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Fig. 1. (a) Schematic representation of the structure of chal-
cocite, fluorite, and wurtzite!; (b) energy barrier diagram

of AlScN during the polarization switching/?.
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Fig. 3. (a) Schematic diagram of the substratel; (b) relationship between the internal parameter u, the coercive field E,, and the

thermal expansion coefficient of the substrate*!; (c) IV diagrams of AlScN thin films deposited on different bottom electrodes with

different Sc contentsP.
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Fig. 4. Surface morphology of Al ¢;Scy 35N films at different operating pressurel*): (a) 0.32 Pa; (b) 0.52 Pa; (c) 0.70 Pa; (d) 0.90 Pa;
(e), (f) leakage currents as well as I-E plots of the corresponding Al 5S¢ 35N.
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Fig. 5. (a) HRTEM image of Aljg4ScossN film with its atomic resolution TEM image in the inset!*); (b) intensity-distance line pro-
files on the atomic planes corresponding to the colored lines in panel (a) for calculating the average lattice spacingl*!; (c) schematic

representation of the increase in lattice spacing of the films *; (d)—(f) AlScN film’s P,, E,, and c/a lattice constants versus film
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Fig. 7. (a) ABF-STEM investigation of the MOCVD-grown Aljg;Scq 5N film (center image). The atomic polarization of the AlScN

film under the capacitor is identified to grow completely M-polar from the bottom interface (left image) toward the top electrode

(right image). (b) ABF-STEM image showing the columnar grain structure of the PVD-grown Al 75Scg 5N film and defects in the

single-crystalline n-GaN substrate. The inset illustrates the metal polarity of the GaNP!l. (c) Comparison of the switching and leak-
age current for AlScN films deposited on n-GaN substrates by MOCVD and PVDI%,
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Fig. 8. (a), (b) Leakage current and P-E/J-E plots of Aly;ScosN thin films before and after nitrogen annealing at 400 °C[04;
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Fig. 9. (a) STEM image of Alj5Scy9sN/GaN epitaxial structure on the [112 0] axis, which is Al-polar at the interface and N-polar
close to the surfaceP!; (b) and (c) P versus delay time for HfZrO, and Alj;Scy 3N films on Al,Oy films of different thicknesses!™;
(d) schematic diagrams of Al,O3/HfZrO, and Al,05/Alj;ScysN structures!™.
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2% 18 JRy S BR A B [E] 43 AT ) NLS BG4,
fife AIScN Vi B AL B e 2 ) 2 B G B X
YA K T AU B R B R B AL i
B TS A SR R & La 45 92 5@ 0T & 10(a) 1Y
PUND ik 8 I 278 set ik i i e {0 R0 58 5 %)
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17 NLS Fl KAI BEARLA, WlE 10(b) Fras, M
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KA FE & B, BE A it 0 i 37 i 3E N, Alg 79S¢ 25N
LIS R AT O NS5 A% (KAT ARHY) ) B
MR (NLS BRY) KA 5478  sised F ) s
BB AESE 73X — 45 02, 14k, Yazawa 55 7 & B
FERFE T Al 7Sco 3N WY KAL #1519 Avrami
85 n (SHERABREA X, n < 4) AFEY
BRI 7E Johnson-Mehl-Avrami-Kolmogorov
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Fig. 10. (a) Pulse sequence used during transient current measurement, .,y is the delay time between pulses and 4y, is the pulse

?lj E"J A10_7QSC0_28N %Hﬁ E{J

width%2; (b) polarization of Alj7,ScgosN films obtained by varying the pulse width (time) at different pulse voltages and the fit

through the KAI and NLS model equations [%3; (c) schematic diagrams of the nucleation and growth of domains for the different

models (KAI, NLS, and SNNG)[™.
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T 1R BT B 235 A S L B 1) S B e A
4. KAI, NLS H1 SNNG #8240 F

APom = AP(t)/ (2F)

- expl—(t/t0)" (KAD, (1)
APy = AP(1)/ (2P5)
— [ exp e/ Flogto))alog(t)
~ é {arctan <%> + g] (NLS),  (2)
s,

Floetio) = [(log(to) o) wt) | )
AProrm = AQPP(;) =1—exp [ — 27dv® N (c0)am

X /0 Tm_l(t—T)2eXp(—osz)dT] (SNNG), (4)

Horp, POy B R AR BE, to SN R AF B0 5L 5 1A]
n K Avrami $5 50, A MH—FLHE, Flog(t)) M
R B e i) (BRI R AR 2200 A0, o i log (1) 4%
SR SERNEAC 2L A i U E, v ABE 24,
N(oo) EFAX RN BE, m AR Lt iz .

Al Sc, N HEEBEERZAE

T AIScN R P Y Bk R BETE SN 3% T /Y
FEAZALE T L SE R PR R 0 X FIC LA B g BE
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Fig. 11. (a), (b) P-F hysteresis loops and static leakage current curves obtained from bipolar cycling of Al 7ScysN film at room tem-

perature for different numbers of cycles™; (c) In(J/E)-E°-5

relationship obtained from panel (b) and fitted with the Poole-Fren-

kel emission model™; (d)—(f) P-E hysteresis loops obtained from applying either bipolar pulses less than FE, or the unipolar

positive/negative pulses greater than |E,|l™; (h) the band stru

cture of the perfect cell of Alj;Scy3N model. The Fermi level is set to

zero and represented by the horizontal dashed linel™; (i) defect formation energies of Aly;ScysN models with different types of va-

cancy Vy, Vg., and Vy; in the relaxed configurations as a function of Fermi level. Ep = 0 corresponds to VBMI™.
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Kl 12 (a)—(c) FeRAM, FeFET Fll FTJ A 454 7m K
Fig. 12. (a)—(c) Schematic structure of FeRAM, FeFET, FTJ.
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Fig. 13. (a) Cross-sectional TEM results of Al/Alj¢sSc 3N /Al ferroelectricity capacitor on Al substrate and high-resolution TEM of
Aly 5S¢y 50N at the bottom/top interfacel™; (b) J-E plots of Al/Alj4sScy3.N/Al capacitor at 1, 10 and 100 kHz; (c), (d) polariza-
tion obtained from PUND tests and the calculated remnant polarization intensity of Al ¢sScy3NP%; (e), (f) J-V and C-V curves of
Aly74Scy 96N films with a film thickness of 5 nm by PUND tests!!”); (g) E, versus film thickness of Alj, Scgo6N 17
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Fig. 14. (a) Schematic diagram of FeFET composed of Alj7;ScyoN /multilayer MoS,; (b) PUND results at room temperature of
Aly 71Scy 29N /MoSy-based FeFETI; (c) transfer characteristics of FeFET under forward (red) and reverse (blue) scans’!; (d) endur-

ance testing of FeFET in the on/off condition!*!l.
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Abstract

Al,_,Sc,N, as a new generation of wurtzite-type ferroelectric material, has become a focal point in
ferroelectric materials research in recent years, due to its high remnant polarization, nearly ideal rectangular
polarization-electric field hysteresis loops, inherent compatibility with back-end-of-line (BEOL) CMOS
processes, and stable ferroelectric phase structure. The systematic and in-depth studies on the preparation,
property modulation, and device applications of this material have been conducted. This paper provides a
comprehensive review of the research progress of Al, ,Sc,N ferroelectric thin films. Regarding the factors
influencing ferroelectric properties, it emphasizes the regulatory effects of Sc doping concentration on phase
transition and coercive field, explores the influences of substrate (such as Si and Al,O3) and bottom electrode
(such as Pt, Mo, and HfNy,) on thin-film orientation, stress, and interface quality, and systematically
summarizes the influences of deposition conditions, film thickness, testing frequency, and temperature on
ferroelectric performance. At the level of physical mechanisms governing polarization switching, this review
elaborates on the domain structure, domain wall motion dynamics, nucleation sites and growth mechanisms in
the Al;_,Sc,N switching process, revealing its microscopic response behavior under external electric fields and
the mechanisms underlying fatigue failure. In terms of application prospects, Al; ,Sc,N thin films show
significant advantages in memory devices such as ferroelectric random-access memory (FeRAM), ferroelectric
field-effect transistors (FeFETs), and ferroelectric tunnel junctions (FTJs). Their high performance and
integration compatibility provide strong technical support for developing next-generation, high-density, low-

power ferroelectric memory and nanoelectronic devices.

Keywords: Al,_,Sc,N film, ferroelectricity, domain reversal mechanism, ferroelectric memory
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