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Fig. 1. XRD patterns of undoped AIN and AIN:Er*t pine-
shaped nanostructure (the enlarged (100), (002) and (101)

peaks in inset).
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Fig. 2. XPS patterns of AIN:Er** pine-shaped nanostructure: (a) Survey spectrum; high resolution spectra for (b) Al 2p, (c) N 1s,

(d) Er 4d.
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Fig. 3. (a)—(c) Scanning electron microscopy images from low to high magnification of AIN:Er®* pine-shaped nanostructure;
(d) EDS spectrum.
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4 AIN:ErAREAR 9K 254 00 (a) TEM 1% . (b) HRTEM B4 . (c) FFT B M1 (d) EDS G % I 5 5 4%
Fig. 4. (a) TEM image, (b) HRTEM image, (c) FFT pattern and (d) EDS element mapping of AIN:Er®* pine-shaped nanostructure.
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Fig. 5. (a) DRSs of undoped AIN and AIN:Er** pine-shaped nanostructure; (b) excitation spectrum of AIN:Er** pine-shaped nano-

structure at 548 nm; (c) the room-temperature Vis-NIR emission spectrum of AIN:Er** pine-shaped nanostructure (the visible PL

imaging in inset); (d) the schematic energy level diagram for Er** ions.
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Fig. 6. PL decay curve at 548 nm.
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Fig. 7. (a) Temperature-dependence spectra of AIN:Er** pine-shaped nanostructure; (b) FIR values of AIN:Er** pine-shaped nano-

structure at the temperature of 293-553 K and the linear fitted results between the FIR and the temperature (the triangular mark-

ers represent the experimental values of FIR, and the dashed line is the fitting curve); the variation of relative sensitivity (S,) with

temperature (the diamond markers represent the values of S,).
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R ZHL, s 0 e B (BAARRS LT 2
ULF 1). AIN:Er* - IR7E 300—550 K i I,
H S M 0.25%102—0.6x10 2 K B4, oK, AL
T AIN:Ers i 5, AIN:Ers+FA B9IR 24 K 25 4 J2 3
TR I, R RO RE A AR AR
R, AINEr® BARPIR A0 K S5 4 PR TH A7 AE R
T RBEE TSR T 575 F IO EAER]. X4
PP IR LB A A8 a3 8.3, A
T 2 T AR T A5 Ak ) SR 91,

F 1 T FIR 8RR Er B 22 R R bR AR 2 A
JZ (S,) #EAT LR
Table 1.  Comparison of relative sensitivity (S,) of Er3*

doped different materials based on FIR technology.
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Fig. 8. (a) Magnetization hysteresis loops of AIN:Er** pine-
shaped nanostructure measured at room temperature; (b) vari-

ation of unit magnetization intensity with temperature.
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Fig. 9. Total DOS and partial DOS of Er atom, Al atom and N atom for (a) Ery system, (b) Ery; + Vy system, (¢) Ery + V) sys-

tem. The Fermi level is indicated by the vertical dashed line.
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oEr oAl ON oVAl °VN

Bl10  ABEHMREERZE B3 (a) Ery BK&R; (b) Ery + VB R; (c) Ery + Vo AR
Fig. 10. Spatial distribution of the spin density: (a) Ery; system; (b) Ery + Vy system; (¢) Ery) + Vy system.
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Table 2.  Formation energy under the Al-rich and N-rich
conditions of the V; and Ery; + V), systems.
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Pine-shaped AIN:Er3* nanostructure: A multifunctional
material with both luminescent and magnetic properties”
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Abstract

Erbium-doped aluminum nitride (AIN:Er?*) pine-shaped nanostructures are synthesized, through a direct
reaction between aluminum (Al) and erbium oxide (Er,O;) mixed powders in a nitrogen (N,) atmosphere, by
using a direct current arc discharge plasma method. X-ray diffraction (XRD) analysis reveals that the
diffraction peaks of AIN:Er’* shift towards lower angles for the doped sample compared with those of undoped
AIN; indicating lattice expansion due to Er** incorporation. X-ray photoelectron spectroscopy (XPS) confirms
that Al, N, and Er are coexistent, while energy-dispersive X-ray spectroscopy (EDS) quantitatively shows that
the atomic ratio for AL:N:Er is about 46.9:52.8:0.3. The nanostructures, resembling pine trees, are measured to
be 5-10 pm in height and 1-3 pm in width, with branch nanowires extending 500 nm-1 pm in length and
50-100 nm in diameter. These branches, radiating at about 60° from the main trunk, are found to grow along
the [100] direction of wurtzite-structured AIN, as evidenced by high-resolution transmission electron microscopy
(HRTEM) showing lattice spacing of 0.27 nm corresponding to the (100) plane. Photoluminescence studies
identify distinct emission peaks in the visible region (527, 548, and 679 nm) and near-infrared region (801, 871,
and 977 nm), which is attributed to intra-4f electron transitions of Er** ions. The average lifetime of the excited
state at 548 nm is measured to be 9.63 ps, slightly shorter than those of other Er’*-doped materials. The
nanostructures demonstrate that the superior temperature sensing capability possesses a maximum relative
sensitivity of 1.9x10% K'' at 293 K, based on the fluorescence intensity ratio of thermal-coupled levels (*Hy; ),/
S3/2). Magnetic characterization reveals that the room-temperature ferromagnetism has a saturation
magnetization of 0.055 emu/g and a coercive field of 49 Oe, with a Curie temperature exceeding 300 K, which
shows the potential for room-temperature spintronic applications. First-principle calculations attribute the
observed ferromagnetism to Al vacancies, whose formation energy is significantly reduced by Er doping, leading
to a high concentration of Al vacancies. These findings highlight the potential of AIN:Er®* pine-shaped
nanostructures in various applications, including optoelectronics, temperature sensing, and dilute magnetic

semiconductors.

Keywords: aluminum nitride, photoluminescence, temperature sensitive, dilute magnetic semiconductor
PACS: 71.55.Eq, 75.50.Pp, 78.30.Fs, 78.55.-m DOI: 10.7498 /aps.74.20241587
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