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Abstract

Nanocrystalline diamond(NCD) coated aluminium plates were prepared and applied as heat sinks for LED
modules. NCD films were deposited on 1 mm thick Al plates for times of 2 - 10 h in a microwave plasma
chemical vapor deposition reactor. Deposition parameters were the microwave power of 1.2 kW, the working
pressure of 90 Torr, the CH,/Ar gas ratio of 2/200 sccm. In order to enhance diamond nucleation, DC bias
voltage of =90 V was applied to the substrate during deposition without external heating. NCD film was
identified by X-ray diffraction and Raman spectroscopy. The Al plates with about 300 nm thick NCD film
were attached to LED modules and thermal analysis was carried out using Thermal Transient Tester (T3ster)
in a still air box. Thermal resistance of the module with NCD/AI plate was 3.88 K/W while that with Al
plate was 5.55 K/W. The smaller the thermal resistance, the better the heat emission. From structure function analysis,
the differences between junction and ambient temperatures were 12.1°C for NCD/AI plate and 15.5°C for Al plate.
The hot spot size of infrared images was larger on NCD/ALI than Al plate for a given period of LED operation.
In conclusion, NCD coated Al plate exhibited better thermal spreading performance than conventional Al
heat sink.
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Fig. 1. Schematics of thermal emission test samples.
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Fig. 2. Surface SEM images of the diamond deposited
on Al substrate for different times.
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Fig. 3. Percent of diamond deposition area on Al
substrate for different times.

Fig. 4. Cross-sectional SEM image of the diamond
deposited on Al substrate for 10 h.
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Fig. 5. XRD pattern of diamond/Al plate.
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Fig. 6. Raman spectra of the diamond films deposited
on Al substrate for 8 h and 10 h.
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Fig. 11. Back side infrared images of LED modules
with Al and diamond/Al plates.
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