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Figure S1 shows the characteristics of the polarization and the current density 

versus the electric field of the MFM capacitors with the HZO thicknesses of ~10, 6, 

4.8, 3.6, and 3 nm, respectively, in which the HZO layers were in the pristine state 

without experiencing any waking-up process. The hysteresis loops and the switching 

currents of the 10 nm and 6 nm HZO layers are similar to those shown in Figure 2 

(measured after the waking-up process), which is consistent with the nearly wake-up 

free properties as revealed in Figure 12. Multiple peaks of the switching current and 

antiferroelectric-like hysteresis loops are observed as the thickness of the HZO layer is 

below 5 nm, suggesting that the t-phase or the pinched domains are present in the 

pristine HZO layer [1-3].

Figure S1. The P-E hysteresis loops and the J-E curves of the MFM capacitors with 

different HZO thicknesses from 10 to 3 nm, in which the HZO layers were in the 

pristine state without experiencing any waking-up process.
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