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Abstract: Due to weak light-matter interaction, standard chemical vapor deposition (CVD)/exfoliated
single-layer graphene-based photodetectors show low photoresponsivity (on the order of mA/W).
However, epitaxial graphene (EG) offers a more viable approach for obtaining devices with good
photoresponsivity. EG on 4H-SiC also hosts an interfacial buffer layer (IBL), which is the source of
electron carriers applicable to quantum optoelectronic devices. We utilize these properties to
demonstrate a gate-free, planar EG/4H-SiC-based device that enables us to observe the positive
photoresponse for (405 to 532) nm and negative photoresponse for (632—-980) nm laser excitation. The
broadband binary photoresponse mainly originates from the energy band alignment of the IBL/EG
interface and the highly sensitive work function of the EG. We find that the photoresponsivity of the
device is > 10 A/W under 405 nm of power density 7.96 mW/cm? at 1 V applied bias, which is three
orders of magnitude greater than the obtained values of exfoliated graphene, as well as graphene
obtained by chemical vapor deposition (CVD), and higher than the required value for practical
applications. These results path the way for selective light-triggered logic devices based on EG and

can open a new window for broadband photodetection.

Introduction

Recently, graphene has attracted much attention in the area of optoelectronic devices due to its high
carrier mobility, optical transparency, mechanical flexibility, strength, and thermal stability [1-2].
Exhibited ultrafast and broadband absorption makes graphene an ideal candidate for broadband
photodetectors [3, 4]. Designing a binary photoresponse device based on graphene alone would be

highly beneficial for optical signal processing and logic device applications [5]. However, pristine



exfoliated and chemical vapor deposited (CVD) monolayer graphene yield photodetector devices that
suffer from low-photocurrent responsivity [6]. Therefore, developing a better performing, graphene-
based binary photodetector is highly desired. Solid-state and wideband gap-based silicon carbide (SiC)
and GaN-based photodetectors are popular due to their reliability and light weight. Specifically,
epitaxial graphene (EG) on SiC could be a better choice for these practical electronic applications due
to its high breakdown fields, inherent bandgap induced by the underpinning interfacial buffer layer

(IBL), and its metrology-grade quality [7-13].

In this work, we demonstrate, for the first time, electrostatic gate-free, broadband, and binary
photoresponses in EG/4H-SiC-based devices having the simplest device design. We use as grown
bare monolayer EG on 4H-SiC substrate to fabricate devices. We report both positive and negative
photoresponse observations without the assistance of electrostatic gating under the illumination of the
different wavelengths of laser light. Additionally, our devices responded strongly to excitation
wavelengths ranging from 405 nm to 980 nm, yielding unprecedented responsivities higher than 10
A/W under 405 nm of power 7.96 mW/cm?, which is three orders of magnitude higher than the CVD
and exfoliated graphene. This unusual phenomenon motivates us to study the photodetection in such
devices as well as to test the significance of the IBL in the photodetection process. Further confirmation
of the photodetection mechanism is provided by carefully studying two different control devices without
the IBL on the similar SiC substrate: (1) a thin layer of exfoliated graphene with pre-fabricated
electrodes on only bare SiC to see the effects of the IBL and metal contacts, (2) a dummy device with

two electrodes on only SiC to understand the role of the substrate.
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Fig. 1. Fabrication and optical characterization of the device. (a) Raman spectrum of the EG/4H-

SiC showing 2D, G and D peak around 2716.6 + 0.8 cm™', 1604.5 + 0.6 cm™ and 1384.5 + 8.9 cm™'



respectively including SiC peaks around 1524 cm™ and 1718 cm™. (b) The AFM image shows the
uniform surface morpholgy of the EG on the SiC substrate. The inset shows the height profile with
typical terrace step heights of about 1 nm. (c) Schematic of the residue-free device fabrication
process. After the EG growth on SiC, a thin layer of palladium and gold is deposited to protect the film.
Photolithography and sputtering were then used to complete the device. Finally, the protective metals
are etched from EG with diluted aqua regia. (d) The confocal microscopy image of the EG/4H-SiC-
based device is shown. The image highlights the homogeneity of the EG film, showing a few small
patches containing bilayers, as indicated by arrow. Inset is the confocal image of a complete device in

which fourteen NbTiN electrodes are connected to the EG.
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Fig. 2. (left) Schematic illustration of the EG/4H-SiC-based device and two-probe photodetector
measurement setup with IBL under EG. (right) Dynamic photoresponse of the EG/4H-SiC-based
device under 405 nm, 532 nm, 632 nm, 808 nm, and 980 nm excitation of intensity 79.6 m\W/cm? at

Vbs = 1V. The switching behaviour of the device is marked as ON, and OFF in the first cycle.
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