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Abstract 
In this work, multilayer heterostructures of SiC/SiO2 and SiO2/SiC were farbiacted on glass and silicon 
substrates by dc reactive sputtering technique. The SiC/SiO2 structure shows a spectral responsivity relatively 
lower as this structure is more sensitive to light in the near-infrared region, which is typical for silicon-based 
photodetectors due to silicon's bandgap. The SiO2/SiC structure demonstrates a remarkably higher EQE 
across almost the entire spectrum reaching about 80% at 400 nm. The SiO2/SiC structure demonstrates 
significantly higher detectivity values starting around 0.3×1012 Jones at 380 nm, and consistently remains high, 
peaking at approximately 2.2×1012 Jones at 870 nm. This value is several times higher than that of the SiC/SiO2 
structure. The dramatically improved detectivity in the SiO2/SiC configuration suggests a superior signal-to-
noise ratio, indicating a more efficient photodetector. This enhanced performance could be attributed to a 
combination of higher responsivity and lower noise current, possibly stemming from a better-formed junction 
or reduced defect states at the SiO2/SiC interface compared to the reverse stacking order. The distinct 
detectivity profiles clearly illustrate the critical role of layer arrangement in optimizing the performance of these 
photodetector devices. 
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A DC reactive magnetron sputtering system was employed to deposit SiO2 and SiC thin films onto 
glass or silicon substrates. Initially, a Leybold-Heraeuos rotary pump (24 m3/h) established a base 
pressure of approximately 0.15 mbar. Prior to deposition, both the sputtering targets and the glass 
substrates underwent thorough cleaning and drying. The silicon target was meticulously positioned on 
the cathode. Plasma generation for the sputtering process was achieved through the electrical discharge 
of argon, powered by a high-voltage DC supply. The operational parameters of the system were 
categorized into constant and variable settings. Constant conditions included vacuum pressure, current 
limiting resistance, discharge voltage, discharge current (maintained at 35 mA), gas flow rate, deposition 
temperature, and inter-electrode distance (set at 4 cm). Deposition time was one hour and the Ar:O2 
gas mixing ratio was 50:50 while SiC thin films were prepared from sooted silicon target. The 
optoelectronics measurements were carried out in the spectral range of 200-1100 using a Spectra 
Academy SV2200 spectrophotometer with replaceable sources. 

Figure (1) presents the absorption spectra for two distinct heterostructures: SiC/SiO2 and SiO2/SiC, 
both prepared in this work using DC reactive sputtering. Both samples exhibit very high absorbance in 
the UV region, specifically below approximately 350 nm, where the absorbance values sharply increase, 
indicating strong absorption in this spectral range, likely due to the intrinsic absorption characteristics of 
both SiC and SiO2. Beyond the UV region, in the visible and near-infrared (NIR) spectrum (from 
approximately 400 nm to 1100 nm), the two samples show a clear and consistent difference in their 
absorbance levels. SiO2/SiC sample consistently displays higher absorbance across the entire visible 
and NIR range compared to SiC/SiO2 sample. For instance, at 400 nm, SiO2/SiC sample absorbance is 
around 1.6, while SiC/SiO2 sample's is approximately 0.9. This difference persists and becomes more 
pronounced at longer wavelengths, with SiO2/SiC sample maintaining an absorbance above 1.0 even 
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at 1100 nm, whereas SiC/SiO2 sample drops to around 0.6. This higher absorbance in the SiO2/SiC 
configuration suggests that this stacking order leads to more efficient photon absorption or less reflection 
within the film and/or the interfaces. This could be attributed to variations in film thickness, density, 
stoichiometry, or surface roughness resulting from the different deposition sequences. The increased 
absorbance in SiO2/SiC sample might correlate with its superior photoresponse (as seen in EQE and 
responsivity data), indicating that a greater proportion of incident light is absorbed and converted into 
useful electrical signals. 

Figures (2) and (3) display photoluminescence (PL) spectra for both SiC/SiO2 and SiO2/SiC 
heterostructures, respectively, highlighting the influence of both layer stacking order and substrate 
material (glass vs. silicon) on their luminescent properties. All structures were prepared by DC reactive 
sputtering. In case of SiC/SiO2 structure on glass (Fig. 2a), a relatively broad emission is shown with a 
prominent peak around 500-520 nm (green region) and another less intense, broader peak extending 
into the red-NIR region (around 700-800 nm). The overall PL intensity appears moderate, suggesting a 
reasonable number of radiative recombination centers within the SiC/SiO2 film when deposited on a 
transparent glass substrate. The green emission is often associated with defects or quantum confined 
states in SiC or at the SiC/SiO2 interface. In case of the same structure on silicon substrate (Fig. 2b), 
the overall PL intensity is significantly lower compared to the same structure on glass. While a broad 
emission band is still present, possibly peaking around 550-600 nm, the signal is much weaker. The 
most striking difference is the substantial quenching of luminescence. Silicon is an indirect bandgap 
semiconductor and is highly absorbent in the visible and UV regions. When SiC/SiO2 is deposited on 
silicon, a significant portion of the emitted light from the SiC/SiO2 layer is likely re-absorbed by the 
underlying silicon substrate, leading to a drastic reduction in the detected PL signal. This quenching 
effect makes it challenging to discern specific peaks, but the general shape suggests a broad emission 
characteristic of defects within the layers or at the interfaces. 

Figure (3a) for SiO2/SiC structure on glass displays a very distinct and strong emission profile. It 
exhibits a high-intensity peak in the blue-green region, possibly around 450-500 nm, and another very 
prominent, broad peak extending into the red-NIR, with a peak around 700-750 nm. The overall PL 
intensity is considerably higher than both SiC/SiO2 structures, especially compared to the one on silicon. 
The SiO2 layer on top might be acting as a protective or passivating layer for the SiC, reducing non-
radiative recombination and allowing for more efficient light emission, particularly in the longer 
wavelength range. The glass substrate, being transparent, ensures minimal re-absorption of the emitted 
light. Figure (3b) for the same structure on silicon substrate, similar to the SiC/SiO2 on silicon, also 
shows significantly quenched luminescence compared to its counterpart on glass. The spectrum is 
characterized by very low intensity, with a broad, ill-defined peak somewhere in the green-yellow region 
(around 550 nm). The presence of the silicon substrate once again dominates the optical response by 
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absorbing the emitted photons, leading to a substantial reduction in the detected PL signal. Despite the 
difference in layer order compared to the second figure, the fundamental limitation imposed by the silicon 
substrate's absorption characteristics remains dominant, masking the intrinsic luminescence of the 
SiC/SiO2 stack. 

The choice of substrate plays a paramount role in the observed PL intensity, with silicon substrates 
drastically quenching the luminescence due to re-absorption, making direct comparison of intrinsic layer 
properties challenging for silicon-based samples. Glass substrates, being transparent, allow the intrinsic 
luminescence of the thin films to be clearly observed. Between the glass-based samples, the SiO2/SiC 
stacking yields significantly higher PL intensity and different spectral characteristics compared to the 
SiC/SiO2 stacking. This suggests that the order of deposition, and consequently the interface formed 
between SiC and SiO2, critically influences the density and nature of luminescent defects and non-
radiative recombination pathways. The SiO2 deposited on SiC appears to create a more favorable 
environment for efficient photoluminescence compared to SiC on SiO2. 

Figures (4) and (5) display the current-voltage (I-V) characteristics of the two heterostructures: 
SiC/SiO2 (Fig. 4a) and SiO2/SiC (Fig. 5a). A comparison of these I-V curves reveals significant 
differences in their electrical behavior, particularly in terms of current magnitude, rectification, and 
symmetry. Figure (4a) shows a highly rectifying behavior. In forward bias, the current increases sharply, 
reaching over 600μA at 5V. In reverse bias, the current remains very low, staying close to zero and only 
reaching approximately −10μA at -5V. This strong rectification, with high current flow in forward bias and 
minimal leakage in reverse bias, indicates the formation of a good quality p-n or Schottky junction, where 
the SiO2 layer might be acting as a passivation or tunneling layer rather than a thick insulating barrier. 
The current onset in forward bias appears to be around 0.5-1V. In contrast, figure (5a) exhibits a much 
lower current magnitude across both forward and reverse biases. The maximum current in forward bias 
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at 5V is approximately 40μA, which is significantly lower than the SiC/SiO2 structure. In reverse bias, 
the current is also very low, reaching about −7μA at -5V. While some rectification is still present, the 
overall current levels are considerably reduced compared to the first figure. This suggests that in the 
SiO2/SiC configuration, the SiO2 layer likely acts as a more substantial insulating barrier, limiting current 
flow in both directions. The different ordering of the layers (i.e., SiC on SiO2 versus SiO2 on SiC) 
significantly impacts the interface properties, defect states, and effective barrier heights, leading to these 
distinct electrical transport characteristics. The much higher current in the SiC/SiO2 configuration might 
imply a lower series resistance or a different band alignment at the interface facilitating charge transport. 

 

Figures (4b) and (5b) illustrate the photocurrent variation with reverse applied voltage for the two 
heterostructures. A direct comparison reveals significant differences in their photoresponse 
characteristics under dark and illuminated conditions. For the SiC/SiO2 structure (Fig. 4b), the dark 
current remains very low, approaching approximately −2μA at -5.5V, indicating good insulation and low 
leakage. Upon illumination, the photocurrent significantly increases, reaching about −3.5μA at -5.5V. 
This clear separation between dark and illuminated current, coupled with a notable increase in current 
under light, demonstrates a strong photoresponse and effective photocarrier generation and collection. 
The device acts as an efficient photodetector in this configuration. In contrast, the SiO2/SiC structure 
(Fig. 5b) exhibits a much higher dark current and a less pronounced relative increase in photocurrent 
upon illumination. The dark current reaches approximately −70μA at -5.5V, which is substantially higher 
than that of the SiC/SiO2 structure. Under illumination, the current increases to about −135μA at -5.5V. 
While there is still a photoresponse, the high dark current limits the overall signal-to-noise ratio and 
hence the detectivity. This suggests that the SiO2 layer, when placed on top of the SiC in this 
configuration, might introduce more defects or create a less ideal interface for blocking dark current, or 
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it could be due to a different band alignment that leads to higher leakage. The difference in layer ordering 
profoundly affects the electrical transport and photovoltaic properties of the heterojunction. 

Figures (4c) and (5c) display 1/C2 (reciprocal of squared capacitance) versus applied voltage (C-V 
characteristics in Mott-Schottky plot form) for the two These plots are crucial for understanding the 
doping concentration of the semiconductor and the built-in potential of the junction. For the SiC/SiO2 
structure (Fig. 4c), the 1/C2 values are significantly higher, ranging from approximately 0.5×10−3 to 
2.3×10−3 (1/nF2). The data points show a clear linear relationship in the reverse bias region (negative 
voltage), which is characteristic of a Schottky or p-n junction. The slope of this linear region can be used 
to determine the doping concentration of the semiconductor, while the x-intercept (where 1/C2=0) 
provides the built-in potential of the junction. The relatively higher 1/C2 values suggest a lower 
capacitance, which could imply a thicker depletion region or lower doping concentration in the SiC side 
of the SiC/SiO2 structure. In contrast, the SiO2/SiC structure (Fig. 5c) exhibits much lower 1/C2 values, 
ranging from approximately 0.045×10−3 to 0.0495×10−3 (1/nF2). This indicates a significantly higher 
capacitance compared to the SiC/SiO2 structure. The data points also appear to show a linear trend, 
but the range of values is much narrower. The lower 1/C2 values and higher capacitance suggest a 
thinner depletion region or a higher doping concentration in the SiC of the SiO2/SiC structure. The 
difference in the magnitude of 1/C2 and potentially the slope between the two configurations highlights 
how the deposition sequence and resulting interface properties impact the electrical characteristics and 
charge distribution within the heterojunction. 

Figures (6a) and (7a) present the spectral responsivity (Rλ, in A/W) as a function of wavelength for 
the two heterostructures. A direct comparison reveals a significant difference in both the magnitude and 
spectral dependence of their responsivity. For the SiC/SiO2 structure (Fig. 6a), the responsivity is 
relatively lower overall. It shows a gradual increase from approximately 0.05 A/W in the visible range 
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(around 400-500 nm) to a peak of about 0.37 A/W at around 870 nm. This suggests that the device is 
more sensitive to light in the near-infrared region, which is typical for silicon-based photodetectors due 
to silicon's bandgap. In contrast, the SiO2/SiC structure (Fig. 7a) exhibits a remarkably higher 
responsivity across the measured spectrum. While it also shows a similar trend of increasing 
responsivity with wavelength, its peak responsivity reaches approximately 1.55 A/W at around 870 nm. 
This value is several times higher than the peak responsivity of the SiC/SiO2 structure. The higher 
responsivity in the SiO2/SiC configuration indicates a more efficient conversion of incident photons into 
electrical current. This could be attributed to a better interface quality between the SiO2 and SiC layers 
in this specific stacking order, leading to reduced recombination losses and more effective collection of 
photogenerated carriers. The distinct spectral responsivity profiles underscore the significant impact of 
layer ordering on the photovoltaic performance of these heterojunction devices.

 

Figures (6b) and (7b) display the external quantum efficiency (EQE) as a function of wavelength for 
the two heterostructures. A comparison highlights significant differences in their efficiency of converting 
photons into electrons. For the SiC/SiO2 structure (Fig. 6b), the EQE generally increases with 
wavelength, showing a broad response in the visible and near-infrared regions. It starts around 0% at 
350 nm, rises to a peak of approximately 36% at around 580 nm, and then gradually increases again to 
about 50% at 900 nm. This profile suggests that the device is reasonably efficient, particularly in the 
longer wavelength range, which is typical for silicon-based photodetectors. The SiO2/SiC structure (Fig. 
7b) demonstrates a remarkably higher EQE across almost the entire spectrum. Its EQE is much higher 
in the visible range, reaching about 80% at 400 nm and then exhibiting a plateau around 140-150% from 
approximately 550 nm to 800 nm. Notably, the EQE further soars to an astonishing peak of over 200% 
at 900 nm. An EQE exceeding 100% indicates that the device might be exhibiting carrier multiplication 
phenomena, where a single incident photon generates more than one electron-hole pair. This could be 
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due to impact ionization or other high-energy processes occurring within the SiC or at the SiO2/SiC 
interface. The significantly higher EQE in the SiO2/SiC configuration suggests a superior design or 
interface quality for photodetection, allowing for more efficient photon absorption and carrier collection, 
possibly due to a favorable band alignment or reduced defects compared to the SiC/SiO2 arrangement. 

Figures (6c) and (7c) display the specific detectivity (D*) as a function of wavelength for the two 
heterostructures. A comparison reveals a stark difference in their ability to detect weak optical signals. 
For the SiC/SiO2 structure (Fig. 6c), the detectivity is notably lower across the entire spectrum. It shows 
values generally ranging from approximately 0.05×1012 Jones in the visible region to a peak of about 
0.52×1012 Jones at 870 nm. While it exhibits a clear photoresponse and spectral dependence, the overall 
detectivity is modest. The SiO2/SiC structure (Fig. 7c) demonstrates significantly higher detectivity 
values. Its detectivity starts around 0.3×1012 Jones at 380 nm, and consistently remains high, peaking 
at approximately 2.2×1012 Jones at 870 nm. This value is several times higher than that of the SiC/SiO2 
structure. The dramatically improved detectivity in the SiO2/SiC configuration suggests a superior signal-
to-noise ratio, indicating a more efficient photodetector. This enhanced performance could be attributed 
to a combination of higher responsivity and lower noise current, possibly stemming from a better-formed 
junction or reduced defect states at the SiO2/SiC interface compared to the reverse stacking order. The 
distinct detectivity profiles clearly illustrate the critical role of layer arrangement in optimizing the 
performance of these photodetector devices. 

In concluding remarks, The SiC/SiO2 structure shows a spectral responsivity relatively lower as this 
structure is more sensitive to light in the near-infrared region, which is typical for silicon-based 
photodetectors due to silicon's bandgap. The SiO2/SiC structure demonstrates a remarkably higher EQE 
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across almost the entire spectrum reaching about 80% at 400 nm. The SiO2/SiC structure demonstrates 
significantly higher detectivity values starting around 0.3×1012 Jones at 380 nm, and consistently 
remains high, peaking at approximately 2.2×1012 Jones at 870 nm. This value is several times higher 
than that of the SiC/SiO2 structure. The dramatically improved detectivity in the SiO2/SiC configuration 
suggests a superior signal-to-noise ratio, indicating a more efficient photodetector. This enhanced 
performance could be attributed to a combination of higher responsivity and lower noise current, possibly 
stemming from a better-formed junction or reduced defect states at the SiO2/SiC interface compared to 
the reverse stacking order. The distinct detectivity profiles clearly illustrate the critical role of layer 
arrangement in optimizing the performance of these photodetector devices. 
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