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Thermal Properties of CVD Diamond Thin Films

Kwang-Man Lee*, Jeong-Dae Ko** and Chi-Kyu Choi**

ABSTRACT

Diamond has outstanding thermal properties that make it the material of choice for heat spreading

applications in microelectronic devices. In order to asses thermal properties of diamond films grown by
microwave plasma CVD method. we have applied an ac thermal conductivity measurement technique where
films are thermally excited at frequency @ while the thermal response is measured at the third harmonic via a
lock-in amplifier. This method is insensitive to errors due thermal noise. Before the application to diamond. the
measurement technique was tested on fused silica and sapphire. The results were in good agreement with
published values. The thermal conductivity of CVD diamond films were measured to be around 3 W/em - K.
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Fig. 1. Schematic diagram of sample structure and
heater for 3 method. b is half of heater
width. D is thermal diffusion coefficient.
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Fig. 2. Schematic diagram of microwave plasma
CVD system.

Table 1. Deposition conditions for diamond thin
films using microwave plasma CVD

Parameter Value
Substrate p-tvpe. Si(100)
Microwave power 350~1100W
Working pressure 20~37Torr
Deposition time ~20 hrs
Source gases
H; 90~200scem
cO 10scem
CH, 3~4scem
Substrate temperature 700~900°C
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Fig. 3. Schematic diagram of a set of test sample

for thermal conductivity measurement.

Fig. 4. Mask pattern of 4-electrode measurement

device. L=1. 2. 3[mm] with W=10. 20. 30
{m].
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Fig. 5. Microphotograph of wire bonded test device
sample for thermal conductivity measurement.
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Fig. 7. X-ray diffraction spectrum of CVD diamond

thin film.
. soof
=
s 1332cm”
g
L eool
"3
a
L
Z 00l FWHM = 6.32
-
c Nt
b3
£

0 " L 1 " .
1100 1200 1300 1400 1500 1600 1700

Raman Shifticm™)

Fig. 8. Raman spectrum of CVD diamond thin fiim.
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Fig. 11. Measured in-phase 3w signal at T= 292[K]
and Press.=1.4x107 [Torr] for a sapphire
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