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ABSTRACT

Today, silicon and epoxy resin are used as materials of conversion lenses for white LEDs on the basis of their good bonding and
transparency in LED packages. But these materials give rise to long-term performance problems such as reaction with water, yellowing
transition, and shrinkage by heat. These problems are major factors underlying performance deterioration of LEDs. In this study, in
order to address these problems, we fabricated a conversion lenses using glass, which has good chemical durability and is stable to
heat. The fabricated conversion lenses were applied to a remote phosphor type. In this experiment, the conversion lens for white LED
was coated on a glass substrate by a screen printing method using paste. The thickness of the coated conversion lens was controlled
during 2 or 3 iterations of coating. The conversion lens fabricated under high heat treatment temperature and with a thin coating
showed higher luminance efficiency and CCT closer to white light than fabricated lenses under low heat treatment temperature or a
thick coating. The conversion lens with 32 pm coating thickness showed the best optical properties: the measured values of the CCT,
CRI, and luminance efficiency were 4468 K, 68, and 142.22 Im/w in 20 wt% glass frit, 80 wt% phosphor with sintering at 800°C.

Key words : Remote phosphor, White LED package, Color glass, Coating thickness, Conversion lens

u}

Apo] gholE, Zhol E,
de] AREE AL Qltk 7P Wbl WA LED A
A0 LED3 ¥ Yttrium Aluminum Garnet (YAG)
A S 71A] sfe] WA WA 7= Y
ExEoiR = §FA o gt FA
g 5790 ekt dA e FA 9 FFA = +d
< 98 m$ Fa% 94T AdASH FFA
AF7F XP =] et olefgh aol 93

== s

a

Q)
=

o |
2

TCorresponding author : Mi Jai Lee
E-mail : im1004@kicet.re. kr
Tel : +82-2-3282-2442 Fax : +82-2-3282-7814

FGA =2x7F 7Fsetal 3 E8&°] E2 remote phosphor

type2] LED A+7F & &3] 738 Fo]t}. Remote
phosphor type LED= 4 LEDZ 3} 4 &g eke] A}

H
o7} WolA & FEHIZ Fo WA He] S4E HAa
siA717] "] 2 3 548 Uit A 3
oh o] W) FFA Y A A=Az AHEEE B
o ZAjef dE]Fe] FE o|FAL Utk ey oleg &
2™ (polymer)= 3H7|A] Aol AFEH EX[Ale} FFA|
o] Azl or AFA Aot FaRlew AEetal ¢
ot wald old @ BAINS AAdsta ex ¥ F
of tigk Aol e f2l Ate AEs Aust
A=z gk FHo] Zolx Yo} 8] A gz
2 skekA Aol Houal Adsr]7t 4l EE W
Al LEDO AHEE= F#Ae @A AFEEHO] remote
phosphor #=e] Fad 9IS dct? E3] remote
phosphor == frE]et &g eke] Fhafol] whal 3 AHsg

o F5Fst PG PEYol webd F 54 Fa

-533-



534 ol - BT - el - AT - AEY - vl

600°C >50m

500°C 2007m

Fig. 1. Heating microscope images of glass frit.
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Fig. 2. Microstructure of the starting materials: (a) glass frit
and (b) phosphor.

70

a [}
o o
T T
]

|}

Coating thickness (um)
N
o

* * *
30 L
20 +
10 1 1 1
600 700 800

Temperature (°C)

Fig. 3. Coating thickness of the conversion lens as coating
times.
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Fig. 4. Surface microstructure of the conversion lens as coating thickness and heat treatment temperature: (a) 600°C-32.0 um, (b)
700°C-34.0 um, (c) 800°C-33.2 pm, (d) 600°C-50.0 pm, (€) 700°C-51.0 um, and (f) 800°C-50.6 pm.
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Fig. 5. X-ray patterns of the conversion lens as coating thickness and heat treatment temperature: (a) 600°C-32.0 um, (b) 700°C-
34.0 pm, (c) 800°C-33.2 pum, (d) 600°C-50.0 um, (¢) 700°C-51.0 um, and (f) 800°C-50.6 pm.
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Fig. 6. Transmittance of the conversion lens as coating
thickness and heat treatment temperature.
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Fig. 7. The photoluminescence (PL) spectra of the conversion
lens as coating thickness and heat treatment tem-
perature: (a) 33 mm and (b) 50 mm.
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Fig. 8. Optical properties of the conversion lens as coating thickness and heat treatment temperature: (a) CCT (K), (b) CRI, and (c)

luminance efficiency (Im/w).

2
ot
[o

& ood tlo o

WG O B

it rlo
k)
o

o —0

-1'1 —10 ) o
T
T
2

(o3
o
>
o
K

[e]

—
4
b
%0
o

N
o
ey

7 o

Nl
S
N

e om

N
el
@

d

P, % BES B4 o BuHn
et 2 Aol of 7
olejg Eanrhe e
F5)7 Qo} ke 54
2 felsh FHATE Bl

3 238 7=

o,

il
A

=

(o

il

W)

ﬂoﬁgﬂ
G
N o B ook o |4

¥
32
)
B
N
lo,
o
o,
N
B
rlo
[
iy
ey
(& N
5=
o, :
r [

CRI, % &&°] 247} 4468 K, 68, 14222 Im/wE ERY

At

Remote phosphor type #2] LED-& A3} #l
Aol A 2%, AFA e F 54
th 23] 23 =" P& o o F7= 33 pm, 33 &

A9 Z]9 9 A 2 A 50 pmelSLaL o A7)
afoke W Fahe 5 AR RE(CCT), B AR
(CRD, & =& gtol 2y =duh IYFA7) ehes=
AT 2=Vt o E w2 FAES ST F 54
< Uehhoith @A 2E7F wolde s At =9
FHL &68 FEl7h BFA Afole] iEA AT 3
FAE 5S¢ F Atk Axd ZE Aug dzs
Y3AL0, 93A 244wl vebdS elge =y 3
S0l FFE vAE 2L g AHA B
< 2 & S AT 33 23 ZAY sle] 50 um
ele] FYFAE Zhe A Azxe v FA7 F
el it G L2E(CCT)E UF Sl S5 Ee)
915, HAEANGAF(CR)E oF 36°] BAE] %

80 wt%Sl FH o ~EE
33 um FA¢] ZEE
Z(CCT)9} A

< s YEly, F 88 3 =2

~

o
oftt
oX,
ro
=
('
rlot
)
IN
1o
o

3
=

REFERENCES

1. H. J. Yu, K. H. Park, W. K. Chung, Ji. H. Kim, and S. H.
Kim, “White Light Emission from Blue InGaN LED Pre-
coated with Conjugated Copolymer/Quantum Dots as

A 5178 A 63.(2014)



ol - BT - el - AT - AEY - vl

Hybrid Phosphor,” Synt. Met., 159 [23-24] 2474-77 (2009).
. H. Zhou, J. Hou, M. Jia, H. Wang, Y. XU, and F. Wei,
“Study on Synthesis and Spectral Properties of YAG:
Ce’",Pr’", Phosphors,” J. Synth. Cryst., 38 629-32 (2009).
. N. Liang, Z. Li, S. Wu, and Y. Li, “Synthesis and Lumi-
nescence Properties of YAG:Ce’" Ultrafine Phosphors,” J.
Shenyang Inst. Chem. Technol., 22 226-30 (2008).

. C.-y Shen, K. Li, Q.-1 Hou, H.-j. Feng, and X.-y. Dong,
“White LED Based on YAG:Ce,Gd Phosphor and CdSe-
ZnS Core/Shell Quantum Dots,” IEEE Photon Technol.
Lett., 22 [12] 8884-86 (2010).

. H.-T. Huang, C.-C. Tsai, Y.-P. Huang, J. Lin, and W.-C.
Chang, “Remote Phosphor with Array of Blue Light-Emit-
ting Diodes on Board Used in Liquid-Crystal Backlight
Modul,” IMID 2009 DIGEST, 12 79-82 (2009).

6. R. Hu, X. Luo, H. Feng, and S. Liu, “Effect of Phosphor Set-

ting on the Optical Performance of Phosphor Converted
White Light-Emitting Diode,” J. Lumin., 132 [5] 1252-56
(2012).

. C. Sommer, P. Hartmann, P. Pachler, M. Schweighart, S.
Tasch, G. Leising, and F. P. Wenzl, “A Detailed Study on the
Requirement for Angular Homogeneity of Phosphor Con-
verted High Power White LED Light Sources,” Opt. Mater.,

A2 k81

31 [6] 837-48 (2009).

8.Z. Y. Liu, S. Liu, K. Wang, and X. B. Luo, “Optical Analysis

of Color Distribution in White LEDs with Various Pack-
aging Methods,” IEEE Photon. Technol. Lett., 20 [24] 2027-
29 (2008).

9. D. Chen and Y. Chen, “Transparent Ce3+:Y3A15012 Glass

Ceramic for Organic-Resin-Free White-Light-Emitting
Diodes,” Ceram. Int., 40 [9] 15325-29 (2014).

10. X. Yi, S. Zhou, C. Chen, H. Lin, Y. Feng, K. Wang, and Y.

Ni, “Fabrication of Ce:YAG, Ce,Cr:YAG and Ce:YAG/
Ce,Cr:YAG Dual-layered Composite Phosphor Ceramics for
the Application of White LEDs,” Ceram. Int., 40 [5] 7043-
47 (2014).

11. M. D. Lago, M. Meneghini, N. Trivellin, G. Mura, M. Vanzi,

G. Meneghesso, and E. Zanoni, “Phosphor for LED-based
Light Sources: Thermal Properties and Reliability Issues,” J.
Microelectron, Reliab., 52 [9-10] 2164-67 (2012).

12. Y. J. Chae, M. J. Lee, J. H. Hwang, T. Y. Lim, J. H. Kim,

H. S. Jeong, Y. S. Lee, and D. J. Kim, “Optical Properties
as Process Condition of Color Conversion Lens Using Low-
softening Point Glass for Whitte LED(in Korean),” J.
Korean Ceram. Soc., 50 [6] 454-59 (2013).





