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Abstract. In present study, we introduce graphene field-effect transistors (G-FET) fabricated 
on silicon - silicon dioxide wafers and analyse their properties. Electric and photoelectric 
effects in these devices were experimentally observed and discussed. We demonstrate that the 
understanding of the processes occurring in the substrate is of high importance not only for the 
development of all types of photodetectors based on field-effect transistors, but also could be 
used for the designing of devices with novel functionalities. 

1. Introduction 
Graphene and other 2D materials provide fast response times over a broad spectral range when using 
as functional elements in highly-efficient photodetectors. Field-effect transistors based on graphene-
like materials is one of the most efficient types of photodetectors because of the possibility of tuning 
electrical and optical properties of 2D materials through electrical gating.  In recent years, researchers 
have proposed various schemes of such phototransistors exploiting different operating principles based 
on photovoltaic, thermoelectric and photogating effects [1–4] and using nanoparticles and 
nanostructures for signal amplification [5–9]. However, careful description of these photodetection 
devices requires consideration of processes occurring in a substrate as well as its influence on the 
properties of 2D materials. In present study, we consider graphene-based field-effect transistors (G-
FETs) fabricated on various semiconducting substrates. We provide details on experimental analysis 
compared with analytical calculations. 
2. Device fabrication and characterization 
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For phototransistor fabrication, we used highly p-doped silicon wafers with 285-nm-thick thermal 
silicon dioxide. Firstly, gold electrodes were deposited using electron-beam evaporation and patterned 
by optical lithography followed by lift-off process. Then, graphene was transferred on top of the 
structure using electrochemical delamination [10]. For electrical characterisation, we used a source-
meter and a lock-in amplifier for DC and AC measurements, respectively. The dependence of 
graphene resistivity on the gate voltage allows to determine Fermi level, homogeneity of graphene and 
other properties. Figure 1(c) shows the hysteresis in a source-drain current and its dependence on a 
sweep rate that can be explained by water absorption on the graphene surface.  Another important 
characteristic of the fabricated phototransistors is the capacity of graphene-silicon system. Using this 
data and considering substrate properties, we are able to determine photogating effect. 

 
 

Figure 1. Scheme of the phototransistor consisting of the silicon wafer with 
dielectric, silicon dioxide layer and graphene deposited on Ti/Au contacts (a) and the 
photo of this device (b). Electronic properties of the device: the dependence of 
source-drain current on gate voltage (c) and gate-channel capacity (d). 

3. Results and discussion 
To study proposed devices we use a setup shown in figure 2(a) that consists of DC current and voltage 
sources, the lock-in amplifier and an oscilloscope, an optical chopper and light sources: lasers with 
different wavelengths of radiation and a lamp with high spectral range. We perform theoretical 
analysis using the zone diagram technique (figure 2b). Firstly, we analyse processes in the graphene-
SiO2-Si capacitor (without grounding the source of the transistor), that is similar to well-known metal-
oxide-semiconductor (MOS) structure. Using this scheme, we are able to observe directly the 
accumulation of charge at the Si/SiO2 boundary due to light irradiation (figure 2c, 2d). We studied the 
level of photoresponse depending on the gate voltage, power of irradiation and its wavelength. The 
charge accumulating in silicon influences electric properties of graphene and results in the 
phototransistor photogating. To demonstrate this, we generated direct current in the source-drain 
channel and apply gate voltage. Figure 2(e) shows the resulting dependence of photoresponse on gate 
voltage. The hysteresis in the signal dependence on the gate voltage arises because of the hysteresis in 
transfer curve mentioned in Section 2. To prove the origin of the photoresponse, we compare it with 
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the derivative of the graphene resistance by the gate voltage. As shown in figure 2 (f,g), these curves 
are quite close, because the accumulation of photoinduced charges in silicon is equivalent to the gate 
voltage change. 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 2. Scheme of the setup for photoresponse observation (a). Zone diagram of p-
doped silicon - silicon dioxide contact irradiated with light (b). Photoresponse in the 
graphene/silicon capacitor in dependence on the gate voltage (c) and on the 
irradiation power with linearization (d). The dependence of photoresponse produced 
by the photogating effect (e) and photoresponse compared with the dependence of the 
derivative of the channel resistance by the gate voltage on the gate voltage (f, g). In 
this experiments wavelength was equal to 780 nm. 

4. Conclusions 
We have considered G-FETs fabricated on silicon wafers and studied the processes occurring in the 
substrate irradiated with light. Understanding of these effects is of high importance for the 
development of sensitive photodetectors working at the specific wavelength ranges. The photogating 
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effect allows to develop efficient phototransistors not only with graphene, but also with channels made 
of other 2D materials and hybrid structures [11,12,13] due to the ability to control their properties by 
electrical gating. Moreover, the development of 2D materials-based photodetectors requires careful 
analysis of the substrate properties and the properties of 2D-materials themselves. 
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