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Figure S1 The time domain waveform in the PUND measurement of the MFM capacitor. The kinks in the 

first and third pulses of the measured voltage waveform suggests the voltage amplification induced by the FE 

switching in the HZO layer. 
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Figure S2 The GIXRD patterns of the HZO layer on n+ Si and tungsten (W). 
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Figure S3 The ID-VD curves of the (a) FE JLT and (b) PE JLT with LG = 5 μm. 
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Figure S4 The ID-VD curves of the (a) FE JLT and (b) PE JLT with LG = ~8 nm. 
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Figure S5 The dependence of the SS distribution of the FE JLTs on the gate length (LG) for the (a) forward 

and (b) reverse sweeps. 

 

Figure S6 The SS versus ID diagram of different devices of the FE JLTs with LG = ~8 nm at VD = 50 mV.  

 

Figure S7 The SS versus ID diagram of different devices of FE JLTs with LG = ~5μm at VD = 50 mV.  

 

The statistics of the SS in the forward and reverse sweeps of all the measured FE JLTs operated at VD = 

50 mV are summarized in Figure S5. It can be seen that the SS of the forward and reverse sweeps increases 

with the shrinkage of the gate length, as expected from short channel effects. For the forward-sweep FE JLTs, 

the average SS values are ~175, 140 and 100 mV/dec, respectively, for LG = ~8 nm, 100 nm, and 5 μm. The 

average SS values drop to ~121, 78, and 52 mV/dec for LG = ~8 nm, 100 nm, and 5 μm in the reverse sweep 

of the FE JLTs due to the FE polarization switching in the subthreshold region. The examples of the SS versus 

ID diagrams of the FE JLTs with LG = ~8 nm and 5 μm, respectively, are plotted in Figure S6 and S7. The 

reproducible measurement data demonstrate that the FE polarization switching during the reverse sweep is 

beneficial to the suppression of SS. 


