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Thermal infrared emission from large area graphene

C. Adlem, T. Poole, N. H. Mahlmeister, L. M. Lawton, I. J. Luxmoore,
and G. R. Nash

Functional Materials Group, College of Engineering, Mathematics and Physical
Sciences, University of Exeter, Exeter, EX4 4QF, U.K.

Thermal infrared emission has been used extensively over the last few years as a means of
probing the electronic structure of graphene transistor devices under bias [1,2]. In such
devices, the thermal infrared emission is not spatially uniform and a maximum in emission (a
“hotspot™) occurs at the place in the sample corresponding to the minimum in conductivity at
the Dirac point.

So far, these studies have been confined to relatively small (tens of microns) samples
fabricated using exfoliated graphene. In this paper we describe measurements made on large
area (3mm x 3mm) devices fabricated from graphene grown by chemical vapour deposition
and then transferred onto SiO,/Si wafers. We have investigated the spatial characteristics of
the thermal infrared emission, mapped using a scanning detector, as a function of current
through the device, current direction and also of frequency. At relatively low frequencies a
peak in emission occurs, as shown in Figure 1, the position of which can be altered by the
application of a bias applied between the source and gate contacts, or by reversal of the
current direction. We believe that this peak in emission is due to Joule heating at the Dirac
point, as has been seen in smaller exfoliated devices, and the magnitude of the emission
demonstrates a dependence on the current squared (electrical measurements made on the same
device show a peak in device resistance as a function of applied gate bias). At high
frequencies (up to 100kHz) a more complex spatial characteristic is observed, which we
believe is due to the manifestation of mechanisms other than Joule heating. These are the
currently the subject of further investigation.

Signal Figure 1: Thermal infrared emission
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