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S1. The hard mask for the top electrode and measurement structure of Hf,Zr,.
x02 (HZO) film

The hard mask design drawing of TiN top electrode was shown in Fig.
S1(a).With the aid of a stainless steel mask, 80 nm thick TiN of circular electrode
points with the radius of 55 pm, 100 pm and 225 pum, and two big rectangular
electrode structures (5500x4000 um?) prepared by magnetron sputtering process were
fabricated on the surface of the crystalline HZO film. In this work, n-type (100) Si
substrate with a lower resistivity (103~102 Q-cm) was used as the bottom electrode.
During the test in this experiment, one probe of the probe station was first connected
to the TiN of circular electrode point with the radius of 55 pum, and the other probe
was connected to the rectangular electrode of TiN (5500x4000 um?) to form
measuring circuit, as shown in Fig. S1(b). The capacitance of the MIS structure
capacitor was equivalent to the series connection of two capacitors C; and C,. Their

relationship was described by the following equation:
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Where C was the total capacitance, C, and C, were the two capacitors of the series

circuit respectively.

In addition, the formula for the plate capacitor was described as:
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Where C was the total capacitance, ¢,was the vacuum dielectric constant,

&.was the dielectric constant of the film, S was the area of the capacitor plate, d was
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the plate spacing of the capacitor.
According to the above two formulas S1 and S2, the formula of the plate

capacitor can also be described as:
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Since S, ? S,, the result of the total capacitance measurement (C) was similar
to the electrical performance of an order of magnitude smaller capacitor ( C, ).

In addition, the calculation formula for the capacitance of the plate capacitor can
also be expressed as:
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Where C was the total capacitance, P was the polarization, S was the area of the
capacitor plate, U was the applied voltage during the test.

According to the above two formulas S2 and S4, the formula of the
polarization can also be described as:

P=¢,6E (S5)

Where P was the polarization, &, was the vacuum dielectric constant, & was the
relative permittivity of the film, E was the electric field.

Therefore, the relative permittivity (&,) of the film can be obtained by

calculating the slope of the polarization-electric field (P-E) curve of the film sample.
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Fig. S1. (a) The hard mask design drawing of TiN top electrode. (b) Schematic

diagram of MIS structure capacitor.



