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Design of Double Freeform-surface Lens with Large View Angle for
Uniform Illumination of the Near-field
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Abstract; Aim at the lacks of uniformity for large view angle illumination in the near-field and low
efficiency of single freeform-surface lens of LED, based on the edge-ray theory and grid partition method,
a double freeform-lens with large view angle of LED was designed, the inner surface was elliptic and the
outer surface was freeform. The incident rays of LED diverge from the inner surface of the lens, and the
direction of the emergent rays were controlled by the outer surface, which realized large view angle
uniform illumination and reduces losses of total reflection, thus, improving the luminous efficiency. The
extended source ray-file was employed to do optical simulation for the lens model, the feedback
optimization method was used to optimize the outer surface and improve uniformity of near-field
illumination. The results show that under the condition of same near-field distance, with the beam angles
at 143°and 151. 8°, respectively, the corresponding illumination uniformity values of single freeform-
surface lens are 0. 55 and 0. 40, and the efficiency values are 92. 0% and 80%. While the proposed double
freeform-surface lens greatly improve illumination effects, with 0. 84 and 0. 85 illumination uniformity
and 98. 8% and 95.0% efficiency.

Key words: LED; Double freeform-surface lens; ILarge view angle; Uniform illumination; Light
efficiency
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lens with large view angle

2 I’ 5L

Y S A BB T E IR R X E HEEEJ&‘ER
1K A R RO AR EOG IR S B AR T W BE
30 mm B, T2 3% B~ 90 mm F1 120 mm,XﬂLﬂjE"J
O A BE Ry 143°R1 151, 8%, 3% BE M ORE R JH 2R W RL T 4%
fi% FF i ( Polymethylmethacrylate, PMMA) , H 37 51 & 4

0122002~ 3



Jt T

EE 4

1.493. 1 F 5B 6 R & O i 45 K HL % B R g/, ok
VR JCTE R R SO TR. R OG IR R 7E e — 2 1
BEOGUR B L B A RE R AR ray SEUR SO T /N A
AL R 5 52 B g L 2 25, 3k B b SR B Osram
1 W 3528 ray G if SCRY, &6 AR N 2.5 mmt™. &
73D SEAAREAY, A Lighttools #EAT B #47 H. Hor,
MBS E, = E,../ E,. /E R

Bt o [ iy il B B RO Bl G A
FEN 4 mm, 23t ZRAALIS OGN 143°, 0 H
T 3 % IR 4 50 Pl 0. 55, BRI S 9200, T E]
A0 o il T BRSO A R 151, 8T, IR EE 1 )
PEH 0.4, HOGRCEN 84. 0%, 3 B4 3 WY B 1 il th

[1luminance/lux

100
14000
13000
£ o .
= 12000
11000
-100
-100 0 100 0.01
X/mm Count
r (a) Illumination on target plane
- \ , IR
8 08¢} st
£ N
E 0.6 | . 5
T 04
g
2 02rf Xslice
I —— VYslice y
0
-100 =50 0 50 100
Position/mm

(b) Normalized illuminance along X, Y axis

M4 2o @@EHEEAEEEDHE =143
Fig. 4 Tllumination on the target plane with single freeform-
surface lens at §=143°

—100 0.01
X/mm Count

Y/mm
=

(a) [llumination of target plane at 6=143°

T 375 58 56 4 AN BR Tt 2 3T 7 K ) 32 1 &) BB iy 50K
3 T 20 (5) ~ (LD W B G , [A) B 34 e 41 il i v
O EREB A AEE 4 mm, | e=1.9 mm, b=
3.2 mm, FE ) U B R BE oy A B B A1 A/ R T R
SEAUAL. 8 EOE A B K A B A B N A B el it T
A BR B L 2 J5 X ) R AR A 22 R O A« B 245 3 9 ot T
AHMITTE B i A RS A 3D BLAY L dnE 5.6,

5

P B
= 3F
£
N o

| -~ nner surface 4

— 6=151.8° outer surface B
o 6=143° outer surface B
0 1 2 3 4 5 6 7 8
X/mm

EHS fhfehdE AfsdaB oy & B
Fig. 5 Curve graph of the inner surface A and outer
surface B optimized

~<¢— Quter surface B

ace A

He6 XewmwaAMEESRDEA
Fig. 6 3D model of the double freeform-surface lens
with large view angle

BRSO B A AR 5 1 B 4 Rk W S Y R 8 EE
FF OB XA ik K A B 4 2 Ak
Ak Y G Ay 143°F1 151, 8° /), 72 3% B AR i F IR
BEE A M43 ) 9 0. 84 F1 0. 85, H YRR 43 1) 4998, 8%
F195.0% NE 7. B T35 B e KA OGP R LA

1.0
4000 |
[
% 08 |
3000 5 £ r
3 E o6f |
2000 £ 2 I
g N 04°F
S Y
1000 5 o, ‘
z Vel e X slice
— VYslice 1
0
-100 =50 0 50 100

Position/mm

(b) Normalized illuminance along X, Y axis at 6=143°

0122002~ 4



GRS - 45 ST 37 1 50 BRI B0 00 ) el ol TR R R RS B ST

—,

1.0

100

Y/mm

£ 2000 I
0.8 |

0.6

L 1000 ol

Iluminance/lux

-100 F

0 100
X/mm
(c) [llumination of target plane at 6=151.8°

-100 0.01

Count

|7
Fig. 7

P A TR A R O B 5 T % O B iR R0 Ol R 55 Y 0 A
L 8.
1.0

T, =90mm

— 7,,=120mm

max

= e <
+ e} [>]

<
o

Relative luminous intensity

0 30 60 90
Angle/(°)

30

—-60

0 i
-90

H8 REW$EAMELESH —IELSAHE
Fig. 8 Normalized luminous intensity distribution of double

freeform-surface lens with large view angle

XUH F T A 5 S 5 A A T B A O RICR X
Fetnae 107 HAS R W 5 [ ey v 0 B e /)N 3 R X
Sl K 5 T ] R A BE 99 A2 5 oK (B X Bl ol T A
HOG AR T 12070, IR EE 249 5 P 0 1 D6 2803 2 15 b
FIFR o T A 4 R S R S TR 2R 45 R K B R R L e L il
JEE S KA RS B RO RCR R 5 A
it T 37 B AR L XU E H it T B T AT 3 0 R Y )

PR E R A AR KRy £ 58 A il R 3 R A 1Y
SRR B EK .

*1 NEHHNEEESEEAMEEERRTE
Table 1 Performance comparison between the double freeform-
surface lens and single freeform-surface lens

Type T rax Beamo Uniformity Efficiency
/mm angle/(%) /%
Double freeform- 90 143 0. 84 98.8
surface lens 120 151. 8 0. 85 95.0
Single freeform- 90 143 0.55 92.0
surface lens 120 151.8 0. 40 84.0
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