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Figure S1. a, Optical microscope image of suspended graphene. b, AFM image of the same 

sample in a. c, Raman spectrum of the same sample in a, showing the lineshape of 2D peak 

(green dots) with Lorentzian fit (red line). d, Height profile corresponding to the white line 

section in b.
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Figure S2. a, Electrical circuit setup with matching loads at each connection. b, Resonant peak 

with different lengths of transmission line (Pomona 2249-C, cable length added to drain side is 

2.5 feet), showing different line shape due to phase change. Amplitudes (peak values): 

14gV mVδ = , 100sdV mVδ = .  The calculated phase change at 67 MHz is 170o.  c, Gate sweep 

with 10sdV mV= , CNP is close to 3gV V= − . d, Mixing current measured from the same device 

shown in c, operated at 1 MHz, 5sdV mVδ = , 100gV mVδ = . Black points show predicted values 

of mixing current according to equation (S1). All mixing currents are recorded in rms values. 
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Figure S3. Nonlinear behavior with large drive power, bistable oscillation is observed when 

frequency is swept up and down. Mixing current is recorded in rms values.   
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Figure S4. a, Observed gate-independent gold resonances, assigned to vibration of the gold 

electrodes, scale as 2/ goldt L , consistent with beam theory.  The dotted line shows the expected 

value using / 2400 /E m sρ =  for gold. b, The maximum resonant frequency (at large gV ) 

scales inversely with length for devices made from same flake of graphene, consistent with a 

membrane model. 
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Figure S5. Continuum mechanics model for graphene resonator, simplified to 1D case. L is the 

length between the two metal clamps, L+∆L is length of graphene under strain, F is the 

electrostatic force, T is the longitudinal tension, r is the radius of curvature.  
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Figure S6. a, Deformation of the suspended metal contacts due to temperature change. 

100T KΔ = − . b, AFM image of the same device at room temperature, scale bar: 1 μm. 
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