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Abstract—Self-powered photodetectors which operate without
external power sources hold immense promise in future
photodetection systems. To achieve high-performance self-powered
optoelectronic devices, efficient electron-hole pair separation
is critical to generate high photocurrents. In this work, we
successfully synthesized semiconducting graphene nanoribbons
(GNRs) with a direct bandgap of 1.80 eV and employed them to
construct a high-performance GNR/Al2O3/IGZO heterostructure
photodetector. The built-in electric field in the heterojunctions
enables this photodetector to exhibit remarkable performance,
showing a responsivity of up to 68 mA/W, a detectivity of 8.34
× 1010 Jones, and rapid response times of 21/20 ms at zero bias.
Furthermore, the photodetector features a wide spectral detection
range of 405 to 1550 nm. These results highlight the promising
potential of GNR/IGZO p-n heterojunction-based self-powered
photodetectors in optoelectronic applications.

Index Terms—Graphene nanoribbons, heterojunctions,
responsivity, self-powered photodetectors.

I. INTRODUCTION

DUE to the capability to convert optical signals into
electrical signals, photodetectors have demonstrated wide
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applications in video imaging, optical communications, biomed-
ical imaging and motion detection [1], [2], [3], [4]. Notably,
self-powered photodetectors capable of efficient photodetection
without any external power sources have attracted much atten-
tion from many researchers [5], [6], [7]. These devices often
utilize Schottky photodiodes, which commonly operate in either
the photovoltaic mode (zero-biased) or photoconductive mode
(reverse-biased) [8], [9]. Self-powered photodetectors based
on p-n junctions possess many advantages, such as low-cost
fabrication, simple structures, compatibility with CMOS tech-
nology, self-powered operation, and broadband photodetection
[10], [11].

In recent years, two-dimensional materials have provided
a novel research platform for developing higher-performance
self-powered photodetectors. Among these materials, graphene
is considered as one of the most promising candidates for next-
generation optoelectronic devices owing to its unique electrical,
optical, and thermal properties [12], [13]. However, the pri-
mary challenges in developing graphene-based photodetectors
originate from its inherent properties such as low absorption
coefficient, zero bandgap, lack of gain mechanisms, and ultrafast
carrier recombination in picoseconds [14], [15]. As a result,
pure graphene-based photodetectors exhibit significantly low
photoresponsivity, often just a few mA/W [16].

To improve the photoresponsivity of graphene-based pho-
todetectors, researchers have explored the integration of
graphene with three-dimensional semiconductors, including Si,
InGaZnO (IGZO), GaN, ZnO, GaAs, and Ge, to create hetero-
junctions [17], [18], [19], [20]. These heterojunctions exhibit
substantial photovoltaic effects, offering a potential solution to
enhance the overall performance of photodetection. The straight-
forward fabrication of graphene/semiconductor heterostructures
has spurred a research boom since 2010. In 2017, Li et al.
created a self-powered photodetector with a broad response
from ultraviolet (260 nm) to infrared (900 nm) by depositing
a perovskite layer on graphene. The photodetector exhibited a
responsivity of 0.375 A/W, a detectivity of 1011 Jones, and a
signal-to-noise ratio of 4 × 106 [21]. In 2020, Won et al. utilized
a graphene/hexagonal boron nitride (hBN)/Si structure to fabri-
cate a self-powered van der Waals heterojunction photodetector
which is sensitive to visible light. Their results demonstrated that
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incorporating a thin hBN layer enables the design of asymmetric
carrier transport and alleviates interfacial layer coupling [22].
Furthermore, other insulating layers including aluminum oxide
(Al2O3), hafnium dioxide (HfO2) can also be employed as the
interface layer in graphene-based heterojunctions [23], [24]. In
graphene-based van der Waals heterostructures, differing Fermi
energy levels between graphene and semiconductors generate
built-in electric fields once thermal equilibrium is achieved.
These built-in electric fields provide a rectifying effect, evi-
denced by the asymmetric current-voltage (I-V) curves of the
graphene/GaAs heterostructure [25].

In this work, a self-powered photodetector based on
GNR/Al2O3/IGZO heterojunction is demonstrated. The hetero-
junction was created by transferring GNR films onto an n-type
IGZO film and inserting a thin Al2O3 layer between GNR and
IGZO to increase the interfacial barrier and reduce dark current.
This structure promotes efficient photovoltaic conversion and
rapid response, with light absorption and carrier separation
primarily occurring near the heterojunction. The device displays
a responsivity of 68 mA/W, a detectivity of 8.34 × 1010 Jones,
and a rise/decay time of 21/20 ms at zero bias. Additionally,
the photodetector offers a broad spectral detection capability
(405–1550 nm). These findings suggest the GNR/Al2O3/IGZO
heterojunction as a promising option for high-performance,
low-cost self-powered photodetectors.

II. MATERIALS AND METHODS

A. Fabrication of GNRs

Initially, 50 mg of single-walled carbon nanotubes (SWCNTs,
M2013L4, Ossila) was heated at 300 °C for 30 minutes in
ambient air. They were immersed in 50 mL of 98% sulfuric
acid (H2SO4, Macklin) for 2 hours. Subsequently, 25 mg of
potassium permanganate (KMnO4, Sigma Aldrich) was added
and stirred at 45 °C for 50 minutes until completely consumed.
Then, the solution was poured into 200 mL of ice-cooled deion-
ized water, and the reacted SWCNTs were separated by filtration
through a 0.22 μm polytetrafluoroethylene membrane (What-
man). The post-reaction SWCNTs were thoroughly washed with
deionized water and air-dried. To fully unzip SWCNTs, 20 mg
of them was dispersed in 200 mL of a 1% sodium dodecyl
benzene sulfonate (SDBS, Sinopharm) solution and subjected to
60 minutes of ultrasonication. Finally, the solution was washed
with deionized water to eliminate SDBS.

B. Device Fabrication

The process flow of a heterojunction photodetector based on
GNR/Al2O3/IGZO is shown in Fig. 3(a). The silicon dioxide
substrate was initially cleaned by acetone, ethanol, and deion-
ized water, followed by drying with nitrogen gas. Subsequently,
an 80 nm-thick IGZO film was deposited onto a silicon wafer.
Then, a 5 nm-thick layer of Al2O3 was grown on the IGZO
film using atomic layer deposition. Next, the GNR film was
transferred onto the Al2O3 layer. Finally, Ti/Au (20/50 nm)
electrodes were deposited on the GNR film and the IGZO
surface. The active area of the device is 0.096 mm2.

The transfer process of the GNR films is illustrated in
Fig. 2(a). First, GNR solution was deposited onto a nitrocel-
lulose membrane filter (0.22 µm, Whatman). Subsequently, the
GNR-loaded membrane was affixed to the surface of Al2O3

using deionized water. Next, acetone was slowly dripped onto
the membrane until nitrocellulose membrane was completely
dissolved. The sample was dried in air for 1 hour and then
annealed at 300°C for 3 hours under a 5% Ar/H2 atmosphere.

C. Structural Characterization

The Raman and Photoluminescence (PL) spectra were ob-
tained using a RENISHAW Invia instrument with a 532 nm
laser. The structural properties of GNRs and Cross-sectional
images of the device were performed employing the FEI Talos
F200X transmission electron microscope (TEM), while sur-
face morphology was characterized by the FEI Strata DB235
field emission scanning electron microscope (SEM). The edge
roughness of GNR films was measured by an atomic force
microscope (AFM, CSPM5500). The SDR851 desktop optical
transmittance measurement instrument was employed to mea-
sure the transmittance of GNR films. The thickness of GNR
film was measured using a stylus profiler (DektakXT). The I-V
characteristics of the devices were measured using an Agilent
2902A. To evaluate optoelectronic performance, the device was
tested under laser illumination with 405 nm, 635 nm, 980 nm,
1550 nm wavelength. The laser power density was determined
by using an Ophir Nova II optical power meter.

III. RESULTS AND DISCUSSION

GNRs are synthesized by a solution-based process, as shown
in Fig. 1(a). Initially, defects were introduced at the edges of
SWCNTs using potent oxidizing agents. In this work, H2SO4

and KMnO4 were employed to oxidize SWCNT edges [26],
[27]. The ultrasonic process then unzipped SWCNTs along
these defects to form GNRs. Details of methods are available in
the Materials and Methods section. Unlike conventional GNR
exfoliation techniques, our method precisely controls the oxi-
dant amount to maintain a relatively low oxidation level. Fur-
thermore, a crucial aspect of this experiment lies in dispersing
SWCNTs in a solution to control their unzipping process. Due to
their self-assembly traits, SWCNTs, with hydrophobic surface
groups, tend to aggregate in liquids, hindering their dispersion.
Hence, surfactants are often employed to improve SWCNT dis-
persibility [27]. This study selected SDBS to disperse SWCNTs
in water. The hydrophobic alkyl chains of SDBS can adsorb onto
the surface of SWCNT, while the hydrophilic groups can cover
the nanotube surface. This enables SWCNTs to detach from
aggregates and successfully disperse in the solution. Residual
SDBS in GNR films may impair the performance of photodetec-
tors. Specifically, remnants of SDBS are likely to alter film’s con-
ductivity and surface roughness, as well as potentially introduce
scattering centers, which would decrease carrier lifetime and
mobility, thereby reducing the photodetector’s responsivity [28],
[29], [30], [31]. Therefore, effectively removing SDBS is crucial
for optimizing performance. In this work, we performed multiple
rounds of vacuum filtration washing on the SDBS-containing
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Fig. 1. (a) Schematics of the unzipping process from SWCNTs to GNRs. TEM images of (b) pristine SWCNT, (c) and (d) GNRs (e) a single GNR in the width
of 1.6 nm (red arrow). (f) Raman spectra of SWCNTs and GNRs. (g) PL spectrum of SWCNT and GNR.

GNR films to eliminate SDBS as much as possible. Although
trace amounts of SDBS might remain after the vacuum filtration,
a subsequent annealing process at 300 °C for 3 hours in an Ar/H2

atmosphere also effectively evaporates any residual SDBS.
TEM was employed to investigate the structural properties

of GNRs. Fig. 1(b)–(e) displays four TEM images at different
magnifications. As depicted in Fig. 1(b), SWCNTs are tightly
assembled, featuring smooth edges due to their perfect geo-
metric topology. Fig. 1(c)–(e) illustrate the structural features
of strip-shaped GNRs. Unlike the orderly stacking observed in
SWCNTs, the irregular edges of GNRs present an impediment
to achieving similar dense packing. This structural difference
between SWCNTs and GNRs is evident. The figures show
GNR bundles with wavy boundaries, featuring gaps or overlaps.
A single GNR’s width, about 1.6 nm as indicated by the red
arrow in Fig. 1(e), is smaller than SWCNTs’ circumferences,
which range from 3 to 5 nm. This implies that one SWCNT can
break down into several GNRs. The disintegration mechanism,
involving the formation of numerous structural defects on a
SWCNT, accounts for this. During disintegration, a SWCNT
may split in irregular directions, resulting in GNRs with rough
edges and random structures.

Raman spectroscopy was employed to further characterize
GNRs. Previous studies identified three Raman peaks in typical

GNRs at 1350 cm-1 (D), 1600 cm-1 (G or D’), and 2700 cm-1

(G’) [32], [33]. The G peak results from the stretching vibration
of equivalent C-C bonds, whereas the G’ peak arises from
non-equivalent C-C bonds [33]. Structural defects cause the D
peak, and inter-structural stress or phonons result in the D’ peak
[33]. Moreover, the relative intensities of these peaks may vary
with the sample’s morphology, orientation, and the substrate
used in Raman measurements. Fig. 1(f) shows the Raman spectra
of GNRs and pristine SWCNTs on the SiO2 substrate. GNRs and
SWCNTs both display the G peak at 1580 cm-1, but only GNRs
exhibit the D peak at 1350 cm-1, indicating that defects arise from
the dissociation of SWCNTs. The relative intensities of GNRs’
peaks vary with the preparation method. Our results align with
findings on chemically dissociated GNRs, confirming successful
preparation through gentle chemical dissociation [34], [35]. In
GNR samples, the G peak at 1580 cm-1 and the G’ peak at
2690 cm-1 are characteristic of the in-plane vibration of sp2

atom in graphene, which is sensitive to the number of graphene
layers [36], [37]. The ratio of G’ to G peak intensities (IG’/IG)
serves as an identifier for monolayer graphene, where a value
near or above 2 often indicates high-quality, defect-free [38].
Notably, the intensity of the G peak consistently surpasses that
of the G’ peak in GNR samples, suggesting that GNRs are
multi-layered. PL characterization, a rapid and efficient method,
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Fig. 2. Transfer and characterization of GNRs transparent film. (a) Schematic diagram of suction filtration fabricated GNR thin film. (b) SEM characterization
of GNR films. (c) AFM characterization of GNRs film on SiO2 substrate. (d) Transmittance results of GNRs film.

was used to investigate semiconductor behaviors in GNRs [39].
The semiconductor band gap is determined by (1):

E =
hc
λ

(1)

where c, h, λ represents the velocity of light in vacuum, Planck
constant and wavelength, respectively. The PL spectrum of
GNRs shows a peak at 685 nm, not found in SWCNTs, indicating
a semiconducting band gap of 1.80 eV in GNRs (Fig. 1(g)).
These results align with our previous reports [34], [40].

GNR films were fabricated through a membrane adsorption
filtration-dissolution technique, illustrated in Fig. 2(a). Initially,
a solution containing GNRs was deposited on a filtration mem-
brane to form a thin film through adsorptive filtration. The film
was then transferred onto the Al2O3 surface. Finally, acetone
was used to dissolve the filtration membrane, enabling efficient
separation of the GNR films. The quality of the GNR film
greatly depends on the deposition process. The SEM image
in Fig. 2(b) shows the GNRs tightly packed and intertwined
to form a film. The disordered configuration guarantees that
GNR-based transparent films have uniform optical and electrical
properties, as well as significant mechanical strength [41]. AFM
was employed to investigate film edges, as depicted in Fig. 2(c).
The deep red area in the image represents the silicon dioxide
surface. The edge thickness of the GNRs film was measured to
be approximately 50 nm. The film exhibited non-uniformity, as
evidenced by the presence of small visible pin-holes.

Fig. 2(d) shows optical transmittance measurements across
various wavelengths. The visible light (Vis) wavelength ranges
from 380 to 760 nm, and the infrared light (IR) wavelength
is at 940 nm. A negative correlation exists between GNR film
thickness and transmittance. Notably, the peak transmittance of

visible light can reach approximately 85% at a film thickness
of around 20 nm, gradually decreasing to 40% at 113 nm.
Another observation is that the transmittance of infrared light
consistently exceeds that of visible light across all samples.
There is a consistent decrease in overall absorption intensity with
increasing wavelength, revealing a clear positive correlation
between wavelength and transmittance. These optical properties
can be attributed to graphene’s two-dimensional structure and
its molecular vibrational modes. On the one hand, this unique
configuration offers a relatively larger surface area, creating
numerous interfaces and scattering sites that notably facilitate
the scattering and transmission of infrared light [41]. On the
other hand, graphene’s molecular vibration modes exhibit higher
responsiveness to infrared light, further enhancing its transmis-
sion [42]. The peak transmission of infrared and visible light at
20 nm thickness is comparable to the transparency of commer-
cial films like indium-tin-oxide, polyethylene terephthalate, and
polycarbonate. Furthermore, the pronounced photoresponse in
GNR/Al2O3/IGZO photodetectors primarily stems from light
absorption in the GNR layer [43]. GNR films that are too thin
compromise their light absorption capability, thus reducing the
device’s responsivity. On the other hand, overly thick GNR films
lead to an increase in residual conductive metallic SWCNTs,
which in turn, results in a higher dark current.

Fig. 3(a) presents the fabrication process schematic for the
GNR/Al2O3/IGZO heterojunction photodetector. GNRs and
device fabrication methods are detailed in the Materials and
Methods section. GNR films were transferred via the previously
described film-assisted filter dissolution technique. Fig. 3(b)
shows the optical image of the heterojunction photodetec-
tor. The central region of the film has a thickness below
30 nm, while the periphery ranges from 30 nm to 60 nm. The
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Fig. 3. (a) Process flow of GNR/Al2O3/IGZO photodetectors. (b) Optical image of GNR/Al2O3/IGZO heterojunction photodetector. (c) Cross-sectional TEM
image of the fabricated device. (d) Schematic representation of the energy band diagram of the GNR/Al2O3/IGZO device under illumination.

Fig. 4. Zero-bias photoelectric response of the GNR/Al2O3/IGZO-based photodetector. (a) I–V curves of GNR/Al2O3/IGZO structure in dark and under 635 nm
light illumination. (b) Time dependent photoresponse of the photodetector under 635 nm light at 0 V bias. (c) PDCR as a function of the light power density under
zero bias.

cross-sectional image of the fabricated GNR/Al2O3/IGZO het-
erojunction device is shown in Fig. 3(c). Fig. 3(d) illustrates the
energy band diagram of the GNR/Al2O3/IGZO heterojunction,
highlighting the generation, separation, and recombination of
electron-hole pairs under 635 nm laser illumination. Electrons
diffuse from the IGZO layer to the GNR layer, and holes move
in the opposite direction, forming a depletion region at the
interface when thermal equilibrium is achieved. This results
in an inherent electric field directed from IGZO to GNR. In
theory, photo-generated carriers are separated by built-in electric
field, with photo-generated holes flowing towards the GNR side,
and photo-generated electrons moving towards the IGZO side,
thus generating photocurrent. However, in practical GNR/IGZO
devices, the non-dense surface of the GNR films and the residual
highly conductive SWCNTs create numerous reverse current
leakage pathways, resulting in high dark current. Conversely,
in GNR/Al2O3/IGZO devices, the Al2O3 interface layer serves
as a Schottky barrier, effectively blocking leakage paths and
facilitating efficient hole tunneling, thus enhancing photocurrent

generation [24], [44]. The reduced reverse current through the
Al2O3 barrier lowers hole density in the GNR valence band.
In addition, the GNR with an open bandgap plays a key role in
photon absorption, enhancing photodetection performance [43].

Fig. 4(a) shows the I-V curve of the GNR/Al2O3/IGZO device
under dark and 635 nm laser irradiation. In dark conditions,
the device exhibits typical rectifying characteristics, indicating
a successful p-n junction formation between GNR and IGZO.
The I-V characteristics of the device were investigated under
laser illumination at intensities ranging from 0.22 mW/cm2 to
0.78 mW/cm2. The reverse current of the device increases with
light intensity. However, without the Al2O3 interfacial layer,
the GNR/IGZO heterojunction exhibited almost no rectifying
behavior in the I-V curves within the applied bias range of -5 to
+5 V (Fig. S1). This may be attributed to the incomplete dissoci-
ation of SWCNTs, with residual conductive metallic SWCNTs
in the GNR film causing significant reverse currents. The pho-
toresponse of the GNR/Al2O3/IGZO heterojunction photode-
tector under 635 nm light (0.22 to 0.78 mW/cm2) is shown in
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Fig. 5. (a) The photocurrents dependence of the light power density measured at 0 V. (b) The photocurrent and responsivity value of the GNR/Al2O3/IGZO
photodetector at different light intensity. (c) Extraction of the rise/decay times of the photodetector.

Fig. 4(b). The magnitude of the device’s photoresponse current
demonstrates a certain positive correlation with the incident light
power at zero bias, indicating excellent self-powering capability.
The time response curve tends to be rectangular shape without
significant attenuation during multiple alternating periods of
light and dark, indicating the device’s consistent repeatability.

To evaluate the influence of Al2O3 layer thickness on the
GNR/Al2O3/IGZO device performance, dynamic current-time
analyses were conducted for devices with Al2O3 layers of 0 nm,
2.5 nm, 5 nm, and 7.5 nm, as shown in Fig. 4(b) and Fig. S2a-c.
Without the Al2O3 layer, the device exhibited negligible pho-
tocurrent when the laser was turned on (Fig. S2a). However, un-
der the same illumination intensity, the device with a 5 nm Al2O3

layer demonstrated both higher photocurrent and lower dark
current, significantly outperforming the devices with 2.5 nm and
7.5 nm layers, as shown in Fig. S2c. The superior performance
of the 5 nm Al2O3 layer can be attributed to its reduction of
direct contact between GNR and IGZO, minimizing undesirable
electron tunneling and enhancing photoexcited charge carrier
transport, thereby increasing photodetector sensitivity [45], [46].
Additionally, the thickness of 5 nm Al2O3 offers an optimized
path for charge carrier transport that blocks unnecessary current
pathways without excessively hindering the transport of charge
carriers, optimizing photoelectric conversion efficiency [47],
[48].

The photocurrent-to-dark-current ratio (PDCR) is defined as
the ratio between photocurrent density (Jp) and the dark current
density (Jd), which can be expressed by the following formula
[42]:

PDCR =
|Jp − Jd|

|Jd| (2)

In GNR/Al2O3/IGZO devices, the PDCR as a function of the
light power density at a bias of 0 V is illustrated in Fig. 4(c).
At a bias of 0 V and a light power density of 0.78 mW/cm2,
the highest PDCR value reached 250. Fig. 5(a) presents the
dependency of the device’s photocurrent on light power density,
operating without external power sources. Linear regression
analysis reveals a superior linear relationship (R2 = 0.98402)
under 0 V bias, implying that the observed photocurrent can
reliably infer the light power density.

To quantitatively evaluate the optoelectronic performance of
the GNR/Al2O3/IGZO heterojunction, three crucial parameters

were assessed: photocurrent (Ip), photoresponsivity (R), and
specific detectivity (D∗). These metrics are calculated using the
following equations:

Ip = Iill − Id (3)

R =
|Jp − Jd|

P
(4)

D∗ =
R√
2eJd

(5)

where Iill, Id, P, e, are the current in illumination condition, dark
current, light power density, elementary charge, respectively. In
general, the responsivity of photodetectors serves as a measure of
sensitivity, while detectivity reflects a photodetector’s capability
to discern faint optical signals [49]. Fig. 5(b) illustrates the
relationship between incident light power density, photocurrent,
and photoresponsivity. With an increase in incident light power
density, the current density also increases, indicating a posi-
tive correlation between light power density and photocurrent.
Across the light power density range of 0.22 to 0.78 mW/cm2, the
responsivity varies from 9.5 to 68.0 mA/W at zero bias. Based
on the calculated formulas, a photoresponsivity of 68 mA/W and
a detectivity of 8.34 × 1010 Jones were attained at a bias voltage
of 0 V with an incident light intensity of 0.78 mW/cm2.

Response time stands as another crucial metric for photode-
tectors. The rise time (τ rise) represents the duration for the pho-
tocurrent to increase from 10% to 90% of the pulse peak, whereas
the decay time (τdecay) is correspondingly defined as the time
taken for it to decrease from 90% to 10% [50]. As shown in
Fig. 5(c), the GNR/Al2O3/IGZO photodetector exhibits remark-
ably swift response characteristics, with recorded rise and decay
times of 21 ms and 20 ms, respectively. The rapid response is due
to the robust built-in electric field at the GNR/IGZO interface,
facilitating efficient separation of photo-generated carriers.

To assess the broad-spectrum detection capabilities of
GNR/Al2O3/IGZO photodetector, dynamic current-time char-
acteristics of the device were measured under various wave-
length illuminations (405 - 1550 nm) at a light intensity of
0.78 mW/cm2 and zero bias voltage (Fig. 6(a)). The 1.80 eV
bandgap endows GNR with significant responsiveness to red
light (e.g., 635 nm). Notably, the highest observe photocurrent
is approximately 100 nA at 405 nm, exceeding that of 635
nm. This can be attributed to IGZO’s wide bandgap, which
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Fig. 6. (a) Time-dependent photocurrent curves for different wavelengths at 0 V bias voltage. (b) Calculated wavelength-dependent responsivity and detectivity.

TABLE I
PERFORMANCE COMPARISON OF GRAPHENE-BASED HETEROJUNCTION SELF-POWERED PHOTODETECTORS

primarily responds to short-wave light [64], [65]. Furthermore,
the higher energy of 405 nm light, compare to 635 nm, more
readily excites electrons from the valence to conduction band,
generating more carriers and increasing photocurrent [66], [67].
Fig. 6(b) illustrates the responsivity and detectivity of the
GNR/Al2O3/IGZO device across a wide wavelength range from
405 to 1550 nm. At 0 V bias voltage, the photodetector shows
responsivity of approximately 130.7, 68.0, 10.6, and 4.0 mA/W
to 405, 635, 980, and 1550 nm illumination, respectively, along
with detectivities of 1.6 × 1011, 8.34 × 1010, 1.30 × 1010, and
4.9 × 109 Jones. Although responsivity at 980 - 1550 nm is
lower, the capability to detect across a broad spectral range
from ultraviolet to near-infrared qualifies it as a broad-band
detector.

To highlight the superior performance of our
GNR/Al2O3/IGZO heterojunction self-powered photodetector,
we conducted a comparative analysis with other graphene-based

heterojunction self-powered photodetectors previously reported
in the literature, as detailed in Table I. This comparison
reveals that the photodetectors utilizing GNR/Al2O3/IGZO
heterojunctions outperform most existing graphene-based
self-powered devices in terms of single or combined
performance metrics.

IV. CONCLUSION

In summary, this study demonstrates a self-powered het-
erojunction photodetector utilizing a GNR/Al2O3/IGZO het-
erostructure. Within the device, photon absorption and carrier
separation predominantly occur in the p-n junction region, fa-
cilitating efficient photoconversion and rapid response times.
At zero bias, the device exhibits a responsivity of 68 mA/W,
a detectivity of 8.34 × 1010 Jones and a rise/decay time of
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21/20 ms. Additionally, the photodetector boasts a broad de-
tection spectrum, ranging from 405 to 1550 nm. The enhance-
ment in performance of the device can be primarily attributed
to GNR’s bandgap of 1.80 eV for photon absorption and the
introduction of Al2O3 interfacial layer to raise the barrier height
and significantly reduce dark current.
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