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This article presents the influence of semi-insulating gallium arsenide (SI-GaAs) orientations and spin coating 

speed (rotation per minute, rpm) on the electrical performance of hybrid organic/inorganic photodetector 

devices. Hybrid polyaniline (PANI)/SI-GaAs/Ag photodetector devices were fabricated by depositing PANI thin 

films on (111) A and (111)B SI-GaAs substrates at speeds of 2000 rpm and 3000 rpm using the spin coating 

technique. Device performance, evaluated through current–voltage (I–V) measurements under dark conditions 

and illumination with 532 nm light at varying power intensities, revealed a notable dependence on both substrate 

orientation and spin speed. The PANI/(111)B SI-GaAs at 2000 rpm devices revealed optimal performance at 

0.58 mW.cm-2 with a photo response ratio of 3.16, responsivity (R) of 0.362 mA/W, detectivity (D*) of 2.05x109 

Jones, and external quantum efficiency (EQE%) of 8.44x10-2. The PANI/(111)B SI-GaAs devices fabricated at 

spin rates of 2000 rpm exhibit a decreasing trend in all three photodetector performance parameters with 

increasing light power intensity, while the PANI/(111)B SI-GaAs at 3000 rpm device increases slightly with 

increasing intensity, except at 0.75 mW·cm⁻², where it decreases. In contrast, the (111)A-based devices exhibited 

a consistent performance increase with rising light intensity from 0.58 mW.cm-2 to 1.52 mW.cm-2 across both 

spin rates. This approach of integrating organic and inorganic materials opens opportunities for producing 

flexible, high-performance, low-cost photodetectors for various optoelectronic applications. 

 KEYWORD: PANI, SI-GaAs orientation, Photodetector device, spin coating deposition, external quantum 

efficiency. 

 

1. INTRODUCTION 
        Semiconductor polymers have significant interest as 

materials with potential for the manufacture of optoelectronic 

devices (Yakuphanoglu et al., 2006). Materials that combine the 

mechanical and chemical properties of organic compounds with 

the electrical properties of semiconducting materials are known 

as organic semiconductors (Lu et al., 2018). The organic 

polymers refer to conducting polymers, such as polyacetylene, 

polyaniline (PANI), poly pyrrole, polythiophene, and poly 

(phenylene-vinylene), which have electrical, electronic, 

magnetic, and optical characteristics that are comparable to those 

of metals (El-Zohary et al., 2013; Hasan et al., 2025). Organic 

semiconductors are widely employed in technologies, including 

organic light-emitting diodes (OLEDs), thin-film transistors 

(Dey et al., 2015; Gao & Gao, 2010; Lu et al., 2018), solar cell 

(Dyer-Smith & Nelson, 2012),  photo detectors, photoconductors 

(Kamalasanan, 2011), organic field effect transistors (OFETs) 

(Kunkel et al., 2021), health monitoring, biosensing (Liao et al., 

2025), anti-corrosion coating, microwave absorption, chemical 

sensor (Beygisangchin et al., 2021), screen printing, and sensors 

(Majeed et al., 2022). 

        Polyaniline (PANI), originally known as black aniline, has 

several forms depending on its oxidation level. Moreover, PANI 

is renowned for its environmental stability, simplicity, and 

protonic acid doping capability (Beygisangchin et al., 2021). 

Furthermore, this conducting polymer is commonly utilized in 

electrochemical supercapacitors, functioning as a low-cost 

positive electrode material due to its excellent doping and de-

doping characteristics and consistent oxidation state (Gazal et al., 

2018; Khan et al., 2023). It is important to mention that in the 

PANI material, the majority of the charge carriers are holes 

which confirms that PANI is a p-type semiconductor (Jameel, 

2021; Malhotra & Ali, 2018) PANI, a class of conjugated organic 

conductive electroactive polymers, exhibits electrical 

conductivity of up to 100 S/cm in ambient conditions, as does its 

emeraldine salt (L et al., 2018). 

        A semi-insulating GaAs crystal is characterized by high 

resistivity and a Fermi level near the mid-gap (Zanotti, 1983). 

The best choice for improving the design of monolithic X-ray and 

particle detectors is SI-GaAs. Semi-insulating gallium arsenide 

(SI-GaAs) single crystals are a significant material for the 

fabrication of integrated circuits (ICs) and microwave devices. 
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SI-GaAs is characterized by low noise, high working 

temperature, high saturation velocity, and high electron mobility 

compared with silicon (Si) (Chen et al., 2000; Chen et al., 2002). 

At room temperature, semi-insulating GaAs exhibits a resistivity 

of >107 Ω cm and a broad band gap of 1.43 eV (Veale et al., 

2014). However, the most common use for III–V compound 

semiconductors in recent years has been in the production of 

electrical and optoelectronic devices, specifically gallium 

arsenide (GaAs). High-index GaAs substrates, such as (311)B 

GaAs and (311)A GaAs, have attracted more attention nowadays 

(Jameel et al., 2016; Jameel et al., 2020; Mustafa et al., 2020). 

The incorporation of impurities and defects is significantly 

influenced by the substrate crystallographic orientation, and 

therefore, on the optical and electrical characteristics of devices 

(Al Huwayz et al., 2023; Shafi et al., 2010)  

Koutsaroff et al. (2011) investigated the effects of semi-

insulating GaAs crystal orientation on surface passivation 

efficacy. They discovered that various orientations (like (100), 

(110), and (111)) have an effect on passivation stability and 

density of surface states, which in turn affects device 

performance (Koutsaroff et al., 2011). Favennec (1976) studied 

the location, thickness, carrier concentration, and doping 

impurity of a semi-insulating layer that forms in GaAs using 

high-energy oxygen ions. He showed that deep double-electron 

traps are compensated for by small amounts of oxygen atoms 

(Favennec, 1976). 

        Photodetectors are essential parts of optoelectronic 

integrated circuits, which are utilized in biomedical imaging, 

optical communication systems, and connectivity. They provide 

high dynamic range, low noise, fast speed, and high sensitivity 

(El-Batawy et al., 2016) environmental monitoring and sensing 

(Gao et al., 2024). 

The production of heterojunctions from two-dimensional (2D) 

materials has recently drawn considerable interest for a range of 

applications, for example, energy, optoelectronic devices, etc. 

(Watanabe et al., 2004).  Recent studies demonstrate that metal 

nanostructures such as graphene can significantly enhance light–

matter interactions in various 2D photodetectors (Rohizat et al., 

2021), MoS2 (Abdullah Ripain et al., 2023), WS2 (Liu et al., 

2019), MoTe2 (Chen et al., 2019), and many more. Liu et al. 

(2023) have described the process by which a photodetector for 

a CNAuF/TiO2 Schottky junction with a rise time of 110 ms and 

a decay time of 120 ms achieves an external quantum efficiency 

of 13.8%, a high specific detectivity of 3.9 × 109 Jones, and a 

responsivity of 0.06 A/W, respectively. 

        Although previous studies have investigated PANI-based 

photodetectors on silicon and GaAs substrates separately 

(Debnath et al., 2024; Shaker et al., 2024), no prior work has 

reported the fabrication and characterization of a PANI/SI-GaAs 

heterojunction photodetector. This article aims to study the 

PANI/SI-GaAs photodetector devices deposited on (111)A and 

(111)B orientations for the first time using spin-coating at 2000 

and 3000 rpm. This research focuses on the intrinsic photo 

response of the PANI/SI-GaAs interface. The impacts of spin 

speed and crystallographic orientation on the photodetector 

performance were thoroughly examined at room temperature and 

wavelength 532 nm incident light. Our results exhibit that the 

(111)B at 2000 rpm-based devices display better performance 

when compared with (111)B at 3000 rpm, (111)A at 2000 rpm 

and (111)A at 3000 rpm devices. 

2. EXPERIMENTAL DETAILS 

In this research, SI-GaAs wafers with (111)A and (111)B 

orientations were used as inorganic substrates for PANI thin film 

deposition. Prior to deposition, the (111)A and (111)B substrates 

were cleaned using acetone and methanol, washed with deionized 

water, and dried with a nitrogen gas spray. Subsequently, a 

backside Ohmic contact of silver (Ag) was deposited by the 

sputtering technique (Baptista et al., 2018; Pérez-Zenteno et al., 

2025). Details of the PANI synthesis and polymer solution 

preparation technique have been reported by Felix et al. (2011). 

After the production of the backside contact, PANI thin films 

were deposited onto (111)A and (111)B SI-GaAs substrates using 

the spin-coating technique at speeds of 2000 and 3000 rpm.  

        Finally, circular electrical contacts of silver (Ag) with an 

area of 0.0615 cm2 were made on top of the SI-GaAs substrate to 

create PANI/(111)A SI-GaAs/Ag and PANI/(111)B SI-GaAs/Ag 

heterojunction device structures. The current-voltage (I-V) 

measurements were carried out under both dark and illuminated 

(532 nm with different light intensities) conditions at room 

temperature using an I-V source meter (model Keithley 2450) as 

illustrated in Figure 1a.  Figure 1b shows the structure of the 

PANI/SI-GaAs device with backside contact (Ag) and applied 

voltage across the structure. A green laser with a wavelength of 

532 nm and a power of 500 mW has been used for illumination.  

 
Figure 1: (a) Photodetector set-up for I-V measurements by 

Keithley 2450 and (b) Schematic diagram of PAN/SI-GaAs 

hybrid devices. 

3. RESULTS AND DISCUSSION. 

        To study the impact of crystallographic orientation of SI-

GaAs substrates and spin coating speed (rpm) on the 

photodetector performance of hybrid organic/inorganic 

photodetector devices, the current-voltage (I-V) measurements 

were performed on the PANI samples deposited with 2000 rpm 

and 3000 rpm on (111)A and (111)B SI-GaAs substrates. The I-

V characteristics were conducted at room temperature in 

darkness (0 mW.cm-2) and under incident light ranging from 0.58 

mW.cm-2 to 1.52 mW.cm-2, corresponding to the calibrated 

power intensities over an effective area of 0.0615 cm2, which 

aligns with the diameter of the laser beam. Measurements were 

conducted under a source-meter bias ranging from -5 V to +5 V. 

        Figure 2(a–d) displays that all samples demonstrated a rising 

trend in photocurrent as the light power intensity increased from 

0.58 mW.cm-2 to 1.52 mW.cm-2. This suggests that higher light 

intensity increases photo-induced carrier generation due to 

enhanced photon absorption (Ismail et al., 2025). The photo 

response ratio is defined as the ratio of the photocurrent under 

0.58 mW.cm-2 illumination (red line in the graph) to the 

photocurrent in the dark (black line) for all samples. The PANI 

sample grown on (111)A SI-GaAs at 2000 rpm (Figure 2a) 

demonstrates a photo response ratio of 2.35. In contrast, the 

PANI sample deposited on (111)A SI-GaAs at 3000 rpm (Figure 

2b) presents a ratio of 1.89. While the PANI sample grown on 

(111)B SI-GaAs at 2000 rpm (Figure 2c) reaches the highest ratio 

of 3.16, whereas for the same sample but at 3000 rpm (Figure 2d) 

records a ratio of 2.78. These results reveal that the (111)B at 

2000 rpm sample has the highest photo-induced carrier 

generation under illumination, indicating superior sensitivity at 

low light intensities as compared with the (111)B at 3000 rpm, 

(111)A at 2000 rpm, and (111)A at 3000 rpm. These performance 

differences could be caused by variations in film thickness, 

making it an important focus for future research. The I-V 

characteristics under dark (see Figure 2e) of test samples 

consisting of only Ag/PANI/Ag/Glass presented Ohmic behavior 

in the examined reverse and forward voltage ranges. This result 

reveals that Ag forms an Ohmic contact with PANI

https://doi.org/10.25271/sjuoz.2026.14.2.1673
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Figure 2: I-V curve in the dark and under 532 nm irradiation with varying intensity from 0.58 to 1.52 mW.cm-2 of (a) PANI/(111)A 

SI-GaAs/Ag at 2000 rpm, (b) PANI/(111)A SI-GaAs/Ag at 3000 rpm, (c) PANI/(111)B SI-GaAs/Ag at 2000 rpm,  (d) PANI/(111)B 

SI-GaAs/Ag at 3000 rpm photodetector devices, and (e) Displays the Ohmic behavior between silver contact and PANI. 

 

        The photocurrent, 𝑃ℎ𝑜𝑡𝑜𝑐𝑢𝑟𝑟𝑒𝑛𝑡(𝐼𝑝ℎ) = 𝐼𝑙𝑖𝑔ℎ𝑡 − 𝐼𝑑𝑎𝑟𝑘 

where Id is the dark current, Ilight is the current under illumination, 

and Iph is the photocurrent and is calculated by subtracting the 

dark current from the illuminated current. From Figure 3, the 

photocurrent of all samples increases with increasing power 

intensity. As a result, with an increase in photon energy, the 

device's photo-induced carrier concentration rises. Furthermore, 

it is revealed that the photocurrent at 0.58 mW.cm-2 and 0.75 

mW.cm-2 for PANI/(111)B SI-GaAs at 2000 rpm is higher than 

that of other devices. Although the PANI/(111)B SI-GaAs device 

at 2000 rpm showed superior photocurrent at lower intensities, 

the (111)A counterpart outperformed at higher intensities (0.92–

1.52 mW·cm⁻²). In general, the devices for (111)B and (111)A at 

2000 rpm are better than the (111)A and (111)B at 3000 rpm 

devices. These obtained performance variations are hypothesized 

to be due to changes in the thickness of the thin films.  
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Figure 3: The photocurrent of (111)A and (111)B at 2000 and 

3000 rpm devices versus the light power intensity. 

 

        The responsivity, R  =   𝐼ph/(𝑃int ×  A), is defined as the 

ratio of photocurrent produced by a device per unit area to the 

incident power intensity, calculated using Iph for photocurrent, 

Pint for light power intensities (mW.cm-2), and A for the active 

area of 0.0615 cm². The decrease in responsivity in the 

PANI/(111)B SI-GaAs at 2000 rpm device at larger light power 

intensities is primarily attributed to electron-trap saturation and 

an increase in electron-hole recombination (Ismail et al., 2023; 

Ismail et al., 2025). As more electrons enter the traps and produce 

more free electrons, the quasi-Fermi level energy rises. This 

result exhibits that the PANI/(111)B SI-GaAs at 2000 rpm device 

generates more photocurrent than the incident photons when 

exposed to reduced intensity of light (Ismail et al., 2025). 

        Figure 4a illustrates the responsivity of all samples. For the 

incident light of 0.58 mW.cm-2, the PANI/(111)B SI-GaAs at 

2000 rpm device shows higher responsivity of 0.362 mA/W 

compared to PANI/(111)B SI-GaAs at 3000 rpm, PANI/(111)A 

SI-GaAs at 2000 rpm and 3000 rpm devices that display 

responsivity of 0.262 mA/W, 0.21mA/W and 0.132 mA/W, 

respectively, at the bias voltage of + 5 V. The responsivity of the 

PANI/(111)B SI-GaAs at the 2000 rpm device decreases when 

the light power intensity increases. In contrast, the PANI/(111)A 

SI-GaAs at 2000 rpm and 3000 rpm devices demonstrate an 

increasing responsivity trend as the light intensity rises from 0.58 

mW.cm-2 to 1.52 mW.cm-2. This suggests that the PANI samples 

coated on (111)B devices are more responsive at lower light 

power density at 0.58 mW.cm-2, making them more effective for 

low-intensity light response compared to the PANI samples 

coated on (111)A SI-GaAs with 2000 rpm and 3000 rpm speed 

coating. This value is lower than the responsivity (R) values 

reported by (Debnath et al., 2024) and (Li et al., 2024). 

https://doi.org/10.25271/sjuoz.2026.14.2.1673
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In addition to responsivity (R), detectivity (D*) is another 

essential characteristic of device performance, defined as the 

device's capacity to detect a low signal, as described in Eq. (1) 

(Ismail et al., 2025). 

 

𝐷∗ =
𝑅∗ √𝐴

√2𝑒𝐼𝑑
  ---------------- (1) 

 

Where A represents the active area (0.0615 cm2), R is the 

responsivity, Id indicates the dark current, and e is the electron 

charge. Figure 4b illustrates the detectivity behavior of all four 

devices. The PANI/(111)B SI-GaAs at 2000 rpm device exhibits 

a decreasing trend with increasing light power intensity. 

However, the PANI/(111)B at 3000 rpm device increases slightly 

with increasing intensity, whereas at 0.75 mW.cm-2, it decreases. 

In contrast, the PANI/(111)A SI-GaAs devices at the same spin 

rates show an increasing detectivity trend as the light intensity 

rises from 0.58 mW.cm-2 to 1.52 mW.cm-2. This suggests that the 

(111)B devices are more sensitive at lower light power density 

(0.58 mW.cm-2 making them more effective for low-intensity 

light detection compared to (111)A at 0.58 mW.cm-2. It was 

observed that the D* value of 2.05x109 Jones obtained for (111)B 

at 2000 rpm device is higher than (111)B at 3000 rpm (1.58x109 

Jones), (111)A at 2000 rpm (1.22x109 Jones), and (111)A at 3000 

rpm (7.99x108 Jones) devices. It means that the PANI/(111)B SI-

GaAs at 2000 rpm and 3000 rpm device is more capable of 

producing photocurrent at low light signals than the other two 

devices, owing to the optimal capacity of increasing light 

absorption in the SI-GaAs substrate, resulting in higher 

photocurrent.  

        To better understand the effect of orientation and spin 

coating speed on the photodetector performance, the external 

quantum efficiency (EQE (%)) is a measure related to device 

performance, defined as the amount of photocurrent created per 

light power using photon energy. The value of EQE can be 

derived through the following formula (Ismail et al., 2025): 

 

𝐸𝑄𝐸(%) =
ℎ𝑐

𝑒
×

𝑅

𝜆
   ----------------(2) 

 

Where c is the speed of light, h is Planck's constant, e is the 

electron charge, λ is the incident wavelength, and R is the 

responsivity. Figure 4c shows that EQE(%) decreases with 

optical power intensities ranging from 0.58 mW.cm-2 to 1.52 

mW.cm-2 for PANI/(111)B SI-GaAs at a 2000 rpm device. 

Whilst for the PANI/(111)B at 3000 rpm device, there is a small 

increase in the value of EQE with increasing intensity, but at 0.75 

mW.cm-2 it decreases. However, the EQE(%) value of 

PANI/(111)A SI-GaAs at 2000 rpm and 3000 rpm devices 

increases as power intensity increases. At a power intensity of 

0.58 mW.cm-2, the EQE (%) for PANI/(111)B SI-GaAs 2000 rpm 

is calculated to be 8.44x10-2 which is larger than of 6.09x10-2, 

4.79x10-2 and 3.09x10-2 for PANI grown on (111)B SI-GaAs at 

3000 rpm, (111)A at 2000 rpm, and (111)A at 3000 rpm devices, 

respectively.  

        In general, at 0.58 mW.cm-2, the larger EQE(%) obtained in 

PANI/SI-GaAs (111)B and (111)A at 2000 rpm is associated 

with absorbed photons expanding to more significant electron 

vibrations close to the surface of (111)A and (111)B at 3000 rpm 

for both devices, which affects recombination and carrier 

generation. Figure 4(a-c) shows that (111)A and (111)B at 2000 

rpm devices perform better than (111)A and (111)B at 3000 rpm. 

This demonstrates more effective light trapping and carrier 

recombination inside (111)A and (111)B at 2000 rpm than 

(111)A and (111)B at 3000 rpm at this wavelength. In addition, 

the observed performance differences are believed to result from 

variations in film thickness, which will be a crucial focus of 

future research. The detectivity (D*) and external quantum 

efficiency EQE (%) values of the fabricated devices in this work 

are lower than those achieved by (Halge et al., 2024) and (Shaker 

et al., 2024).  These could be related to defects or interface states 

acting as recombination or traps in the PANI/SI-GaAs devices. 

 

        Table 1 summarizes the figure of merit (FOM) of each 

device, with PANI/(111)B SI-GaAs at 2000 rpm having the 

greatest responsivity of 0.362 mA/W, detectivity of 2.05x109 

Jones, and a higher EQE(%) of 8.44 x10-2 than all three devices. 

The PANI/(111)A SI-GaAs at 3000 rpm has the lowest FOM, 

with a responsivity of 0.132 mAW-1, a lower detectivity of 

7.99x108 Jones, and a lower EQE(%) of 3.09 x10-2. 

 
Figure 4: Figure of merit for (a) responsivity, (b) detectivity, and (c) EQE (%) for all photodetector samples. 
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Table 1. Overview of the figures of merit for all samples under illumination with 532 nm light at an intensity power of 0.58 mW.cm-

2. 

Devices Responsivity (mA/W) Detectivity (Jones) EQE (%) 

(111)B 2000 0.362 2.05x 109 8.44 x 10-2 

(111)B 3000 0.261 1.58 x 109 6.09 x10-2 

(111)A 2000 0.205 1.22 x 109 4.79 x 10-2 

(111)A 3000 0.132 7.99 x 108 3.09 x10-2 

CONCLUSION 

        In conclusion, this article presented a novel strategy to 

enhance photodetector performance through integrating a 

PANI/SI-GaAs heterostructure device, where GaAs substrates 

with (111)A and (111)B orientations are used, and a thin film of 

PANI is coated with different spin-coating speeds (rotations per 

minute, rpm). The photodetector parameters of the PANI/SI-

GaAs hybrid devices have been investigated by I-V 

measurements under visible light (532 nm) at different light 

intensities varying from 0.58mW/cm2 to 1.52 mW.cm-2. From the 

I-V characteristics, the optimized device displays a responsivity 

of 0.361 mA/W, a specific detectivity of 2.05×10⁹ Jones, and a 

high photo response ratio of 3.16, and EQE (%)8.44 x10-2 with 

the best performance observed at 0.58 mW.cm-2 for the (111)B 

SI-GaAs device at 2000 rpm, outperforming all other 

configurations. Moreover, the responsivity, detectivity, and 

external quantum efficiency of the hybrid photodetector device 

(111)B at both rates were initially high; however, these 

parameters decreased with increasing light intensity for 

PANI/(111)B device at 2000 rpm, but for PANI/(111)B at 3000 

rpm device increase slight with increase intensity, except at 0.75 

mW.cm-2, where it decreases. In contrast, the hybrid 

photodetector device (111)A at 2000 rpm and 3000 rpm reveals 

low responsivity, detectivity, and external quantum efficiency at 

low light intensity. Nevertheless, these values increase as the 

light intensity rises. This may be associated with variations in 

trap densities or differences in recombination mechanisms at the 

interfaces. This 2D organic semiconductor–semi–insulating–

metal hybrid approach offers a promising route to developing 

cost-effective, high-performance photodetectors for future 

optoelectronic and sensing technologies. 
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