
Highly resistive HVPE-GaN grown on 
native seeds – investigation and 
comparison of different dopants 
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Undoped HVPE-GaN

H. Fujikura et al., Jpn. J. Appl. Phys. 56, 085503 (2017)
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Undoped HVPE-GaN

Hall measurements in Van der Pauw configuration
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Dopants in GaN
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C-doped GaN

CH4 + carrier gas

Source zone T= 850oC Growth zone T= 1050oC

Am-GaN seed
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C-doped GaN

M. Iwinska et al., Appl. Phys. Express 10, 011003 (2017)

XRD (0002) 
rocking curve

beam size 
1x10 mm
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C-doped GaN

Activation energy ~1 eV 

p-type

@RT: ρ>108 Ωcm

M. Iwinska et al., Appl. Phys. Express 10, 011003 (2017)
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C-doped GaN

Zvanut et al., J. Appl. Phys. 124, 075701 (2018)
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Mn-doped GaN

MnCl2 and GaCl nozzles

NH3 nozzles

Susceptor
Mn

Ga

HCl above
Mn

Am-GaN seed

Iwinska et al., Jpn. J. Appl. Phys 58, SC1047 (2019)
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Mn-doped GaN

Increasing HCl flow above solid Mn

Iwinska et al., Jpn. J. Appl. Phys 58, SC1047 (2019)
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41 arcsec

Mn-doped GaN

[Mn] [cm-3] 3×1018 8×1018 2×1019

[Si] [cm-3] <1×1017 <1×1017 <1×1017

FWHM = 53 arcsecSeed: FWHM = 71 arcsec FWHM = 36 arcsec

68 arcsec 63 arcsec
As-grown
layer:

XRD (0002) 
RC, beam size 
1x10 mm

Iwinska et al., Jpn. J. Appl. Phys 58, SC1047 (2019)
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Mn-doped GaN

Activation energy ~1.8 eV 

Measurements not possible for higher [Mn]

n-type@RT: ρ>108 Ωcm

Iwinska et al., Jpn. J. Appl. Phys 58, SC1047 (2019)
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Fe-doped GaN

GaCl nozzles

NH3 nozzles

SusceptorFe 

Ga

FeCl2 nozzles

HCl above
Fe

Am-GaN seed

Iwinska et al., Jpn. J. Appl. Phys 58, SC1047 (2019)
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Fe-doped GaN

Increasing HCl flow above solid Fe

[Fe] [cm-3] 6×1016 2×1017 1×1018

[Si] [cm-3] 1×1017 1×1017 1×1017

Iwinska et al., Jpn. J. Appl. Phys 58, SC1047 (2019)
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Fe-doped GaN

Increasing HCl flow above solid Fe

FWHM = 30 arcsecSeed: FWHM = 35 arcsec

As-grown
layer:

[Fe] = 2×1017 cm-3 [Fe] = 1×1018 cm-3

XRD (0002) 
RC, beam size 
1x10 mm

30 arcsec 56 arcsec

Iwinska et al., Jpn. J. Appl. Phys 58, SC1047 (2019)
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Fe-doped GaN

n-type

Iwinska et al., Jpn. J. Appl. Phys 58, SC1047 (2019)
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Fe-doped GaN

@RT: ρ ~ 107 - 108 Ωcm

Activation energy ~0.6 eV 

Iwinska et al., Jpn. J. Appl. Phys 58, SC1047 (2019)
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Fe-doped GaN

HVPE-GaN:Fe, [Fe] = 1×1019 cm-3 ([Si] = 2×1017 cm-3, [C] = 1×1016cm-3) 

H. Tokuda et al.., Jpn. J. Appl. Phys. 57, 071001 (2018)
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Summary

C doping 
• p-type at high temperature
• highly resistive crystals
• High thermal conductivity

Mn doping 
• n-type at high temperature
• highly resistive crystals

Fe doping:
• n-type 
• slight deterioration of structural 

quality for high [Fe]
• control of free carrier 

concentration

M. Bockowski et al., J. Cryst. Growth 499, 1–7 (2018)
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