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This thesis explores the methodology and application of unsupervised machine learning for
providing a physically interpretable connection between high-dimensional nanobeam X-ray
diffraction (nanoXRD) data and the underlying crystal structures of wafer-scale GaN samples.
Motivated by early observations that similarities in diffraction profiles reflect local structural
environments, this work aims to develop machine learning-assisted approaches capable of
characterizing nanoscale defects and revealing crystal structures across large spatial regions.

To address this aim, nanoXRD measurements were at first combined with dimensionality
reduction techniques to construct an interpretable, data-driven characterization framework. A
comprehensive evaluation of nanoXRD datasets on GaN crystals showed that unsupervised
learning yields results that are significantly more stable and robust than those from
conventional peak-fitting methods, especially when diffraction profiles are complex or distorted
by microstructural defects. Through a systematic comparison of embedded data structures and
measured diffraction patterns, the study identified similarity and continuity as the two
fundamental principles governing the relationship between the data space and the crystal
structure.

Building on these principles, two complementary analysis approaches were developed. A
similarity-based clustering framework enables reliable identification of growth domains and
microstructural groupings across wafer-scale GaN crystal samples. In parallel, a continuity-
aware framework, centered on the originally proposed neighborhood-based similarity metric,
detects and visualizes structural transitions across interfaces and boundaries, including subtle
features that conventional analyses often fail to capture.

The combined results demonstrate that machine learning can uncover previously hidden
structural features, map gradual or abrupt transitions, and provide physically meaningful
interpretations of nanoXRD data. This work thus establishes a new methodological foundation
for nanoXRD-based crystal analysis and offers broader potential for next-generation materials
research, including extensions to diverse material systems, multimodal measurements, and
autonomous data-driven characterization workflows.
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AFCIE, ST GaN fidhaxtgel LizF /7 ©—2A X #EHT (nanoXRD) 7 — Xkt L., ZihfiZe LS8 F
HEEEATS 2T, MRTET — 4 LG & ORI ERACARIR T HE 226 i B AR & RS SRS B L W ET
EOWSLE B E LTWD, BEEE L, nanoXRD I X WG EN DRI 1 7 7 A L OFELHED R TR 72 4 fb il it
RRMEIRIEZE KT 2 & W ) FRICESE, RIHRBS L7 Z 22V v FEkdul & LieT — X BREVEIfRNT 7 1 —
LU — 7 B ARRENCHERE LT,

FORE, RIS HANONTE =2 T4 v T 4 U TICES BN FE L LT, SRR 7 n 7 7 4
IR E K e & & de T — 21 LTh, XV RENOFERMER Mk EERAH T 5 2 L 2SR L
7o FEIZ, RATRERDE /) A AR RAT e 7 1 7 7 A VEBNCH U CHERETH D AU, nanoXRD 7 —X OFEHN
RN W CHEARZLZ AT D, S50, HDIALERIZET 5T — X ik & EEM O SEEE L OXTIGRERE
FHMICHRET S Z ik, TEEM) & TEFM] 25 nanoXRD F— X ERICE T AAENREBTH D T L & W
2L, ZHEEBRT —ZIZE SO TRGE L7 80E, ABFEOmAINE%2 R BE el Tch b,

INBDMREZIEIT, U NZ =)0 GaN b T DR IR E & @ WE M TRE T D JE RIS &S
I FAZY I RiEE, RO b U T 2 HEER 2 SR ISR - AT LT 2Rt A BT Tk %
IR EL, TNOLOEMEEZ ENT — 21k 0 FEIFEL T\ D, AHFFEIEL. nanoXRD 5 — & gt (KR 78 % 8
AT DI LT, ERREETH - RGN 2 IS T2 & &b, 5% OMEREIEIC KT 5 KT —#
FRHTC H AWM B RIE~OR BB LM TE 250 TH Y . FIHNE O THNERITMO THEV,

U EOBHBICE Y, AmsCiddt (L%) oFGm e LTHEDH 2 b0 LB 2,




