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   Mg-ion implantation is a promising technique for selectively forming a p-type region in GaN, which is 

useful for the mass production of high-power devices. However, the technology is not yet fully established 

completely. The annealing temperature required for acceptor activation is high (> 1200oC), whereas the 

obtained activation ratio is frequently low. There is thus room for reappraisal of the annealing method. To 

address this issue, one should investigate the effect of annealing from a low temperature to a high 

temperature. In addition, to investigate the deep levels generated by implantation, one should start from a 

low dosage. We here present the results of a study on the effect of low-temperature annealing on lightly 

Mg-ion-implanted GaN.  

    In this work, Au/Ni/Al2O3/GaN metal-oxide-semiconductor (MOS) diodes on GaN free-standing 

substrates were used to investigate the electrical properties of Mg-ion-implanted GaN because they enable 

the investigation in the near-surface region. The measured capacitance–voltage (C–V) characteristics for a 

MOS diode with as-implanted GaN exhibited anomalous behavior as shown in Fig. 1. MOS diodes 

fabricated on GaN annealed at several temperatures (400–800oC) after implantation showed improved C–V 

characteristics (an example is shown in Fig. 2) as the annealing temperature increased. The observed C–V 

characteristics were reproduced on a computer by performing a simulation [1] considering bulk deep levels. 

We found that acceptor-like deep levels on the conduction-band side of the band gap are responsible for 

these characteristics. Thus, low-temperature annealing affects the deep levels in GaN generated by Mg-ion 

implantation.  
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MOS diode fabricated on 
as-implanted GaN

50 keV, 1.5x1011 cm-2

frequency: 1 MHz

Fig. 1 C–V curve measured for the MOS diode 

fabricated on as-implanted GaN. 

Fig. 2 C–V curve measured for the MOS diode 

fabricated on GaN annealed at 500oC after 

Mg-ion implantation. 
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