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Research Status and Prospects of High-entropy Alloy Thin Film
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ABSTRACT: High-entropy alloy is an emerging multi-component alloy material composed of five or more elements with
(near) equal atomic ratio, which has attracted great attention of scientific workers due to many excellent mechanical, physical
and electrical properties. High-entropy alloy thin film is a kind of low-dimensional (micron scale) high-entropy alloy material,
which not only exhibits the similar excellent properties of bulk high-entropy alloy, but also is even better than bulk alloy in some

properties (such as hardness), showing a good application prospect in many fields. Starting from the design concept of
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high-entropy alloy, the development process and main classification of high-entropy alloy thin film material were firstly

reviewed. Then the main preparation methods of high-entropy alloy thin film in recent years as well as the the principles,

advantages and disadvantages of these methods were introduced. The reasons for the simple crystal structures of high-entropy

alloy thin film material and the main important factors affecting the crystal structures were also elaborated. Moreover, the

characteristics and research progress of the mechanical properties, tribological properties, high temperature resistance, oxidation

resistance and corrosion resistance of the high entropy alloy film were described in detail. The reasons and affecting factors for

the excellent properties of high-entropy alloy film were summarized. The potential applications of the high-entropy alloy films

in the fields of heat resistance, wear resistance and corrosion resistance were also presented. On this basis, some development

directions, such as computational simulation, formation laws of phases and thin films under special conditions, were put forward

for the future development of these thin films.

KEY WORDS: high-entropy alloy thin film; preparation methods; crystal structures; tribological properties; high temperature

resistance; oxidation resistance; corrosion resistance
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Fig.1 Schematic diagram of sputtering deposition principle: a) magnetron sputtering; b) pulsed laser deposition
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Tab.1 Characteristics of SD, VE, | P and ED techniques'®317-23
Methods Advantages Defects

Sputtering deposition

1) The composition and performance of the thin
films can be flexibly controlled by changing the
process parameters and target composition

2) The thin film is with uniform composition, good
density and properties

3) High deposition rate and good bonding strength
with substrate

4) The nitride thin films can be achieved by inlet-
ting reactive gas

1) Low target utilization
2) Limited film thickness

Vacuum evaporation

1) The equipment is relatively simple and easy to
operate

2) The prepared film has high purity and fast film
formation rate

3) The growth mechanism of the film is simple,
easy to control and simulate

1) It is not easy to obtain a thin film with a
crystalline structure
2) The adhesion of the deposited thin film to
the substrate is poor

Ion plating

1) Good film adhesion

2) High film density

3) High deposition rate

4) It is conducive to the formation of compound
films

5) Many types of materials can be plated

1) The defect density in the film is higher, and
the transition zone between the film and the
substrate is wider

2) Higher gas content remains in the film

Electrochemical

1) The films can be evenly deposited on a substrate
with a complex structure

2) The thickness and composition of the films can
be easily controlled with controlling process para-

1) It is difficult to prepare ideal and compli-
catedly compositional thin films
2) The parameters, such as current and voltage,

deposition
meters

3) The process is simple and easily operated with

low economic cost

are easy to fluctuate, resulting in poor unifor-
mity of the deposited layer
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Tab.2 Influence of process parameterson the crystal structure of high-entropy alloy thin film

Composition Process parameters Crystalline structure Method Ref.
ov FCC with (200) orientati i 37
(AICITaTiZr)N Substrate bias with (200) orientation  Reactive RF magnetron 371
-150V FCC with (111) orientation ~ sputtering [38]
(\AY% FCC with (111) orientation R e RF
(AICENDSITiV)N Substrate bias 25V FCC with (111) orientation Spelfti;‘rviﬁg magnetron [39]
-100 V FCC with (200) orientation
ov FCC with (111) orientation Reactive DC
(Al; sCrNby 5Sig sTi)N  Substrate bias =50V FCC with (111) orientation speiiélr\i]zg magnetron [40]
=200V FCC with (200) orientation
RT Amorphous
Substrate . .
TaNbH{Zr 500 C Amorphous DC magnetron sputtering [41]
temperature
700 C BCC
RT Amorphous
. Substrate . .
HfNbTiVZr 275 C BCC DC magnetron sputtering [35]
temperature ]
450 C BCC with laves phase

Remarks: DC—direct current, RF—radio frequency, RT—room temperature
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Tab.3 Hardness and elastic modulus of high-entropy alloy thin film

Composition Hardness/GPa Modulus/GPa Method Ref.
CoCrCuFeNi 6.3 87.9 DC Magnetron sputtering [47]
CoCrFeNiZr s 6.7 — DC magnetron sputtering [30]
CoCrFeNiAlg 3 7.66 150.35 Pulsed laser deposition [19]
HfNbTiVZr 9.2 118 DC magnetron sputtering [35]
(FeCoNiCrCuAlj 5)N 10.4 — Reactive DC magnetron sputtering [5]
(TiVCrAlZr)N 11 151 Reactive magnetron sputtering [31]
ZrNbTaTiW 11.5 190.4 Magnetron sputtering [18]
(AICrMnMoNiZr)N 11.9 202 Reactive DC magnetron sputtering [48]
AlCoCrCuy sFeNi 13 204 RF magnetron sputtering [13]
AIMoNbSiTaTiVZr 13.5 340 DC magnetron sputtering [40]
Al, sCoCrCuFeNi 15.4 203.8 DC Magnetron sputtering [47]
(AICrMoNiTi)N 15.4 200 Reactive RF magnetron sputtering [45]
FeAlCuCrCoMn 17.5 186 DC magnetron sputtering [44]
(AICtMoZrTi)N 19.6 236 Reactive RF magnetron sputtering [45]
(CrTaNbMoV)N 21.6 241.5 Reactive DC magnetron sputtering [49]
(TiAICrNDbY)C 22.6 — Reactive DC magnetron sputtering [12]
(TiVCrZrHNH)N 23.8 267.3 Reactive magnetron sputtering [43]
(CuSiTiYZr)C 29.5 — Reactive magnetron sputtering [16]
(TiAICrSiV)N 31.2 350 Reactive RF magnetron sputtering [15]
(TiVCrZrH)N 31.4 316.6 Reactive RF magnetron sputtering [50]
(AICrTaTiZr)N 32 368 Reactive RF magnetron sputtering [6]
(CrNbTaTiW)C 36 487 DC magnetron sputtering [36]
(AICrTaTiZr)N 36.9 — Reactive RF magnetron sputtering [37]
(AIMoNbSiTaTiVZr)N 37 260 Reactive DC magnetron sputtering [40]
(AlCrMoTaTiZr)N 40.2 400 Reactive RF magnetron sputtering [32]
(AICTNBSITiV)N 41 360 Reactive RF magnetron sputtering [33]
(TiVZrNbHf)N 66 612 Vacuum arc deposition [46]
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Fig.4 TEM images of the oxide layer structure of (Al 34Crg2Nbyg 11Sig.11Tig.22)50N50 high-entropy alloy thin film
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Tab.4 High temperature resistance of high-entropy alloy thin film

[56]

Composition Temperature/Time Phase structure Method Ref.
CoCrCuFeNi 500 ‘C/20 min (vacuum) FCC magnetron sputtering [47]
Al, sCoCrCuFeNi 600 ‘C/20 min (vacuum) BCC magnetron sputtering [47]
TiVCrZrHf 600 ‘C/30 min (vacuum) Amorphous DC magnetron sputtering [59]
(AICrTaTiZr)N 700 °C/30 min (vacuum) Amorphous Reactive RF magnetron sputtering [60]
AIMOoNbSiTaTiVZr 700 ‘C/30 min (vacuum) Amorphous DC magnetron sputtering [9]
(NbTiAISI)N 700 ‘C/24 h (vacuum) Amorphous Reactive DC magnetron sputtering [53]
(NbTiAISiW)N 700 ‘C/24 h (vacuum) Amorphous Reactive DC magnetron sputtering [53]
NbSiTaTiZr 800 °C/30 min (vacuum) Amorphous Magnetron sputtering [10]
AICrRuTaTiZr 800 °C/30 min (N,/Hy) Amorphous RF magnetron sputtering [61]
(AlCrRuTaTiZr)Ny s 800 °C/30 min (N,/Hy) Amorphous Reactive RF magnetron sputtering [61]
(AICrTaTiZr)O 800 ‘C/I1 h (vacuum) Amorphous Reactive DC magnetron sputtering [62]
(AICrMoTaTiSi)N 800 'C/2 h (air) FCC RF magnetron sputtering [54]
(AIMoNbSiTaTiVZr)soNs, 850 °C/30 min (vacuum) Amorphous Reactive DC magnetron sputtering [57]
NbMoTaW 900 ‘C/90 min (vacuum) BCC Magnetron sputtering [55]
(TiVCrZrHfH)N 900 ‘C/2 h (vacuum) FCC Reactive RF magnetron sputtering [50]
(TiVZrNbHf)N 1100 ‘C/10 h (vacuum) FCC Vacuum arc deposition [46]
NbMoTaW 1100 °C/3 day (Ar) BCC DC magnetron sputtering [58]
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