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ABSTRACT: The paper aims to prepare 850 nm filter that can be used for face recognition by thermal evaporation deposition
technique to study the laser damage threshold of the filter and the electric field distribution inside the film. The design and

optimization of the 850nm filter was completed by the TFC film system simulation design software. The vacuum box coating
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machine was used to prepare the filter by adding baffles, adjusting the monitoring wavelength and ion beam assisted thermal

evaporation deposition technology. The spectral characteristics of the center wavelength transmittance of 83.05% and the other

wavelength bands of 7<5% were achieved by the ultraviolet-infrared spectrophotometer test. The laser damage threshold of

TiO,/Si0, combination filter obtained by R-on-1 laser damage test method reached 4.2 J/em?; and that of ZnS/MgF,

combination filter was 2.8 J/em?. The air-film interface electric field strength of the TiO,/SiO, combination filter was 0.3474;

and that of the ZnS/MgF, combination filter was 0.9357. From the microstructure under the microscope, it was found that the

ZnS/MgF, combination film had a larger laser damage spot and was more susceptible to damage than the TiO,/SiO, combination

under the same energy. The narrow band filter can be prepared by adding a baffle and adjusting the monitoring wavelength. In

order to obtain a filter film with a higher laser damage threshold, the electric field distribution at the interface between the film

and the air is reduced as much as possible when designing the filter, that is, the smaller the electric field intensity distribution at

the interface, the more powerful the surface of the film in resistant to laser damage. At the same time, it is found that the laser

damage threshold of TiO,/SiO, combination filter is larger than that of ZnS/MgF, combination filter.
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Tab.1 Process parameters of film material deposition

Basal temperature/ .
Membrane peratu Thermal evaporation method

Beams/ Steam resistance Vacuum degree of Deposition rate/

material C mA current/A work/(x107% Pa) (nm's™)
7nS 170 Resistance thermal evaporation 160 1.2 0.35
Si0, 170 Electron beam evaporation heat 30 _ 1.2 0.42
TiO, 170 Electron beam evaporation heat 110 _ 1.2 0.23
x2 BYREBARBSFESH
Tab.2 Ion source parameters of ion beam assisted deposition
Parameter Cathodic current/mA Anode voltage/kV Vacuum/Pa Gas flow/(mL-min™")
Value 12 0.5 1.2x107 2.6




498 H£3W

FHLE: 850 nm PEC BT il A SO B Rk

© 115 -

Shutter

Electron
beam
evaporation

Electron gun

Glass substrate

[—— Workpiece rack

12cm

Source of ion

Resistance thermal evaporation

B3 SR U ALY B R PR ]

Fig.3 Schematic diagrams of the vacuum box coating machine and the size of the baffle

2 Wik 55
24 RSB A

K H SE N )Y R A -2T A0 35606 BE TR 45 1Y
Y& R 6 R R A A, D B ok
700~1000 nm, WHXLEFAE 4 Frac, B da, b &R
FH ZnS/Si0, LA il 1 13 Zuet . BAR A H e
LK 852 nm Ml 848 nm A W(H 1B 53K, (HiFEHR
HA 61.3%F1 68.03%. & 4c J&kH ZnS/MgF, A&
Tl 13 J2 U8R, Ho DB %N 61.43%, Xt

K, [ 4d J2 R TiOy/SiO, ZHAH %1 19 ZuEt
F, S B S 5k 81.35%, PO BEK T 866 nm Ab
] 3 I e A R T B e ek W s K B T =X
SEELPLO B R RS B, DA R R, PR
FEEK R 507 nm, FEHTIE REURZE, KB 5. 15,
17, 19 J2 I JRE JEE o v o e e Ak ey 06 385 S5 365 i 45
Ko AXMZEREE SR, &S0k
BHPRREAC, FrUALE RSl s B rp, IS M/
515017, 19 ERMEREE , H 245 8] H0 K 851 nm
Ab W E 5 B %R 83.05%, WAl de 7R, AJHEAR 35
JE 850 nm AP R I FH R

100 100 100
90 90 - 90 |-
. 80 L 80 . 80F
O S0 S0k
g 60 |- g 60| g 60 -
= 50 ES50F =50}
g 40 |- 7 40 g 40 +
g 30 S30l g 30k
20 20 20
10 |- 10+ 10+
0 1 0 L L 0 1 I
700 750 800 850 900 950 1000 700 750 800 850 900 950 1000 700 750 800 850 900 950 1000
Wavelength/nm Wavelength/nm Wavelength/nm
a 852 nm-61.3% b 848 nm-68.03% ¢ 850 nm-61.43%
100 100
90 90 -
R 80 ® 80
870+ 8 70
E 60 - E 60
‘g 50 E 50
&40 - g 40|
é 30 E 30+
20+ 20
10 10}
0 1 1 1 1 1
700 750 800 850 900 950 1000 700 750 800 850 900 950 1000
Wavelength/nm Wavelength/nm

d 866 nm-81.35%

e 851 nm-83.05%

K4 850 nm 7= 8O A B EIE H £&

Fig.4 Spectrum curve of 850 nm narrowband filter



- 116 - £ om #H R

2020 4 3 H

2.2 EEmHANIR

R JUVH 42 Tl R % H WA 1 O 345 0 38 15
#, XF A Y 850 nm AE 4 UEE R BEATHOEH I
UL REREHEA RO I, R i Al LSS B0 T
AbEE, EEAFINA RS 1064 nm B A0,
TE AT T ORI R A RO S, Tio,/
Si0, JEE T TEARIFOERE R T YT SLANIE 5 s
TEWOGRES 21 m i, S8 v IR T 5 A 1) B i
AT o P B SO RE B ARG I, AR T
AR R0, B RERY EAR AR WY 7k o R

a 2lmJ

b 30mJ

WOt RE RS, TR T A R, R4 S R Y
TR, T BUR FR AR T BN T A IR TR ) RN AR
J1, IR T AR RIR . SR R-on-1 A7 S0E
A BB BRE AT, 1064 nm 3506 AYEERE E
2} 0.8 mm, 75 TiO,/Si0, 44 850nm UE G H i34
JFGBE N 4.2 Tem®,

K H ZnS/MgF, A G-l %5 19 13 JZ U806 F OB
BIES A& 6 s . fEEOGRER /N T 14 mI B, HLK
FEA B W BT, AW I RE R, TR
AR W . M AL TiO,/SiO, WOWSEH , ZnS/MgF, 41
A BIUEE A TERE R A XA I B0 T, TR SR 1 A 453405

c 60 mJ

d 90 mJ

e 120 mJ

f 150 mJ

K5 TiOy/SiO, 4Lt A oL Bt e
Fig.5 Laser damage morphology of TiO,/SiO, combination filter

a 14mJ

b 30 mJ

¢ 60mJ

d 70 mJ

e 80 mJ

f 90 mJ

Kl 6 ZnS/MgF, 41580t A oL H v e 3
Fig.6 Laser damage morphology of ZnS/MgF, combination filter



498 H£3W

FHLE: 850 nm PEC BT il A SO B Rk

© 117 -

BE AR, X UL TEAH R Ot Re &= T, MR
TiO/SiO, 25 1) 19 JZ BN F, ZnS/MgF, 46 1§
He R WS kA4 . S ZnS/MgF, A1) 13 )2 3§
SR OGBS 2.8 Tem?, BEET TiO./SiO,
AR 19 200 MO0 B . 5B Fet
25 A TRl 2 A 80 R B AR JGE FYE L, L 3,

x3 AEAGEAERBIBARIERER
Tab.3 Cost and scope of application of
different combination filters

Material ~ Preparation of Cost  Scope of application
combination the difficult p PP
Ti0,/Si0, Difficult Higher Require higher ability
to resist damage, good
robustness
ZnS/MgF, Easily Lower Damage threshold and
firmly demand is not
high
1.6} Air Sub
é Membranelayer
312
38
o &
Egm
ER:
g =}
Z 047090357
0 1 1 1 1
=500 0 500 1000 1500 2000
Position/nm
a ZnS/Si0, 132
K7

Normalizedelectric field

SEE I EE T, MR 3 K 4 R LIE Y,
19 JZ BRI S0 T 13 2, Botii R E R T
13 R i T2 R RERE, Bl 3 i e il 25
HMEREFUAS , B RLZug Ot A i 1 T 060 2K 4
L R EOR AP

2.3 HIFmESH

X} il # 19 ZnS/Si0, H & 13 )28 F A
TiO,/SiO, 4 A 114 19 J2UE S A HEA T 38 IS P9 38 1) F i
JE AT o Xt L 0 B AT A — R AR BE, H A B
MM 7 Fim. kM|, 13 223
5 LT B FRL 5 B 0.9357, 19 J2UESG A 0.3474,
AR, fEER- R, HRRES N
PR, ELSE AL A B i B R, TR SO
BEARAS . Z5G mmESdr, X+ 19 ZuEt R
SR RIS e LN (SR 2 N - & we 2 L 1]
BEAAL, S O ER .

2.5
Air

20 Sub
- Membrane layer
=
s 157
g
1]
810}
.8

0.5 B

0.3474 . . . .
-500 0 500 1000 1500 2000 2500 3000

Position/nm
b TiO,/Si0, 192

B F RS PN S HL S B A0 A

Fig.7 Internal electric field intensity distribution of filter film: a) ZnS/Si0, 13 layers; b) TiO,/Si0, 19 layers

2.4 HtiEge

R4 GIB 2485—95 Xt 2 1 b 25 77 B9 I b
HE, Xt TiO/Si0, 4H4E . ZnS/MgF, 4 i, R %
FE 2.5 cm 1 3M 28 A BN A v R, SRS
T A RS TR 9 3R 2 T ) R B A, TR AR A )
% WM.

3 #Hie

1) R0 TFC BER BT . TR zE R
DU ARSI £ T 850 nm AR BIA U H . 439l
#1457 ZnS/SiO, Fl ZnS/MgF, 414 . &N G/(HL)?
3H(HL)’H/A 19 13 ZUEER K TiOy/SiO A . A
A G/(MLY*M(ML)’M(ML)*M/A 1 19 2186 F o

2) TR EME . GIERHIE T, ZnS/SiO, 4
4. EZ R G/(HL) 3HHL)’H/A 1Y 13 J2 U6 R
BEZ A RIS IC R R, R 22, I R BT
Hrp D KB E 1<68%., ZnS/MgF, 14 . RN

G/(HL)’3H(HL)’H/A 4 13 2386 BRI JIDCfe,
AR e e, (H O K A B B R AR TiO,/SiO,
HE . BEN G/(MLY*M(MLY’M(MLY*M/A ) 19 )2
UEOE R, TiO, Wi R IR 5K N 7, S10, % B
SRR T3, PRAIE T R R A AR e M, Hoak B e
WRBHF R 83.05%, FEA L L U6 A B

3 ) Xl AR A A TEO I B RS, R
FH R-on-1 15 75 TiO,/Si0, &Y 19 UG H
B GiIME N 4.2 Jem®, HT ZnS/MgF, 41451 13
EUEEH (OB J 2.8 Jem? ), 7EARIRIAEOLRE
N, M TI0y/Sio, A1 19 ZUEER, ZnS/MgF,
HEMENE R EA S KA, Bl TiOy/Si0, A1)
19 ZUE06 F BA B & PO fite

4 ) 38 3 43 M T S ) H 3 R Ay A, R
FE MR- 23 AR AL I B A B 1 RO e R
B3, 5T AL ) F A7 i R R, R A SO B A
1B BEAR .



+ 118 -

EN TR NN

2020 4 3 H

S E 3k

(1]

(4]

(9]

P, K CO, AR IEOL 7 B 51l 4 [D].
1L TLARRAE, 2017.

HOU Hai-gang. Design and fabrication of narrow-band filter
for CO, gas detection[D]. Jiangsu: Jiangsu University, 2017.
PUERAE. 3.31 um AL B 5H (D] K
KAFBT R, 2013.

JIA Yu-chao. Design and preparation of 3.31 um narrow
bandpass filter[D]. Changchun: Changchun University of
Science and Technology, 2013.

Piti. 905 nm HFE I & T ZAIMSED]. KA
KA T KA, 2011.

YANG Jie. Research of preparation craft about 905 nm
bandpass filter[D]. Changchun: Changchun University of
Science and Technology, 2011.

BRI R B R S pUAR IR PEREDESE (D). e
IR W REE Tl R, 2014,

ZHAO Hui-cong. Evaporation and research on anti-radia-
tion of bandpass filter[D]. Harbin: Harbin Institute of Tec-
hnology, 2014.

JEN Y J, LIN M J. Design and fabrication of a narrow ban-
dpass filter with low dependence on angle of incidence[J]
Coatings, 2018, 8(7): 231.

WANG F, CHENG Y Z, WANG X, et al. Narrow band
filter at 1550 nm based on quasi-one-dimensional photonic
crystal with a mirror-symmetric heterostructure[J]. Mater-
ials, 2018, 11(7): 1099.

WK, BREE a7 IO Rt il & T2 0F
FE[1]. EFDEEA, 2017, 38(1): 78-82.

PAN Yong-qgiang, CHEN lJia. Design and fabrication of mic-
rostructure narrowband filter[J]. Journal of applied optics,
2017, 38(1): 78-82.

JEER, DY, TA. EETAEER 850 nm~950 nm
IR B 5], s FE BRPOLE AR B
2, 2012, 11(6): 39-41.

ZHOU Yan-min, LI Jian-fang, WANG Jun. 850 nm to 950 nm
filter design and preparation based on the set of legal[J].
Journal of Anhui Vocational College of Electronics & Infor-
mation Technology, 2012, 11(6): 39-41.

XA, XIFE, AIF5HR, 4. LDAMRIT A SE i Bl
HUECHHIBIFE]. JET2A4R, 2015, 44(3): 7-12.

LIU Dong-mei, LIU Shuang, FU Xiu-hua, et al. Study and

[10]

(1]

[12]

[13]

[14]

[15]

[17]

fabrication of broad bandpass filters in infrared therapy
apparatus[J]. Actaphotonicasinica, 2015, 44(3): 7-12.
ATTALLAH M, FAROUK M, EI-KORASHY A, et al. Cop-
per doped phosphate glass as an optical bandpass filter[J].
Silicon, 2017, 10(2): 547-554.

KHOSHDEL V, JOODAKI M, SHOKOOH S M. UV and
IR cutoff filters based on plasmonic crossed-shaped nano-
antennas for solar cell applications[J] Optics communica-
tions, 2019, 33(4): 275-282.

XS, IELLAM SR A A RO R BE R [D). KR
KHFEHT KR, 2014,

LIU Chang-liang. Research on near-infrared narrowband
filters with wide rejection band[D]. Changchun: Changchun
University of Science and Technology, 2014.

EML, RERHT, DL, HEEEHA kL i o't
FFRI]. St 5 0EREOR, 2015, 13(4): 83-86.

WANG Hang, XIONG Chang-xin, HE Guang-zong. Design
and preparation of medium wavelength infrared band pass
combined filter[J]. Optics &optoelectronic technolocy, 2015,
13(4): 83-86.

SRR, BSR, XIF ke, % LA 3 pm~5 pm TE
B A BIBERI]. BTG, 2013, 34(4): 695-699.
ZHANG Jian-fu, YANG Chong-min, LIU Qing-long, et al.
Study and preparation of midwave infrared 3 um~5 pm
broad band pass filter[J]. Journal of applied optics, 2013,
34(4): 695-699.

RGeS, 2o, T, S5 RRGE 1064 nmo B
HfO,/Si0, i 43 B I8 A AT [)]. SOLS Ot
HL P24 HERE, 2016, 53(4): 212-218.

WU Xiao-ming, LI Xin, WANG Yi-jian, et al. Fabrication
of large size 1064 nm HfO,/SiO, narrow band filters with
high laser damage threshold[J]. Laser & optoelectronics
progress, 2016, 53(4): 212-218.

GARIMA K, BIPIN K G, PAWAN K, et al. Fabrication of
a flexible UV band pass filter using surface plasmonmetal
polymer nanocomposite films for promising laserapplica-
tions[J]. Applied materials & interfaces, 2014, 6(11): 8407-
8414.

SUGAWARA T, AGATSUMA S, SAMORI S, et al. Scatt-
erless Si0,/Nb,Os multi-layered UV-IR cut filter prepared
by RAS system[C]// Optical Interference Coatings 2016.
Tucson, Arizona United States: Optical Society of America,
2016.



