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Supplementary Figures and Tables
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Fig. S1 (a) Cross-sectional FIB-TEM image of the amorphous IGZO (in red wireframe)
active layer. (b) EDX result of the atomic percentage of the IGZO active layer
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Fig. S2 (a) XRD spectra of the IGZO active layer on Au substrate. It is demonstrated that the
as-prepared IGZO is in an amorphous state
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Fig. S3 (a) Schematic of the Au/insulator (Al.O3 or HfO2)/Au metal-insulator-metal structure
for leakage current density and capacitance measurement. (b) The microscope image of the top
Au electrode with the size of 300 um x 300 um
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Fig. S4 Capacitance vs voltage measurement of the 20 nm Al.Oz insulators prepared with
different ALD temperature of (a) 250, (b) 200, (c) 150 and (d) 100 °C at the various frequency
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of 1 kHz, 10 kHz, 100 kHz and 1 MHz
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Fig. S5 Capacitance vs voltage measurement of the 20 nm HfO. insulators prepared with
different ALD temperature of (a) 250, (b) 200, (c) 150 and (d) 100 °C at the various frequency
of 1 kHz, 10 kHz, 100 kHz and 1 MHz
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Fig. S6 (d) Comparison of the leakage current density of the 20 nm (a) Al.O3 and (b) HfO>
insulators prepared with different ALD temperature of (a) 250, (b) 200, (c) 150 and (d) 100
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Fig. S7 (a) Schematic of the Au/nanolaminated dielectric/Au structure for leakage current
density and capacitance measurement. Schematic of the 20 nm total thick nanolaminated
Al>,03/HfO; insulators with different layer numbers of (b) 3 layers, (c) 5 layers, and (d) 7 layers
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Fig. S8 (a—c) Capacitance vs voltage measurement of the as-prepared 20 nm nanolaminated
Al;03/HfO, insulators prepared at an ALD temperature of 150 °C. (d) Comparison of the
leakage current density of the 3, 5 and 7 layered nanolaminated Al,O3/HfO; insulators
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Fig. S9 Vgs against log-scale Ips plots of the (a) laminated Al,O3/HfO,, (b) HfO2, and (c)
Al>03 insulators based TFTs
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Fig. S10 TEM specimen preparation via focus-ion-beam (FIB). (a) Schematic of the layered
structure and (b and ¢) SEM images of the FIB operation area of the TFTs with the laminated
Al>03/HfO- insulator. (d) The thinning and cutting process via FIB for the specimen (e) SEM
image of the prepared TEM specimen after FIB lift-out process
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Fig. S11 Vesagainst log-scale Ips plots of the Pl-based TFTs with the laminated Al,O3/HfO>
insulator
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Table S1 Performance parameters including p, lon/lorr ratio, Vi, and SS at Vps = 10 V of the
TFTs with different insulators of laminated Al.03/HfO2, Al20s, and HfO2

Insulator Mobility ON/OFF Subthreshold Subthreshold swing
materials (u, cm?/V s) ratio Voltage (Vin) (SS, mV dec)
Laminated _ 6
ALOJHTO, 9.7 1.3x10 0.1 256
AlzO3 4.6 ~5.3x10° 1.7 389
HfO, 3.8 ~5.5x10° 2.1 482
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