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GaN crystals are difficult to grow and process because many defects occur during crystal growth,

and damage layers form easily and are difficult to remove during crystal processing. This study

addresses the challenges associated with growing and processing GaN crystals, which are caused by

their characteristic and properties. Inversion domains, crystal defects generated during crystal growth,

are resolved by combining vapor and liquid phase growth. Moreover, damage layers formed during

fabrication is removed by chemical mechanical polishing.
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Semiconductor crystal Melting point

Vapor pressure
por'b Vapor element

material (°C) (atm)
Ge 938 10° Ge
Si 1414 10° Si
GaAs 1,238 1 As
InP 1,067 3.85 P
GaN 2,200 6x10*
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Method

Characteristic

MOVPE (Metal organic vapor
phase epitaxy)

Vapor phase growth

Thin film GaN crystals grown using a metal organic
source and ammonia gas on a substrate

HVPE (Hydride vapor phase
epitaxy)

Thick film GaN crystals grown using a metal chloride
source and ammonia gas on a substrate

Vapor phase composition®

GaN crystals grown using metal Ga vapor and NH;, N,
at ~1,200 °C

Liquid phase growth Melt growth?®

GaN crystals grown by slow cooling using N, at high
temperatures and pressures (6GPa, ~2,200 °C)

Solution High pressure solution

growth growth method”

GaN crystals grown by supersaturation control in metal
Ga with dissolved N, at high temperatures (1600 °C) and
pressures (1-2GPa)

Flux method®

GaN crystals grown using a mixed melt consisting
of metal Ga and alkali metal (mainly Na) with N, at a
temperature 800-900 °C and a pressure of <10 MPa

Ammono-thermal
method”

GaN crystals grown using poly crystals dissolved and
regrown in supercritical or subcritical NH;
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Transition of GaN crystal growth
(¢: GaN crystal thickness)
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B Surface and back surface of the GaN crystal after processing (CMP)

(CSI: coherence scanning interferometry)
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(b) Plane-view SEM image Ga polar face

1.08

of a pit
N polar face

QCross—se:;wilz:l SEM 1mageJ (d) Schematic showing
(a) Photograph of a GaN substrate P

with IDs

the cross-section near a pit

Photograph showing a GaN substrate with inversion domains (IDs). Plane view and cross sectional SEM

images

Flux crystal
Ga polar crystal

Growth interface -------

HVPE substrate

Ga polar face

N polar face

‘v’ 20 um

IDs and high impurity concentration region around IDs

BEE Cross-sectional fluorescence microscopy image of an GaN crystal with IDs (flux crystal on a HVPE

substrate)
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/

pit
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m Cross-sectional florescence microscopy images of a GaN crystal with an ID and a pit (flux crystal on a

HVPE substrate)

(a) Plane view CL (Cathode Luminescence) image
DSD (Dark Spot Density): 3.8 X 105 cm2
(DSs: 46) / (area size: 127 um X 94 um)

10 pm

(b) Optical microscope (differential interference) image of

EP (Etch Pit)
EPD (Etch Pit Density): 2.3 X 105 cm2
(EPs: 35) / (area size: 141 um X 107 um)

m Threading dislocation density (TDD) evaluation of the +c plane surface of the flux crystal (lux crystal

on a HVPE substrate with an ID)
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€Xpansion

Cross-sectional transmission electron microscopy (TEM) image of a GaN crystal prepared by flux growth

after mechanical polishing
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