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Abstract

GaN-based semiconductor has been one of the most important and potential optoelectronic
materials, the heterostructure of which plays the dominant role in the fabrication of new
functional devices. However, several critical problems that have significantly restricted the
further development of its advanced applications are principally related to its stress field. The
research in this thesis aimed to provide a thorough insight into the stress-related effects in the
GaN-based heterostructures, especially at the nano-scale heterointerface, through both
experimental and theoretical studies.

The epitaxial heterostructures, such as epitaxial-lateral-overgrowth (ELO) GaN and
AlGaN/GaN, were prepared by using metal-organic chemical vapor deposition. Advanced
characterization techniques, including scanning electron microscopy, Auger electron
spectroscopy, cathodoluminescence, etc., were employed for analyzing the chemical and
physical properties of the heterostructures. Concepts of “Electron cipher” and “Auger general
shift” were proposed for the first time, which led to the establishment of nano-scale
measurements for local stress field, electric field, and charges. Upon the framework of the
first-principles calculation methods, the construction techniques for modeling heterstructure
systems and imposing stress fields were developed. Based on above techniques, following
issues have been studied and important approaches were obtained:

1. The stress field and optical properties of ELO-GaN were investigated. The stress
distribution on the cross section suggests a mechanism of the release of misfit in-plane
stress and the critical release region was determined. The bending of threading
dislocations (TDs), the climb movement of dislocation loops, and the jog of stacking
faults have been observed and analyzed and the results proved the existence of a
longitudinal stress field in the lateral region. Such stress field results in the enhancement
effect of band-edge emission efficiency and consequently, improves the ultraviolet
luminescence intensity. On the other hand, the horizontal dislocation array introduces the
fragmentation effect into the c-axial polarization field, which also effectively improves the

recombination rate of electron-holes.
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2. The piezoelectric polarization field in GaN/AlGaN/GaN heterostructure was examined. By
elemental profiling, a considerably wide gradient interface region was formed due to the
inter-diffusions of Al and Ga. Two dimensional sheet charges in the gradient
heterointerface region were observed, demonstrating the effect of polarization. The energy
band structure is rebuilt via local electric field detections and the potential well at the
interface formed with the curvature of bands gives rise to the confinement of the
polarization charges. Simulation of GaN/AlGaN band structure was consistent with the
experimental results. In particular, the band structure in the quantum well exhibits a
different degree of bending between the valence band and conduction band. The flat
valence band in the well predicts the feasibility of the fabrication of AlGaN/GaN
quantum-well-based short wavelength optical devices.

3. The wurtzite-to-zinc blende phase transition of AlGaN thin films upon GaN and AIN basal
layers were investigated. On GaN basal layers, it was found that the structural transition
depends on the critical thickness of AlGaN film and higher Al mole fraction favors the
phase transition. Detailed analysis reveals that the second-nearest-neighbor interaction
and the tendency towards covalency of Al-N bonds play the key role for the phase
transition. The structural transition will effectively reduce the polarization electric field in
AlGaN film and consequently, influence the optoelectronic properties. On AIN basal
layers, a preferable stress range was found for the formation of zinc blende phase. This
fact demonstrates that we can intentionally control the phase transition in optional AlGaN
films by adjusting the stress field.

Above all, the approaches in the intersectional investigations on GaN-based
heterostructures have led to important microcosmic knowledge and understandings to those
crucial problems and have demonstrated the controllability and serviceability of the
stress-related effects. This work provides new prospects for the future developments of nitride

semiconductors.

Key words: GaN-based semiconductor, heterostructure, electronic structure, Auger electron

spectroscopy, stress field, piezoelectric polarization, phase transition.
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MR (GaAs) W& & WM RRE .. AR AR, G5 0 2 5B
I, (B EARA B ——A 257 (Si 2 1.1 eV, GaAs £ 1.4 eV) BUE TR (S,
JSR BT AR S e FEAN PIBT R B i o A 2, DU G N Y L e SR BRAE A HLA 20 B s 1
DTG s RIS, s o i HL AR B DR UK BB AL HEN 7, TGV Y il R DR
R TR & Tl B, WARA VR B R . T, SE2807 I B 2 S b R
AT Y, RS AR ERT S FH 1 A

5 58254 Hear -3k, X UL GaN e ik BT AR DA e mr s, BRMEE
FE T AEBR[0.7 eV (InN ) 3.5 eV (GaN). 6.2 eV(AIN) MR rERE (vgase . thaeka
B TR BOL O O R A R RIS ST I . GaN BT 1940
4F 1 Juza Il Hahn Il F NH; 383 04 Ga 428 i S, M5 — B8] T 1969 4F Maruska
2 NA TR CVD HARFE I 5 A AT 5 FAME KR GaN @i AAD!, %40 Gk B [ HE
AN 2 o Z GBS 70 4RAS, AATTAWTHLSU) T-5500 GaN JEJa i Aot as 14 1
&, EARIET M-i-n G50 IEERI B RO A (LED) B8 ghshilig okl 7, |
TR KRN A E (10" em™) FIHSMER p BUE S, RITRM S HERIRANAE
o XM AURIYTR — HAELE 2] 80 “Erh 51, Akasaki 55 A A AL AL 1 AOBUK GaN:
Mg FHRL ] DUl 2 LA p AL S, Amano 25 AfE GaN B K 5 | AT ZE b 247 2%
PR B G2 P, DU RINL, GaN APRIRZ A BT 7 AR P 2GR (2D, IE5 AR
()2 R R KRR . AAZ G, 3T p B G A HE—20 TR R ORIl 25 5 22 00l i)
AMERA AR (K33 — B B . 7F 1995 4, FIA InGaN/GaN M5 45k, msels. K
AR s CRERR ) LED ekl mezht B, AT AEM g . 2k,
AT GaN e A0 LT HORWT U R AT I, 228 SO0 7 28 E AW 73 21 T
R, PEREA B S
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