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Abstract: Ceramic-metal based high power LED array package was developed via thick film LTCC technology using
a glass-ceramic insulation layer and a silver conductor patterns directly printed on the aluminum heat sink substrate. The
thermal resistance measurement using thermal transient tester revealed that ceramic-metal base LED package exhibited
a superior heat dissipation property to compare with the previously known packaging method such as FR-4 based MCPCB.
A prototype LED package sub-module with 50 watts power rating was fabricated using a ceramic-metal base chip-on-a
board technology with minimized camber deformation during heat treatment by using partially covered glass-ceramic
insulation layer design onto the aluminum heat spread substrate. This modified circuit design resulted in a camber-free
packaging substrate and an enhanced heat transfer property compared with conventional MCPCB package. In addition,

the partially covered design provided a material cost reduction compared with the fully covered one.
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Fig. 1. Schematic illustration of ceramic-metal hybrid substrate for high power LED array package: (a) designed ideal flat ceramic-metal
hybrid substrate, (b) & (d) cambered state after heat treatment when ceramic layer is fully covered on aluminum substrate, (c)
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Fig. 2. CAD drawings of single-chip mounted ceramic-metal based LED packages for 1 watt lighting engine (25x25 mm? size): (a) fully
covered, (b) partially covered with glass-ceramics on aluminum substrates; (c) conductor (Ag) pattern and (d) solder pad pattern
for LED mounting.
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Fig. 3. Variation of camber heights with increasing heat treatment
temperatures: for aluminum substrates covered (a) fully
and (b) partially with glass-ceramic layers.

Table 1. Camber deformation of aluminum substrates with fully covered glass-ceramic layers, after heat treatment at various temperatures

(substrate size: 25x25x1.5 mm®)

Sample Temp. (a) Center height =7 IA|AE edge height (mm)
No. O @ (mm) (b) B ©y O ©¢ (1) AVeee
1 500 1.684 1.608 1.615 1.609 1.607 1.610
2 510 1.712 1.610 1.618 1.624 1.619 1.618
3 520 1.906 1.765 1.760 1.736 1.746 1.752
4 530 1.945 1.742 1.763 1.785 1.801 1.773
5 540 4.059 2.982 2.968 3.166 3.182 3.074

Table 2. Deformation of aluminum substrates with partially covered glass-ceramic layers, after heat treatment at various temperatures

(substrate size: 25x25x1.5 mm?)

Sample Temp. (a) Center height =4 32X edge height (mm)
No. O a (mm) () B ©y (s OX () AVegge
6 500 1.599 1.563 1.564 1.554 1.556 1.559
7 510 1.603 1.565 1.563 1.574 1.561 1.565
8 520 1.698 1.634 1.626 1.632 1.622 1.629
9 530 1.806 1.712 1.672 1.705 1.687 1.695
10 540 1.894 1.788 1.746 1.766 1.731 1.758

wlo]a =z} 9 w7)4 8k5] %] A23d A|45 (2016)
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Table 3. Camber deformation of large area (100x100x4.0 mm®) LED sub-module using ceramic-metal hybrid substrates with partial and
full coverage of glass-ceramic layers on aluminum base plate

a7 (a) center =74 IXAE edge height (um) Camber

Alekel dut wE A = height [(@)-(D)]
ST @S10°0) oy OB @y @8 @8 () Ave (mm)
B umi before 4.973 4.926 4.939 4911 4913 4.922 0.051

are aluminum

after 4978 4.928 4.955 4914 4917 4.928 0.050
Fully covered after 6.308 5.040 5.158 5.134 5.094 5.107 1.201
Partially covered after 5.180 5.046 5.060 5.036 5.017 5.040 0.140
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Fig. 4. Fabricated prototype single chip mounted LED packages for comparison of thermal resistances: (a) conventional FR-4 MCPCB,
(b) ceramic-metal PCB covered fully with glass-ceramics, and (c) ceramic-metal PCB covered partially with glass-ceramics.
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Fig. 5. Variation of differential structure functions with different kinds of single-chip mounted LED packages: (a) conventional FR-4

MCPCB, (b) ceramic-metal PCB covered fully with glass-ceramics (PCB-f), and (c) ceramic-metal PCB covered partially with
glass-ceramics (PCB-p).
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Fig. 6. Schematic of the prototype LED packages for the comparison of thermal resistances: (a) conventional FR-4 based MCPCB and

(b) ceramic-metal based PCB covered with glass-ceramics.
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