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2 Inch Am-GaN substrates — electrical properties

—  (002)-XRC EPD: 104 cm2

—— GaN/sapphire
— Am-GaN

Log Intensity (a.u.)
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2 Inch Am-GaN substrates — electrical properties

n typem\\,\-

Carrier

: . : Carrier mobility Resistivity
Material type Conductivity type concent_ratlon [cm2/Vs] [Qcm]
[cm]

High carrier n+ type 1019 ~150 103
concentration

Low carrlgr n type ~1018 ~250 10-2
concentration
High resistivity - :

- - - >108
(Mn-doped) semi-insulating (SI) 210

Uniformity of electrical properties.
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Triangular areas — structural inhomogeneities

10 mm
(1100)

XRT of Am-GaN substrate —
Borrmann effect

L. Kirste et al., Materials 2021, 14, 5472.
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IIFJ‘ Triangular areas — structural inhomogeneities

n-type Am-GaN after CMP OM under UV light - n-type Am-GaN
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IIFJ‘ Triangular areas — structural inhomogeneities

XRT transmission
Cu radiation

SI Am-GaN (VIS light)

/1210 (1100

5 mm
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The formation of these inhomogeneities is related to the growth mode of the

crystal used for fabrication of the substrate.
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Growth model of the bulk GaN
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| Growth model
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Formation of new
hillock

hillock growth hillocks merging growth on a single hillock
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(Y As-grown n-type Am-GaN crystal
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H@ O deg between steps on adjacent hillocks
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H@ 60 deg between steps on adjacent hillocks
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High growth rate

In a-direction 60 deg .8. \./

m-step /
High growth rate \

in a-direction

la]

Low growth rate
in m-direction

The valley is filled with expanding m-steps
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120 deg between steps on adjacent hillocks

Low growth rate '

in m-direction Formation of a-step

m-step
Ol N/
Seatasy X

High growth rate .
In a-direction ..8.:.
120deg iy m-step
a-direction

High growth rate

High growth rate . . .
ghg In a-direction

Propagation of a-step is realized with higher rate then
m-step
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ll@ Analysis of the growth morphology
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Analysis of the growth morphology

Nomarski contrast UV illumination

The places where the macro-steps are visible correspond to an area of darker luminescence.
In turn, areas with step-meandering correspond to parts with brighter luminescence.
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n+ vs n type

Am-GaN
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n type ‘\\,- |

2 Inch Am-GaN substrates — electrical properties

Carrier Carrier mobility Resistivity
Material type Conductivity type concent_ratlon [cm?/V/s] [Qcm]
[cm™]
High carrlgr n+ type ~1019 ~150 103
concentration
Low carrier n type ~1018 ~250 102
concentration
Hzﬁﬂhntizlsggl)ty semi-insulating (SI) - - 210°
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n+ Am-GaN substrate

OM (UV)

5 mm 1120

The area out of "propellers” region is characterized by a higher free carriers concentration.
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Raman measurments

1000 7 LP P+
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Harima et al J. Phys. : Condensed Matter 14 R967 (2002)
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LPP-, LPP+ Raman signhature

Raman shift LPP- Raman shift LPP+ OM (UV)

i # 1000 cm-

uy

n+ Am-GaN

The area inside of "propellers” region is characterized by a lower free carriers concentration.
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E, Raman signature vs XRT transmission

XRT transmission FWHM E, Raman shift E,

-1
3.30 cm 567.6 cm”

567.4 cm™

280cm’

The area inside of "propellers"” region is characterized by a lower free carriers concentration.
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2 Inch Am-GaN substrates — electrical properties

n type \3- |

Carrier Carrier mobility Resistivity
Material type Conductivity type concent_ratlon [cm?/V/s] [Qcm]
[cm™]
High carrlgr n+ type ~1019 ~150 103
concentration
Low carrier n type ~1018 ~250 102
concentration
Hzﬁﬂhntizlsggl)ty semi-insulating (SI) - - 210°
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H@\ n - Am-GaN substrate
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LPP-, LPP+ Raman signhature

Raman shift LPP- Raman shift LPP+ OM (UV)

n Am-GaN

The area inside of "propellers” region is characterized by a lower free carriers concentration.

Institute of High Pressure Physics Polish Academy of Sciences



Il

unipress

LPP-, LPP+ and E, Raman signature

XRT transmission FWHM E, Raman shift E,

3.20

567.5

567.2

The area inside of "propellers” region is characterized by a lower free carriers concentration.
No effects of strain/stress related to the presence of "propellers" are visible.
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Photo-etched (PE) for 40 min. in KSO-D solution

propeller

DIC image of the sample surface after PE

n - Am-GaN substrate — results of Photo-etching

UV map of the Am-GaN sample
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n - Am-GaN substrate — results of Photo-etching

propeller

DIC image of the sample surface after PE
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Summary

» It was found that in the area with triangular defects, the concentration of carriers is lower than in the
rest of the crystal,

« Formation of such areas is associated with a change in the growth morphology (presence of step-
meandring);

« Occurrence of step-meandring is related with interconnection of adjacent growth hills;

 When m-steps on the sides of two adjacent hillocks form an angle of 120 degrees, an unstable a-
step is formed.

» |t leads to the formation of growth disturbances which may result in the formation of
inhomogeneous areas with lower carrier concentration in the volume of the growing crystal.

« The observed inhomogeneities in carrier concentration are small enough that they do not introduce
measurable stresses in n/n+ Am-GaN substrates.
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Thank you for your attention
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