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2 Inch Am-GaN substrates
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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
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Back to the past - 16 August 2007

HR PL mapping Report — Analysys of GaN samples
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The preserce 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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(M As-grown n-type Am-GaN crystal
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ll@ Analysis of the growth morphology
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[m]

Sochacki T. et al. Materials 2023, 16(9), 3360
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H@ O deg between steps on adjacent hillocks
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Sochacki T. et al. Materials 2023, 16(9), 3360
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H@ 60 deg between steps on adjacent hillocks
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Sochacki T. et al. Materials 2023, 16(9), 3360
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120 deg between steps on adjacent hillocks

Low growth rate
in m-direction '

m-step

High growth rate
in a-direction
120 deg

/ \

a-direction
High growth rate

High growth rate
In a-direction

Propagation of a-step is realized with higher rate then

m-step
Sochacki T. et al. Materials 2023, 16(9), 3360
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ll@ Analysis of the growth morphology
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[m]

Sochacki T. et al. Materials 2023, 16(9), 3360

Institute of High Pressure Physics Polish Academy of Sciences

16



It

unipress

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.

Sochacki T. et al. Materials 2023, 16(9), 3360
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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 mobilit Resistivit
Material type Conductivity type | concentration ) y y
] [cm?/Vs] [Qcm]
[em™]
High cafrier n+ type ~1019 ~150 103
concentration
Low carrier n type ~1018 ~250 102
concentration
Hzﬁﬂhntizlsggl)ty semi-insulating (SI) - - 2108
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n+ Am-GaN substrate
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5 mm 1120

XRT of Am-GaN substrate —
Borrmann effect
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Raman measurments
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Harima et al J. Phys. : Condensed Matter 14 R967 (2002)
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LPP-, LPP+ Raman signature

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

: # 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,

330cm’

567.6 cm’

280 cm”! 567.4 cm™

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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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
concentraton . "
Low carrier n type ~1018 ~250 102
concentration
Hzﬁﬂhntizlsggl)ty semi-insulating (SI) - - 210°
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H@‘ n - Am-GaN substrate

OM (UV)
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LPP-, LPP+ Raman signature

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.
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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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nano
photon

LOPC Raman peak shift — 1" Am-GaN substrate i'
\

Nanophoton Laser Raman Microscope RAMANdrive
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1000 /\Wﬁ
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High frequency
(High carrier density)

Low frequency
(Low carrier density)

5004

31314 . . . . .
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Raman shift (cm-1)

Full wafer AreaFlash mapping condition
Excitation 532.08 nm, x100/ NA 0.9, 9.7 x 10* W/cm?,
Grating 2400 gr/mm, Slit 50 uym, Pixel size 100 pm x 100 pm,
AreaFlash size 80 ym x 80um, 0.2s/Area,
236 x 236 pixels, measured area 23.6 mm x 23.6 mm, time 4 hr 27 min

Shugo Nitta NU Japan
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E." Raman peak shift — 1” Am-GaN substrate

N nano

Nanophoton Laser Raman Microscope RAMANdrive

0.05cm‘t
compressive
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E," Raman peak shit mapping E," Raman peak shift mapping (gray scale)

Shugo Nitta NU Japan
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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

Institute of High Pressure Physics Polish Academy of Sciences

30



It

unipress

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

DIC image of the sample surface after PE
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"@‘ Results of PEC on cross-section of the HVYPE-GaN

HVPE-GaN form foreign substrate

J.L. Weyher et al. / Journal of Crystal Growth 312 (2010) 2611-2615

Institute of High Pressure Physics Polish Academy of Sciences

32



unipress

Solution for this ,problem”...
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Growth model

Fast
transition

—)

hillocks merging | growth on a single hillock

m—— HVPE
Relatively easy

Ammonothermal
Potencially difficult
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Solution for fast transition between growth modes - HVPE
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T. Sochacki et al. Journal of Crystal Growth 556 (2021) 125986
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Solution for fast transition between growth modes - HVPE
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HFJ Solution for fast transition between growth modes - Ammonothermal
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Solution for fast transition between growth modes - Ammonothermal
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T. Sochacki et al. Materials 2022, 15, 4621. https://doi.org/ 10.3390/mal5134621
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Inspection of cross-sections under UV illumination
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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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