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S1. Minimum capacitance for the two designs compared
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Figure S1. a) Capacitance of the spherical part of the two-step design as a function of the glass
slide thickness and radius of the bigger sphere (R;). The red dotted line indicates the R, at which
the minimum of the capacitance is found. b) Comparison of the minimal capacitance as a

function of the device thickness for the spherical part (red area in Fig. 2a and 2d) of the two
designs.



S2. Improved noise for DNA translation measurement
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Figure S2. a) 3kbps dsDNA segments translocating through the same 1pF device as in figure 4c.
b) Detection of short single stranded DNA segments (180bp) through a device with a nanopore
of approximately 3nm in diameter. The red trace is filtered at 100kHz, and the blue trace is
filtered at IMHz.



S3. SEM image of graphene suspending over aperature on SiNy-on-glass device

Figure S3. An SEM image of the large-scale view of the membrane, the 300nm aperture, and
graphene coverage. We could identify that graphene covers over the entire aperature and most of
the area shown. The part that is not covered by graphene is showing significant charging due to
the insulating glass substrate.



S4. Graphene characterization

The defect spacing can be estimated from the Raman spectra. In Figure S4 a) we present one of
the characteristic Raman spectra from the cartography we did on one generic Graphene sample
after transfer to the SiN suspended membrane. The background coming from the SiN membrane
is already subtracted. We identify the Raman signature of graphene (the peak G at 1580cm™ at
2D at 2680cm™). A faint D peak, defect activated, can be seen around 1340cm™. Its integrated
amplitude represents only 5% to 10% of the amplitude of the amplitude of the G peak. Figure S4
b) present the ratio [(D)/I(G) in all the sample. Similar to [Gogneau ef al.]' , we estimate the
defect spacing the empirical formula L = [2.4x10™'° nm-3]A*(I¢/Ip), where A = 532 nm is the
excitation wavelength (green laser) , and Ip and I are the integrated intensities of the G and 2D
peaks. We obtain defect spacing between 200 and 300nm, comparable to the diameter of
suspended graphene area in this paper. This low concentration of defects explains why we obtain
no ionic conductivity in this intact membrane, similar to results obtained previously on graphene
membranes that should be not permeable to water or gases (except Hy).
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Figure S4. a) Representative Raman spectra acquired on a graphene sample transferred to a SIN
membrane. The integrated intensities of the peaks D, G, and 2D, normalized to the intensity of
the G peak is also presented (A= 0.07 , 1, 0.97 respectively for the D,G and 2D peaks) b) Map of
the ratio of the integrated intensities of the D and G peaks. Each point in the Raman map is
500nm.
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