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Thermal Resistance Analysis of Ceramic Embedded
FR4 Heat Dissipation Substrate
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Abstract: Based on the thermoelectric separation concept, metalized AIN ceramic blocks of high thermal conductivity were
embedded into FR4 materials of relatively low thermal conductivity for the preparation of ceramic-embedded substrates for
LED heat dissipation management employing lamination technologies. Secondly, LED lamps were mounted on the aforemen-
tioned substrates to form LED modules, the junction temperature of which were tested using junction temperature tester and
temperature control table in terms of different AIN sizes and different LED powers. Additionally, the heat dissipation perform-
ances of the aforementioned substrates were studied on the base of junction temperature test results. The result showed that
when the LED powers were constant, both the spread thermal resistances and one-dimensional thermal resistances of the ce-
ramic-embedded substrates decreased as the AIN block sizes increased, thus led to decreased overall thermal resistances.
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Fig. 1  Structural representation of ceramic embedded FR4 heat dissipation substrates
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Fig. 2 Digital photos of LED modules ready for junction temperature test
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Table 1 Experiment details for the junction temperature test of %Elﬂ‘, TR A E—Tl,gﬁg/@%ﬁﬁ—‘fﬂ'ﬂiﬁﬂﬁﬁd\o qnt
LED F 13 W I Ostar S2W ATER, Y4Fg% 43510 10 mmx
No. LED type  Power/W AIN size Note *®2 LED &BMKER
| Ostar S2W 13 10 mmx 10 mmx 1.0 mm A Table 2 Test results for the junction temperature of LED
E ; T./C T,/C T.-T,)/C
2 Ostar S2W 13 12 mmx12 mmx1.0 mm B No.  LEDType  Power/W T b (5;=Th)
1 Ostar S2W 13W 96.95 65.39 31.56
3 Ostar S2W 13 15 mmx15 mmx1.0 mm C
2 Ostar S2W 13W 92.94 65.54 27.4
4 Ostar S2WN 32 10 mmx10 mmXx1.0 mm A 3 Ostar S2W 13W 91.81 65.57 26.24
5 Ostar S2WN 32 12 mmx12 mmx1.0 mm B 4 Ostar S2WN 32W 111.08 65.21 45.87
6 Ostar S2WN 32 15 mmx15 mmx1.0 mm C 5 Ostar S2WN 32W 110.26 65.32 44.95
6 Ostar S2WN 32W 108.56 65.35 43.21
7 Ostar S2WP 60 10 mmx10 mmX1.0 mm A
7 Ostar S2WP 60W 125.19 65.43 59.75
8 OstarS2WP 60 12 mmx12 mmx1.0 mm B 8 Ostar 2WP  60W 12414 65.12 59.02
9 Ostar S2WP 60 15 mmx15 mmx1.0 mm C 9 Ostar S2WP  60W  123.39  65.50 57.89
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Fig. 3 LED junction temperature curves of LED modules when AIN block size are 10 mmx10 mmX1.0 mm, 12 mmx12 mmx1.0 mm and 15 mmx

15 mmx1. 0 mm, respectively: (a~c) 13 W LED, (d~f) 32 W LED, (g~i) 60 W LED
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