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Design and Analysis of a Primary-Secondary System for LED
Collimating Illumination
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Photonics, Beijing Institute of Technology, Beijing 100081, China

Abstract A primary-secondary collimating illumination design method based on compound parabolic concentrator
and freeform lens is proposed in order for using LED light source to achieve uniform illumination within a specific
region. This method can confine the exit angle of the system in the range of £ 5°-4 15° and achieve a uniform
illumination in the target region. Simulation results show that when the exit angle of the emit light is between +5°
and £15°, both of the energy efficiency and the illumination uniformity can exceed 85% under the ideal conditions.

Also, the illumination uniformity of the system will not change significantly with the alter of illumination distance,
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and we can change the illumination distance to change the spot size and spot brightness in practice.
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Fig. 1 (a) Reflector model and (b) lens model
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Fig. 2 Design principle of the system
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Fig. 4 Design principle of the freeform lens
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Table 1 Illumination uniformity of the receive plane at

49.41 mm

different illumination distances

Illumination distance /m 2 3 4 5

93.37 92.84 92.75 92.48

Illumination uniformity /%
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Fig. 6 (a) Angle distribution of the exiting rays; (b) illuminance distribution at 2 m; (c) illuminance distribution at 5 m
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Table 2 Tolerance analysis when exit angle is 8°

Tolerance Energy efficiency /% Tllumination uniformity at 5 m /%
No tolerance 93.5 92.5
Offset z: —0.5 mm 94.5 91.5
Lene Offset z: +0.5 mm 92.5 92.8
Offset y: +£0.5 mm 93.5 92.2
Tilt =: £0.5° 93.4 91.5
Offset z: £0.1 mm 91.7 92.0
CPC Offset y: £0.1 mm 91.6 92.1
Tilt z: £0.5° 92.2 92.4
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Table 3 Energy efficiency and illumination uniformity corresponding to different exit angles

Exit angle /(*)

Lens aperture /mm Lens thickness /mm

o Illumination uniformity
Energy efficiency /%

at5m /%
+3 114.7 44.7 96.9 95.6
+5 68.9 28.4 95.6 94.2
+38 43.1 16.7 93.5 92.5
+10 34.6 13.7 92.3 90.7
+12 28.9 11.5 90.8 89.3
+15 23.2 9.0 88.7 85.1
+20 17.6 6.8 85.4 75.9
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