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Abstract: The SiO2/TiO2 multilayer thin films used for narrow band pass filter were fabricated using E-beam evaporation

method. The narrow band pass filter was used to enhance the resolution of spectroscopy and sensor applications with near

infrared (NIR) light source. The narrow band pass filter with multilayer thin films were designed with Essential Macleod program.

The multilayers of Si02/Ti02 with 32 layers were deposited on the silicon encapsulation of IR with peak wavelength (A;) of 660
nm and NIR LEDs with A, of 830 nm, 880 nm, and 955 nm. After NIR light passed through the narrow band pass filter, the full
width of half maximum of 33.4~48.6 nm became narrow to 20~24 nm owing to the absorption of photons with short or long

wavelength of designed band of 20 nm. The SiO2/TiO2 band pass filter fabricated in this study can be used for sensor,

optoelectronics, and NIR spectroscopy applications.

Keywords: SiO2/TiO2, Multi layers, E-beam evaporation, NIR LED, Narrow band pass filter
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Fig. 1. Absorption spectrum and optical window of water and
hemoglobin.
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Fig. 2. Structures of narrow multi-layers band pass filter.
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Fig. 3. E-beam deposition system.

Table 1. Optical measurement conditions.

Peak wavelength | Is [mA] Ve[ V] Measure method
640 nm 20 1.90 Luminous intensity
830 nm 50 1.50 Radient intensity
880 nm 50 1.50 Radient intensity
956 nm 50 1.50 Radient intensity

167

(o]
g 33k AT 50| E(Ywof
B5)S 5795]0] ulwaigict Re NIR LED 252

2abgE

272 9|sto], IR LEDO]:= 20 mA©] A&} 1.90 Vo] &
UL ZF5H9 1, NIR LEDY|= 50 mA A& 1.5V A
9h-2 ZF61%C}. AR IR LEDo] A2} = FHe of + 0.05V
o} NIR LEDO] Z2)= AL + 0.079] B 71x] 2 9}
qir}. ol IRZ} LED & xHA|o] WA} mjFo2 Atgsc}.

3.¢d3 Y g

3.1 20 nm i SiO,/TiO, L& Hi9t St TEH
o Z3

I3 4= Essential Macleod Program-g- ©]-&5}0] A]
sdo]Ad gt Aaf 2ot 28 20] YERH viet o]
IR LED (\p=640 nm)9] TiO,9} Si0, 2+ 9] & T/ =
70.26 nme}t 109.61 nmo|t}. NIR LEDQ] TiO,9} Si0,9]
B2F 5= 91.11 nm/142.15 nm (A,=830 nm), 96.60
nm/150.80 nm (Ap=880 nm)e}t 163.82 nm/ 104.94 nm
(Ap=955 nm)o]t}t. IR LED®F NIR LED (A,=830 nm<}
880 nm)+= Ls, Lis, Ly F718 th2A 52 61911, NIR
LED (A;=830 nm )+= Ls, Lis, Loz, La1®] FHIE HE2A 5
AP STt TiO,9] 2852 2.27, Si09] =452 1.46
o=z ARSI, 71| AXQl A2 BAIAe] 2-8E&<
1.52+= 12{stA] ittt Alsgfo]d At i oA ZF
O] ¥tX] &2 20 nmo] 1, Fik-&2 99%0]| it

3.2 IR & NIR LED 2| USB #i0|Z EH™ o|0|X]|

33 5% USB microscopes o]83sto] =St Ryt
NIR LED ®#d o]u]X]o]t}. E-beamC & Si0,/TiO, th&
sfoto] Z4} 5 Aol & BAIA) 910 £ o] croket A1g
w31 9lck. o] Eulo] FA 7 Rfo|o]e} ok et A}
ololxle] wol 24 Aol ofgt Joz AR



168 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 35, No. 2, pp. 165-171, March 2022: Kim et al.

(a) (b)
100 100
80 |- 80 |-
® ®
8 8
60 e 60 |-
(o] [0]
= =
= =
2 40 |- 2 40 |-
© o
= =
20 - 20 |-
0 1 1 1 0 1 1 1
580 600 620 640 660 680 700 760 780 800 820 840 860 880
Wave Length [nm] Wave Length [nm]
(c) (d)
100 100
80 | 80 |-
S S
8 8
= 100 = 9 60 |-
o o
£ £
2 4 |- 2 4 |-
© ©
Ro Ro
= =
20 20
0 1 | 0 l I 1 1 1
820 840 860 880 900 920 880 900 920 940 960 980 1000 1020
Wave Length [nm] Wave Length [nm]

Fig. 4. The simulation data for the transmittance of SiO2/TiO2 multilayers narrow band pass filter. (a) A;=640 nm, (b) A,=830 nm, (c) A,=880
nm, and (d) 4;=956 nm.
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Fig. 5. The USB microscope images for surfaces of IR and NIR LEDs without and with SiO2/TiO> multilayers narrow band pass filter. (a)
640 nm, (b) 830 nm, (c) 880 nm, and (d) 956 nm.
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3.3.2 830 nm NIR LED

7% 72 Si0,/TiO, Th5 uret 3t W] A4sty] At

50] 830 nm NIR LEDQ] A} A|7] Jejmo|c} &
2 62 Si0,/TiO, CHa vtut e mE] g A5t7] Alap A A 830 nm IR LEDQ] 3+ 54 1742 830.73 nmo]
509] 640 nm IR LEDQ] & Jajmolc} cfE whot ”e AL, WA E2 33.4~37.3 nmo| it} oh5 Bfef £at HE
%2 A 640 nm IR LED] B¢ 54 opg2 641.29 nm &4 F Bt $4 w2 817.23 nmou, RER| &2
o] T, YFR|Z 2 15.40~16.30 nmo|Q 17, T}= B3} = 21.9~24.0 nmo|ich. Th5 ufab ZAF 5 FAl 0] 3 opg
Zx 5 m@F A AL 641.73 nmo| 1, vkx|Z=e  ©°] 13.5 nm A2 o g o5& 6}Oﬂbtﬂ o] c}= 8t
15.80~16.30 nmo] ¢}, 640 nm IR LED= &4 mpatap  2F BEOIA S4 o B0} 21 ool FRkso] 54 EJ
ghR| Z o] Wshe 719] Qigich. E3t 640 nm IR LEDO] vt 17| WiEo|th. of= REX| =2 27 4Xel 20 nmBEc} of
R|Zo] M7 3¢l 20 nmErh A7] W2of| TiO,/Si0, § nm 2H-
to St DEOJA AT FE A Tl AbeE .
() (b)
E) A El A
S ! S, fl
2 | 2 (|
‘@ 'l B | ‘
5 w 5 ‘
€ s € /|
_g 91 | .g |
B ; ® l
& &
000 %00 00 %00 7000 7%00 8000 8500 2000 000 %4500 0000 %00 7000 7%0 8000 8%00 0000

Wavelength [nm]

Wavelength [nm]

Fig. 6. Luminous intensity of 640 nm IR LED without and with e-beam depositied SiO2/TiO2 multi-layers narrow band pass filter. (a) No filter

and (b) with filter.
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Fig. 7. Radiant intensity of 830 nm NIR LED without and with e-beam depositied SiO2/TiO2 multi-layers narrow band pass filter. (a) No filter

and (b) with filter.
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3.3.5 955 nm NIR LED
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Fig. 8. Radiant intensity of 880 nm NIR LED without and with e-beam depositied SiO2/TiO2 multi-layers narrow band pass filter. (a) No filter

and (b) with filter.
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