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Optical System Design of the Compact Collimator for LED Source

Su Zhouping Que Lizhi Zhu Zhuowei Sun Xiaopeng Li Lei

(School of Science, Jiangnan University, Wuxi, Jiangsu 214122, China)

Abstract A compact collimator for light-emitting diode (LED) source is designed. The collimator is a catadioptric
rotational system. The refraction part is used to collimate the rays with small view angle, and the reflection part is
used to collimate the rays with large view angle. The design results are verified by optical simulation software
TracePro. The results show that the divergence angle can be reduced to about 4° from 70° by the collimator with the
optical efficiency of 85% . The height and diameter of the system are 7. 65 mm and 8. 73 mm, respectively. The
optimal separation angle range is 41°~45°, and the optimal proportion factor range of refraction angle is 0.4~0.5.
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Fig. 1 Schematic diagram of transmission system

ll,-:tan<%*A,->. (D
MLk Oe; 2230 Sy L e SATHG BOCE AR N
L, = 1an< ;B ) (2)
R O, Zeid e, SHTHIG AT MR Bise ALK &R Ny ARYEIT @ A R
[1+n" —2n(Ro, » RD]" « N= R, —nR,, (3)
Hrp
(x5 — 11;’)2 + (yzi - yu)z (x5 — Tli)z + (yzl’ - yu)z
Rmfli - ( 71‘“ 2 i ’ ‘)y“ 9 i) ’ (4)
x1; + v x1; + i

N, = (—dyi,dxj)
ATRISRAG I e siBYVIZRM AL Ny

ky, — [nCay — x1)/ /(o — 210" + (yo — 1) ] — (xy,/ A/ﬁi-q—y%].)‘ 5

i/ V2 F 3D — [y — i)/ V(o — 2107 4 (3o — 3107
[FEEAT DR Er sSSP 4 i &L%o
[y —a5:)/ /(g — 200" 4 Cygs — 3007 ] — [n(ay; —
[nCyo — 3/ Vah F 51— (s — 320/ /@ — 2)” + (g — 3207
AT TE M 2 e NI SR IT IR T B2k Oey RER T A B S T DISR IZ B T i e

ML, AT LIRS e VTR B X SR BRI SN e AE B BT S B 2 54K
IR HE R DISK AR Sy TaT B H Al A B9 ARAR .S, T B4 50 By G Ey oo s E SRR 5 W SR AR B o 33 il 3 oK 58 A

022203-2

kz, == (6)




49,022203 MM SYBIZHRE www. opticsjournal. net

K B 5 TV 114 75 12 e R g gt 1o b 6 P RS2 O TR IE TR AR R T 2 S ) S A BRI
N T TR R A e T AR AR TS 4 5

11171 _ }’»1,71 ]
0 —_— 0 0

Zli * klzfl
Vi ) 0 ZIZH _kkl’ﬂ 0 0 Yu
X1 i Rii— X

= 11 D] oo S (7
Va2i i=2 - kzlfl Zzlk 2i—1 Ly - lz;kzl‘fl V21
X lzl - kZifl 121' * /321‘71 12[ — kZifl 121 * kzl'fl X
—1 lz; 1 _ /Qzl‘fl
12[ - kzl‘fl Zzi - kzzfl lzz’ - kzl‘fl lzl’ - kZifl i

HUE (DA T S A S, 1 4 I AR
2.2 RS BB HENEHT

VR T B A 0 AT 25 AR O T . LA O S O 2 0 A
0~ Ay 1T SHTHE ALY fi By Ay~ P

D 2 T /N1 I Y D e 27 A 1 5
T £ R 6265 S, W4T SR 51 S: 28 S, AR -
&2 S, thaf B S hAHIOERITATILS, 19T
U R B 25 TR e LED Jeli . 5 i 40
2 OF, 1515 4 AT _E 1Y 009 5 b7

rp=d, yi=d tan(%—P,), (8

Ko d BB LR d = b tan a P RGT %
064 5 v B4 my = tan( 5 — P,).

Ytk OF, 234 S, FARSTETH] S, i . AHEHTS y 2

/4 O i
HH
. . A s Ny |
nosm(ifp,-):nlsm Q: 9 W
2 Fig. 2 Schematic diagram of reflection system

AP Q NS, L F.f S F, Sk&RER
S ano F g A3 A SIS A PTH R 58 1 /6L OF . it S, 4T S5 FT 8 Ss 18 &R 45 2 f1 BRI
M fr s S DGR NI L S, S I £ B AR ER A

x5 = X s v = d cot Py + (& — d)tan Q. (10)
2k OF; 223 S, mATH G ASFE] S T b IR A SO m it I, ASF3E S Yy f s b @ H 0
ZJE R CE T m R o Os s ML £ A M R 28 Ny s Rt O AT y il T O DL AN =380 2 ST
i

V2—20«1) « N=0—1. (1)
X — R R PR it Ss 1 b s IR RPR

P (x50 — Zyi )/ «/(1'5171 — Ty )’ + (x50 — 245 )zm'lzil ) (12)

1— [(Isiﬂ T Xsi )77741'71/ (x501 — Zuin )? + (2501 — 24 )177741‘71]

St MR T LIRS Ss 5 0 D R AR bR

Vsi J — My Psic1My; Psi — DsicaiMmy; 1 Ys1

Tsi " — Dsic —1 my; xTs
= H(P;,—] _m,1,)71 ] ] . (13)

Vii 1 1 0 0 Psic1 — My, 0 { Xy My;
Xy 0 0 0 Dsic1 — my; Xyl

022203-3



49,022203 MM SYBIZHRE www. opticsjournal. net

3 e ARGRILLGEE S K
HLAR T 80 B TN A 25 1 S e — M ME PR GE ETic BE  TIRA0 0) A 5 2 B T
I A «=15" LED Sk B 70° 50 M BB T 6=0. 5500 SUBIAVAR yio =4, E SIIHADR va =4.8.
WEFLIEE R GG 2D S BRI 3 BER . 38 G P S MBI TracePro MEAT Y4B AM BT I 4 B 5%
ﬂuﬁ&%ﬁ%%%%UEﬁ%@Eﬁwﬁ%

HI ,'ﬂ

B3 JesE RGEH 2D e B4 62 REH 3D S5 M La i A
Fig.3 2D layout of collimating system Fig. 4 3D layout of collimating system with ray tracing
LB A A LED JRSF28 1 mm X1 mm, 52 BIAO6 I H B B o (9 15 0t il 2k 1 5 Ca)
Fros o Bl LA L 8o CEFAD 2909 70°, 24 LED SGIRA B a2 283 e B AR Ge - Hot s 7 i o ot
i £ anlEl 5Cb) 7w, T LA i, LED Zij“ﬁﬂ@ﬁ%ﬁlﬁ%(ﬂﬁﬁ)ﬁid\i 3.8%
900 0T

1 L
g 80°) *’”VJ’

(a) before colhmatmg (b) after colhmatmg

B 5 A 2
Fig. 5 Candela plot
BP0 23 S B 1 %) LED iy th OG0 e E . SR, A 2 2 44 S5 18] B 20 0 A o O B0 5 18 I T - Y
MRPE I3 A . FESEPR B FE fﬂﬁﬁﬁﬁié’%ﬁ%ﬂj’?ﬂﬁﬂﬁfﬁ?ﬁmﬁ%E%E’J XRE AL BE 2855 08 /N A B
% SCEAE BRI T AR %tbiﬁcﬁ?ﬂﬁiﬁ’jﬁp %ﬁ#éﬂﬁfﬁﬁi%ﬁ N ASAHSE R SIS 53 RN G54

Ap = J 2nl,cos Osin 0d0 =

A
i

ax

2wl cos Osin 4d6. (14)

s

l
N
RXAE A LAR A — R A

sin A, = /ﬁ'sin A (15)

TE MR WY T b N ATl 8 23 B N A4 45 T BR A 5 26

RAE PR R
X3,i — \/%R (16)

R ARAETE BT T E AR A5 L BT i 5 B L Ry Ot
S AR T X0 B U . A AT A 4 p P 6 T RLIRIR ST LED Xy S R FL00 o 7 6
R DA HE S 2 45 0 R Sk A AE 1 el T 1 Fig. 6 Free-from lens for LED uniformity and collimating

022203-4




49,022203 MM SYBIZHRE www. opticsjournal. net
e 6 firs .

Ve I I~ A% 0 1. 1 s [y g o 4 B i A B R O 10 o BB B ) R A AnIA 7 BrR . &
ik B S BT S O R BN T 67,

1.2
0.6 o
£
3
E S
N 5]
8
5
-0.6 5
=

-1.2

-1.2  -0.6 0 0.6 1.2 -1.2 -06 0 0.6 1.2
x/m x,2 /m

Bl 7 LEDSGUIRZ A b i 105 55 19 SRR . (O RBEI () FRBE 48 R 4]

Fig. 7 Illumination performance of freeform lens with LED. (a) Illuminance distribution; (b) illuminance profile
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Table 1 Dependence of system performance on separation angle

Separation angle /(%) Divergence angle /(%) Efficiency /% Height /mm Diameter /mm
30 4.63 84.5 7.12 7.03
45 3.8 87 7.65 8.73
60 4.9 85.2 11. 97 11. 26
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Fig. 9 Optical efficency versus proportion factor Fig. 10 Divergence angle versus proportion factor
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