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Abstract

High frequency transistors, the core of modern information and communication systems, have been
recognized from the very beginning as one of the most promising fields of applications for graphene
having the potential to significant outperform transistors based on Silicon and I1I/V semiconductors in
terms of speed. This large expectation has mainly been fuelled by graphene’s outstanding charge
carrier mobility, the large saturation velocity and the 2D nature giving prospects for ultimately scaled
devices. Although single graphene transistors have already proven these expectations by delivering
high cut-off frequencies up to 420GHz [1], the realization of integrated circuits based on graphene
transistors is still in its embryonic stage. To date the most complex integrated circuit based on GFETs
are a mixer with one GFET and passive components operating at GHz frequencies [2] and an inverter
operating at kHz frequency and consisting of one p and one n type GFET [3]. The realization of more
complex circuits containing several GFETs was so far limited by the process technology, which did not
allow the highly reproducible fabrication of GFETs with designed properties.

Here we demonstrate the realization of integrated inverters consisting of one n and one p type GFET
with record voltage gain Ay = 20. The GFETs are based on CVD grown graphene and ambivalent
operation was achieved by biasing as previously shown in [3]. High voltage gain has been achieved
using a local back-gate geometry (see figure 1c). This unique geometry allows the fabrication of high
quality Al,O; with an EOT of 3 nm, avoiding the rather complex deposition of dielectric layers on-top of
the graphene. Input-output matching of the operation voltages in single inverters was realized by proper
control of the individual process steps and the thereto related unintentional doping.

Based on such inverters as major building blocks and a highly reproducible process technology, we
realized the first graphene based integrated ring oscillator. The ring oscillator consists of 6 n-type and 6
p-type transistors, so that 5 inverters from a loop, while one inverter is needed to decouple the loop from
the measurement equipment. An optical micrograph (false color) and a corresponding circuit diagram
are shown in figure 1a and 1b, respectively. The fundamental oscillation frequency fosc of the ring
oscillator is ranging from 20 to 30 MHz depending on the supply voltage (figure 2b). This is consistent
with the intrinsic parameters of the circuit. The delay time of one inverter is given by 1 = 1/2nfosc = 3 ns
at Vpp = -3 V. Taking into account the large parasitic capacitance, which are in our design mainly related
to the large overlap between the gate electrode and source and drain, we get an intrinsic delay time of a
single inverter of 0.3 ns.
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Fig.1. a) Optical micrograph of an integrated ring oscillator (false color). b) Circuit diagram of the ring
oscillator. c) Schematic of a single inverter stage.
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Fig.2. a) Time transient of the output voltage of the ring oscillator. b) Fundamental oscillation frequency
of the ring oscillator as a function of the supply voltage.



