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A new approach for fabrications of 
SiC based photodetectors
Ali Aldalbahi1,2, Eric Li3, Manuel Rivera3, Rafael Velazquez3, Tariq Altalhi4, Xiaoyan Peng5 & 
Peter X. Feng3

We report on a new approach to quickly synthesize high-quality single crystalline wide band gap silicon 
carbide (SiC) films for development of high-performance deep ultraviolet (UV) photodetectors. The 
fabricated SiC based UV photodetectors exhibited high response while maintaining cost-effectiveness 
and size miniaturization. Focus of the experiments was on studies of electrical and electronic properties, 
as well as responsivity, response and recovery times, and repeatability of the deep UV photodetectors. 
Raman scattering spectroscopy and scanning electron microscope (SEM) were used to characterize the 
SiC materials. Analyses of the SEM data indicated that highly flat SiC thin films have been obtained. 
Based on the synthesized SiC, deep UV detectors are designed, fabricated, and tested with various 
UV wavelength lights at different radiation intensities. Temperature effect and bias effect on the 
photocurrent strength and signal-to-noise ratio, humidity effect on the response time and recovery 
time of the fabricated detectors have been carefully characterized and discussed. The detectors 
appear to have a very stable baseline and repeatability. The obtained responsivity is more than 40% 
higher compared to commercial detectors. The good performance of the photodetectors at operating 
temperature up to 300 °C remains nearly unchanged.

Semiconductor based UV photodetectors can normally be classified into 4 types: photoconductors, 
metal-semiconductor-metal (MSM) diodes, Schottky barrier and p-i-n photodiodes1. The MSM diode is made of 
two Schottky barrier diodes back-to-back. The entire semiconductor layer between two metal electrodes becomes 
fully depleted under sufficient bias. The geometric parameters of a conventional MSM photodetector pixel ele-
ment determines its performance. The device consists of alternating metal contacts deposited on the semicon-
ductor active layer. MSM structures represent a very simple photodetector design and its performance is being 
continuously improved by the incorporation of novel synthesized semiconductor materials. In recent years, var-
ious wide band gap semiconductors such as diamond2,3, nitride (AlN, GaN, BN)4–9, and oxide (TiO2, ZnO)10,11 
semiconducting materials have been investigated for their potential application as sensing materials in deep UV 
photodetectors.

Silicon carbide (SiC) is also considered one of the most important wide band gap materials in the develop-
ment of UV photodetectors. SiC based photodetectors can achieve large gains, high signal-to-noise ratios and 
solar-blind operation. This makes them ideal photodetectors in certain applications for monitoring the UV spec-
trum without the need for solar rejection filters. Furthermore, semiconductor SiC offers outstanding long term 
stability even when operated under high-intensity UV radiation (up to 1000 W/m2) and at high operating tem-
perature12,13. For example, using rapid thermal chemical vapor deposition (RTCVD) techniques, Chang, et al. 
developed a hetero-epitaxial SiC/Si MSM photodetector for high-temperature deep-UV detecting applications14. 
The optoelectron performances of the SiC-MSM photodetectors were examined by the measurement of photo 
and dark currents and their ratio under various operating temperatures. The current ratio for 254 nm UV light of 
the detector is about 6.5 at room temperature and 2.3 at 200 °C. Lien, et al. reported on high-temperature oper-
ation of MSM photodetectors using low-temperature, ion beam-assisted deposition of nanocrystalline SiC thin 
films and hydrothermal synthesis of ZnO nanorod arrays (NRAs)15. Due to the incorporation of ZnO NRAs, the 
photo-to-dark current ratio of SiC MSM photodetectors increased from 4.9 to 13.3 at 25 °C and from 4.9 to 7.6 at 
200 °C. The enhancement in the sensitivity suggested that the ZnO NRAs could serve as an effective antireflective 
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layer allowing more light into the SiC MSM photodetectors. Chen, et al. theoretically investigated the tempera-
ture dependence of current-voltage and spectral response characteristics of a 4H-SiC MSM UV photodetector 
in the temperature range from room temperature to 800 K with two-dimensional (2D) numerical simulator16. 
Computation simulation indicated that the dark current and photocurrent increased with an increase of temper-
ature. For the range of 500–800 K, the dark current increases by nearly a factor 3.5 every 150 K larger than that of 
photocurrent, leading to a negative effect on photodetector current ratio.

Besides MSM architectures, Prasai, et al. developed 4H-SiC p–n diodes based UV light detection17. The behav-
ior of the photocurrent response under UV light irradiation using a low-pressure mercury UV-C lamp (4 mW/cm2)  
and a medium-pressure mercury discharge lamp (17 mW/cm2) was studied. The devices under test showed an 
initial burn-in effect, i.e., the photocurrent response dropped by less than 5% within the first 40 h of artificial UV 
aging. Such burn-in effect under UV stress was also observed for previously available 6H silicon carbide (6H–SiC) 
p–n photodetectors17. After burn-in, no measurable degradation was detected, which makes the devices excellent 
candidates for high irradiance UV detector applications. Anderson, et al. used graphene/SiC hetero junction 
to develop a new UV detector18. They exploited the 2D nature of graphene to minimize absorption losses for 
high-efficiency sensing while simultaneously taking advantage of the epitaxial p–n junction to achieve low reverse 
leakage. A quantum efficiency above 80% at 4 eV was obtained.

Recently, new deep UV avalanche photodiodes (DUVAP) have been developed and have resulted in signifi-
cant progress in UV photodetector research19,20. The higher quantum efficiency of Geiger-mode avalanche pho-
todiode (GM-APD) detectors and the ability to fabricate arrays of individually-addressable detectors, opens up 
a wide range of applications requiring deep UV detection. A. Akturk et al. used simulators for the SiC APDs in 
conjunction with special fabrication techniques to develop a recipe for the fabrication of APD chips19. One of the 
problems associated with deep-UV light detection is that the absorption coefficient of this wavelength in SiC is 
large. Therefore the electron-hole creation occurs near the surface where there is a minimal electric field to drift 
newly generated carriers. To increase efficiency and responsivity, surface recombination must be reduced. This 
is achieved by either passivating recombination centers at the surface or increasing the field at the surface, which 
results in electron-hole separation before any possible recombination. Shaw, et al. discussed the system design 
trades and precise microelectronic technology to develop deep UV sensing GM-APD arrays, and presented pre-
liminary performance data for their silicon carbide GM-APD arrays20. The obtained responsivity is up to 0.13 
amp photocurrent per Watt of light power (A/W), and operating temperature can be up to 150 °C. However, 
fabrication of high performance SiC UV photodetector is challenging due to some material defects, and relatively 
not-well modeled device operation, etc. Sang1, Goldsman21, Edmond22, and Omnes23 systematically and compre-
hensively reviewed various types of semiconductors based deep UV photodetectors.

The objective of this work is to extend the state-of-the-art in UV sensors by: a) using a new approach to syn-
thesize high quality of SiC film, b) developing unique fabrication techniques improve surface quality of the SiC 
deep UV detectors, and c) improving their responsivity and performance at high temperature. Ultra-thin nano 
Schottky contact is employed in the present work in order to have high efficiency. A simple and quick approach is 
used to fast fabrication of prototype. A goal is to develop a small, low-cost, highly reliable UV detector with high 
responsivity. The basic properties of the prototypes such as responsivity, response time, recovery time, repeatabil-
ity, and stability have carefully been characterized. The effect of humidity on the detector has also been discussed 
and estimated. The obtained detectors appear to have a very stable baseline, and repeatability. A responsivity up 
to 0.18 A/W was obtained. Even when the operating temperature is as high as 300 °C, the fabricated detectors still 
displayed good performance in responsivity, stability, and repeatability.

Synthesis of SiC thin films. The SiC used as sensing material was synthesized by using laser plasma 
deposition system. The details of the process is described in our previous publication6. Briefly, the laser beam, 
focused with a 30 cm focal length of ZnSe lens, was incident at 45 degree angle relative to a rotated (speed of 
circa 200 rpm) pyrolytic SiC target under high vacuum (2.66 ×  10−3 Pa) chamber. The diameter of the focus spot 
of the laser beam on the target was about 2 mm that could be varied by shifting focal lens. The power density of 
the laser on the target was 2 ×  108 W/cm2 per pulse. Metal gold and Silicon (Si) wafers (1 ×  1 cm2) were used as 
substrates and placed 5 cm away from the target. Substrate temperature was kept at ∼ 700 °C for 60 minutes. Prior 
to the experiments, the substrates were ultrasonically washed in the methanol solution for 5 minutes, and dried 
with helium gas.

Figure 1 shows SEM images of the obtained SiC samples prepared on (a) Si and (b) Au substrates, respectively. 
The thickness of the film is around 2 μm. The obtained samples appear highly flat and smooth surface together 

Figure 1. SEM images of SiC films prepared on (a) Si and (b) Au substrates, respectively. (c) SEM image of SiC/Si  
after surface treatment with Pt nanoparticles.
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with a few nano particles with average grain size from 300 to 500 nm. Several tracks from the surface of SiC/Au 
can be observed and are due to the non- uniform surface of the metal substrate.

Both SiC/Si and SiC/Au samples are analysed by Raman scattering spectroscopy using triple-gratings mon-
ochromator with an excitation wavelength of 514 nm from an Ar+ ion laser. Three slits with widths of 150 μm, 
27648 μm, and 150 μm were used in laser beam collimation. The laser power is maintained around 2 ~ 4 mW. 
An Olympus microscope with 80×  microscope objective focuses the laser beam to give a spot size of 3 ~ 4 μm 
in diameter on the sample surface, yielding power density around 2 ×  104 W/cm2. Total accumulation time is 
30 seconds for the measurement. It has been found that the morphology of the surface of the sample remains 
unchanged before and after Raman spectral measurements, indicating there is no obvious annealing effect on 
the sample at the condition of laser power density around 2 ×  104 W/cm2 with accumulation time of 30 seconds. 
Figure 2 shows Raman spectra of both SiC samples. In Fig. 2a, the strongest peak at about 521 cm−1 is due to the 
Si substrate. The peak at 790 cm−1 corresponds to SiCA1 (TO) phonon. A broad band marked with two asterisks 
in SiC spectrum is also observed, which is attributed to 2TO of SiC together with Si substrate contribution24.

A peak at about 690 cm−1 marked with an asterisk is also observed. We expect that the origin of this Raman 
band is from tungsten oxide (WO) impurity. Since heating samples during the deposition was based on a hot 
tungsten wire. Oxygen gas was from residue gas inside the vacuum chamber. Once chemical reaction between the 
tungsten and the oxygen occurs, the formation of WO is easy to vaporize at high temperature and some particles 
would reach to the surface of the sample. Energy Dispersive X-Ray Spectroscopy (EDX) has been used to confirm 
this phenomenon.

For SiC/Au case, SiC Raman peaks can also be easily identified. Referring Raman spectrum of the sample 1 
and literature, the SiC peak should be around 790 cm−1. But in the present case, it appears at 785 cm−1, red shifted 
by 5 cm−1. The large red shift is due to metal substrate thermal expansion induced by hot laser plasma during the 
deposition, resulting in huge stress/strain at the interface. A broad band related to Si was also observed, indicating 
the synthesized SiC sample consists of both Si and SiC components.

It is easy to find that intensities of the Raman spectral lines from SiC/Si and SiC/Au are different. The relative 
quenching in the Raman bands of SiC/Au with respect to SiC/Si is most likely due to the background reflection 
from the Au substrate. Several factors such as crystal structure, weak laser power, super thin film or surface 
roughness, etc. would affect Raman signal. The film (2 μm) is considerably thick for a Raman study. After com-
parison of previous Raman measurements of SiC with various thickness (0.2–30 μm) on Si substrate, the Raman 
signal ratio between these from the SiC sample and the Si substrate in the present case is in good agreement with 
the results published by other groups25,26. Analyses of our EDX data indicated that the content of carbon atoms 
are slightly larger than Si content, and C/Si atomic ratio is around 1.07, indicating that the synthesized films of SiC 
might be associated with few defects or an amorphous SixC1−x alloy. Nevertheless, a narrow SiC Raman spectral 
line strongly suggests that high-quality SiC films have been obtained.

From a comparison of Raman spectral lines in Fig. 2, we may conclude that the crystalline quality of SiC/Si is 
relatively better than that of SiC/Au. Therefore, in the following report, the main work on development of deep 
UV detectors was based on SiC/Si samples.

Figure 2. Raman scattering spectra of SiC films prepared on (a) Si and (b) Au substrates.
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Device processing and electrical properties. To explore the possibility of using the SiC material for 
device applications, the SiC samples were functionalized using platinum (Pt) nanoparticles prior to meas-
urements. The surface treatments with Pt nanoparticles for 30 seconds was performed by using 200 W Radio 
Frequency (RF) Magnetron Sputtering deposition technique. The process flow for the sensing material fabrication 
is shown in Fig. 3. The thickness of the SiC film is 2 μm and buffer layer thickness is around 5 nm. The purpose 
we used “buffer” layer is to reduce the stress between the substrate and the SiC. However after the comparison of 
two, no obvious difference in performance was observed. The architecture of the photodetector we used is similar 
to our previous boron nitride work6 but we here used a completely different SiC sensing material. It should be 
mentioned that an “ultra-thin” (3 ~ 4 nm Pt) Schottky contact has been employed in the present work in order 
to have a high efficiency27,28. Once the surface treatment was completed, prototypic deep UV photodetector was 
fabricated.

A mask is placed over the top surface of the SiC sample, and the Au metal (interdigital electrodes with thick-
ness of 0.5 ~ 1 μm) is directly coated (for 2 minutes) onto the platform. The prototype is then annealed at 200 °C 
for 60 minutes. This is a very simple and quick approach for fast fabrications. The gap between a pair of electrical 
electrodes is 400 μm. Smaller gaps can be obtained if lithography is used but the process is much more lengthy and 
complicated; typically involving design, resist coating, exposure, etching, development, and so on. The electrode 
architecture employed in the current work proves to be much simpler, faster to produce, and economical, than 
other conventional structures while retaining performance quality.

The photon-induced electrical current Iph observed when the sensing material is exposed to UV radiation is 
generated by incoming photons that excite electrons from the valence to conduction band and some carriers are 
collected by a pair of electrodes. The electrical current is given by Iph =  Gη AgΦ 29 where G is the photoconductive 
gain, η  is the quantum efficiency, q is the electronic charge, A is the device area exposed to incident radiation, and 
Φ  is the incident flux. The photoconductive gain and the quantum efficiency are the most important parameters 
influenced by the material characteristics.

Electrical properties of SiC sensing materials were characterized by using an Agilent voltage source power sup-
ply, and two HEWLETT 34401 electrical multimeters controlled by Labview program. Figure 4a show schematic 
diagram of experimental set up for characterization of detector’s electrical properties. The error of the measure-
ments was around 5%. The prototype is serially connected to a precise resistor Rp, a switch, and power supply 
Vo with step voltage. An electrical meter (V) was used to measure voltage variations during the characterization 

Figure 3. Process flow for fabrication of SiC UV photodetector. Cross-section of SiC photodetector with 
“ultra-thin” Schottky contact. The SiC thickness is around 2 μm and the buffer layer thickness is around 5 nm 
(not to scale). 

Figure 4. (a) Schematic of experimental set up for characterization of detector’s electric properties and light 
responsivity; (b) Typical dark current of SiC based UV photodetector as a function of the applied bias voltage.
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of the fabricated detectors. A thermocouple and tungsten filament was used to control operating temperature. 
At a given temperature (To), the electrical current and voltage curves at different temperatures were obtained. 
Figure 4b shows typical dark current of the detector as a function of the applied bias voltage where the bias varies 
from zero voltage to 16 V, and then to −16 V, and then return to zero voltage for each measurement. The dark 
current is less than 0.12 μA at the applied voltage of 5 V and 0.8 μA at 10 V at room temperature. An increase of 
temperature up to 80 °C results in an increase of the dark current from 0.2 μA at 5 V to 2.5 μA at 10 V. The slightly 
high dark current for the fabricated detector is possibly due to doping of SiC that is used in order to achieve high 
responsivity. These characteristics are directly attributed to material properties.

Characterizations of the fabricated photodetector’s responsivity. Pen-Ray Deep UV lamps with 
different wavelengths produced by UVP, LLC were used as light sources for the characterization of the SiC-based 
deep UV photodetectors. Light intensity on the surface of the detector was controlled by the change of the dis-
tance (h) between the detector and the UV lamp. Prior to any UV radiation sensitivity measurements of the pho-
todetector, the effect of bias voltage on the detector was characterized. Figure 5 shows the typical photocurrent 
response of the detector to a UV light source at different bias.

Slight differences can be easily identified. Normally, high bias yields high response or photocurrent. At room 
temperature the yielded photocurrent (A) was A =  55 micro amps (μA) at bias of 10 V, and A =  45 μA at 5 V when 
exposed to 250 nm light lamp with intensity of 2 mW/cm2. Therefore, in the following characterizations, a bias of 
10 V was used for all cases. As is seen in Fig. 5, the output baseline of the prototypic detector appears to be very 
stable and well defined.

The characterizations of the detector properties include the responsivity (RE), the response time (tresp), the 
recovery time (trec) and the photocurrent (A). The repeatability and stability are the other two important param-
eters for a new detector. Figure 6 shows typical responses of the detector when different radiation intensities were 
applied and operated at room temperatures. The photodetector was cycled with a period of 4 minutes between the 
“switch-on” and “switch-off ” of a 250 nm UV light source. When the detector was exposed to light, the yielded 
photocurrent increased and then reached a relatively stable value. When the light was switched off, the photocur-
rent decreased and then gradually reached zero value. It is clear from Fig. 6 that the detector has good features 
in repeatability and stability. Clearly, the yielded photocurrent can be attributed to the absorption of UV photon. 
2 mW/cm2 of 250 nm light intensity yielded around A =  55 μA photocurrent from the deep UV photodetector 
located at the distance h =  3 mm away from the light source, and a photocurrent of 47 μA, 21 μA, and 14 μA at 
h =  11 mm, 22 mm, and 44 mm, respectively. The photocurrent strength decreases with an increase of the distance 
(h) between the detector and the light source. This is because of the decreasing light intensity on the surface of 
the detector. Experimental data in Fig. 6 also indicate that the signal-to-noise ratio decreases with a decrease of 
incident light radiation intensity on the surface of the detector.

The responsivity (RE) is defined as RE =  Aphotocurrent/Wlight where Aphotocurrent is the maximal photocurrent from 
the detector, and Wlight is the total input of light power on the surface of the detector. Since the exposure surface 
area of the detector is 15 mm2, 250 nm light power on the surface the detector is around 300 μW. Equivalently, 
there are total 3.9 ×  1014 photons per second on the surface of the detector. From obtained experimental data, we 
observed that the maximal photocurrent in the detector’s output is 55 μA or 3.3 ×  1014 electrons per second. This 
indicated that 100 photons would yield around 86 electrons. High photoelectron yield in the deep UV photode-
tector is probably related to its high quantum efficiency27,28,30. In fact, it is found that the obtained responsivity of 
REexp =  55 μA/300 μW =  0.18 A/W at the bias of 10 V is much larger than that of the existing detectors developed 
by other groups27,30.

It was also found from Fig. 6 that the response and recovery times on each cycle slightly varied. The definition 
of response time was based on the time duration for reaching 90% of the full response of the detector. Several 
work including ours were performed on studies of response and recovery times of photodetectors but the focus of 

Figure 5. Bias effect on the response of the detector to λ = 250 nm light with intensity of I = 2 mW/cm2 at 
room temperature (T = RT). 



www.nature.com/scientificreports/

6Scientific RepoRts | 6:23457 | DOI: 10.1038/srep23457

the most work is on ZnO or boron nitride based photo detectors6,31,32. For the present SiC case, the response times 
at the first several cycles are long and become shorter as more cycles are completed. For example, the response 
time was tresp =  90 seconds at the first cycle and 60 seconds, 42 seconds, 27 seconds and 18 seconds for the 2nd, 3rd, 
4th and 5th cycle, respectively. Very slight improvement for the recovery time was also found.

The phenomena above could be attributed to humidity effect. In order to understand this effect, the SiC photo-
detector is re-characterized after two weeks of exposure in open air where humidity level is relatively high because 
of tropical weather. The obtained response evolution is shown in Fig. 7, from which one can easily find that the 
time response varies following the cycling but the photodetector appears to have good features in repeatability 
and stability.

At the very beginning of few cycling tests, the response time was poor, around tresp =  120 seconds. It became 
better/shorter after several cycles of UV light radiation as 108, 39, 30, and 14 seconds at the 2nd, 4th, 5th and 6th 
cycle, respectively.

A tentative interpretation is that environmental impure or humidity such as water molecules are possible 
factor influencing the performance of the detector. Water adsorbed on the SiC surface would not donate electrons 
to sensing layers but it would partially absorbed light. This would lower the responsivity of SiC detector. The reac-
tion between the sensing material surface molecule and the water molecules would lead to the gradual formation 
of stable chemical bond on the surface, causing a progressive deterioration of the responsivity of the detector. 
However, once the detector was exposed to deep UV light source, it caused vaporization of partial impurities 

Figure 6. Responses at room temperatures when the prototype was cycled with a period of 4 minutes 
between the “switch-on” and “switch-off ” of the 250 nm UV light sources with different intensities.  
T: temperature; λ : wavelength; I: light intensity; h: the distance between the detector and the light lamp.

Figure 7. Responses at room temperatures when the prototype was cycled with a period of 4 minutes 
between the “switch-on” and “switch-off ” of the 250 nm UV light sources at h = 3 mm. 
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from the surface. Humidity effect on the properties of the sensitivity and response time of the detector relies on 
the competitive surface effects resulted from adsorption/desorption and the related ionization/dissociation of 
water molecules on the photo-generated charge carriers. Recently, Lai, et al. reported their study of humidity 
effect on ZnO based the ultraviolet sensors33. Subsequent heating could avoid a humidity effect on the properties 
of deep UV photodetectors. Therefore, additional experiments at different operating temperatures have also been 
carried out and the results are shown in Fig. 8. It was interesting that a temperature effect on the performance 
of the fabricated photodetector was observed. Such effect was preliminarily studied by other group before15. As 
seen from Fig. 8 following an increase of operating temperature from 25 to 180 and then to 300 °C, the yielded 
photocurrent decreases from 55 to 38, and then to 16 μA. Both response time and recovery time were improved 
at high operating temperature as compared to that at room temperature. Even if operated at 300 °C, the fabricated 
detector still runs well with good features in stability and repeatability. These characteristics are much better 
than that of commercial SiC detectors that normally operate at temperatures less than 150 °C. However, once the 
operating temperature is at 400 °C, the thermal noise nearly dominates the fabricated photodetector output. At 
this moment, it is difficult to identify the real signal from the detector output as weak light signal has completely 
been merged into strong thermal noise.

As a comparison, characterizations of the prototype exposed to other UV wavelengths of lights were also con-
ducted. Fig. 9 shows responses at room temperatures when the prototype was cycled with a period of 4 minutes 
between the “switch-on” and “switch-off ” of a 300 nm UV light source with different intensities. High stability 

Figure 8. Temperature effect on the response of the detector to λ = 250 nm light source with intensity of 
2 mW/cm2 at h = 3 mm. 

Figure 9. Responses at room temperatures when the prototype was cycled with a period of 4 minutes 
between the “switch-on” and “switch-off ” of the 300 nm UV light sources with different intensities (due to 
variation of the parameter “h”). 
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or repeatability features are clearly visible. However, the response strength or the photocurrent of the detector 
exposed to 300 nm light was almost 7–8 times less than that to 250 nm light at the same radiation intensity, 
indicating the fabricated SiC based detector is highly sensitive to a short wavelength of UV light. The feature of 
the responsivity relies on semiconductor electronic properties such as bandgap width and band structures. The 
obtained results are in good agreement with previously reported experimental data22.

Furthermore, the evolution of the response time obtained from the cyclical test by using 300 nm was also obvi-
ously different from that of the detector exposed to 250 nm light. The photocurrent quickly jumped to its peak, 
and then gradually decreased and reached its stable value when 300 nm UV light with intensity of 2 mW/cm2  
(at h =  3 mm) incident radiation was used. The obtained photocurrent is around Apeak =  7.5 μA at peak and 
Astable =  2 μA at stable state when the SiC detector is located at distance h =  3 mm away from the lamp, and 
Apeak =  7.3 μA, Astable =  1.8 μA at h =  11 mm, and Apeak =  5.5 μA, Astable =  1.0 μA at h =  22 mm, and Apeak =  2.0 μA, 
Astable =  0.6 μA at h =  44 mm. Since the light power on the surface of the detector (located h =  3 mm away 
from the lamp) was 300 μW, we obtained the responsivity of REpeak =  7.3 μA/300 μW =  0.024 A/W at peak and 
REstable =  0.0067 A/W at stable state. Experimental data also indicated that if the light source (2 mW/cm2) was 
placed more than 44 mm away from the detector or if the incident light radiation strength was too low, very weak 
photocurrent would be created that was generally merged into noise signal as shown in Fig. 9. When the light 
was switched off, the photocurrent from the detector steeply dropped to zero. The graph of the output signal has 
very steep slopes at the moment of turning on or off the light, indicating a fast response time and recovery time.

Similar phenomenon was also found when the detector was exposed to 350 nm light source as shown in 
Fig. 10. The obtained experimental data including photocurrent, response time, and recovery time were all similar 
to that of the detector exposed to 300 nm light. Prompt increase of the photocurrent at very beginning and quick 
drop at the end of each cycle are clearly visible. Once the light lamp was moved to 44 mm away from the detec-
tor or the incident light radiation of power dropped down to few micro watt per centimeter square, nearly no 
response could be detected except for the signal at the instant of turning on and off the light. High stable baseline 
and excellent repeatability can be easily identified.

The mechanism responsible for the response-recovery times of the detector is difficult to determine because it 
depends on many factors such as the nature of samples, light wavelength, doping, doping element and concentra-
tion, operating temperature, electrode arrangement, and humidity content, among others. We have not yet fully 
understood the basic mechanism that causes large differences of time evolutions of response curves for the detec-
tor exposed to 250, 300, and 350nm UV light sources, respectively. Here it should be mentioned that the effect of 
electromagnetic wave noise caused by turning on or off the switcher of electrical power was not the cause for the 
phenomena described above. The evidence is that a similar phenomenon was still visible, as shown in Fig. 11a, 
where the prototype was cycled between the “switch-on” and “switch-off ” of the 300 nm UV light sources by using 
a shutter so that possible electromagnetic wave effect from the switcher on the response signal during cyclic test 
has completely been removed. Clearly, the quick change of the response at the edge of very beginning and at the 
end of each cycle could be due to the quick change of the incident light intensity.

The response time of photodetector has been measured by using LeCroy 500 MHz oscilloscope. A typical 
result is shown in Fig. 11b, from which it is easily estimated that the response time of the detector is only 1 μs. This 
is a quite short response time for the MSM architecture based photodetector. Actual response time and recovery 
time might be shorter. This is because time delay for reaching full intensity for UV lamps after switching on the 
lamp, and florescence after switching off the lamp would affect the measurement results.

Figure 10. Responses at room temperatures when the prototype was cycled with a period of 4 minutes 
between the “switch-on” and “switch-off ” of the 300 nm UV light sources with different intensities. 
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Conclusions
The obtained experimental data clearly indicated that our approach described above can be used for quick fab-
rication of high-performance deep UV photodetectors. The fabricated detectors appear to have a very stable 
baseline and repeatability to wide regions of deep UV lights with wavelengths from 250 nm to 350 nm. At 2 mW/
cm2 250 nm light radiation, the yielded photocurrent is 55 μA. Correspondingly, a detector responsivity of up to 
0.18 A/W was obtained. This value is almost 40% higher compared to commercial detectors. After increasing the 
operating temperature to 300 °C, the fabricated detector still runs well with good features in stability and repeat-
ability. This characteristic is much better than that of most commercial SiC detectors that normally operate at 
temperatures less than 150 °C. However, once the operating temperature reaches 400 °C, the signal-to-noise ratio 
is seriously decreased and the thermal noise nearly dominates the output. At this moment, it is difficult to identify 
the real photocurrent signal from the detector output.

It was also found that the output signal strength is slightly affected by bias and that humidity has the effect of 
increasing the response and recovery times of the detector. Therefore, when the detector is exposed to deep UV 
light source, the vaporization of partially adsorbed water molecules from the surface resulted in the recovery of 
the sensitivity and faster response and recovery times.

From the obtained experimental data, we can conclude that the response strength of the detector exposed to 
300–350 nm lights is almost 7–8 times less than that to 250 nm light at the same radiation intensity. Furthermore, 
the evolutions of the responses during the cyclical test by using 300 and 350 nm lights were also obviously dif-
ferent from that of the detector to 250 nm light. The fastest response time observed was only 1 μs under 300 and 
350 nm wavelengths of incident radiation.

References
1. Sang, L., Liao, M. & Sumiya, M. A comprehensive review of semiconductor ultraviolet photodetectors: from thin film to one-

dimensional nanostructures. Sensors 13, 10482–10518 (2013).
2. Lin, C. R., Wei, D. H., BenDao, M. K., Chen, W. E. & Liu, T. Y. Development of high-performance UV detector using nanocrystalline 

diamond thin film. Int. J. Photoenergy 2014, ID 92152/8 (2014).
3. Liao, M. et al. Comprehensive investigation of single crystal diamond deep-ultraviolet detectors. Jpn. J. Appl. Phys. 51, 090115 

(2012).
4. Tsai, D.-S. et al. Solar-blind photodetectors for harsh electronics. Sci. Rep. 4, 2628 (2013).
5. Sun, X., Li, D., Jiang, H., Li, Z. & Song, H. Improved performance of GaN metal-semiconductor-metal ultraviolet detectors by 

depositing SiO2 nanoparticles on a GaN surface. Appl. Phys. Lett. 98, 121117/1–3 (2011).
6. Aldalbahi, A. & Feng, P. Development of 2D boron nitride nanosheets UV photoconductive detectors. IEEE Trans. Electron. Dev. 

62(6), 1885 (2015).
7. Sajjad, M., Jadwisienczak, W. M. & Feng, P. Nanoscale structure study of boron nitride nanosheets and development of deep-UV 

photo-detector. ACS Nanoscale 6, 4577–4582 (2014).
8. Aldalbahi, A., Zhou, A. F. & Feng, P. Variations in crystalline structures and electrical properties of single crystalline boron nitride 

nanosheets. Sci. Rep. 5, 16703 (2015).
9. Jiang, H. X. & Lin, J. Y. Hexagonal boron nitride for deep ultraviolet photonic devices. Semicond. Sci. Technol. 29, 084003 (2014).

10. Liu, Z. et al. Fabrication of UV photodetector on TiO2/diamond film. Sci. Rep. 5, 14420 (2015).
11. Xu, X., Xu, C. & Hu, J. High-performance deep ultraviolet photodetectors based on ZnO quantum dot assemblies. J. Appl. Phys. 116, 

103105 (2014).
12. Fan, J. & Chu, P. K. General properties of bulk SiC In Silicon carbide nanostructures: fabrication, structure, and properties. Ch. 2, 

7–114 (Springer International Publishing Switzerland, 2014).
13. Chen, Y., Wu, L., Sun, W., Lu Y. & Huang, Z. High temperature phase equilibrium of SiC-based ceramic systems In Properties and 

applications of silicon carbide (Ed. Gerhardt, R.) Ch. 20, 445–456 (InTech, 2011).
14. Chang, W.-R. et al. The hetero-epitaxial SiCN/Si MSM photodetector for high-temperature deep-UV detecting applications. IEEE 

Electron. Dev. Lett. 24(9), 565–567 (2003).
15. Lien, W.-C. et al. Low-temperature, ion beam-assisted SiC thin films with antireflective ZnO nanorod arrays for high-temperature 

photodetection. IEEE Electron. Dev. Lett. 32(11), 1564–1566 (2011).

Figure 11. Relationships between original signal, thermal effect and pure signal/responses from the 
fabricated detector exposure to 300 nm UV light with intensity of 2 mW/cm2. 



www.nature.com/scientificreports/

1 0Scientific RepoRts | 6:23457 | DOI: 10.1038/srep23457

16. Chen, B. et al. Analysis of temperature-dependent characteristics of a 4H-SiC metal-semiconductor-metal ultraviolet photodetector. 
Chinese Sci. Bull. 57(34), 4427–4433 (2012).

17. Prasai, D. et al. Highly reliable silicon carbide photodiodes for visible-blind ultraviolet detector applications. J. Mater. Res. 28(01), 
33–37 (2013).

18. Anderson, T. J. et al. Ultraviolet detector based on graphene/SiC heterojunction. Appl. Phys. Express 8, 041301 (2015).
19. Akturk, A. et al. Design, fabrication and characterization of deep ultraviolet silicon carbide avalanche photodiodes. International 

Semiconductor Device Research Symposium (ISDRS), Maryland, USA. 2013, December 11–13.
20. Shaw, G. A., Siegel, A. M., Model, J. & Geboff, A. Deep UV photon-counting detectors and applications. Advanced Photon Counting 

Techniques III. (Eds Itzler M. A. & Joe, C.) (The International Society for Optical Engineering: Proc. of SPIE, 2009).
21. Goldsman, N. Silicon Carbide Electronics: Deep Ultraviolet Detectors: Design, Modeling and Fabrication. NASA Early Stage 

Technology Workshop: Astrophysics & Heliophysics. Crystal City, VA/USA. 2015, March 3–4.
22. Edmond, J. et al. SiC based UV photodiodes and light-emitting diodes, semiconductors and semimetals. SiC Mater. Dev. 52, 

283–306 (1998).
23. Omnès, F., Monroyb, E., Muñozc, E. & Reverchond, J.-L. A short review of devices and applications, Gallium Nitride Materials and 

Devices II, Eds Morkoc, H. & Litton, C. W. Wide bandgap UV photodetectors: Proc. of SPIE. 6473, 64730E (2007).
24. Zhang, H. X., Feng, P. X., Makarov, V., Weiner, B. R. & Morell, G. Synthesis of nanostructured SiC using the pulsed laser deposition 

technique. Mater. Res. Bull. 44, 184–188 (2009).
25. Liu, C. W. & Sturm, J. C. Low temperature chemical vapor deposition growth of b-SiC on (100) Si using methylsilane and device 

characteristics. J. Appl. Phys. 82(9), 4558, (1997).
26. Zhu, W. L., Zhu, J. L., Nishino, S. & Pezzotti, G. Spatially resolved Raman spectroscopy evaluation of residual stresses in 3C-SiC layer 

deposited on Si substrates with different crystallographic orientations. Appl. Surf. Sci. 252, 2346–2354 (2006).
27. Lees, J. E., Barnett, A. M., Bassford, D. J., Stevens, R. C. & Horsfall, A. B. SiC X-ray Detectors for Harsh Environments. J. Inst. 6, 

C01032 (2011).
28. Liu, H. et al. 4H-SiC PIN recessed-window avalanche photodiode with high quantum efficiency. IEEE Photon. Tech. Lett. 20(18), 

57–59 (2008).
29. Razeghi, M. & Rogalski, A. Semiconductor ultraviolet detectors. J. Appl. Phys. 79(10), 7433–7472 (1996).
30. Clark, W. R., Vaccaro, K., Waters, W. D., Gribbon, C. L. & Krejca, B. D. Determination of Quantum Efficiency in In0.53Ga0.47As-InP-

Based APDs. J. Lightwave Technol. 32(24), 4780–4784 (2014).
31. Chen, C.-Y. et al. Enhanced Recovery Speed of Nanostructured ZnO Photodetectors Using Nanobelt Networks. IEEE J. Sel. Top. 

Quantum Electron. 18(6), 1807–1811 (2012).
32. Chao, C.-H., Weng, W.-J. & Wei, D.-H. Enhanced UV photodetector response and recovery times using a nonpolar ZnO sensing 

layer. J. Vac. Sci. Technol. A 34, 02D106 (2016).
33. Lai, C., Wang, X., Zhao, Y., Fong, H. & Zhu, Z. Effects of humidity on the ultraviolet nanosensors of aligned electrospun ZnO 

nanofibers. RSC Adv. 3, 6640–6645 (2013).

Acknowledgements
This work is financially supported by the Army Research Office/DoD grant (62826-RT-REP). The authors 
would like to extend their sincere appreciation to the Deanship of Scientific Research at King Saud University 
for funding this work (RG-1436-005) and also thanks Miss Andrea Claudio for her assistance and work at very 
beginning experiments.

Author Contributions
A.A. and P.F. contributed equally to the design of experiments, data interpretation and wrote the manuscript. 
E.L., M.R., R.V., T. A. and X.P. provided guidance on experimental design, data interpretation, and manuscript 
preparation. All authors contributed to discussing the results and writing and reviewing the manuscript.

Additional Information
Competing financial interests: The authors declare no competing financial interests.
How to cite this article: Aldalbahi, A. et al. A new approach for fabrications of SiC based photodetectors. 
Sci. Rep. 6, 23457; doi: 10.1038/srep23457 (2016).

This work is licensed under a Creative Commons Attribution 4.0 International License. The images 
or other third party material in this article are included in the article’s Creative Commons license, 

unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license, 
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this 
license, visit http://creativecommons.org/licenses/by/4.0/

http://creativecommons.org/licenses/by/4.0/

	A new approach for fabrications of SiC based photodetectors
	Introduction
	Synthesis of SiC thin films
	Device processing and electrical properties
	Characterizations of the fabricated photodetector’s responsivity

	Conclusions
	Additional Information
	Acknowledgements
	References



 
    
       
          application/pdf
          
             
                A new approach for fabrications of SiC based photodetectors
            
         
          
             
                srep ,  (2016). doi:10.1038/srep23457
            
         
          
             
                Ali Aldalbahi
                Eric Li
                Manuel Rivera
                Rafael Velazquez
                Tariq Altalhi
                Xiaoyan Peng
                Peter X. Feng
            
         
          doi:10.1038/srep23457
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 Macmillan Publishers Limited
          10.1038/srep23457
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep23457
            
         
      
       
          
          
          
             
                doi:10.1038/srep23457
            
         
          
             
                srep ,  (2016). doi:10.1038/srep23457
            
         
          
          
      
       
       
          True
      
   




