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Significant photoelectrical response of epitaxial graphene
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Photoelectrical response characteristics of epitaxial graphene (EG) films on Si- and C-terminated 6H-SiC, and trans-
ferred chemical vapor deposition (CVD) graphene films on Si-terminated 6H-SiC have been investigated. The results show
that upon illumination by a xenon lamp, the photocurrent of EG grown on Si-terminated SiC significantly increases by
147.6%, while the photocurrents of EG grown on C-terminated SiC, and transferred CVD graphene on Si-terminated SiC
slightly decrease by 0.5% and 2.7%, respectively. The interfacial buffer layer between EG and Si-terminated 6H-SiC is
responsible for the significant photoelectrical response of EG. Its strong photoelectrical response makes it promising for
optoelectronic applications.
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1. Introduction

Graphene, as a monolayer to a few layers of sp2-bonded

hexagonally coordinated carbon atoms,[1] has received much

attention due to its two-dimensional planar structure and

numerous novel properties such as its fast charge trans-

port, quantum-spin Hall effect, suppression of weak local-

ization, transparent and conductive properties.[2–7] Generally,

graphene exhibits weak photoresponsive characteristics[8,9]

due to its zero-gap band structure.[10,11] Therefore, graphene–

based photodetectors are usually prepared in the form of

graphene–metal contacts[12] and graphene p–n junctions.[13]

In this paper, the photoresponse characteristics of epitaxial

graphene grown on Si-terminated 6H-SiC substrate (here-

inafter abbreviated to EG-Si), epitaxial graphene grown on

C-terminated 6H-SiC substrate (hereinafter abbreviated to

EG-C), and transferred chemical vapor deposition (CVD)

graphene on Si-terminated 6H-SiC substrate (hereinafter ab-

breviated to TG-Si) are investigated. It is shown that EG-C

and TG-Si show very weak photoresponse (< 3%). However,

the EG-Si exhibits a far different photoelectrical response be-

havior, and its photocurrent-change ratio reaches as large as

∼ 150% upon illumination. The possible mechanism of the

photoelectrical response of EG-Si, EG-C, and TG-Si is dis-

cussed.

2. Experimental details

The EG-Si and EG-C samples were directly grown on

5×5 mm2 silicon- and carbon-terminated semi-insulating 6H-

SiC substrates, respectively.[14–17] In the preparation of TG-Si

sample, we first prepared monolayer graphene on Cu foil by

CVD, followed by transferring the monolayer graphene[18,19]

onto Si-terminated 6H-SiC substrates. X-ray photoelectron

spectroscopy (XPS) was used to characterize the thickness of

EG-Si and EG-C. Raman spectroscopy was used to identify

the thickness of TG-Si.

The Hall effects of EG-Si, EG-C, and TG-Si were mea-

sured by using a van der Pauw configuration with a size of

5×5 mm2. The graphene samples for photoelectrical response

measurements were prepared as follows. Firstly, 200-nm Pt

fork electrode was deposited onto graphene film by electron

beam evaporation using a shadow mask. Then, the sample was

wire bonded to a PCB board, as shown in Fig. 2(a). Finally,

the current–voltage (I–V ) characteristics were performed by

using a Keithley 2000 Multimeter and Yokogawa 7651 Pro-

grammable DC voltage source, and the time-dependent pho-

toresponse was measured in a darkroom at room temperature.

The simulated sunlight with a power density of 100 mW/cm2

was used as the light-illumination source which was produced

by a spherical short-arc xenon lamp.
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3. Results and discussion

The C1s XPS spectra of EG-Si and EG-C are shown in
Figs. 1(a) and 1(b), from which one can determine that the
thicknesses of EG-Si and EG-C are monolayer and six layers,
respectively.[20,21] In addition, the spectrum in Fig. 1(a) can
be fitted to four different components: SiC and G peaks rep-
resent the bulk SiC and epitaxial graphene layer, respectively;
S1 and S2 peaks indicate the presentation of 6

√
3×6

√
3R30◦

reconstructed interface buffer layer.[22] It is noted that the elec-

tronic property of epitaxial graphene layer can be remark-
ably affected by the buffer layer and the n-doping feature of
graphene caused by the buffer layer has been reported.[23–25]

Figure 1(c) shows the Raman spectrum of TG-Si. It is diffi-
cult to identify the thickness of the transferred CVD graphene
on Si-terminated 6H-SiC substrate, because the G peak of
grapheme overlaps with the SiC peak. We also measured the
Raman spectroscopy of transferred CVD graphene on SiO2/Si
substrate. As shown by the inset of Fig. 1(c), it is clear that the
CVD graphene film is monolayer with high quality.
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Fig. 1. (color online) (a) C1s XPS spectrum of epitaxial graphene grown on Si-terminated 6H-SiC. The spectrum is fitted to four
components which represent a bulk SiC peak (SiC), monolayer layer graphene (G), and interfacial buffer layer (S1, S2), respectively.
(b) C1s XPS spectrum of epitaxial graphene grown on C-terminated 6H-SiC. (c) Raman spectrum of CVD graphene transferred onto
Si-terminated 6H-SiC. Inset: Raman spectrum of CVD graphene transferred onto SiO2/Si.

Figures 2(b)–2(d) show the I–V characteristic of EG-Si,
EG-C, and TG-Si, respectively. All I–V curves with illumi-
nation on and off exhibit good linearity, which suggests that
a good ohmic contact between the Pt fork electrode and the
graphene layer was obtained. It is noted that compared to EG-
C and TG-Si, the variation of photocurrent with illumination
on and off is much more remarkable, which suggests that it
has a much stronger photoelectrical response.
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Fig. 2. (color online) (a) Photograph of the graphene sample with a fork
electrode for photoelectrical measurements. The I–V characteristic of
(b) EG-Si, (c) EG-C, and (d) TG-Si under dark conditions or exposure
to a xenon lamp.

In order to investigate the dynamic photoresponse pro-
cess, the time-dependent photocurrent was recorded at a fixed
bias of 0.1∼V. The time constants of the excitation and de-
cay processes can be extracted by fitting the experimental I–t
curve using the following exponential function:

I = Ae−t/τr + Is. (1)

Figures 3(a)–3(c) show the experimental and simulated
I–t curves of EG-Si, EG-C, and TG-Si, respectively. It is
noted that the photoresponse characteristic of EG-Si is very
different from those of EG-C and TG-Si. (i) With illumina-
tion on (off), the photocurrent of EG-Si increases (decreases),
while photocurrents of EG-C and TG-Si decrease (increase),
suggesting a completely contrary change tendency. (ii) The
change ratio of the photocurrent for EG-Si upon illumina-
tion is as large as 147.6%, while corresponding values are
only 0.5% and 2.7% for EG-C and TG-Si, which implies
that the EG-Si is much more sensitive to the illumination of
Xenon lamp. (iii) The time constant of excitation process of
EG-Si (30.2 s) is much shorter than those of EG-C (134.2 s)
and TG-Si (208.3 s), while the time constant of decay pro-
cess of EG-Si (3834.2 s) is much longer than that of EG-C
(147.0 s) and TG-Si (1399.4 s), indicating completely dif-
ferent excitation and decay processes. Obviously, monolayer
graphene, SiC substrate, and the epitaxial growth method are
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Fig. 3. Time-dependent photoelectrical response of (a) EG-Si, (b) EG-C, and (c) TG-Si. The dashed lines represent corresponding fitted data.

not the key factors causing the significant differences men-
tioned above. We think that the interfacial buffer layer might
be the key reason because there is an interfacial buffer layer
in EG-Si, while no buffer layer in EG-C and TG-Si. Detailed
discussion is given below.

It is known that due to the interfacial buffer layer, an in-
trinsic electron (n-type) doping is observed in the epitaxial
graphene on Si-terminated SiC substrate.[26] Generally, epi-
taxial graphene on C-terminated SiC is usually p-type in the air
due to oxygen absorption,[27] and transferred CVD graphene
is p-type in the air due to residue poly methylmethacrylate
(PMMA) doping during the wet-transfer process[28] and ad-
sorption of oxygen and other molecules.[29,30] Our Hall effect
measurements show that EG-Si is indeed heavily n-type doped
with an electron concentration of 4.94×1013 cm−2, while EG-
C and TG-Si are indeed p-type with hole concentrations of
2.15×1012 and 9.25×1012 cm−2, respectively. Thus, now it
is not difficult to understand why the change tendency of pho-
tocurrent for EG-Si is contrary to that for EG-C and TG-Si.
In detail, when n-type EG-Si is illuminated, the oxygen des-
orption will increase the number of photo-induced electrons,
which will increase the total conductive carriers upon illumi-
nation, resulting in the increase in photocurrent. However,
when p-type EG-C and TG-Si are illuminated, the total con-
ductive carriers decrease, resulting in the decrease in photocur-
rent.

Theoretical and experimental studies[31,32] have shown
that compared to buffer-layer free graphene, EG-Si demon-
strates different structure and electronic properties due to the
existence of interfacial buffer layer. Based on previous reports,
here we present a simple oxygen desorption/absorption model
with illumination on/off to roughly analyze how the interfacial
buffer layer of EG-Si causes such a different response char-
acteristic. Figures 4(a) and 4(c) show schematics of oxygen
absorption for buffer-layer free TG-Si, and EG-Si with inter-
facial buffer layer, respectively. It is noted that the EG-C is
very similar to that of TG-Si except for multi-layer graphene.
For TG-Si, oxygen (or other) molecules can be only absorbed
by graphene layers, as shown in Fig. 4(a). However, for EG-
Si, due to the existence of interfacial buffer layer, oxygen (or

other) molecules cannot only be absorbed by graphene lay-
ers, but also by the dangling bonds of Si atoms which are not
bonded to the C atoms of the interfacial buffer layers, as shown
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SiC

EG
buffer

SiC

hν

hν(d)

(c)

(b)

(a)

carbon

oxygen

silicon

dangling bonds

Fig. 4. (color online) Schematic of oxygen absorption/desorption pro-
cess: oxygen adsorption for TG-Si (a) and EG-Si (c); oxygen desorp-
tion upon illumination for TG-Si (b) and EG-Si (d). “TG” denotes
transferred CVD graphene, “EG” epitaxial graphene, and “Buffer”
6
√

3×6
√

3R30◦ reconstructed interface buffer layer.

in Fig. 4(c). It means that the EG-Si has many more absorp-
tion/desorption sites due to the existence of interfacial buffer
layer compared to that of buffer-layer free TG-Si. Upon illu-
mination, the absorbed oxygen (other) molecules by graphene
layer and interfacial buffer layer will be desorbed, as shown in
Figs. 4(b) and 4(d), which will increase the number of photo-
induced electrons, resulting in the change of photocurrent.
Many more desorption sites and intrinsic heavily n-type lead
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to a significant increase in photocurrent of EG-Si upon illumi-
nation, as shown in Fig. 3(a). However, when EG-C or TG-Si
is illuminated, the current does not decrease so significantly
because it has a p-type feature and less desorption sites, as
shown in Figs. 3(b) and 3(c). At present, it is still unclear why
the photocurrent of EG-Si reaches a maximum quickly, then
decreases a little, and finally tends to be saturated upon illu-
mination, as shown in Fig. 3(a). The longer decay time con-
stant for EG-Si relative to that for the EG-C or TG-Si shown in
Fig. 3 can be simply explained as follows. It is supposed that it
will take much more time for the oxygen (or other) molecules
to be absorbed to the interfacial buffer layer than that to be
absorbed to graphene layer.

4. Conclusions
In summary, the photoelectrical response characteris-

tics of EG-Si, EG-C, and TG-Si were investigated. Time-
dependent photoelectrical results show that upon illumination,
the photocurrent of EG-Si significantly increases by 147.6%,
while the photocurrents of EG-C and TG-Si slightly decrease
by 0.5% and 2.7%, respectively. In addition, for EG-Si, the
time constant of excitation is much shorter, while the time con-
stant of decay is much larger than those of EG-C and TG-Si.
The huge difference in the photoresponse characteristic of EG-
Si may be attributed to the interfacial buffer layer of EG-Si.
Strong photoelectrical response makes it promising for poten-
tial optoelectronic applications.
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