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S1 Experimental Section
[bookmark: _Hlk185968622]Guiding terraces fabrication: A commercial wafer, featuring a 500 nm oxide layer, was subjected to an ultrasonic cleaning sequence with N-methylpyrrolidone, ethanol, and deionized water. Photoresistor stripes of AZ5214, 3 µm wide and 1.5 µm thick, were then patterned on the substrates via photolithography. This was succeeded by 3 times alternating ICP etching processes, where single time recipe included C4F8 plasma etching (12.5 sccm, 1.8 mTorr, 30 W for 30 s) and O2 plasma etching (30 sccm, 30 mTorr, 65 W for 75 s). Here, the width of the guiding terraces can be well controlled by adjusting the parameters of O2 plasma etching (duration/power), achieving an interwire spacing of <100 nm. Then, the etched substrate concluded sequentially with an 8-minute ultrasonic cleaning cycle using N-methylpyrrolidone, ethanol, and deionized water. Finally, a Al2O3 sacrificial layer of 40 nm thick has been coated on the terrace surface, by using atomic layer deposition (ALD).
Catalyst deposition and SiNWs growth: The In catalyst region was patterned on the above substrate using standard photo-lithography. A 4 nm thick In layer was subsequently deposited via thermal evaporation, followed by a standard lift-off process to remove residual photoresist and In. The sample was then transferred into the PECVD system for SiNW growth. Firstly, a H2 plasma treatment at 215 °C for 4 minutes was performed with a H2 flow rate of 14.8 sccm and a chamber pressure of 140 Pa at a radio frequency (RF) power of 10 W to reduce the surface oxide layer of the In catalyst and to induce the formation of discrete In droplets. Subsequently, a 7 nm thick a-Si layer was deposited at 110 °C, utilizing a silane flow rate of 4.8 sccm and a chamber pressure of 20 Pa with an RF power of 2 W. Finally, the c-SiNWs were grown under conditions that In droplets were well guided by single-sided step edges and absorbed a-Si precursor film in vacuum at 290 ℃.
Remnant a-Si layer etching and SiNWs annealing: The residual a-Si layer was selectively removed via reactive ion etching (RIE) using CF4 plasma at a flow rate of 30 sccm, chamber pressure of 4 Pa, and RF power of 5 W for 4 minutes. Subsequently, the samples underwent annealing at 850 °C for 120 s in an oxygen-rich environment within a rapid-thermal annealed tube furnace.
GAA FET Fabrication and Characterizations: The source/drain region was patterned using electron beam lithography (EBL). The surficial oxide layer on the SiNWs was etched away with BOE, after which a bilayer of Pt/Au (12/55 nm) or Ti/Au (12/55 nm), was deposited via electron beam evaporation (EBE). The Al2O3 sacrificial layer was subsequently dissolved by immersing in a diluted alkaline solution (2.5% TMAH, Tetramethylammonium Hydroxide), yielding the suspended SiNWs. This was followed by depositing a stacked dielectric layer of 3 nm Al2O3 and 7 nm HfO2 using ALD. Finally, 30 nm of TiN was deposited as the gate electrode through ALD, which can also be replaced with the deposition of 30 nm Al by using magnetron sputtering. Standard electrical measurements were conducted using a Keithley 2636B at ambient temperature.
S2 Supplementary Figures
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Fig. S1 SEM images of the suspended SiNWs with suspension length of: a) 100 and 250 nm; b) 310 and 460 nm; c) 700 nm
[image: ]
[bookmark: _Hlk178096198]Fig. S2 a) Statistics on growth direction of SiNWs; Enlarged TEM images of the SiNWs with growth orientations of: b) [110] and c) [-111], the insets show the corresponding FFT patterns
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Fig. S3 Transfer curves of the grounded FET
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Fig. S4 a) The transfer characteristics of 20 various SiNW GAA-FETs; b) Corresponding statistics on the SS value and the Ion/off value of the GAA-FETs

[image: ]
Fig. S5 Typical IDS-VDS curves of GAA FETs with different source/drain contact: a) Ti/Au contacted; b) Pt/Au contacted
Table S1 Comparison of our GAA FET to the amorphous oxide semiconductor (AOS), low-dimensional materials, and poly-Si FETs in other literature.
	Channel materials
	ION (A)
	ION/IOFF
	|VD| (V)
	SS (mV/dec)
	Refs.

	a-ZTO
	10-6
	106
	3
	110
	2019, [S1]

	ITO/ZnO
	10-5
	107
	0.1
	113
	2022, [S2]

	ITO/IGZO
	10-4
	109
	1
	92
	2023, [S3]

	MoS2
	10-5
	107
	1
	80
	2019, [S4]

	MoS2
	10-5
	107
	1 
	70
	2020, [S5]

	MoS2
	10-4
	108
	1 
	220
	2022, [S6]

	MoS2
	10-6
	105
	1 
	117
	2022, [S7]

	WSe2
	10-6
	107
	1
	142
	2024, [S8]

	Poly-Si
	10-5
	106
	1
	70
	2018, [S9]

	Poly-Si
	10-8
	106
	0.1
	75
	2023, [S10]

	Poly-Si
	10-6
	106
	0.05
	85
	2023, [S11]

	IPSLS SiNW
	10-6
	107
	0.1
	66
	This work
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