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Introduction

The electrical, mechanical, thermal, and optical properties of reduced graphene
oxide (rGO) make it an attractive material for the fabrication of photodetectors
and other optoelectronic devices. In comparison with graphene, rGO can be
prepared using inexpensive materials and simpler fabrication methods with high
yields [1]. The properties of this material can be tuned with the precursor solution,
synthesis, and reduction processes. A key to the production of high quality rGO
is the reduction of oxygen [2]. The sheet resistance of rGO films decreases as the
reduction temperature increases. This is attributed to an increase in the number of
delocalized  bonds for sp? carbons by the reduction. The lower resistance should
facilitate the separation and transportation of photo-carriers [3].

In this research, rGO was synthesized by the thermal decomposition of sucrose
and reduced by thermal annealing under a nitrogen atmosphere [4]. A
heterojunction diode was fabricated by depositing a rGO film on a cleaved n-type
Silicon/Silicon Oxide (Si/Si0;) substrate. We studied the response of the
heterojunction to UV irradiation at room temperature. We will discuss the
preparation and characterization of rGO, the heterojunction fabrication, and
analysis of UV photoconduction.

Methods

rGO

Graphene oxide (GO) was prepared by hydrothermal carbonization of a 0.1 M
solution of sucrose (sugar) in H,0 at 200°C. The GO was reduced by thermal
annealing at 600°C for 2 h in a nitrogen atmosphere. The resultant rGO flakes
were characterized using Scanning Electron Microscopy (SEM), Energy
Dispersive Spectroscopy (EDS), profilometry, and UV-Vis spectroscopy. A
schematic of the preparation process is depicted in Fig. 1.
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Fig.1. Schematic of rGO preparation process: GO is produced by hydrothermal carbonization of
sucrose (sugar) and reduced to rGO by sintering under nitrogen.

Device

The rGO/n-Si diode was fabricated by using a commercially available n-doped Si
wafer with a 200 nm oxide layer, with pre-patterned gold electrodes over the oxide
surface. A Si/SiO» substrate was cleaved through the electrodes. The exposed
cleaved surface had the edge of the gold electrode separated from the doped Si by
the insulating Si0> layer. We then transferred the rGO film onto the edge of the
substrate, bridging the insulating layer. The sample was oven dried in air at 70°C
for at least 1 h before performing any measurements. A schematic of the device
is shown in the inset of Fig. 3a.

UV-Photoconduction

The current-voltage (I-V) characteristics of the diode were measured in vacuum
at room temperature using a Keithley 6517B electrometer by applying voltages
from — 1 V to +1 V in darkness and after irradiation. A 4 W-UV-lamp (2.46
W/m?) with a 365 nm wavelength, was used to irradiate the rGO-n-Si
heterojunction. The measurements were conducted in the reverse bias region with
no applied voltage (0 V) and low voltages of -0.1 V and -0.5 V. The times of
exposure to UV light ranged from 5 to 20 s.

Results

rGO Characterization

Figure 2(a) shows a typical EDS spectrum and SEM image (inset) for a rGO film.

The spectrum reveals 86.6 atomic % of Carbon and 13.4 % of Oxygen The

average thickness of rGO films analyzed with profilometry (results not shown)

was 110 nm. The optical bandgap of rGO was estimated from the UV-Vis

absorption spectra in Fig. 2(b) (inset). The intercept of the best fit of the Tauc
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plot: (ahv)? versus hv Fig. 2(b) gives a bandgap of E; =
2.12+£ 0.01 eV [5]. This value is consistent with others reported in literature that
range between 1.00 and 3.11 eV [5-6].
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Fig. 2. (a) EDS spectrum and SEM image (inset) of rGO film.(b) Tauc plot with bandgap
determination and UV-Vis spectrum (inset).

Heterojunction diode

The I-V plot of the rGO/n-Si diode at room temperature in darkness is shown in
Fig. 3(a), with schematic diagrams of the device as insets. The results show the
typical exponential behavior of a rectifying diode in forward and reverse bias.

qV
The diode current can be represented I(T,V) = I (em - 1), where I is the

saturation current, q is the electron charge, V is the applied voltage, n is the
ideality factor, k is the Boltzmann constant, and T is the temperature.

To study the photodetection properties and the rectification behavior of the device
under irradiation we analyzed the photocurrent: Lyp = |1, —
Iph
PxA
irradiation and I; is the current in darkness, P is the power density of the UV

lamp, and A is the sample area impacted by light. The device maintains the

rectification properties under UV illumination with a 365 nm wavelength. The

values of the responsivity are depicted in Fig. 3(b). The high values of R, suggest

the phenomenon of carrier-multiplication or internal gain exist [7]. These results

are consistent with others reported in literature for rGO heterojunctions. A

heterojunction with other semiconductor material creates a built-in electric field
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at the junction that facilitates the separation of charge carriers. Prevention of
electron-hole recombination and their effective collection make heterojunction
photodetectors highly efficient [8].
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Fig. 3. (a) I-V characteristics of rGO/n-Si heterojunction in forward (black) and reverse (red) bias.
The inset shows schematics of the device with electrical connections in forward and reverse bias.
(b) Responsivity after irradiation with UV light for 5 s.

Figure 4(a) shows the optical response of the device for ON and OFF switching
of the light, with applied voltages of -0.1 V and -0.5 V for time intervals of 5 s.
The response and recovery times for -0.1 V and -0.5 V are shown in Fig. 4(b) and
4(c), respectively. The response time (tresp) to UV light is computed as the time
needed for the sensor to reach between 10% until 90% of the maximum current.
The recovery time (twc) is the time to go from 90% to 10% of the maximum
current. Various consecutive cycles with sharp transitions between the ON and
OFF states were measured for our device. The measurements are stable and
reversible. The response times are 1.2 s for -0.1 V and 1.4 s for -0.5 V. The
recovery times are 1.6 s for -0.1 V and 1.7 s for -0.5 V. The values reported in
literature for rGO devices vary considerably and range from microseconds to
hundreds of seconds [7-8]. Fig. 4(d) shows the photosensor response to UV light
without an external voltage source. The stable and reversible photoresponse
suggest the rGO/n-Si heterojunction has the potential to be used in self powered
devices.
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Fig. 4. (a) on-off response to uv light (365 nm) exposure in 5 s intervals, for applied voltages of -
0.1 vand -0.5 v. (b) and (c) response and recovery times for a typical on-off cycle, with -0.1 v and
-0.5v. (d) on-off response in 20 s intervals with 0 v bias.

Conclusions

High quality and electrically conductive rGO films were synthesized from
hydrothermal carbonization of sucrose and thermal annealing. A rGO-nSi
heterojunction was fabricated by depositing rGO onto the cleaved edge of a
Si02/Si substrate. The I-V characterization of the device shows the typical
behavior of a rectifying diode in forward and reverse bias. When exposed to UV
light of 365 nm, the heterojunction shows good photoconduction properties with
applied low voltages of -0.1 V and -0.5 V. The responsivity values of over 100
A/W suggest very good photodetection properties. The optical response of the
device for the ON/OFF switching of the UV light, for the applied biases of -0.1
V, and -0.5 V, show stable cycles with response and recovery times between 1
and 2 s. The response to UV irradiation with 0 V is a promising result and show
independence from the voltage source. The zero or low voltage photodetection
properties, and the simple and inexpensive methods used to produce rGO and
fabricate this device; make it attractive for the development of self-powered
photoconduction devices.
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