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Abstract Herein, to improve the reflectivity of open-type retro-reflectors at 808-nm wavelength, the impact of
glass micro-beads’ refractive index on the retro-reflection is theoretically analyzed. The optical simulation software
TracePro is used to simulate and analyze the performances of three retro-reflector’s structural units (glass micro-
beads) with different refractive indexes (1.93, 2.00, and 2.20). The theoretical reflectivity of the conventional
open-type retro-reflector’s structural unit on the ordinary substrate is only 23.6% when the light is perpendicularly
incident, however its theoretical maximum reflectivity is enhanced by 3 times, reaching 98.1%, when a high-
reflectivity substrate is used. A high-reflectivity optical film having a reflectivity of 99. 3% is designed and
fabricated at 808-nm wavelength, and a retro-reflector on the substrate coated with such high-reflectivity optical film
is prepared. Retro-reflectors using these two types of substrates are experimentally evaluated, and the results
demonstrate that the glass micro-beads with the refractive index of 1.93 on the high-reflectivity substrate provide
the best retro-reflectivity. At vertical incidence, the retro-reflectivity value of the retro-reflector on the high-
reflectivity substrate reaches 46.2%.
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Fig. 1 Principle of directional retro-reflection of glass

micro-bead
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Fig. 2 Refracting path of paraxial light in glass micro-bead
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Fig. 3 Cross section of open-type retro-reflector

with glass micro-bead
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Fig. 4 Simulation model of structural unit of

glass micro-bead
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Table 1 Surface reflectivity of glass micro-beads

with different refractive indexes

n R
1.93 0.101
2.00 0.111
2.20 0.141
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Table 2 Theoretical retro-reflectivity of glass micro-beads
with different refractive indices on ordinary

substrate at different incident angles ( wavelength

is 808 nm)

Theoretical retro-reflectivity /%

0° 5° 30°
1.93 17.6 7.49 7.49
2.00 19.1 8.05 8.05
2.20 23.6 9.55 5.48
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Fig. 5

Reflecting illuminance of glass micro-bead with refractive index of 2.00 on ordinary substrate.

(a) Incident angle of 0°; (b) incident angle of 15°
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Fig. 6 Refracting illuminance of glass micro-bead with refractive index of 2.00 on high-reflectivity substrate.
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Table 3 Theoretical retro-reflectivity of glass micro-beads

with different refractive indices on high-reflectivity

substrate at different incident angles (wavelength is

808 nm)

Theoretical retro-reflectivity /%

n
0° 5° 30° 45°
1.93 98.10 88.01 80.01 65.50
2.00 97.90 78.20 78.20 58.20
2.20 97.30 73.10 73.10 42.70
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Table 4 Technical parameters of high-reflectivity substrate

Parameter Specification
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Fig. 8 Comparison between spectral reflectivities of

single-layer aluminum film and aluminum-dielectric films
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Table 5 Parameters of evaporation process for AL,

Ti; Os5, and SiO,
Substrate Degree of Evaporation  Flow rate
Material temperature / vacuum / rate / of O,/

C Pa (nme+s ') (mL e+ min")
Al Unbaked 1.0X10°* 2.3 0
Ti; O5 250 1.5X10°*2 0.3 22
SiO, 250 1.0X10°*? 0.7 20
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Fig. 10 Comparison between theoretically designed and

tested curves of reflectivity
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Table 6 Actually measured retro-reflectivity of glass micro-
beads with different refractive indices on ordinary
substrate at different incident angles (wavelength is

808 nm)

Measured retro-reflectivity /%

n

0° 5° 30°
1.93 12.8 6.7 0
2.00 10.6 4.4 0
2.20 9.3 3.7 0

27 R[G5 T RS R TR S A S AT
18 92 B ) e 18] H B S %6 (2 808 nm)

Table 7 Actual measured retro-reflectivity of glass micro-
beads with different refractive indices on high-
reflectivity substrate at different incident angles

(wavelength is 808 nm)

Measured retro-reflectivity /%

0° 5° 30° 45°
1.93 46.2 40.1 25.5 11.7
2.0 43.8 36.8 16.5 4.5
2.2 37.8 19.2 7.3 0
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Fig. 13 Scanning electron microscope image of samples

of glass micro-beads
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