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Fig. 1 (Color online) Schematics of a photoelectrode: (a) device
structure and (b) band structure.
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Fig. 2 (Color online) Schematic band structures of AIN, AICrN,
AIVN, and AITiN. The arrows are the paths of electron exci-

tations.
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Fig. 3 (Color online) (a) Optical absorption spectra and (b) a
photograph of AIN, AITiN (8.3%), AIVN (8.5%), and
AICrN (8.3%) films on SiO, glass substrates. The film thick-
nesses are around 1 um for all the films.
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Fig. 4 (Color online) Schematics of (a) a sample structure and
(b) a wurtzite crystal structure.

5 XAFSHIEIZ TR THIETCERTT-723DTH
B, ffi¥id, 3dTM Ee{t4y, 3dTM LibypEuezte & o
ALV Ty VT HRIVE—RlEP G, Ti 3 & 4 iR,
V & Crid 3ffiicimvC EARsnsz, Fig.5@), (b)IZ,
WA AEREE (), RN (cmr) o &
= 3dTM K # X f % Wi ks (XANES) A7z
FILERT, ED3ATM T k&7 Ty VBB NT
W5, Fio, AAVIyVORKL, JdTMREICITE A
AL U EE CTh HD, BHEKGFEEE - T 5
ZEBbhrb, KEETV Ty V=273 Ti, V, Cr R
WIS FORRE D R WS A RO &, A VT
v DS OBBRGEML, clhAM & clmPHRTRE
B oMETHH T LR, VIV YER AIN O
AlY A+ a2 EEFL, ZOEHE TaHAVIE Cy, THH &
LCFEDPR, T, TV Ty VHMERTI, V, CrD
MBS NS Trn TRV, LEEDOMBRMHERER & FE L 7\,
TR X (R Al S (EXAFS) ik b L B S
N7 —T R T HEERE O 3dTM /& - EEKFYE% Fig. 5
(c-8)IZ=d, clii DN L OR&HME (N) &, o
3OON EDOREGHERE (N, #HEEd5E, TiECr T
[T Na & Ne AMFFSEL WS L, VTIEN, XYL N.OE
BEREWC ERbPbS, 20, Ti & CrTTyHy, VT
CowITHBHZEHERL TS, TOREEA, VASP
code??) % FI\ 7 BF — JFUBRAR T IR BLAS R & Hit L T A
5, itEET NG, FEHEMANOKTFER® AW
ANz O, 36D ALY A FDI>H 1Y A % 3dTM T
B &H %z 7z AlysTM N3 TH 5, HETEMEZT-> TH
B 7o 5 — T4 IR - T R % Fig. 5 () 12 B/ K ELOER TR
T, ViZcl MmO A& PR, CridfE AR ITIES
L <7V, EXAFS Ot & —FH L T\WaB Z &3bn
Ho —7, Tild, VERU L cHlismOfs &SRV
WO R ERER T, EXAFSO#RE &V, 2T
AlgsTiNsg OB IV SEF % 1R S L 75k TH &M
HEAET S/ A, WATRL XD ISR ITIT
HELWEWIERAE SN, EXAFS iR & L < —%
L7z, F/, BRWICHMEZREILTIEE D 3dTM 3 3 ffi
DL EOBFHICECS, BFEWS LoV THE, Ti
OEEL D 4 IV E WD EERICR -7, TNbHiT
Ti K 3% XANES 2 #7 ¢ Ti Ol E A 3 i /4 i &= S iz
IO, AMiPFAET AT L Z/HTHLDOTH S, HK
BT, BE¥TIORAZDO LD BT L 5Dh, £D
FERIITHTH B, TIK# XANES DAL VT v VTT
WF—IETIEEN0LXY P HI1R ETITFLEAEELL v
7207, B FRA L ERERMER ST TR TE R0
KD b EDORMPTCHREBREAE L13E 212 < W

2.5 3dTM Zxh0 AIN DIBs5/N > Rigs
3dTM K i XAFS 2 #1 TR & Nz 3dTM O [Tk,
FbbAIY A FEEEL, Ty Ci &V 7odbLsHi

&t Sept. 2020 Vol.33 No.5 ¢ 309



(a) (b)
E//plane E L plane
1+ 11
=
I
®
£
2
0|||||||||||_0|||||||||||_
Energy (5eV/division) Energy (5eV/division)
(c)AITIN  (d)AIVN  (e)AICrN  (f)
2.2 22
[* I8
N, N,
Ng
21 N, I - o 1 NE]
= )
Z %00 °
§20 ® 2.0
SN 2o 2 %0 1%
(]
N,
............... 1 1 1 19

Concentration (at%)

1.9
0246 810120 2 4 6 810120 2 4 6 8 1012 Ti \

Cr
3dT™

Fig. 5 (Color online) 3dTM K-edge XANES spectra for (a) E//film-plane and (b) E L film-plane. (c)—(e) The first
nearest neighbor distances for 3dTMs plotted against the 3dTM concentrations estimated by EXAFS analyses. (f)
The simulated first nearest neighbor distances for the 3dTMs.
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and (d) Cr. (e) DOSs for Al;;TisNs6 subtracted 3 electrons from a super cell.
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Fig. 7 (Color online) (a) Experimental N K-edge XANES spec-
tra (E//film-plane) of AIN (TM: 0% ), AITiN (Ti: 8.3%),
AIVN (V: 8.5%), and AICrN (Cr: 8.6%) films.
(b) Calculated N K-edge XANES spectra for wurtzite AIN
with FDMNES code.
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Fig. 8 (Color online) Quantum-confined Stark effect in polar
LED:s.
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Fig. 9 (Color online) N K-edge XANES spectra (E//film-plane)
of as-deposited AlFeN and annealed AlFeN for 10 min and
30 min. The arrow indicates the pre-edge peak.
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Band structure engineering and crystal orienta-
tion control in wurtzite AIN via substitution of 3d
transition metal for Al

Saki IMADA Kyoto Institute of Technology,
1-1 Goshokaido, Matsugasaki, Sakyo, Kyoto 606-8585, Japan

Nobuyuki TATEMIZO Kyoto Institute of Technology,
1-1 Goshokaido, Matsugasaki, Sakyo, Kyoto 606-8585, Japan

Abstract Substitution of 3d transition metal for Al in wurtzite AIN films result in major changes of band
structures and crystal orientations when the substitution rates are higher than 10 atomic%. In this
paper, the band gap narrowing of AITiN and multi band gap structures in AICrN and AIVN will be
discussed using X-ray absorption fine structure results. The crystallographic orientation change
from c— to a—axis in AlFeN films will be also discussed.
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