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ABSTRACT: Achieving outstanding detection performance with a simple detector
construction has long been one of the goals of photodetector development. In this
study, we report a high-responsivity graphene/silicon carbide (Gr/SiC) ultraviolet
(UV) photodetector consisting of a monolayer of graphene grown epitaxially on the
silicon surface of SiC. By optimizing the growth process, the carrier mobility of the
monolayer graphene with a large area of 3.5 × 4.5 mm2 was achieved up to 3020.54
cm2/(V·s). Under UV irradiation of 0.004 μW at 275 nm, the Gr/SiC photodetector
achieves a high responsivity of 5425 A/W, which is 1 order of magnitude higher than
the 254.1 A/W of the best responsivity of reported Gr/SiC UV detectors.
Meanwhile, the photoconductive gain of the photodetector reaches 24462, which is
nearly 50 times the highest photoconductive gain of 490.8 among reported Gr/SiC UV detectors. This outstanding performance is
driven by the excellent carrier mobility of the epitaxial graphene, which enables the photogenerated carriers to rapidly migrate to the
electrodes, thus significantly improving the photoconductive gain of the detector. At the same time, the simplified preparation
process greatly reduces the cost, shortens the production cycle, and improves the feasibility of mass production, which provides
crucial support for the industrial application of high-responsivity UV photodetectors.
KEYWORDS: silicon carbide epitaxial graphene, UV photodetector, photoconductivity, responsivity, gain

■ INTRODUCTION
In modern society, high-responsivity UV photodetectors are in
increasing demand due to their essential roles in environmental
monitoring,1 military reconnaissance,2,3 flame detection,4,5 and
biomedical analysis.6,7 Wide-bandgap semiconductor materi-
als,8−11 including zinc oxide,12,13 aluminum gallium nitride,14

gallium nitride,15,16 and silicon carbide,17 are extensively
applied in UV detection. Notably, devices made from these
materials do not require a filter.18 However, impurities and
lattice defects in wide-bandgap semiconductors scatter carriers,
resulting in a decrease in mobility and thereby increasing the
probability of photogenerated electrons and holes recombining
before reaching the electrode. Developing materials with high
carrier mobility is crucial for enhancing device performance.
Graphene, a representative two-dimensional carbon material,
has an ultrahigh carrier mobility of 15,000 cm2/(V·s).19,20 Yet,
its monolayer structure leads to low light absorption, which
restricts its UV response. The SiC21 has a wide bandgap, which
can effectively absorb ultraviolet light. Constructing a Gr/SiC
heterojunction synergizes their advantages, coupling graphe-
ne’s fast carrier transport with silicon carbide’s strong UV
absorption to enhance device optoelectronic performance.22

Extensive research on Gr/SiC photodetectors, current efforts
mainly focus on modifying graphene through nanoparticles,
electrical doping, and chemical doping.

Nanoparticle modification23 of graphene is a key approach
to improve optoelectronic performance of the Gr/SiC device
by primarily leveraging the surface plasmon resonance effect of
the nanoparticle to enhance UV light absorption. Khadk et
al.23 utilized surface plasmon resonance effect of gold
nanoparticles to fabricate ultralow power photodetectors,
increasing light absorption to enhance responsivity. Under a
bias voltage of −0.01 V, the device exhibited a responsivity of 2
× 10−2 A/W for 365 nm ultraviolet light, a normalized
detectivity of 3 × 106 Jones. Nevertheless, this technique
encounters significant practical challenges. First, nanoparticles
introduced onto graphene create additional scattering centers,
impeding efficient carrier transport and reducing carrier
mobility substantially. Second, the weak adhesion between
nanoparticles and the graphene makes nanoparticles prone to
aggregation and detachment during long-term operation,
undermining device stability and shortening its lifespan.

The electrical doping24 of graphene is also an important
means to optimize the performance of Gr/SiC devices. By
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applying a gate voltage, the Fermi level of graphene can be
effectively tuned, substantially increasing the carrier concen-
tration and enhancing the carrier transport efficiency. Li et al.25

achieved a responsivity of 103.3 A/W for 261 nm ultraviolet
light through gate voltage modulation in NiO/Gr/4H-SiC
structures under 5 V source-drain voltage and −3 V gate
voltage. In further studies,24 their optimized Gr/4H-SiC device
reached a responsivity of 254.1 A/W for 325 nm light.
However, practical implementation of the doping technique
has many limitations. For example, the effect of electrical
doping primarily depends on the characteristics of the gate
dielectric material. A mismatch between the gate dielectric
material’s work function and the Gr/SiC system can lead to
issues such as low charge injection efficiency or excessive
interface charge accumulation.26 In addition. upon carrier
injection via electrical doping, these carriers interact with
material atoms, which disrupts the continuous energy band
structure, giving rise to localized energy levels or impurity
energy levels. These additional energy levels act as carrier traps
to randomly capture photogenerated carriers during transport,
significantly reducing the number of effective carriers
contributing to photocurrent.27

Chemical doping28 of graphene in Gr/SiC devices can
increase carrier concentration by introducing impurity atoms
that provide extra electrons or holes. Henck et al.29 designed
an n-MoS2/p-bilayer graphene heterojunction to enable
tunable photoresponse, achieving a responsivity of 1.4 ×
10−2 A/W at 1 V bias. However, strongly oxidizing or reducing
dopants may corrode the graphene surface, inducing crystal
lattice distortion and chemical bond cleavage. These alterations
disrupt carrier transport pathways, thereby significantly
diminishing the carrier mobility. Simultaneously, defect states
generated during doping act as recombination centers for
photogenerated carriers, drastically shortening their lifetimes.
Moreover, these defects will form active sites, which will
promote the occurrence of chemical reactions between
graphene and substances such as oxygen and moisture in the
environment, significantly reducing its chemical stability and
physical properties.30

Compared to nanoparticle modification, electrical doping,
and chemical doping of graphene, the regulation of graphene’s
own quality offers the advantage of a simpler process. This
feature renders it highly promising for industrial production, as
it better aligns with the demands for efficient and convenient
manufacturing processes. The goal of this work is to obtain a
high-responsivity device with high repeatability, reliable
performance, and low cost with a simple fabrication procedure.

Herein, pyrolytic epitaxy on SiC substrates was employed to
prepare the Gr/SiC heterojunction samples with various
qualities under different temperature and growth time
conditions, which were then used to fabricate the Gr/SiC
heterojunction devices. In this device, SiC serves as the
absorption layer and graphene serves as the transport layer.
The holes generated by photoexcitation in SiC are injected
into the conduction band of graphene, while the electrons
remain in SiC. The high carrier mobility of single-layer
graphene enables the photogenerated carriers to rapidly
migrate to the electrodes, further reducing carrier recombina-
tion and increasing the responsivity. The device’s optoelec-
tronic performance was systematically characterized by
measuring its current−voltage (I−V) characteristics, respon-
sivity−voltage (R−V) curves, responsivity−incident light
power (R−P) relationships, and spectral responsivity. Specif-

ically, a fully covered monolayer graphene with an area of 3.5 ×
4.5 mm2 was grown on SiC at 1640 °C for 1400 s, which
possesses the highest mobility of 3020.54 cm2/(V·s) among all
samples. The device fabricated from this sample exhibited
outstanding optoelectronic performance. Under 275 nm UV
irradiation with a power of 0.004 μW, it achieved a remarkable
responsivity of 5425 A/W, a photoconductive gain of 24462,
and a normalized detectivity of 1.10 × 1013 Jones. Moreover,
the photoresponse mechanism of the detector is analyzed
based on the device’s energy band diagram.

■ RESULTS AND DISCUSSION
Graphene is grown by SiC epitaxy, and UV photodetectors are
fabricated using photolithography and reactive ion etching
(RIE) technologies. The fabrication process and device
structure are listed in Figure 1. The device, has a planar

structure of metal−graphene-metal configuration, in which
there are vertical Gr/SiC heterojunctions. The Gr/SiC
heterojunctions functions as the light-absorbing layer, and
meanwhile, graphene also serves as the carrier transport layer.
The results of UV−vis absorption spectroscopic character-
ization show that the light absorptivity of Gr/SiC is improved
by about 10% over pure SiC in the wavelength range from 200
to 800 nm and the optical band gap of SiC is 3.16 eV
corresponding to the absorption cutoff wavelength of 392.4 nm
(see Figure S1). When no external bias is applied, the
photocurrent (Iph) of the detector under UV light is almost
zero (see Figure S2), indicating that the detector must operate
in photoconductive mode.31

Figure 1. (a) Process flow of device preparation and (b) SEM image
of the UV photodetector.
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The photoelectric performance of the device is closely
related to the dimensions of the graphene channel. To
investigate this relationship, photodetectors with varying
graphene channel sizes were fabricated and characterized
(Figure S3). Among them, devices with a graphene channel
size of 200 μm × 20 μm demonstrated the best optoelectronic
performance. Hence, this optimal channel size was chosen for
subsequent testing and analysis.

The quality of graphene significantly limits the optoelec-
tronic performance of the device.32 In this study, graphene
samples of varying quality were prepared under different
temperature (Figures S4 and S5) and growth time (Figures S6
and S7) conditions. The full width at half-maximum of the 2D
peak (2D-fwhm) of the Raman spectra of various quality
graphene is summarized in Table S1. Analysis of the 2D-fwhm
data reveals that, at a fixed growth time of 1400 s, monolayer
graphene (2D-fwhm < 40 cm−1) can be grown at 1540−1640
°C. When the growth temperature is set at 1640 °C, samples
grown for 1100−1400 s are all monolayer graphene. Lateral
force microscopy (LFM) images show that at the same growth
time of 1400 s, lower temperatures (1540 or 1590 °C) result in
more ungrown SiC regions and defects (see white irregular
areas in Figure S5). When the growth time is shortened to
1100 s at the same growth temperature of 1640 °C, a buffer
layer that has not been completely converted into graphene
forms on the surface of the sample, which is manifested as
white stripes perpendicular to the steps in Figure S7.

Ultimately, the optimal conditions for growing large-area
monolayer graphene are a temperature of 1640 °C and a time
of 1400 s.

We further characterized the structure and electrical
properties of graphene grown under optimal conditions.
Raman spectra collected from ten discrete positions on the
sample show three characteristic peaks at 1350 cm−1 (D peak),
1580 cm−1 (G peak), and 2700 cm−1 (2D peak),33,34 which
confirm the successful growth of graphene on the SiC
substrate24 (see Figure 2a). In addition, the Figure 2a indicates
an average ID/IG ratio of around 0.19 revealing few defects in
the graphene, and a 2D-fwhm of approximately 36.84 cm−1

confirming the monolayer structure of graphene.35,36 Fur-
thermore, Raman mapping over a 30 μm × 30 μm area shows
an ID/IG ratio of 0.15−0.25 (see Figure 2b) and a 2D-fwhm of
30−40 cm−1 (see Figure 2c), which verify large-area monolayer
graphene with a few defects. The continuous and uniform
brown regions in the LFM image (Figure 2d) show that
graphene fully covers the SiC substrate. As shown in Figure 2e,
the height map reveals that the step height of graphene is
approximately 1 nm. These results collectively confirm that
large-area, single-layer, and low-defect graphene37−39 has been
successfully grown on the SiC substrate with an area of 3.5 ×
4.5 mm2. The carrier mobility of the graphene was determined
by using a Hall bar structure, as illustrated in Figure S8. Figure
2f is a Vxx−I curve, where Vxx represents the voltage in the
direction from position 1 to position 2 in Figure S8. The slope

Figure 2. Characterization of the best quality graphene grown at 1640 °C for 1400 s. (a) Raman spectra collected from ten discrete positions on the
graphene. (b) Raman mapping measurement of the ratio of the intensities of peak D to peak G (ID/IG). (c) Raman mapping measurement of the
fwhm of the 2D peak. (d) Lateral force microscopy (LFM) image of graphene epitaxially grown on SiC and (e) height topography of (d). The inset
shows the height profile along the arrow direction. (f) Vxx−I relationship diagram. (g) Rxy−B relationship diagram. The test was carried out at
room temperature and atmospheric pressure with a constant current I = 1 μA.
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of this curve yields a graphene resistance of Rxx = 4074 Ω.
Using Formula (4) in the Supporting Information, the
resistivity ρ of the graphene was calculated to be 3760.62 Ω·
cm. Figure 2g is the Rxy-B curve, where the Rxy denotes the
resistance in the vertical direction from position 1 to position 3

in Figure S8 and B is the magnetic field. The slope of this curve
corresponds to a Hall coefficient RH of 1135.91 m2/C.
According to Formula (7) in the Supporting Information,
the carrier mobility of the monolayer graphene grown at 1640
°C for 1400 s can be calculated, and it is as high as 3020.54

Figure 3. Optoelectronic performance of devices fabricated with graphene of different qualities under 275 nm UV irradiation at 0.004 μW: (a) R−
V characteristics, (b) G−V characteristics, (c) D*−V characteristics for graphene grown at different temperatures with a 1400 s duration. (d) R−V
characteristics, (e) G−V characteristics, and (f) D*−V characteristics for graphene grown at 1640 °C for different durations.

Figure 4. Photoelectric performance of the optimal detector under UV irradiation of 0.004 μW at 275 nm. (a) Comparison of the responsivity of
detectors with and without graphene The illustration is an enlarged view of the area within the rectangular blue frame. (b) The curve of
responsivity versus bias voltage for the device tested for 0 day and after being stored in air for 30 and 90 days. (c) The relationship between
photocurrent density (J) and optical power. (d) R−P relationship diagram under the UV radiation at 275 nm and a bias voltage of 1 V. Inset: the
enlarged view of the area within the red elliptical frame. (e) R−λ, (f) G−λ and (g) D*−λ relationship diagram under UV irradiation of 0.003 μW.
(h) Time-resolved photoresponses of the detector at a bias voltage of 0.01 V. (i) Time-resolved photo response of the device under multiple cyclic
on/off UV irradiation at a bias voltage of 0.01 V.
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cm2/(V·s). Compared with the highest mobility of graphene in
previously fabricated devices (1298.38 cm2/(V·s)),24 this
mobility value has increased to 2.3 times.

To evaluate the performance of the detector, several key
indicators are calculated as follows. The responsivity (R) is a
key indicator for evaluating the performance of photodetectors.
According to formula 1, the responsivity of the device can be
obtained by the ratio of photocurrent (Iph) to the effective
incident light power (P).40 The Iph is the difference between
the current under UV irradiation (Ilight) and the dark current
(Idark).

24 The P is equal to the product of the light power
density (PD) and the effective light absorption area (A) of the
detector.25 The light power density is obtained from Figure S9,
and the effective light absorption area of the photoconductive
detector is the channel area41 which is 200 μm × 20 μm in this
study.

R
I

P

I

P AD

ph ph= =
× (1)

The high responsivity of photoconductive detectors
generally originates from a large photoconductive gain G,
which can be calculated according to formula 2:24

G
I

P

/e

/ht

ph= =
(2)

where τ is the carrier lifetime, τt is the carrier transit time, e is
the electron charge, h is Planck’s constant, and ν is the light
frequency.

The noise equivalent power (NEP) represents the sensitivity
of a detector. It is defined as the minimum incident optical
power required to achieve a unitary signal-to-noise ratio over a
bandwidth of 1 Hz. For a photoconductance type detector, the
NEP is calculated according to Formula 3.42

P
V V

I R eI RNEP
/

/ 2 /
S N

N dark= = =
(3)

where VS/VN is the signal-to-noise ratio, IN is the noise current
spectral density.

Based on the NEP, normalized detectivity (D*) further
normalizes the effective light absorption area of the detector,
which is calculated according to formula 4:40−42

D A /NEP* = (4)

The performance of the devices fabricated using different
quality graphene was systematically tested (see Figure 3). The
results show that under UV irradiation of 0.004 μW at 275 nm,
a device fabricated from graphene grown at 1640 °C for 1400 s
exhibits the optimal performance with R of 5425 A/W, G of
24462 and D* of 1.10 × 1013 Jones.

For the optimal detector, we conducted further performance
tests and analyses. As shown in Figure 4a, we fabricated a UV
photodetector with pure SiC as the control group. The pure
SiC detector exhibited an R of merely 0.24 A/W, significantly
lower than that of the Gr/SiC detector. The lower electrical
conductivity of SiC impeded carrier transport, consequently
reducing the photocurrent. Figure 4b shows that R rises with
increasing bias voltage. Higher bias voltages strengthen the
interelectrode electric field, accelerating carrier drift and
reducing recombination, allowing more photogenerated
carriers to reach the electrodes and enhancing photocurrent.
Moreover, after 30 and 90 days of air exposure, R values

remain stable compared to the initial measurements, indicating
consistent photoelectric performance.

Figure 4c demonstrates that photocurrent densities exhibit
an approximately linear relationship with optical power within
a certain range. At low optical powers, the yield of
photocarriers is proportional to the number of incident
photons: more photons imply the more electron−hole pairs,
thereby forming a larger photocurrent. However, as the optical
power increases, the photocurrent will saturate eventually. This
is attributed to balance due to the rapidly increased hole−
electron recombination with the increase hole−electron pair
density.

Figure 4d reveals that R initially rises and then declines as
the P increases, and the R reaches its peak value under UV
light with a power of 0.004 μW at 275 nm. At low power,
limited carrier generation allows a near-complete collection to
form a photocurrent. Conversely, high power triggers a surge
in carrier production, causing recombination within the
detector. This recombination effect will cause the growth
rate of the photocurrent to be lower than that of the optical
power.43 The results highlight its suitability for low-light
detection applications, particularly at the nanowatt power
level.44 Furthermore, the G and D* of the detector were
characterized and the results are shown in Figure S10 for
different bias voltages and Figure S11 for different P values. It
shows that G and D* reach their maximum values under UV
irradiation of 0.004 μW at 275 nm and a bias voltage of 1 V.
Figure 4e-g illustrates the dependence of R, G and D* on the
wavelength of the incident light. Both R and D* initially rises
and then declines as the wavelength increases, while the G
declines as the wavelength increases. In the 240−400 nm UV
range, both R, G and the D* remain above 4395.3 A/W, 13625
and 9.81 × 1012 Jones, respectively. Beyond this spectral range,
R, G and D* drop sharply. The above results indicate that the
detector is highly sensitive to light with wavelengths ranging
from 240 to 400 nm and is an excellent UV detector. The UV−
vis absorption spectrum in Figure S1 indicates that the
absorption cutoff wavelength of the SiC is 392.4 nm.
Wavelengths longer than this value led to reduced absorption
and thus subsequent optoelectronic performance degradation.

The rise time and fall time are used to evaluate the response
speed of the detector, and they were determined by testing
time-resolved photoresponses, as shown in Figure 4h. The rise
time refers to the time required for the photocurrent signal to
rise from 0 to 1−1/e (i.e., 63.2%) of the peak, and the fall time
is the time required for the photocurrent signal to fall from the
peak to 1/e (i.e., 36.8%) of the peak.45 At a bias voltage of 0.01
V, the device exhibited a rise time of 0.98 s and a fall time of
2.51 s. Compared to other devices, its relatively slow response
is attributed to the complex carrier exchange between graphene
and SiC.22 The movement speed of photogenerated carriers
from the SiC to the Gr/SiC interface is reduced through lattice
vibration and impurity scattering. Moreover, defects and
impurity energy levels in the materials act as trap states to
capture photogenerated electrons or holes, which leads to the
carriers returning to the conduction process only after lingering
in these trap states for a specific duration. These prolongs their
effective transport time, resulting in a slower response speed.
Figure 4i shows dynamic photo response after 19 cycles of UV
on/off irradiation, confirming the reproducibility of the
device’s photoresponse. From Figure 4i, the calculated mean
value of the photocurrent peak for each cycle is 263.95 nA with
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a standard deviation of 0.62. This indicates excellent cyclic
stability for the same device.

To assess the fluctuations in the performance of photo-
detectors, the performances of an array of 18 photodetectors
with identical dimensions were tested (see Figure 5). Under
UV irradiation of 0.004 μW at 275 nm, all devices exhibited
similar performance metrics: the R ≈ 5 × 103 A/W, the G ≈ 2
× 104 and the D* ≈ 1 × 1013 Jones. These results indicate that
the preparation process exhibits excellent repeatability and
there are no extreme failure cases. This fully validates the
reliability of the preparation method and also preliminarily
demonstrates its potential for mass production.

Table 1 summarizes the test conditions and performance of
previously reported Gr/SiC-based UV photodetectors. For
most of these devices, R typically ranges from 10−2 to 102 A/
W, G from 10−1 to 102%, and D* from 1010 to 1014 Jones. In

contrast, our device outperforms the vast majority of these
counterparts in terms of photoelectric performance.

In order to understand the reason for the high response of
the UV photodetector, the energy band diagrams of the
heterojunctions between graphene and SiC are illustrated in
Figure 6. Notably, graphene has a Fermi level lower than that
of the SiC (see Figure S12). Under UV light illumination,
electron−hole pairs are mainly generated in SiC. Driven by the
built-in electric field of the Gr/SiC heterojunction, the
photogenerated electron−hole pairs are separated and injected
onto graphene (see Figure 6c). In graphene with high mobility,
the photogenerated carrier can move quickly to the electrode
under the drive of an applied electric field, significantly
reducing the drift time between the two electrodes and
generating a huge photoconductive gain.

Figure 5. Performance of the 18 detectors under UV irradiation of 0.004 μW with a wavelength of 275 nm and a bias voltage of 1 V. (a) R (b) G
and (c) D*.

Table 1. Comparison of Gr/SiC-Based UV Photodetectors

Materials λ (nm) Bias voltage (V) R (A/W) G D* (Jones)

Gr/MoS2/SiC
29 405 1 0.014 0.043 −

ITO/Gr/SiC46 325 0.3 0.0117 − −
EG/SiC47 270 20 17 − 4.4 × 1013

Gr/h-BN/SiC48 185 0 0.015 0.10 −
Gr/ZnS QDs/SiC49 250 0 2.9 × 10−4 0.0136 −
Gr/γ-Ga2O3NDs/SiC50 250 0 5.8 × 10−3 − 7.6 × 1010

Gr/SiC/Gr51 325 − 2.38 × 10−4 − 1.3 × 1014

Gr/4H-SiC24 325 −3 254.1 − −
Gr/AlGaN/SiC28 265 0 0.081 0.381 −
NiO/Gr/SiC25 261 5 103.3 490.80 1.07 × 1013

AuNPs/QFSG/SiC23 365 −0.01 0.02 − 3 × 106

Gr/SiC52 280 30 1.17 51800 3.14 × 1014

Gr/SiC NW array53 275 5 2.59 888130 −
β-Ga2O3/Gr/SiC54 255 −1 0.074 − 5 × 1012

Gr/SiC-This Work 275 1 5425 24462 1.10 × 1013

Figure 6. Energy band diagrams of Gr/SiC heterojunctions. (a) Before reaching equilibrium and after reaching equilibrium (b) without and (c)
with UV irradiation. The incident UV photon energy is expressed as hν.

ACS Applied Nano Materials www.acsanm.org Article

https://doi.org/10.1021/acsanm.5c02220
ACS Appl. Nano Mater. 2025, 8, 15799−15807

15804

https://pubs.acs.org/doi/suppl/10.1021/acsanm.5c02220/suppl_file/an5c02220_si_001.pdf
https://pubs.acs.org/doi/10.1021/acsanm.5c02220?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsanm.5c02220?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsanm.5c02220?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsanm.5c02220?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acsanm.5c02220?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsanm.5c02220?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsanm.5c02220?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acsanm.5c02220?fig=fig6&ref=pdf
www.acsanm.org?ref=pdf
https://doi.org/10.1021/acsanm.5c02220?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


■ CONCLUSIONS
In this study, thermal decomposition epitaxy at 1640 °C for
1400 s successfully grew high-quality (μ = 3020.54 cm2/(V·s))
monolayer graphene on a 3.5 × 4.5 mm2 SiC surface. The
photodetector based on this Gr/SiC heterojunction demon-
strated a remarkable responsivity of over 4000 A/W in the
wavelength range from 240 to 400 nm. In particular, under UV
irradiation of 0.004 μW at 275 nm, the photodetector achieved
outstanding performance: R of 5425 A/W, the G of 24462, and
the D* of 1.10 × 1013 Jones. These metrics surpass those of
most UV photodetectors based on graphene/SiC materials.
The Gr/SiC detector’s superior response stems from
graphene’s high carrier mobility, which can rapidly transport
photogenerated carriers and shorten the carrier drift time,
thereby significantly enhancing the photoconductive gain.
Moreover, the simplified preparation process reduces costs,
shortens production time, and improves mass-production
viability, providing key support for the industrial application
of high-responsivity UV photodetectors.

■ EXPERIMENTAL SECTION
Graphene Preparation. Graphene was prepared by using the

thermal decomposition epitaxy method. A semi-insulating 4H-SiC
sample (3.5 × 4.5 mm2, 360 μm thick, purchased from Shandong
Tianyue Advanced Materials Technology Co., Ltd.) was thoroughly
cleaned by ultrasonic treatment in acetone, isopropyl alcohol and
deionized water and placed in a graphite crucible of specific
dimensions. The system was evacuated to a high-vacuum state
using a mechanical pump and a molecular pump. The temperature
was raised to 800 °C, and the sample was annealed for 20 min to
remove water and impurities. Argon gas (500 sccm) was introduced
as a carrier gas, and the temperature was increased to 1200 °C for a 20
min annealing, causing step bunching to convert small steps into
larger ones. Then, the temperature was raised to approximately 1580
°C and maintained for 23 min to grow graphene. Graphene
preparation as shown in Figure 1.
Gr/SiC UV Photodetector Fabrication. The device fabrication

process is initiated with photoresist spin-coating onto the Gr/SiC
substrate, followed by a standard photolithography procedure
(exposure and development) to define electrode patterns. Graphene
in the electrode regions was selectively etched using reactive ion
etching (RIE) with 50 sccm O2 at 35 W for 5 s. Then 20 nm Cr and
20 nm Au were sequentially deposited on the material to form metal
contacts and electrodes after follow up metal lift off procedure. Next,
graphene was patterned by the photoresist coating, exposure, and
development processes. Unprotected graphene regions were etched
away using RIE with mixture of 100 sccm O2 and 300 sccm Ar gas
under 30 W power for 30 s. The photoresist residue was removed by
acetone cleaning. Finally, a patterned graphene UV PD array with
metal leads is successfully fabricated.
Characterization. The surface morphology and thickness of

graphene were examined using an atomic force microscope (Park
NX10). The quality of the graphene was characterized using a Raman
spectrometer (Andor Shamrock500i, Raman mapping test size: 30 μm
× 30 μm, step size: 3 μm). The UV absorption of Gr/4H-SiC was
characterized by using a UV−vis spectrophotometer (U-3900). The
morphology and structure of the device were assessed by using a
scanning electron microscope (Hitachi SU3500).
Photoelectric Performance Testing. The performance of the

UV photodetector was tested in a custom-built darkroom, with the
setup diagram shown in Figure S13. The darkroom contained a UV
lamp (wavelength 275 nm, with adjustable light power density via an
applied voltage). The spectral response was evaluated by using a
monochromator (LSR-X150 xenon lamp source) and a source meter
(KEITHLEY 2612B).
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