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Abstract: The low thermal conductivity of ordinary printed circuit board (PCB) material leads to
poor heat dissipation performance, which makes it difficult to package high-power devices. In this
work,, a PCB substrate embedded with direct plated copper ceramic substrate (DPC) (hereinafter re-
ferred to as “embedded substrate” ) is developed, which can enhance the local heat dissipation of
PCB owing to the high thermal conductivity of ceramic materials, so it can be used for high-power
LED packaging. Firstly, the DPC is fixed into the windowed PCB with adhesive, and the embedded
substrate is obtained after electrical interconnection. Compared with ordinary PCB substrate, the
surface temperature of embedded substrate is lower and the temperature rise trend is slow at the
same current. When the current increases from 200 mA to 400 mA, the temperature rise of LED
packaged with embedded substrate is about 42. 1 °C lower than that of ordinary PCB substrate. At
350 mA, the thermal resistance and junction temperature of LED sample packaged with embedded
substrate are 15. 55 K/W and 9. 36 “C respectively, and its optical power increases with the increase
of current, which is always higher than that of LED packaged with ordinary PCB substrate under the
same current. At 400 mA, the difference in optical power between them is about 16. 7%. The exper-

iments show that the embedded substrate is a high-performance and low-cost packaging substrate,
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which can effectively improve the heat dissipation performance of high-power LED and meet the

packaging application requirements of power devices.

Key words: LED; embedded PCB; direct plated copper ceramic substrate (DPC) ; heat dissipation; photothermal

properties
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Fig. 1 Fabrication process of PCB substrate embedded with

DPC and its packaging process
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Fig. 2 (a)Picture of DPC embedded PCB substrate. (b) Par-
tial enlarged picture of DPC embedded PCB sub-
strate after packaging LED.

TR R R R B 1 S A AR AR R
FHCHA, B AIES A 25 .

Pl 3 (a) by P i Al 5 A ol o e 1, G v A 5
B R Y DPC JE AR R B2 )2 T B Y PCB kAR
4 )= 4 i . i 3(b) A W ZE 2] DPC S fig 1
L AL, 12230 FL AT SE B AR b e T %
3 (e ) by P i AORY #22 23 Ak 8 4 T B, ] DL
b ) 56 % I3 78 R B A 2 TR A AR B, N JC 2 TR
FVER B, PR AIE T PR b 35 Al ) ARG #2258 B . 3l 2ok A
T 18 DT 4 i 2 S B R A 2k % e, F e el R
FH PCB 34 58 i LED it 5 Fo A fa 7 48 14 DL 2%
P U D) AR 4

Rk )z

S PCB

B3 Ca) P4 6 Al B R B 1] 5 (b) DPC ik A 3 AL A T
Pl 5 (o) A i 6 ARORY i J2= AT 1€

Fig.3 (a) Picture of integral cross-section of DPC embed-

ded PCB substrate. (b) Cross-sectional view of the
through-hole of DPC. (c) Cross-sectional view of the
adhesive layer of DPC embedded PCB substrate.
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Fig. 4

(a) Temperature of DPC embedded PCB substrate and ordinary PCB substrate at different time at 400 mA. (b) Tempera-

ture of DPC embedded PCB substrate and ordinary PCB substrate at different input currents.
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Fig. 5 Junction temperature (a) and thermal resistance (b) of LED packaged with DPC embedded PCB substrate and ordinary

PCB substrate at 350 mA
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Fig. 6 Surface operating temperature of LED modules packaged with two kinds of substrates at 400 mA. (a) DPC embedded

PCB substrate. (b)Ordinary PCB substrate.
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(a) Optical power of LEDs packaged with two kinds of substrates at different input currents. (b) Lighting of LED pack-

aged with embedded substrate. (¢) Lighting of LED packaged with ordinary PCB substrate.
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