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Abstract—Using commercially-available monolayer graphene,
synthesized by means of chemical vapor deposition, microwave
power sensing elements have been nanofabricated and integrated
with microwave-grade test structures suitable for on-wafer prob-
ing. The graphene, situated on a thermal oxide, was first cleaned
of stray contaminants in a forming gas environment briefly
held at 250 degrees Celsius using a rapid thermal annealer.
Immediately following this step, the graphene was passivated
with a protective aluminum oxide layer (approximately 5 nm in
thickness). Micrometer-scale Corbino disc test structures were
then fabricated in direct contact with the graphene using a self-
aligned process, which relies on the fact that tetramethylam-
monium hydroxide develops the photoresist while removing the
aluminum oxide. Graphene nanoribbons (with widths as small
400 nm) were then fabricated across the Corbino disc gaps
using electron-beam writing in conjunction with a negative tone
resist. The same developer exposed the majority of the graphene
while defining nanometer-scale lines of photoresist stacked upon
aluminum oxide. These stacks served as etch-stops while the
unprotected graphene was ion-milled in an oxygen plasma.
Finally, the photoresist was removed leaving behind passivated
graphene nanoribbons. Damage caused by the fabrication was
evaluated by comparing the Raman spectra of the graphene
before and after processing.

Index Terms—Graphene, detectors, microwave measurements,
Corbino disc, nanowire, lithography, electron beam.

I. INTRODUCTION

Graphene, a single atom layer of carbon in a hexogonal
lattice, is of great interest in radio frequency and microwave
applications due to its high carrier mobility and DC trans-
fer characteristic [1]. The chemical vapor deposition (CVD)
technique for synthesizing graphene is relatively inexpensive,
allows for large-scale production, and enables graphene to be
transferred to a variety of microwave-compatible substrates.
In this paper we discuss the details involved in our simple,
single-lithography-mask approach for making microstructures
that have a Corbino disc geometry [2] with a back gate
for modulating channel conductance [3] and details on our
electron beam lithography process for writing nanoribbons
within the Corbino disc microstructures.

II. MICROFABRICATION OF CORBINO DISCS

Work has been done in order to improve the previsouly
reported device processing method [4]. Fig. 1 outlines the
Corbino disc test structure fabrication process. The process
starts by first cleaning commercially avaliable, CVD-grown
monolayer graphene on silicon dioxide/silicon (SiO,/Si) [5]
with rapid thermal annealing (RTA) in forming gas (nitrogen
with 4.5% hydrogen) atmosphere at 250 °C for 12 minutes.
The RTA helps to reduce impurities absorbed by the graphene
surface [5]. Then, a 5 nm sacrificial layer of aluminum was
deposited over the entire substrate and allowed to form a
native oxide passivation layer. This complete metal covering
was used to protect the graphene during photolithographic
processing. The RTA clean and passivation layer desposition is
necessary in order to protect the graphene layer during device
processing and prevent exposure to ambient air.

A protective layer of positive photoresist, AZ4210, was spun
over the top of the sample at 500 rpm for 3 s followed by 3000
rpm for 42 s and hard baked for 30 minutes at 95 °C. The
sample was then immersed in a buffered oxide etchant, 1:1 ::
(6:1 BOE):dionized water, for 6 minutes to remove the back
layer of SiO», a necessary step to allow for contact to the back
gate. Remaining photoresist was removed with acetone and
the Al-oxide passivation layer remains on top of the graphene
preventing degradation of the graphene surface when exposed
to potential contaminants.

Adhesion promoter was spun on the sample at 500 rpm for
3 s followed by 3000 rpm for 42 s and baked on a hotplate
at 180 °C for 8 minutes. Negative photoresist, AZnLOF 2020
dilluted with AZ edge bead remover in a 1:1 ratio [6], [7], was
spun on the sample at 500 rpm for 3s followed by 3500 rpm
for 42 s. The dilluted resist spun to a thickness of 400 nm.
The edge bead was removed using AZ edge bead remover and
the samples were soft baked at 110 °C for 15 s. The samples
were subsequently exposed at an intensity of of approximately
15 mW/cm? for 1.5 s with a subsequent post exposure bake
on a hotplate at 110 °C for 3 minutes. The samples was
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Fig. 1. (a) RTA cleaned graphene on Si substrate with SiO; thermal oxide. (b)
Metallization of sacrificial aluminum layer. (c) Spin on positive photoresist
for BOE. (d) removal of back SiO, oxide with BOE. (e) Spin on negative
photoresist for microlithography. (f) Pattern with negative photomask. (g)
Metallization of Cr/Au contact layer. (h) Lift-off excess photoresist and metal.
(i) Photo of finished Corbino disc test structure.

developed in AZ300 MIF for 15 s. The chosen developer not
only patterned the photoresist but also selectively etched away
the aluminum oxide layer [8]. A 5 nm layer of chromium
(Cr) and 50 nm layer of gold (Au) was deposited via e-
beam evaporation for electrical contact. Lift-off was done with
Remover PG stripper at 70 °C for approximately 2 hours
to finalize the Corbino structure. Fig. 1 shows a diagram of
the process flow. It is critical to use a stripper that does not
attack aluminum during the lift-off process. The aluminum
oxide passivation must remain to protect the graphene layer
for subsequent nano-processing. This microfabrication process
has a device yield of nearly 70%.

The Raman spectra were collected before and after process-
ing the sample. The spectrum before microfabrication is of
the graphene passivated with aluminum oxide. Characteristic
G and G’ peaks are present. The aluminum interferes with
the spectrum of the graphene and does not show monolayer
at this time. The spectrum collected after microfabrication, on
unpassivated patches, shows the the graphene remained intact
and is monolayer, Fig. 2, [9]. Some defects were created on
the graphene during the device processing as shown by the D
band peak (~1350 cm™!) on the Raman spectrum [10].
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Fig. 2. Raman spectrum of the passivated sample before device processing
and spectrum of the sample after the microfabrication process.
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Fig. 3. (a) Graphene Corbino discs from microfabrication process. (b)Spin on
negative photoresist for EBeam writing. (c) Pattern nanoribbons in Corbino
disc gap. (d) Ion milling of exposed graphene. (e) Strip remaining photoresist.
(f) Photo of finished Corbino disc test structure with nanoribbons.

III. GRAPHENE NANORIBBON FABRICATION

Nano-scaled lines were ethed into the graphene between
the mircofabricated Corbino disc structures. The same dilluted
negative photoresist used in the microfabrication was spun
on top of the Corbino disc structures following adhesion
promoter. Electron beam writing was done with a Hitachi...
SEM outfitted with a Nabity Nanopattern Generation System.
The electron beam lithography was alligned to the micro-
structures in order to pattern lines with widths down to... in
between the Corbino disc contacts, Fig. 3. The samples were
exposed to a dose of 13 uC/cm? at a beam current of 20.7 pA
with a working distance of approxmately 11 mm.

After ebeam writing the sample was developed in
AZ300MIF for 15 s. The patterned photoresist served as etch-
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Fig. 4. Conductivity vs gate voltage for Vpg varied between 1 V and 10 V
and displaying a charge neutrality point between 2 V and 6 V. ***Temporary
Placeholder Until Data is Collected***

stops while the unprotected graphene and reamining aluminum
oxide was ion-milled in an oxygen plasma for 5 s at a power
of 5 W. Finally, the photoresist was removed leaving behind
passivated graphene nanoribbons. Strict timings during the
development and etching steps reduce device yield.

IV. ELECTRICAL MEASUREMENTS ***WOQRK IN
PROGRESS***

DC current vs voltage traces were collected to verify con-
tinuity of the nanowire between the contacts of the Corbino
discs. Device drain-source (inner disc-outer disc) current ver-
sus gate voltage for varying bias voltages was collected using
a Keithley 4200 SCS, Fig 4. The graphene nanoribbons have
been used to realize a microwave power detector operating at
433.92 MHz, in the ISM band. The devices were fed with
incident microwave power chopped at approximately 1.5 kHz
(1501.487 Hz). A voltage measurement was taken via lock-in
detection at the chopping frequency on the device under test.
An illustration of the experimental structure is shown in Fig.
5 [4]. Preliminary data shows a power sensitivity of ***Data
must be collected***.

V. CONCLUSIONS

Our simple one mask microfabrication process has a device
yield of nearly 70%. However, final steps in the nanofabri-
cation process reduce this high yield. The final development
etches the remaining aluminum oxide but can also undercut
the nano-patterned lines and remove the structures. The ion-
milling step may also result in damaged devices. Work must be
done to optimize these two final process steps. The developer
may be dilluted to offer more latitude in the timing before
undercutting the oxide and removing structures. The timing
and gas composition of the reactive ion etch may also be
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Fig. 5. Schematic of the graphene power detection circuit.

optimized to better attack the aluminum oxide while leaving
the photoresist layer intact.
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