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Abstract

Since the original report on ferroelectricity in Si-doped HfO, in 2011, fluorite-structured ferroelectrics have
attracted increasing interest due to their scalability, established deposition techniques including atomic layer
deposition, and compatibility with the complementary-metal-oxide-semiconductor technology. Especially, the
emerging fluorite-structured ferroelectrics are considered promising for the next-generation semiconductor
devices such as storage class memories, memory-logic hybrid devices, and neuromorphic computing devices.
For achieving the practical semiconductor devices, understanding polarization switching Kkinetics in
fluorite-structured ferroelectrics is an urgent task. To understand the polarization switching kinetics and
domain dynamics in this emerging ferroelectric materials, various classical models such as
Kolmogorov-Avrami-Ishibashi model, nucleation limited switching model, inhomogeneous field mechanism
model, and Du-Chen model have been applied to the fluorite-structured ferroelectrics. However, the
polarization switching kinetics of fluorite-structured ferroelectrics are reported to be strongly affected by
various nonideal factors such as nanoscale polymorphism, strong effect of defects such as oxygen vacancies
and residual impurities, and polycrystallinity with a weak texture. Moreover, some important parameters for
polarization switching kinetics and domain dynamics including activation field, domain wall velocity, and
switching time distribution have been reported quantitatively different from conventional ferroelectrics such
as perovskite-structured ferroelectrics. In this focused review, therefore, the polarization switching kinetics of
fluorite-structured ferroelectrics are comprehensively reviewed based on the available literature.
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Fig. 1. Time—dependent switched polarization [AP(t)] as a function of the external voltage (Vex)
at room temperature for (a) pristine and (b) woken-up. (c) Solid lines and dashed lines
correspond to Lorentzian distributions of the fitting functions for pristine and woken-up cells,
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Fig. 2. (a) Energy landscapes of HfO, and PbTiOz for
a single dipole flip. (b) Time and voltage dependence
of the switched polarization A P(t) measured at room
temperature. The solid lines represent the fitting
results using the NLS model, considering the
Lorentzian distribution of the characteristic switching
time for ferroelectric nucleation. (c) External voltage
dependence of the characteristic switching time. (d-
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Fig. 3. (a) Schematic diagram of the composed testing circuit for pulse measurement with a nonlinear switching
element (dotted green box) and a parasitic capacitance element (dotted blue box). (b) Voltage dependence of
polarization reversal of the 8.5 nm thick HZO film with an electrode area of 102 300 um?®. (c) Normalized
derivative of polarization reversal as a function of normalized voltage and fitted curve based on the IFM model
(red line). (d) Switching current with various applied voltages and simulated curve based on equation 7 (red
lines). (e) Switching current of the 8.9 nm-thick film with various electrode area under 3.56 V (4 MV/cm) and
simulated curve based on equation 7 (red lines). (f) Normalized derivative of polarization reversal as a function
of normalized voltage in 8.5 nm~-thick (black circle) and 11.3 nm-thick (green dot) HZO and fitted curve based
on IFM model (red line). (g) Normalized derivative of polarization reversal as a function of normalized voltage in
8.5 nm-thick HZO with various wakeup cycle numbers. Reproduced from [27] with permission. Copyright 2018,

American Chemical Society.
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Table 1. Kinetic parameters extracted by pulse measurement and fitting with various wakeup cycle number.
Reproduced from [27] with permission. Copyright 2018, American Chemical Society
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Fig. 4. (a) Schematic illustration of a FeFET structure.
(b) Ib-Ve curves read-out after each of the
progressively increasing Vp pulses in the inset. (c)
Gate voltage waveform with logarithmically increasing
pulse width tew. After each pulse, a fast read out of a
transfer curve is carried out. (d) Vr vs tepw graph
corresponding to 20 repetitions of procedure in (c)
with the gate voltage waveform with logarithmically
increasing pulse width tpw shown for four different Vp
levels. For Vp = [2.8, 2.6, 2.4] V, the measurement
was truncated at tpw = 100 us, in order not to stress
the device for longer pulse widths. (e) Standard
deviation vs mean value of switching time tsw
extracted from (d). (f) Fitting of switching probability
curves corresponding to four different Vp levels used
in (d). (@) Experimental mean switching time tsw vs
switching voltage for two different temperatures is in
agreement with nucleation dominated switching
model. Reproduced from [7] with permission.
Copyright 2017, American Chemical Society.
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