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Design of Collimating Lens with Uniform Illumination for LED
Based on Double Freeform Surface
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Abstract An optical design of double freeform surface semiconductor light-emitting diode (LED) collimating lens is
proposed based on relevant theories such as geometrical optics, law of energy conservation, and the Fresnel's law.
Detailed algorithm design for constructing collimating lens model is presented as well. A freeform surface is a surface
that is rotationally symmetric around a central axis. The 2D contour of this surface is constructed on the basis of non-
uniform rational B-splines (NURBS) method and by ProE software. Through Monte Carlo ray tracing simulation, it is
found that, compared with conventional single freeform surface collimating lens, double freeform surface collimating
lens has greatly enhanced the illumination uniformity as well as the energy utilization. The research results have
shown that, by using double freeform surface design, the design space can be remarkably extended, and the optical
performance of collimating lens can be improved.
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Fig. 1 Schematic of collimating lens formation
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Fig. 2 Schematic diagram of the algorithm design
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Fig. 3 Schematic of algorithm iteration relation derivation
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Fig. 4 (a) Contour curves formed by all the coordinates and (b) corresponding 3D entity model of the double freeform
surface lens; (c) contour curves formed by all the coordinates and (d) corresponding 3D entity

model of the traditional single freeform surface lens

B EAASC A PEREXT FEANER 1 R . XU e a2 B 1 RE £ 5 09 SR DR Rl UR 48 D B0 rl ol AR B R A el
T 7E— 5 2 BE LA 7 Bt B iy B2 R0 T A5 v B i O SR 0 A e 0 2 AR O B A A e B T S B R 4O
SiR 0 AT K45 T IR S 4 R R R

@

----- traditional single
freeform surface lens
—— double freeform

surface lens

®)

0.00014
0.00013
0.00012
0.00011
0.00010

0.000125

0.00008
0.00007
0.00006
0.00005
0.00004
0.00003
0.00002
0.00001

0

Bl 5 () JeZiBPRBBLEE R s (b) 7 [) B S i) [ 73 A

0.00009

Yy /mm

traditional single
freeform surface lens

0

40000
2 /mm

80000

/x
o
(=]
(=]
(=]
=
(=]
(=]

0.000075

0.000050

Illuminance

0.000025

3\

0

30000

0 30001
2 /mm

Fig. 5 (a) Ray tracing simulation results; (b) illuminance distribution with different distances
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Table 1 Optical performance comparison of the lenses
Lens type Energy utilization /% Illuminance uniformity /% Beam divergence half-angle /(°)
Double freeform surface lens 91.3 98 1.7
Single {reeform surface lens 86.2 84 2.0
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