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Extended Data Fig. 1 | Scanning electron microscope (SEM) image showing as-deposited A-CNT array film.
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Extended Data Fig. 2 | a, Schematic diagram of UVO cleaning. b, Transfer characteristic curves of eight 80 nm-Lg CNT transistors with Vds of -1.0 V, among which four of the devices are UVO-processed, the others are not. c, Peak transconductance (gm) curves of eight 80 nm-Lg CNT transistors with Vds of -1.0 V, among which four of the devices are UVO-processed, the others are not.



Extended Data Fig. 3 | Comparison of saturated velocity of transistors in this work and previous works based on CNT and other materials.










[image: ]Extended Data Fig. 4 | Scanning electron microscope (SEM) images showing an air-bridge jumper structure. 
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Extended Data Fig. 5 | Jumper connection structure improvement of CNT high-speed FETs. Schematic diagram of structure improvement. 







Extended Data Fig. 6 | Intrinsic current gain and power gain versus frequency of the 35-nm-Lg champion RF transistor. The slope of the extension lines is −20 dB/dec.

Extended Data Table 1 | Comparison of physical dimension of different device structures (T-gate in ref 4, T-gate used in this work, Y-gate used in this work), considering Lg, Lch, Tcap and Theight. 



	Ref
	Lg (nm)
	Lch (nm)
	Tcap (nm)
	Theight (nm)

	This work, Y-gate
	35
	100
	370
	400

	This work, T-gate
	35
	150
	300
	320

	[4]
	110
	160
	250
	240
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Extended Data Fig. 7 | Schematic of CNT RF amplifier with measurement setup using load-pull system to characterize the power gain, output power (Pout) and linearity (P1dB output).



Extended Data Fig. 8 | Potential distributions of Y-gate (left) and T-gate (right) devices, where the right one includes T-gate structure used in this work, and T-gate structure used in ref 4, simulated via CST Studio Suite.
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Extended Data Fig. 9 | Schematic diagram showing the fabrication process of high-speed CNT transistors. See methods for process details.
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Extended Data Fig. 10 | Structures of ‘Open’ and ‘Short’ for de-embedding. a, Extrinsic Open structure. The scale bar is 100 μm. b, Extrinsic Short structure. The scale bar is 100 μm. Extrinsic Open/Short structures were fabricated through using a blank square area/ a metal-deposited square area to replace the transistor region. 








Extended Data Fig. 11 | S-parameters of ‘Open’ and ‘Short’ structures. Scanning frequencies were from 100 MHz to 50 GHz with a linear step of 100 MHz.



















The extraction of fT and fmax via S-parameters
The fT is defined as the frequency when current gain (H21) reaches unity (0 dB), while fmax is defined as the frequency when power gain (Gmax) reaches 0 dB. The current gain (H21) and power gain (Gmax) can be calculated using S-parameters by the following equations：

,                       (1)

                           ,                        (2)                            
respectively, where K is the stability factor and given by

.                 (3) 
As for the de-embedding performance, the de-embedding process includes: (a) Convert S-parameters of a RF transistor, open structure, and short structure to Y-parameters using the equation shown in Table S3; (b) Calculate de-embedding Y-parameters by
 										 		          (4)
where, YDUT, YOPEN, and YSHORT represent the Y-parameters of a RF transistor, open structure, and short structure; Convert YDe-embedding to SDe-embedding using the equation shown in Table S3; (c) Calculate current gain (H21) and power gain (Gmax) from SDe-embedding; Extract de-embedding fT and fmax.










Extended Data Table 2 | Conversions between Y-parameters and S-parameters.
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Extended Data Fig. 12 | Small-signal equivalent circuit modelling for the CNT transistor. Intrinsic gate-to-source capacitance, intrinsic gate-to-drain capacitance, drain-to-source capacitance, transconductance, the voltage on Cgs,i divided from gate-to-source voltage and drain-to-source output differential resistance are represented by Cgs,i, Cgd,i, Cds, gm, Vgs,i and rds, respectively. Source serial resistance, drain serial resistance and gate resistance are represented by Rs, Rd and Rg, respectively. 











Extended Data Table 3 | Device parameters for CNT RF transistor 

	Lg(nm)
	Cgs(fF)
	Cgd(fF)
	Cds(fF)
	Rg(Ω)
	Rs(Ω)
	Rd(Ω)
	Rds(Ω)
	gm(mS)

	35
	9.64
	2.57
	3.76
	3.4
	5.19
	7.67
	45
	158



[bookmark: _Hlk20819444]The Rg, Cgs, Cgd, Gds, gm and Rds were calculated according to equations (S1-S5).

                              (S1)
                                 (S2)
                               (S3)
                              (S4)
                            (S5)

















Extended Data Fig. 13 | Comparison of fMAX extracted by -20 dB/dec extrapolation from Mason’s Unilateral Power Gain (U) terminus and simulated maximum stable gain (solid line). The parameter values of the CNT RF transistor are given in Extended Data Table 2.










Extended Data Fig. 14 | Output power versus input power curves for a single-tone test at a measurement frequency of 30 GHz, with the maximum output power matching using a load-pull system. Pout max is the measured maximum output power. For this figure, the bias condition is (Vgs,Vds) = (0.3,−1.6) V.























Extended Data Fig. 15 | Comparison of the simulation results (lines) with measured transfer curves (dots) of a CNT FET.
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