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Abstract In order to obtain a uniform white light beam of high luminance, a kind of homogenized beam
combination system is designed based on fly-eye lenses, and the light sources consist of red, green and blue
semiconductor lasers. There are two fly— eye lenses modules in the optical path, the first one is used to
generate a uniform white light spot, while the second one is used to transform the white light spot into a
spatially uniform white beam. The optical tracing software is used to simulate the optical path, and the
luminance and color uniformity of light distribution at different locations in space are analyzed. The simulation
results show that a uniform white light beam is obtained, and the feasibility of the optical system is verified
theoretically. The experimental facility is set up, and the color spectrometer is used to measure the combined
white beam at the distances of 1, 2, and 5 m. The test results show that the illumination uniformity is greater
than 90%, and the color coordinate standard deviation is less than 0.0027. The uniform white light beam
combined by this optical path can be widely applied to medical phototherapy, display and automotive lighting,
with the advantages of high luminance and uniformity in color coordinates and spatial intensity.
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Fig.1 Optical path diagram of beam homogenization by a fly—eye lens
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Fig.2 Optical diagram of beam homogenization by double fly—eye lenses
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Fig.3 Optical diagram of the second fly—eye lens module
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Fig.4 Spot illumination distributions at different positions. (a) d=1 m; (b) d=2 m; (¢) d=5 m
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Table 1 Parameters of tricolor lasers after alignment

Divergence /(°)

Color Wavelength/nm 0, 0
R 635 3 1.0
520 3 1.5

445 2 0.5
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Table 2 Lens parameters (unit: mm)

X Y Thickness Radius of curvature  Focal length RowX
Aperture D
Half-weight ~ Half-weight H R F column
AF 1.2 1.2 24 8 16 48x48 -
BF 0.81 0.54 14.7 4.9 9.8 24.3%22.68 -
AL - - 10 0,-40 77 - 48
BL - - 7 +65,-65 63 - 60
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Fig.5 3D graphs of normalized illumination. (a) d=1 m; (b) d=5 m
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Fig.6 Color coordinates of each partition in the 1976LUV color space. (a) d=1 m; (b) d=5m
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Fig.7 Photograph of the experimental setup
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Fig.9 Color coordinate distribution at different positions
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Table 3 Deviation between 9—pointcolor coordinates and mean color coordinates at different positions

d /m 1 2 3 4 5 6 7 8 9
1 0.002 0.0008 0.0015 0.0009 0.0005 0.0006 0.0006 0.0007 0.0004
2 0.0003 0.0003 0.001 0.002 0.0009 0.002 0.0016 0.001 0.0009
5 0.0003 0.0006 0.0014 0.0026 0.0016 0.0006 0.0022 0.0001 0.0006
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Table 4 Standard deviation and illumination uniformity of 9—point color coordinates at different positions

d/m 1 2 5
Standard deviation 0.0023 0.0025 0.0027
[llumination uniformity /% 94 93.74 90
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