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Fabrication and Characterization of Coated Blue-Light Blocking Lens
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Purpose: The coated blue-light blocking (CBB) lenses were fabricated to study the characteristics changes occurring in
the blocking rate at the 450-nm peak wavelength. Methods: After designing the CBB lenses using the Essential Macleod
program, they were manufactured using an electron beam evaporation apparatus. The blue-light blocking rate,
transmittance, luminous transmittance, and colors of the reflected and transmitted light were obtained from the
transmittance curve of the CBB lenses. In addition, the structure and composition of the coatings on these lenses were
analyzed through XPS. Results: For the 450-nm peak wavelength blocking rates of 10%, 20%, 40%, and 60%, the CBB

lenses had 16, 18, 26, and 32 layers with blue-light blocking rates of 4.9%,

8.8%, 17.2%, and 25.7%, transmittances of

95.8%, 94.6%, 92.7%, and 90.7%, and luminous transmittances of 99.5%, 98.9%, 98.5%, and 98.0%, respectively. In
addition, the color of the transmitted light shifted from transparent to pale yellow with the increase in blue-light blocking
rates, and the color of the reflected light gradually changed from blue to dark blue. The XPS analysis verified the
consistency of layer thicknesses and components of the CBB lenses with the design values; the Ti;Os layer was
composed of TiO, and Ti;Os. Conclusions: As the blue-light blocking rate of the CBB lenses increased, the number of
coating layers was increased, the luminous transmittance slightly decreased, the color of the transmitted light shifted
from transparent to pale yellow, and the color of the reflected light gradually darkened from blue.
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Table 1. Optimization of the antireflection coating with 6 layers
of the coated blue-light blocking lenses

Extinction ~ Optical Physical
Layer Material ~ Coefficient lggl\c)vkg?rs)s Thélcql;?)ess
Substrate Glass 0
1 Ti305 0.0001 0.275461 16.59
2 DJSiO2 0 0.281226 26.93
3 Ti305 0.0001 1.434312 86.41
4 DJSiO2 0 0.076977 7.37
5 Ti305 0.0001 0.447028 26.93
6 DJSiO2 0 0.968117 92.72
Medium Air 0
Total Thickness 3.483121 256.96
FHE A7)0l v e F Z-A gRALEol 7]1gH
Aolth. f2] 7|9e] ZHE0] 1518548 HARR-S 2 2}
o] gt HIsEHs & F AU
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A u= 47 S5 163, 18F, 265, 325°]1L Si0¢}
Ti;0s7F HOZ Fofz] 9lom vhake] FA= 730 nm,
863 nm, 1,214 nm, 1,556 nmo|™, o] wj A4 7|5 e
450 nmo|t}. AA A¥, 13 9P 2pehgo] Aol wet
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Fig. 1. The experimental and simulation transmittance of
the antireflection coating with 6 layers of the coated
blue-light blocking lenses.
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Table 2. The multilayer structure of the 10%, 20%, 40%, and 60% blue-light blocking rate at the 450 nm peak wavelength

Blue-light blocking rate at the Number of
450 nm peak wavelength (%)  layers

Structure of SiO,/Ti;Os multilayer(nm)

Total
thickness (nm)

[air[SiO(108)|Tis05(42)[Si0(26)| Ti;O5(40)| SiOx(61)[Tis05(21)[SiOx(70)[Tiz05(35)|

10 16

Si05(48)[Tis05(33)| Si0x(63)Tiz05(25)[Si0x(57)[Tis05(31)SiOx(53)[ Tiz0(19)| 730

glass]

[ait|SiOx(119)[Tis05(36)] SiOx(41)|Tis05(29)|

20 18

Si0,(83)|Tiz05(15)|Si0x(77)[Tis05(35)| SiOx(48)|Tiz05(34)|
Si05(77)| Tiz05(19)|Si02(69)| Ti;05(33)[Si0x(37)| Tiz05(45)|Si0x(47)[ Tiz05(21)|

863
glass]

[ait|SiOx(118)[Tis05(39)] SiOx(33)|Tis05(39)|
Si0,(51)[Ti;05(28)[Si0+(67)|Tis05(30)| SiOx(68)|Ti;0s(30)|

40 26

Si05(60)[Tis05(32)|Si0x(54) TisO5(27)[Si0(73)[Tis05(28)] SiOx(55)[Tiz05(44)| 1214

Si0(51)[Tis05(28)] SiOx(76)|Tiz05(22)2Si04(53)[Tix05(39)| SiOx(44)[Tis05(25)|

glass]

[air]SiO(119)|Tiz05(30)[Si0x(45)[Tiz05(20)| Si0»(97)|Tis05(13)[Si0x(72)[Tiz05(36)|
Si0,(55)|Ti;05(23)|Si0(84)|Tis05(17)[Si0(62)| Tiz05(30)[SiOx(61)[Tiz05(31)|SiOx(

60 32

46)|Tis05(133)[Si05(37)[Ti305(17)| SiOx(85)|Tiz05(32)[Si0x(27)[Tis05(67)| 1556

Si0,(37)|Ti;05(21)| SiOx(57)|Tis05(22)[Si0x(29)| Tiz05(105)[Si0x(22)[Tis05(24)|

glass]
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Fig. 2. The (A) simulation and (B) experimental transmittance
spectra of the 10%, 20%, 40%, and 60% blue-light
blocking rate at the 450 nm peak wavelength.
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Blue-light blocking  Blue-light Transmittance Luminous
rate for the 450 nm  blocking %) Transmittance
peak wavelength (%) rate(%) o (%)

10 5.2 95.2 99.0

20 114 92.8 98.5

40 18.1 90.1 97.8

60 27.6 89.6 97.3

40%, and 60% blue-light blocking rate at the 450 nm peak wavelength

Blue-light blocking

rate for the 450 nm Simulation data of Experimental data

peak wavelength of peak wavelength

Error
(experimental data- FWHM at peak of FWHM at peak (experimental data-

Simulation data of Experimental data Error

peak wavelength (nm) (nm) simulation data) wavelength wavelength simulation data)
(%) (nm) (nm) (nm) (nm)
10 449 449 0 33 32 -1
20 449 450 +1 32 35
40 450 453 +3 27 27
60 450 453 +3 29 31 2
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Fig. 3. CIE chromaticity of transmittance and reflectance
spectra for the 10%, 20%, 40%, and 60% blue-
light blocking rate at the 450 nm peak wavelength.
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Fig. 4. XPS depth profiles of the blue-blocking lens at 60%
blue-light blocking rate for the 450 nm peak wavelength.
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