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Diamond Nucleation Enhancement by Applying Substrate Bias in ECR Plasma CVD
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Abstract The heteroepitaxial growth of diamond films over large area is essential in realizing diamond-
based electronic devices. In this paper we report a successful growth of umform diamond films with the
nucleation density as high as 2 10%m " * over wide areas of Si(100) substrates by low pressure ECR mi-
crowave plasma CVD. The optimal process parameters for the nucleation step are a bias voltage of 30V,
a gas composition of 3%CH, in He, a total gas flow rate of 100scem, a pressure of 10Pa, a substrate
temperature of 800°C, a microwave rf-power of 4kW, and a process time of 10min. On the other hand,
those for the growth step are a bias voltage of 30V, a gas mixture of CH,~CO.-H, with concentrations
of 5%, 15%, and 85%, a gas flow rate of 100scem, a substrate temperature of 800°C, a microwave
power of 5kW, and a process time of 2hr. A CH,/He gas mixture offers higher diamond nucleation den-
sity than a CH,/H, gas mixture because of higher radical density. Also it was found that positive bias

voltage was more appropriate for the low pressure ECR plasma CVD than negative bias voltage.
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Fig. 1. Schematic diagram of an ECR plasma CVD
system.
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Table 1. Deposition process parameters for 2 , - ' : ’
ECR plasma CVD o~ | MWPower: 3kW
(D Nucleation step 'E
(5]
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pressure (Pa) 10 = i
N’
temperature (°C) 600 > 10
bias voltage (V) ~60~ +60 ‘@ ]
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time 2~40 min S 4] B
gas concentration (%) 1~15 / 99~85 2
e L -
total gas flow (scem) 100 -
6 ] N ) .
2y Growth step 0 10 20 30
= : (1)
gas CH,/COL/H, CH, Concentration (%)
pressure (Pa) 10 Fig. 2. CH, radical density as a function of CH, concen-
temperature (°C) 600 tration.
bias voliage (V) 30 2 wEe Sdo] sbv Aeldol A £ 3
microwave power (kW) 5 o} Hzlzul wbgED 27} Rabxle] g)
time 2 hr oA Z+E kg9 oz dey g Al e
gas concentration (%) 5/10/85 T T T
Al 38} B
total gas flow (scem) 100 =2E=c
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Fig. 3. Surface SEM micrographs of diamond films for various gas ratios in the substrate bias treatment. Other proc-
ess parameters for the hias treatment are a pressure of 10Pa, a temperature of 6007, a bias voltage of +30V, mi-
crowave power of 4kW, a time of 10min and a total gas flow of 100sccm. The process parameters for the growth
step are a source gas composition of 5%CH,/15%C0./85%H,, a pressure of 10Pa, a temperature of 600°C, a bias
voltage of +30V, a microwave power of bkW, a tune of 2hr, and total gas flow of 100scem.
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Fig. 4. Surface SEM micrographs of diamond films for
various substrate bias voltages.
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Fig. 5. Substrate bias dependences of plasma potential
(Vs) and floating potential (Vf).
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Fig. 6. Change of plasma potential with the variation of
bias voltage.
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