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Development of high-density radical source and its application for
plasma-assisted MBE of nitride semiconductors
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Plasma-assisted molecular beam epitaxy (PA-MBE) is one of effective tools for

high-quality GaN and InGaN film growth. However, the growth rate with this

conventional technique is much lower than that realized in metal organic vapor phase

epitaxy (MOVPE). It was pointed out that the nitrogen (N) atom from N

2

 gas

dissociation in plasma was crucial for improving both growth rate and film quality. In

order to improve PA-MBE, a high-density radical source (HDRS) was developed and

examined in this study.

The HDRS consists of an inductively coupled plasma (ICP) combined with

magnetically enhanced capacitively coupled plasma (CCP) source. The discharge

tube of a pyrolytic hexagonal boron nitride was surrounded by a solenoid antenna,

which is located downflow of the CCP electrodes with permanent magnets for plasma

confinement. This tandem structure enables stable discharge to obtain high density

plasma. At the end of the radical source, an orifice for the radical emission isolates

the plasma region from an MBE chamber at low pressure. The gases of N

2

 and H

2

were introduced to the radical source. The absolute densities of both H and N were

measured by vacuum ultraviolet absorption spectroscopy (VUVAS). A VUV light

source was constructed using hollow-cathode plasmas of hydrogen- or

nitrogen-diluted helium gas in atmosphere. For the H atom, Lyman α (2P-2S) at 121.6

nm wavelength was used, and for the N atom, emissions (4P-4S) at 119.96, 120.02,

and 120.07 nm were used.

According to vacuum ultraviolet absorption spectroscopy (VUVAS) measurement,

nitrogen radical density generated employing the HDRS increased up to 3 x 10

12

 cm

-3

with increasing N

2

 gas flow rate. This value is more than one order of magnitude

higher than that obtained by the conventional ICP. Then, faster growth rate of 2.5

µm/h in GaN homoepitaxy was performed by the PA-MBE employing the HDRS. It

was also confirmed that the growth rate and crystalline quality of InGaN was much

enhanced by this method.
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