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S1. Evolution of the hysteresis loops with the increase of applied electric field.
Fig. S1 shows the evolution of the sub-loops with the increase of applied electric field of a pristine device.
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Figure S1. Evolution of the sub-loops with the increase of applied electric field.
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S2. Hysteresis loops of different Y doping concentration samples.

We also fabricated films with other doped concentration ranging from 0-12 mol.%. When the doped
concentration is 3.8 mol.% films have the best ferroelectricity and the remanent polarization (2Pr)
increases to 30 uC/cm?. So we used these films as samples to study in this paper. The hysteresis loops
are shown in fig. S2.
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Figure S2. Hysteresis loops of different Y doping concentration samples.

S3. Ferroelectricity in a 5 nm thick HYO film.

As mentioned in the main text, the clear lattice image of 5 nm HYO film by HRTEM has indicated a
well crystallized state of the film. To verify its ferroelectricity, pulse voltage test is measured and the
result is shown in fig. S3. Fig. S3(a) shows the transient current during pulse triangular voltage wave and
fig. S3(b) shows the hysteresis loop obtained by integration of the current with time. From fig. S3 we
can get the conclusion that the 5 nm HYO film is also ferroelectric. Compared with the 15 nm
ferroelectric HYO film, the 5 nm HYO film shows a bigger switchable polarization (2Pr) of 46 uC/cm?
and a coercive field of around 1.3 MV/cm.
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Figure S3. (a) Pulse voltage test of a 5 nm HYO capacitor. (b) Polarization-electric hysteresis loop of a HYO MIM
capacitor.



S4. Fitting results of the slope of fatigue rate at different temperatures.

As mentioned in the main text, to avoid the wake-up presenting after 10* cycles measured at 353 K, we
used data after 105 cycles (including 10° cycles) to fit the slope of fatigue rate at different temperatures
and results are shown in fig. S4. The value of R(7) at each temperature is extracted from the slope of
fitting lines, which changes from -0.14 at 323K to -0.23 at 423K. Then the value of activation energy E,

can be extracted and the results are shown in fig. 4f in the main text.
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Figure S4. Fitting results of the slope of fatigue rate at different temperatures after 10° cycles (including 10° cycles).
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