CIUSterlng & GIObaI Smart I;neearlgt;
9
Challenges

Quantum Tech.
Advanced Materials

April 07-09, 2021

Online international conference

Uniaxially Oriented Refractory Nickel Aluminum Films Sputtered at High Temperatures

Phuoc Toan Tran'2, Thien Duc Ngo'2, Hai Dang Ngo'?2, and Tadaaki Nagao'?

"'Photonics Nano-Engineering Group, International Center for Materials Nanoarchitectonics (MANA), National Institute for Materials Science (NIMS), Tsukuba, Ibaraki 987-6543, Japan
2 Department of Condensed Matter Physics, Graduate School of Science, Hokkaido University, Sapporo, Hokkaido 060-0808, Japan

*NAGAO.Tadaaki@nims.go.jp
MOTIVATION

For the practical applications, plasmonic materials such as tungsten, molybdenum [1] or metal nitrides [2] and metal carbides have been proposed; however, they are not robust against oxidation if they are used at elevated temperature in air. Hence, the
practical applications of thermal metallic emitters are limited to the strict vacuum or inert gas ambient conditions.
Nickel-based superalloys containing Ti, Ta, and W are used in a base material as a turbine blade or a turbine vane of a jet engine or the like in many cases with a surface of a base material coated to inhibit high temperature oxidation and heating [3].

The intermetallic nickel aluminium alloy (NiAl) is a promising candidate which retains different merits like high-melting point, extreme hardness, as well as low density and high thermal/electrical conductivity.

=» These all make NiAl a material-of-choice for high-temperature practical applications.
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MAIN RESULTS
CRYSTAL STRUCTURE & MORPHOLOGY ELECTRICAL & OPTICAL PROPERTIES

Peak of (100) orientation Peak of (110) orientation

—— J*1 HALL MEASUREMENT
x10?1 b) <105

— 814K
— 889K
= 967K

~
a
Ll

Q
~

—u— Mobility
—e— Carrier Concentration

i\
(110) (ZOO)PDF#M-1188 360 450 660 750 960 1050 300 450 600 750
|' (111) : l(2!0') A Temperature (K) Temperature (K)

N

6]

4}

o
L

Intensity (a.u.)

Intensity (a.u.)

30 31 32 33 435 445 45.0 455 46.0
20 (degree) 20 (degree)
Peak of (100) orientation NiAl_PDF#44-1188 Peak of (110) orientation NiAl_PDF#44-1188

N
a
L]

Relative intensity (%)

Resistivity, p (©.cm)

w
o

n
=

P

7.5 10.0 12.5 15.0 17.5

Wavelength (um)

Oconductivity) = ‘lfe'"'”H Simulated optical spectra including
Presistivity) = = absorptivity (red curve), transmittance (blue
curve) and reflectance (black curve) of NiAl

thermal emmitter

-
(&)

Mobility, p,, (cm?/ V.s)

Si substrate

415.0

(c-w2) u ‘uonesyuasuoy JsLue
Resistivity, p ((2.cm)

Intensity (a.u.)
Intensity (a.u.)

1 I

50 60 70 8 3 = % 3 435 440 445 430 435 460 (a) Mobility and carrier concentration versus growth temperature, and (b) resistivity versus C 0 N C LU S I 0 N
20 (degree) 20 (degree) 20 (degree) growth temperature, and effect of film thickness on the resistivity.

XRD patterns of NiAl films on Si (100) substrates at different temperatures. Standard diffraction pattern of High—que_llity'gro_wth °f_NiAl film sputtered directly onto Si(100) from a single _NiAl
NiAl at the bottom. Inset: unit cell of NiAl with an aluminium atom at the center and surrounding nickel atoms. SPECTROSCOPIC ELLIPSOMETRY target with /n s/tu heating from room temperature to 967K was reported. All films
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