " awg, -
= 20 LI
i< ~ P
§ E &
S le
£ R R )
® .
LI
1.44+ LI .
.
1.40

1000 2000 3000 4000
Wavelength/nm

K4 BT A Ta, O5H01 Si0, MR AT 5T 3 il £
Fig.4 Refractive index curves of Ta,O5 and SiO, films

prepared by IBS

ARSCR ] WVASE32 8% 0 11 38 S 1%
BARIEAT TG BT B R BRe L A A
T PR 1 AT S 3 AR AL A 5 LI LA S B YL )2
(A4 50% (19 5L % F1 50% (1 B 22 ) 4] P A 75
J2 0 TPHLRE B 2 (4045 50% 125 S 50% )2
) AN 3 TR o 3RAFAY Ta, O HEK AN SiO, 3 5
(P ERE B2 43 3 2k 591. 1 F1 870. 9 nm, 7 i % iy
LRUNE 4 FTR o

3 &MBOLE Y E v eyt

PART LI 0.5 ~0. 8 pum FIFEOEIESF 1. 55 pm
WIS A 1,315 2.7 F13.8 wm 353061 B
PO R T, R R O R b 1 2
PRI EANE 5 s, 8 10 mm JE /) k9 B 5
S LS, Ta, O5 F1 Si0, 43 1A AT ST 2 i
Mk

Incident:0.5~0.8 um& 1.315 um
&1.55 ym&2.7 pm& 3.8 pm R:1315 um

HR for 1.315 pum and AR
for 0.5~0.8 pm&1.55 pm
Absorption for 2.7 um
&3.8 um

AR for 0.5~0.8 um

& 1.55 um

Film 1 V4

Sub A:27 ;1\&3.8 um
Film 2 Al

T: 500~800 nm, 1 550 nm

K5 SMEoepiir e HoR e
Fig.5 Schematic diagram of linear laser protection win-

dow

TE KO BEJE— BT TAE A BN 00 =k B
SIGHENE, SEBE 1315 m P AY B AN 0.5 ~
0.8 wm . 1.55 wm 3 B (35 3% , LA R 4540
Sub/(0.5L H 0.5L) "14/Air, Z % 3 K 4 1.315
pm, fEALRET 6 EFIG 7 25, R R L5
Sub/0.98L 0.93H 0.95L 0.99H 1.01L 0.99H
(L H)*8 1.01L0.92H 0. 88L 0. 87H 0. 98L 1. 05H
0.51L /Air, FEip B R & A 6 s o

FE k9 FEE 5 — T BT TAE A BE R 0° R BL;
BB S S R 523 0.5 ~ 0.8 pm 1 1. 55 pm U
Beryatiss AR R 45424 Sub/ (LH) °5 L/ Air,



% BN, 45 TR EOCH R o 1 B S 1 s ORI 807

%4 ]

%@
‘OOW
80f -

601
X 40r
3 20f
g o ‘ ' : :
= 600 800 1000 1200 1400 1600
£ 100 T>99%@]1 550 n
§ 80 [-T>96%@300~800 nn¥
= 60fF
401
20+ R>99.8%@|l 315 nm
0

600 800 1000 1200 1400 1600
Wavelength/nm

P 6 WU B S S R = 39 B G oG 1y B8
BB A 2R
Fig. 6 Theoretical design transmittance curve of two-

band antireflective film and three band spectro-

scopic thin film

S WA A 0. 65 pwm, X fif A7 i )= = 040G 3645
N 2 2544k - Sub/0. 971 0. 15H 0. 501 1. 86H
1.67L 1.67H 1. 02L 0. 17H 0. 481 0. 97H 0. 94L /
Air, BRI A R & W anEl 6 s

3 5 U B A3 SRR B I S S v R )
YRR RT 3845 223 Be e PR SO GBE PP i v 1, 3L
MBI R K 7 FrR. AT LIS ) X
T0.5~0.8 pum Fl 1. 55 wm B, BB A1 5L BLK
T 95% #198% 1) i& ik ; Xf 3 1. 315.2.7.3. 8 pum
W BLRE A BB/ T 0. 1% 20% F1 0. 5% 11955
it o ZRESHT, BT PR O B B I T 1 RE
SEPRAT L6 0.5 ~ 0.8 pum AL (S 1.55 pm
P BERE ST A 1,315 2.7 F1 3.8 pm B8R EOE AL
il BRI T PR AR B i, )RR
SRFOGRAR BT

4 KM E ey R & Fe AT

SR USRS DU B AR 26 2 19 45
A, B Ta, O5 1 S10, 73 1A g v R 5 58 i
FOBE, 75 K9 JEJEE B il & 1 2 MEROL B o 1
fo K Lambda900 73365t B 31 X X i B i 114
LENEROG B 3 7 1R A R UG- 21 A2 B
LR FEAT I, MEE RN & 8 P, >R ] BRUKER
ZA ]I VERTEXT70 79 21 A N7 i 7228 4 56 338 3%
HOR LU - LN B B S e TE 2t AT 1, I

T>95%@500~800 nm |} "1>9806@1 550 nm
@

100

80

60

40 T<20%@2 700 nm

Transmittance/%

20
T<0.5%@3 800 nm

m

[ 1
1506" 3000 3500 4000

Wavelength/nm

T<0.1%@]1 315[ni

0 L
500 1000

B 7 RMEBOEH g e BTSSR 2
Fig.7  Theoretical design transmittance curve of linear

laser protection window

AR 9 B o
120 - ——
[ Double-side coating widow |
100, T>98%@1 550 nm

N T>96%
5 80 500-800 nm
g
£ 60f
£
172]
S 40t
g
&

20+

T<0.1%@1 315 nm

600 800 1000 1200 1400 1600 1800
Wavelength/nm
B8 ZMHBOG & 1 IR AT DL OG- i £ A1 7 G
ik
Fig. 8  Measured visible-near infrared transmission

curve of linear laser protective window

100
Double-side coating window |

80r
g
5}
% 601
E T=30%@2 700 nm
g 4o}
g
=

20r

T=1.1%@3 800 nm

|

0 I 1 L L N
2600 2800 3000 3200 3400 3600 3800 4000
Wavelength/nm

KO SOk i o 11 R 20 Ah-rh 20518
HHESS
Fig. 9  Measured near infrared-middle infrared trans-

mission curve of linear laser protective window



808 o DA

2%

Hi [ 8 FIE 9 i th <k S5 7 e it
ot Heml g0, e MEOE B B s D gt th 2k 5
BT & A G 72 0.5 ~0.8 wm {71y
B HRKTF 96% ,1.55 pm 13513 R KT 98% ,
1.315 pmfiB i 2/ NF 0. 1% 1 2. 7 pm {)iE T
ZH30% , 75 3.8 pm BT ZE R 1. 1%,

LAEROCH B 5 1 AR ZE R R, R &S
T RSO 76 KO BB — T 4 1) — s B oy
JGHEE, Ty — T B A U385 B, AT DA S
0.5~0.8 pm A UL/ £1 4% CCD AH #L F0
1. 55 OB (F R B mE at %2, 1. 315 2.7
3.8 wm BB ME A, LA R KRN, TR

NEZIAA] L/ 414k CCD ARG A5 1Y 1E
WIAERAFTN, SCB T X TAEP KN 1,315 .2.7
3.8 wm (5 D2 BOC B, B 305 550
iKF]30.5 F120 dB,Xf T A& B ot e
HAEENEX,

SE

5 % #®

AICERT 0.5 ~0.8 wm A WL/ 3E£14h CCD
FHAL 1. 55 wm FUOGIE 15 B, 76 KO B B L IK
b R A T =B ok B, SE
1.315 pmPEK 55 F1 0.5 ~0.8 pum 1.55 um
W B 03535 SR JE TE KO SIS HEAR o) — I i A il
TR B S S IR, SE B 0.5 ~ 0.8 pm A
1.55 wmi B IG5 . WG AOB 9 8 72 0.5 ~
0.8 pm [ FHZE L KT 96% ,1. 55 wm [1iF& i
RATF 98% ,1.315 pm (5% /NTF 0.1% , 7F
2.7 pm (B 30% 15 3. 8 pm [iE R
1 1% 5230 7% DR OB . Segmali 3k
327 3R SE BT AT L6321 4h-vh 21 41 i B 3%
Duol I E A AR LN R G i M ER R A SN VIR o ey 1
HAEEMEM.

[1] INAGAKI H,KANNARI F,SUDA A et al.. High-efficiency multikilojoule deuterium fluoride( DF) chemical lasers initia-
ted by intense electron beams[ J|. Journal of Applied Physics,1986,59(2) :324-326.
[2] RAZHEV A M,CHURKIND D S,KARGAPOL'TSEV E S. Chemical HF laser with pulsed inductive discharge initiation

[J]. Laser Physics Letters ,2013,10(7) :075002.

[3] A% %, FR,FRF,F. Byl RAREEk b DF BOLRSRATFELT]. b F - #8,2010,22(2) :172-174.
KE CH J,LI CH,TAN R Q,et al. . Experimental research on electric-discharge non-chain pulsed DF lasers[ J]. Journal
of Optoelectronics + Laser ,2010,22(2) ;172-174. (in Chinese)

(4] B &-F, 2 &%, &%, 5. oL SRR HF Bota[)]. ol 5 4F R ,2011,23(7) :1763-1766.
YI A P,LIU J R,TANG Y,et al. . Discharge pumped repetition-rate non-chain HF laser[ J]. High Power Laser and Parti-

cle Beams,2011,23(7) :1763-1766. (in Chinese)

[S] B®, %3, 5H%F,F M E B HF JO6HRRE R 1S matsE ], + Bi#ot,2012,39(2) :0202004.
TANG Y,HUANG K,YI A P,et al.. Experimental study on stable output of discharge-pumped repetition rate HF laser
[J]. Chinese Journal of Lasers,2012,39(2) :0202004. (in Chinese)

(6] H&-F,x &Mk, &%, 5. BEUME B HF BO6R11]. L5 4525 £42,2011,19(2) :360-366.
YI A P,LIU J R,TANG Y ,et al.. Electrically initiated repetitive-pulsed non-chain HF lasers[ J]. Opt. Precision Eng. ,

2011,19(2) :360-366. (in Chinese)

(7] FBGE, ARuE =, ANK A, B BRI PRI [)]. e dh 5 27,2015,30(3) :514-518.

TAO SH P,ZHENG X Y,PIAO Y J. Design of miniature camera with high resolution and large area array[ J]. Chinese
Journal of Liquid Crystals and Displays ,2015,30(3) ;514-518. (in Chinese)

(8] BARE,FMMIA, Fokk, 5. &I TDICCD MHLIMEE G S E MR RERAL[T]. i dy b5 7 ,2014,29(5) :777-784.
SHI J X,LI P Y,LI H F,et al.. Scroll imaging of space TDI CCD remote sensing camera and optimization of image loca-
tion accuracy[ J|. Chinese Journal of Liquid Crystals and Displays ,2014,29(5) :777-784. (in Chinese)

(9] ke skl ks, 5. 20 FAREHR IO R IES U J]. e 5 2 7, 2012,27(3) 406413,



4 FER, % TRBOCHT IR 1B 5 & H AR 809

[10]

[11]

(12]

[13]

[14]

[15]

XU T Q,ZHANG L,XU W et al. . Space-based dynamic space targets images identification[ J]. Chinese Journal of Liquid

Crystals and Displays,2012,27(3) :406-413. (in Chinese)
F R BOLBR Z2PHrEoR [T ], #k 4 & ,2000,21(3) :4-5.
LUO ZH K. The safe-protection techniques for laser[ J|. Laser Journal,2000,21(3) :4-5. (in Chinese)
B, T 2 A REDL R BAEREOCH ISR [T]. 45h 5 #k £42,2017,36(6) :902-905.
XIONG Y Q,LUO CH T. Laser protection thin film for satellite-borne remote sensing instrument[ J]. Infrared and Laser
Engineering ,2017 ,36(6) :902-905. (in Chinese)
T RA A F A AR F L LLAMBROC IR C BRI [T ]. B 42 ,2011,4(3) :293-298.
GONG D W,FU X H,GENG S Y, et al.. Design and manufacture of infrared double waveband laser filter films[ J]. Chi-
nese Optics ,2011,4(3) :293-298. (in Chinese)
B AT F A IS BB LLANBUR R DRI [T ] P B %k ,2011,38(4) :0407003.
SHI P,FU X H,SUN Y ,ei al.. Design and fabrication of double wavelength laser protective infrared antireflection coat-
ings[J]. Chinese Journal of Lasers,2011,38(4) :0407003. (in Chinese)
R AT FA 0, 5. ZIREHTHOCH s OB ] B 5 A k4 ,2010,3(3) :274-278.
ZHAO Y W,FU X H,LI SH,et al.. Anti-laser-induced damage high reflectance film with multifunction[ J]. Chinese
Journal of Optics and Applied Optics ,2010,3(3) :274-278. (in Chinese)
A AT A KA E L 5. 0.6 ~ 1,55 wm 7] B/ 2L AR S8 40 BRI (T ] o Bk 5 ,2012,5(3) < 270-
276.
YANG D Q,FU X H,GENG S Y,et al.. Design and fabrication of 0. 6-1. 55 wm visible/near infrared ultra-broad band
antireflection coatings[ J]. Chinese Optics,2012,5(3) :270-276. (in Chinese)

EE &I

LEWI(1985—) , 55, AR, 4
Jei , A TR, 32 2 FHIR R FE WO
TR [ PR ' TR T ) A
TR I7 R WFFE . E-mail: jygang_4089
@ 163. com

IR (1980—) , 55, 1L 7 B A, 1l
T WSO, EEN LA WA BT
il # 5 RALEAR , 7 WA L) B 5
T RYHFST . E-mail: liuhuasong@ hotmail.

com




