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the capacitance of the contact pads (C.q). The behavior of
y11 in addition to the absence of DC hysteresis suggests an
overall absence of trapping effects in the device which would
otherwise generate 1/f noise. Thus, the dominant noise con-
tribution in GND devices is Johnson-Nyquist noise.*> The
NEP is defined via the ratio of RMS noise voltage and
responsivity /(v2)/f and is thus approximated by

NEP = \/ 4kaI‘d/ﬂ. (2)

Here, k,T is the thermal energy, r, is the zero-bias differen-
tial resistance of the entire device. For a given responsivity,
the NEP may be reduced by simply increasing the number of
parallel GND channels. Increasing y,, , has a similar effect of
reducing r,; such that NEP also improves with material qual-
ity. The lack of dispersion may be attributed to the fact that
the devices as fabricated are unpassivated, thus precluding
interface traps and associated material degradation resulting
from dielectric deposition.*

Responsivity in GND detectors may be interpreted as a
consequence of two interacting nonlinearities: the charge
neutrality nonlinearity near zero bias and the saturation non-
linearity at high bias (Fig. 2(a)). Responsivity measurements
are carried out using a large signal network analyzer
(LSNA). The high impedance of the GND detectors needs to
be accounted for, hence vector corrected power measure-
ments are used in order to correctly determine the detector
responsivity (ff = vpc/Pi,). The LSNA enables vector cor-
rected measurements with amplitude and phase information
at the fundamental frequency as well as at higher order har-
monics.*>® The delivered RF power (P;,) to the GND is meas-
ured at 1 GHz by the LSNA, and a voltage meter is used to
measure the DC voltage across the diode generated by the
nonlinearity (vpc). The resulting vector corrected responsiv-
ity for various input powers is shown in Fig. 3(b). The non-
linear IV waveforms at the GND terminal are then directly
reconstructed via inverse Fourier Transform of the amplitude
and phase data obtained from the LSNA measurements such
that details about device operation can be observed. The IV
waveforms versus input RF power are shown in Fig. 3(a),
illustrating the approximately symmetrical characteristics of
the GND. Current compression is observed in the waveforms
as a consequence of velocity saturation, in line with the DC
measurements in Fig. 2(a). The agreement between the
1 GHz waveforms of (Fig. 3(a)) and the DC measurements
(Fig. 2(a)) is confirmation of the non-dispersive operation
observed in small signal measurements (Fig. 2(b)).

The behavior of f§ scales accordingly with observations
of the nonlinearity in conductance shown in Fig. 2(a). At low
input power, the dependence of 5 on nanowire width is
observed to obey a simple exponential scaling law

B(w) = Boe™ /™. 3)

Here, 1 is a scaling constant, f§y is an amplitude constant,
and w, = 2ry is the critical width. For the 1 GHz data in Fig.
3(c), an exponential fit yields # = 6.15 and f, = 1.1 V/W
(see the inset of Fig. 3(c)).

For the 100nm and 70nm GNDs, the responsivity is
low near zero bias. As w is larger than a few w. in these
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structures, the charge neutrality feature is suppressed due to
a lack of effective self gating. In the case of the 50 nm and
30 nm structures, w approaches w,, and an appreciable f is
observed. As the input power is increased [ gradually
increases as the waveform encounters a gradually decreasing
conductance due to velocity saturation in the nanowire. This
additional nonlinearity generates a steady rise in f§ at high
input power. LSNA measurements are also performed in
order to obtain f§ as a function of frequency from 1 GHz
to 49 GHz at an input power of 0 dBm (Fig. 3(c)). The
associated NEP is calculated by extracting r; from the low-
frequency S-parameter measurements (Fig. 3(d)). A low-
frequency responsivity (NEP) of 250 V/W (50 pW/ VHz) is
observed in the 30 nm GND detector. The GND responsivity
is observed to be relatively constant as a function of fre-
quency with the exception of a gradual drop which may be
attributed to C,,; and resistive losses in the substrate.
Despite the parasitic effect, a flat responsivity (NEP) of
80 V/W (170 pW/v/Hz) is observed in the 30 nm GND detec-
tors at high frequency.

In conclusion, high frequency detection graphene nano-
wire diodes have been demonstrated. DC, small signal, and
large signal measurements are performed in order to investigate
the nonlinearities in the device which enable detection. Two
sources of nonlinearity are described: lateral gating at low
bias and velocity saturation at high bias. A small energy gap
may enhance the low bias nonlinearity in narrow graphene
nanowires at finite temperature. High frequency measure-
ments are consistent and reveal that the GND detectors obey a
simple scaling law. In this work, we establish the feasibility
of graphene nanowire diode detectors as a competitive plat-
form for high frequency power detection.

Methods: The GNDs are fabricated in several steps
using the JEOL 9300FS EBL system. First, Ohmic contacts
are patterned using a liftoff compatible bilayer MMA/
PMMAA resist stack. The contact is then formed by deposition
of a Ti/Pt/Au(10nm/10nm/70 nm) metal stack. Next, the
GND trenches are patterned in PMMA via EBL. Several
dose tests were performed in order to determine the optimum
dose for achieving the designed nanowire width. The nano-
wire width was observed to vary within =3 nm depending on
the dose used in the EBL exposure. As PMMA is positive
tone resist, higher doses resulted in channels and wider isola-
tion trenches. A dose of 485uC/cm” was found to yield de-
vice geometry maximally close to the design values. The
isolating trenches are then etched using a low pressure
(3 mTorr/50 W) O, plasma for 10 s. This low pressure etch is
maximally directional, which is essential for achieving the
high edge acuity required for device operation. Following
this step, a mesa isolation is achieved via EBL patterning of
ma-N 2403 negative tone resist and etching in (50 mTorr/
50W) O, plasma for 20s. Finally, Ti/Au(10nm/100nm)
contact pads are pattered and deposited via EBL patterning
of MMA/PMMA and subsequent liftoff. The nanowire width
(w) is varied, while the isolation width (w.=100nm) and
channel length (/ = 1.1um) are held constant. All devices
presented in this work consist of nine parallel GND channels
etched into a single mesa. Ancillary structures for characteri-
zation included transfer length method (TLM) structures for
assessment of the contact resistance and large area sheet
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resistance, and van der Pauw structures for the determination
of the low field carrier mobility. Measurements on these
structures yielded an average contact resistance of 245 Q um
and large area sheet resistance of 356 (/sq, and room tem-
perature Hall measurements yielded an average mobility(car-
rier density) of 1400 cm?/V s (1.2 x 10'3 cm ™).
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