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Study of pretreatment with ion implantation on substrate for GaN
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Abstract The structural, electrical and optical properties of GaN epilayers grown on various ion-implanted
sapphire(0001) substrates by MOCVD were investigated. Sapphire substrates have been widely adopted to
grow high quality GaN epilayer despite the large differences of lattice constant and thermal expansion
coefficient between them.” So, GaN or AIN buffer layer and pre-treatment was indispensably introduced before
the GaN epilayer growth. The ion-implanted substrate's surface had decreased internal free energies during
the growth of the ions implanted sapphire(0001) substrates. The crystal and optical properties of GaN epilayers
grown in ions implanted sapphire(0001) substrate were improved. Also, excessively roughened and modified
surface by ions degraded the GaN epilyers. Not only the ionic radius but also the chemical species of implanted
sapphire(0001) substrates could improve the properties of GaN epilayers grown by MOCVD.? This result
implies that higher quality of GaN epilayers was achieved by using ion-implanted sapphire(0001) substrate
with various ions.
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Table 1. The implantation schedules of H", He", Ar*, As” and
Xe*.

Tmplanted Implanted Dose Projection
ion energy (keV) (ions/cmz) range (A)
H 30 1X 10 2240
He' 30 1X10' 1940
Art 100 1X 10 650
Ast 100 1X10' 570
Xe* 100 1X10' 297
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Fig. 1. AFM images of sapphire(0001) (2) non-implanted, (b) H*-ion implanted, (c) He'-ion implanted, (d) Ar*-ion implanted, (¢)
As*-ion implanted, (f) Xe*-ion implanted.
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Fig. 3. RMS roughness of surface with as-implanted and GaN
epilayer according to various ion-implanted sapphire(0001)
substrate.
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Fig. 2. AFM images of GaN epilayers on sapphire(0001) (a) non-implanted, (b) H*-ion implanted, (c) He*-ion implanted, (d) Ar*-

ion implanted, (e) As*-ion implanted, (f) Xe*-ion implanted.
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Fig. 4. SEM cross section images of the GaN epilayers on various ion implanted sapphire (0001).
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Fig. 5. X-ray rocking curve of the (0002) peak of GaN
epilayer grown on various ion-implanted sapphire(0001)
substrate. (40 kV, 20 mA)
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Fig. 6. Hall mobility and carrier concentration of GaN epilayer
grown on various ion-implanted sapphire(0001) substrate.
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Fig. 7. Raman shift of the E;, mode and biaxial stress in GaN
epilayer grown on various ion-implanted sapphire(0001)
substrate
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Fig. 8. PL spectra of GaN peak integrated intensity in GaN
epilayer grown on various ion-implanted sapphire(0001)
substrate.(RPM2000, 15.5 mW, 325 nm)
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