Journal of the Microelectronics & Packaging Society

Vol. 19, No. 4, p. 79-83. 2012

NE

8

LEDE M3&8 LTCC Ii7|32e| ZnO =M W57}

Effects of ZnO Composition on the Thermal Emission Properties for LTCC
Type of High Power LED Package

Woojeong Kim, Hyung Soo Kim, Daegyu Shin, and Hee Chul Lee’

http://dx.doi.org/10.6117/kmeps.2012.19.4.079

ded SHoll ojxl= g

Dept. of Advanced Materials Engineering, Korea Polytechnic University Jeongwang-Dong, Siheung-City, Gyeonggi-Do, Korea

(20124 8¢ 31 A<= 20129 99 25¢ 49: 20129 10€ 30 AA &)

= B AFHo) 55, 283 stsEa, - 2 HAF5E o] 8T F = LTCC (Low
temperature co-fired ceramic) 7172 373 B gl oFgt EekrE 37)4S AT A0 E 7|k Qi #A) LTCC
H7]14e] 98 BUEe F2 ALOS AR, & Aol s ALOET GUEEr) 28] $58 Zn0S A Y7}
e A 24 WskEs Fated #7149 & 54 wslol] dial] Arsidth. A% Zn0F M et @dE=rt Ho
25%71A) sshe A37F YEgen, o] 2%& LED §80] $718 20 = o dEch. ANSYS AlEdeld 2% 4 &
&9] grol ZnO7F H7Ha 739 A 56% S719he S 5 Uiet. A4l LED #7142 Aldste] Z493 A3 ZnO
= F7FE LTCC 712 ALOZ R o] Fof3] o718 Ky A go] ] 14.9% A3l

Abstract: LTCC (Low temperature co-fired ceramic) package have been paid much attention due its good reliability,
miniaturization, and application of silver paste with complex wiring and printing. Therefore, LTCC package has been
expected to replace vulnerable plastic package in the field of high power LED device. Currently, LTCC ceramic package
is mainly made up of aluminum oxide powder. In this study, zinc oxide powder is added or replaced for the fabrication
of LTCC ceramic body. By adding small amount of ZnO, thermal conductivity of the LTCC ceramic body could be
remarkably increased by 25% leading to the extension of LED life time. The LTCC package structure with composition
including ZnO has an increased thermal flux by 56% as a result of ANSYS simulation. Actually, the fabricated LED

package with the addition of ZnO exhibits a decreased thermal resistivity by 14.9%.
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Table 1. The LTCC compositions considered in this study

NO Main (LTCC) composition Additives
Filler Glass ZnO
1 ALO; (50%) 50% -
2 ALO; (47.6%) 47.6% 4.7%
3 ALO; (45.4%) 45.4% 9%
4 ALO; (41.6%) 41.6% 16%
5 ZnO (50%) 50% -
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Fig. 1. LTCC ceramic package structure for ANSYS computational
simulation.

Table 2. Physical Properties used in the simulation model

Thermal Conductivity

Material Wik

LED Chip 130

Die attach (Ag Epoxy) 20
Ag (pattern & Via) 429
Base LTCC 2.533
Zn0O 4.7% 3.329
(Ié;flfecregaggggce) Zn0 9% 3.293
Zn0O 16% 3.414

ZnO LTCC 338

Solder (Sn) 63
MCPCB 201
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Fig. 2. XRD patterns of LTCC samples sintered at 830°C with
different compositions.
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Fig. 3. Planar SEM images of LTCC substrates sintered at 830°C
with different compositions.
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Fig. 4. Cross-sectional SEM images of LTCC substrates sintered at
830°C with different compositions.
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Fig. 5. Cross-sectional SEM images of LTCC substrates sintered at
various temperatures.
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Fig. 6. Variation of thermal conductivity of LTCC substrates with
composition and sintering temperature.
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Fig. 7. Variation of thermal flux simulated for samples with different
compositions.
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Fig. 8. Relationship of thermal conductivity and heat flux as a
result of computational simulation.
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