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In this paper, we have studied a method of forming a line beam using a UV LED. The existing linear-type UV LED curing
optical system is composed of several cylindrical lenses, but problems such as optical system alignment, enlargement of the

module, efficiency, etc. may arise in the future. As an alternative to these problems, a bar-type TIR lens having a freeform surface

only in the y-axis direction is designed, to verify that it shows advantages in maximum illuminance, uniformity of illuminance,
and flux efficiency.
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2.1. LED
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2.2. UV LED modeling
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Fig. 1. LED light distribution.
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Fig. 3. UV LED light distribution.
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Fig. 4. Cylindrical lens.
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Lens : 160mm

Fig. 5. Three spherical cylindrical lens optical system.
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Lens : 160mm

Fig. 7. Two aspherical cylindrical lens optical system.
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Fig. 8. Simulation results of two aspherical cylindrical lens.
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2.5. Bar type2| TIR lens A7
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Fig. 9. Total internal reflection & critical angles.
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Fig. 10. TIR lens.
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Fig. 11. Non-sequential ray tracing of TIR lens.

2] gigko 2 "hiksitt TIR surfaceofA] dojub= Yt A
A= 4] (2)2] YA ZK(critical angle, 6.) A4 28] A
fag

(n; >n,) 2

Lambertian Hj*g{2ES 71A= LEDOIAM 5= Ha A
oJ3}7] 3lAlE= TIR lens?] inner surface@} TIR surface?]
2% MAZL Z83 8ol

2.5.2. W|xjo] IFA(Bezier curve)

TIR lens?] TIR surface= H|X|o] 2L4l(Bezier curve)S &g
sto] AARI Ay FAS 29al Ve S5 VIee® o
%) )HA7 TIR lens®] A5 ZAE AT o714 WA
o] FAl(Bezier curve)olgt ¢19]9] FEjo] IAS FoHHom
T3] 93 W= T o ZH 2 =2] A|o]F(control point)
Q1A o] Aolhe) B Lela 1 Aolo] 917/}
£ U Aol o)Fe] ofal Tkt A TS P 4
ik, o) Tae AolHe) 918 Bafek o] ok 7
Aolde] HES v she BRAE o) 2

AR BRE TR Ao Ee] AT} Bees B
UL WS 5 gn), B =Relt 1d 129 2L 27
H| | o] ZAl(quadratic Bezier curve)-S ARE-3lo] F=9) oF &
W P, P& O] Z2F Aol PLOR M Aol
W= TG TSI 24 ilo] S41e ke 2,

P(t)=(1—t)’P+2t(1—t)°’P+t*P, 0 <t <1 3)

oPl

0 t=.25 P2

Fig. 12. Secondary Bezier curve.



300 gh=3gshs| x| A28d A6z, 20179 124

2.5.3. TIR lens A4

2 oA gt AA =39S LighttoolsE ©]-8-5}
TIR lens& A 2 EX43}%31, A% TIR lensE bar type
9] TIR lensZ2 t3F5}o] line beam—E— & A5kt TIR lens
A= sweptsolid 7]%52 o]&35t3 o, 18 1304 Hi=
uke} o] wljgol £ JgE vjx= @O, @ FA- Bezier
curve® sto] A0 AGEE wlon, il & =
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713 14%= sweptsolid2 A3t TIR lens GHEE ZZ 7|
=02 IAAA AL TIR lens®} illuminance ﬁﬂi/ﬂ 0.76
WE 7[X]+= LEDof 3} detector2 Eo]7}= F<4-2 0.6794
W= 89.3%92] 882 Yepdch

2.5.4. Bar type2] TIR lens A4

Linear type UV LED 7Z3}7]of #-&35}l7] €34 LEDZ
o] 13 159} o] =4 7+A 2.1 mm=E 607} arraySFATh
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o 2 §99 JIR|E= TIR lensE A Ao, 130 mm extruded A|FH o Y= Zol= 5 mm=E AA53ch
Name Curve Type Optical Property
1 SweptSurface_1 Bezier Curve Transmitting
2 SweptSurface_8 Polyline Transmitting
3 SweptSurface_2 Polyline Transmitting
4 SweptSurface_3 Bezier Curve Transmitting
5 SweptSurface_4 Polyline Transmitting
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Fig. 17. Simulation result of bar type TIR lens.
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bar type2] TIR lens+= cylindrical lensQ} 7o) Y& Hlgko| o
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Table 1. Simulation result of optical system satisfying target performance

Optical system layout

Simulation result (Detecting area: 100 mm x 1.5 mm)

Three spherical

cylindrical lens

Two aspherical

cylindrical lens

Bar type .
TIR lens b
Three spherical cylindrical lens Two aspherical cylindrical lens Bar type TIR lens
Lens size X axis lens size: 160 mm X axis lens size: 160 mm X axis lens size: 130 mm
Y axis lens size: 9.5 mm Y axis lens size: 6.5 mm Y axis lens size: 5 mm
LED array 75 ea 75 ea 60 ea
Maximum illuminance 5,162 mW/em’ 3,502 mW/em’ 7,230 mW/em’
Uniformity of illuminance 89.3% 96.6% 91.6%
Flux efficiency 13.2% 9.4% 23.4%
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