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Supplementary Note 1: Characterization of InSnO multilayers obtained from the surface of liquid In75Sn25 (wt%) alloys
In order to better clarify the effect of Ga on the formation of GaInSnO film on liquid galinstan alloys’ surface, the formed metal oxide on the surface of liquid In75Sn25 (wt%) alloys was also characterized in this work. Using the printing process illustrated in Fig. 1, an oxide multilayer on SiO2/Si substrate was harvested by repeating roll-printing liquid In75Sn25 alloys 10 times, the optical image of the obtained oxide multilayers was shown in supplementary Fig. 1a. AFM analysis (supplementary Fig. 1b) shows that the thickness of printed oxide multilayers is about 18.5 nm. Supplementary Fig. 1c shows the XPS analyses of the obtained oxide multilayers. The In3d5/2 and In3d3/2 peaks located at ~444.4 eV and 452.1 eV imply the existence of In3+ in the oxide multilayers. The Sn3d5/2 peak of ~486.5 eV and Sn3d3/2 peak of ~495.00 eV are corresponding to the Sn4+ of SnO2. The obtained split O1s peaks of InSnO multilayers are different from the observed split O1s peaks of GaInSnO multilayers (Fig. 2f), due to the absence of Ga2O3 in InSnO multilayers. The observed split O1s peaks can be fitted as O1s of SnO2 at ~530.40 eV and O1s of In2O3 at ~532.10 eV. The aforementioned XPS analysis results reveal the printed oxide multilayers are InSnO (a mixture of In2O3 and SnO2).
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Supplementary figure 1. Characterization of printed InSnO film. (a-b) The optical and AFM image of obtained InSnO multilayers on SiO2/Si substrate, respectively. (c) The In 3d, Sn 3d and O 1s XPS spectrums of the printed InSnO multilayers.

Supplementary Note 2: Hall effect measurements for the GaInSnO multilayers from the surface of galinstan alloys with different Ga concentration.
A Hall effect device with van der Pauw configuration based on the printed InSnO and GaInSnO films was fabricated, just as shown in Fig. 3e. In order to obtain the resistance, an electric current is applied in a pair of electrodes, such as electrode 1 and electrode 2. Then, the generating voltage between electrode 3 and electrode 4 was recorded. The resistance of R12, 34 can be calculated using the following formula:
                                                       (S1)
Using the same calculation methods, we can obtain the R23, 41 by using formula S2:
                                                       (S2)
The sheet resistivity (ρ) of the printed multilayers can be calculated using the following formula:
                                         (S3)
where, d is the thickness of printed multilayers; f represents the factor of van der Pauw, which is a function of R12, 34 / R23, 41. 
For the measurements of Hall coefficient (RH), an electric current is applied in a pair of nonadjacent electrodes, such as electrode 1 and electrode 3. Then a magnetic field perpendicular to the multilayers was applied, and a voltage between electrode 2 and electrode 4 can be generated. The RH can be calculated by using the following formula:
                                                       (S4)
where, d is the thickness of printed multilayers; B represents the strength of magnetic field. The applied current and magnetic field strength is 60 nA-100 mA and 0.35 T-1 T, respectively.  
The Hall charge density (n) of printed multilayers can be calculated by using the formula as follow:
                                                       (S5)
where, the q is the charge of electron. 
We can also obtain the Hall effect mobility (μHall) by using the following formula:
                                                       (S6)
Via the aforementioned calculated methods, we obtain the sheet resistivity of multilayers harvested from the surface of galinstan alloys with different Ga content, just as shown in supplement Fig. 2. We can see that the sheet resistivity of printed multilayers increase significantly with rising Ga concentration in galinstan alloys, implying the decrease of conductivity for these printed multilayers.
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Supplementary figure 2. The sheet resistivity of multilayers obtained from the surface of galinstan alloys with different Ga content, each point and error bar are the averaged results from three different measured samples.
Supplementary Note 3: SEM observation and EDX analysis of the printed GaInSnO multilayers. 
The results of SEM observation and EDX analysis for the GaInSnO multilayers from the surface of galinstan alloys with 30 wt% Ga, were presented in supplementary Fig. 3. The detected elements Ga, In and Sn uniformly distribute in the printed GaInSnO multilayers. In comparison to the printed GaInSnO multilayers obtained from the surface of galinstan alloys with 5 wt% Ga (Fig. 4), the Ga concentration in GaInSnO multilayers shown in supplementary Fig. 3a is higher, while the In and Sn concentrations are lower.
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Supplementary figure 3. SEM observation and EDS analysis of GaInSnO multilayers from the surface of galinstan alloys with 30 wt% Ga. (a) Typical SEM image of printed GaInSnO multilayers. (b) EDS mapping images of element Ga, In, Sn, O and Si in GaInSnO multilayers, respectively. (c) Quantitative EDS analysis of printed GaInSnO multilayers.
Supplementary Note 4: characterization of crystal structures and optical property for the printed InSnO multilayers. 
In order to characterize the crystal structures of printed InSnO multilayers, the TEM analysis was employed. Supplementary Fig. 4 shows the HRTEM and SAED images of the printed InSnO multilayers. We can see the crystal structures of In2O3 and SnO2 in the InSnO nanosheets. The SAED patterns also indicate that the printed InSnO multilayers are consisted of In2O3 and SnO2. The halo and diffuse ring observed in GaInSnO multilayers’ SAED patterns, are not seen in the SAED patterns of InSnO multilayers. This implies that there are no amorphous structures in the printed InSnO multilayers.
Supplementary Fig. 5 presents absorbance and bandgap for printed InSnO multilayers. The printed InSnO multilayers feature minimal absorption across the visible spectrum. Tauc plot analysis (inset in supplementary Fig. 4) show that the bandgap of obtained InSnO layers is about 4.21 eV, which is lower than that of obtained GaInSnO multilayers.
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Supplementary figure 4. TEM characterization of printed InSnO multilayers. (a) The HRTEM image of InSnO multilayers. (b) The SAED patterns of InSnO multilayers.
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Supplementary figure 5. UV-vis absorption spectra of InSnO multilayers, the inset is the Tauc plot for the InSnO multilayers.
Supplementary Note 5: characterization of electrical performance for FET device based on printed InSnO multilayers.
The FET device based on printed InSnO multilayers was fabricated, the configuration of the FET device is the same to the schematic illustrated in Fig. 6a. Supplementary Fig. 6 shows the Ids-Vds curves of the FET devices without loading Vgs. The FET devices feature an obvious liner Ids-Vds curve, indicating the contact between Au/Cu electrodes and InSnO multilayers is ohmic. Notably, the Ids at Vds of 10 V for the FET device based on InSnO multilayers reaches ~5.4 mA, which is much higher than the Ids of FET devices constructed by printed GaInSnO multilayers (Fig. 6c).  
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Supplementary figure 6. The linear Ids-Vds curves of FET devices based on the printed InSnO multilayers.
Supplementary Note 6: calculation methods for the field-effect mobility (μeff) and sub-threshold swing (SS) of FET devices.
In this work, the μeff of the FET devices was calculated using the following formula:
                                                 (S7)
where, the Ids and Vds refer to the drain-source current and voltage, respectively. Vgs is the gate voltage. L and W are the length and width of the channel, respectively. The Cox is the gate insulator capacitance (6.90×10-9 F cm-2 for the thermally grown 500 nm thick SiO2 on Si substrate).
The SS is the slopes of tangent for the curves of the Vgs to logarithmic Ids, it can be calculated by using formula:
                                                     (S8)

Supplementary Note 7: Comparison of printed GaInSnO multilayers with some reported Ga2O3 films.
The comparison of performance for the FET devices based on the printed GaInSnO multilayers and some reported Ga2O3 films, is illustrated in supplementary Table 1.

Table 1 Comparison of printed GaInSnO multilayers with reported Ga2O3 films.
	Films type
	Thickness 
	Method
	μeff (cm2 V-1 s-1)
	SS (mV dec-1)
	Ion/Ioff
	Ref.

	1# GaInSnO
	20 nm
	Printing liquid galinstan 
	50.62 ± 6.73 
	111.21 ± 8.23
	105
	This work

	2# GaInSnO
	20 nm
	Printing liquid galinstan
	33.21 ± 4.36
	194.72 ± 8.41
	105
	This work

	3# GaInSnO
	20 nm
	Printing liquid galinstan
	14.46 ± 3.24
	243.49 ± 7.25
	107
	This work

	4# GaInSnO
	20 nm
	Printing liquid galinstan
	2.02 ± 0.67
	321.29 ±6.24
	106
	This work

	β-Ga2O3
	2.7~5.9 nm
	Printing liquid EGaIn
	5~10
	－－
	103~104
	1

	Si doped Ga2O3
	20 nm
	Molecular beam epitaxy
	55~95
	300
	105
	2

	Sn doped Ga2O3
	50~70 nm
	Mechanical exfoliation
	－－
	150
	1010
	3

	Cr doped Ga2O3
	45~70 nm
	Mechanical exfoliation
	－－
	－－
	104~105
	4

	β-Ga2O3
	146 nm
	Mechanical exfoliation
	－－
	－－
	104
	5

	Sn doped Ga2O3
	5 μm
	Vapor phase epitaxy
	－－
	－－
	103
	6

	Sn doped Ga2O3
	70~100 nm
	Mechanical exfoliation
	21.7~30.2
	65
	109
	7

	β-Ga2O3
	304~359 nm
	Mechanical exfoliation
	45~52
	116~141
	108~109
	8

	β-Ga2O3
	400 nm
	Mechanical exfoliation
	1.77~4.87
	348~502
	106~107
	9

	Sn doped Ga2O3
	68 nm
	Mechanical exfoliation
	≤ 3.77
	－－
	108
	10

	Nb doped Ga2O3
	160 nm
	Mechanical exfoliation
	32.11~71.54
	120
	108
	11

	β-Ga2O3
	153 nm
	Mechanical exfoliation
	≤ 43.15
	250
	106
	12

	Note: 1# GaInSnO to 4# GaInSnO are obtained from the surface of liquid galinstan alloys with 5 wt% to 30 wt% Ga, respectively. EGaIn refers to Ga75.5In24.5 (wt%) alloys.
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