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Abstract

Graphene has been investigated intensely as a next-generation electronic material since the presence
of the field effect was reported in 2004 [1]. The absence of a band gap and the resulting high off-state
leakage currents prohibit graphene as the channel material in field effect transistors (FETs) for logic
applications [2]. Several alternative graphene device concepts have been proposed that rely on
quantum mechanical tunneling. These include graphene / hexagonal boron nitride superlattices [3] or
(gated) graphene / semiconductor Schottky barriers [4, 5]. Along these lines, we recently proposed a
Graphene Base Transistor (GBT) [6], a hot electron transistor (HET) [7-9] with a base contact made of
graphene that can potentially deliver superior DC and RF performance [6] (Figure 1). HETs with
metallic bases are limited by two mechanisms: carrier scattering and “self-bias crowding” (in-plane
voltage drop) in the base material. Optimization becomes a trade-off, since thinning the metal-base
reduces scattering, but increases the metal-base resistance and the self-bias crowding [7]. Graphene is
thus the ideal material for HET bases due to its ultimate thinness and high conductivity.

We experimentally demonstrate DC functionality of graphene-based hot electron transistors, which we
call Graphene Base Transistors (GBT, Figure 1). The fabrication scheme is potentially compatible with
silicon technology and can be carried out at the wafer scale with standard silicon technology [10]. The
state of the GBTs can be switched by a potential applied to the transistor base, which is made of
graphene. Figure 2 shows schematic band structures for an unbiased device (a) and a biased device in
the off- (b) and in the on-state (c). In the on-state, Fowler-Nordheim tunneling leads to the injection of
hot carriers into the conduction band of the base-collector insulator. Measured transfer characteristics of
the GBTs show ON/OFF current ratios exceeding 10* (Figure 3a, [11]). Theoretical calculations predict
that ON/OFF current ratios of over five orders of magnitude and operation up to the THz frequency
range can be obtained with GBTs [6] (Figure 3b). Temperature dependent measurements will be
discussed in the talk and confirm the predicted tunneling mechanism.
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Figure 2: Schematic band structure of a graphene HET. a) unbiased, b) Off-state with finite collector
bias and no base bias and c) On-state with finite collector V,and base voltage Vy, (V>Vy).
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Figure 3: a) Measured transfer characteristics of two graphene HETs with an On-Off ratio of 10° and
5x10*. b) Simulated cutoff frequency for a graphene HET with optimized dielectric barriers [6].



