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Abstract-In this study, the usability of Lavandula angustifolia (lavender), a natural plant extract, as an 

active material in the production of photodetectors was investigated. An environmentally friendly and 

self-powered photodetector capable of broad-band detection in the UV-Vis-NIR (ultraviolet-visible-near 

infrared) spectral range was successfully produced with a simple and low-cost method. The basic 

performance parameters of the photodetector, namely photosensitivity (Iph), photosensitivity (K), 

responsivity (R) and specific detectability (D*), were investigated in detail at different wavelengths. The 

obtained data show that the device exhibits high performance especially in the range of 351–1000 nm and 

reaches maximum values at 1000 nm (Iph=1.58×10−5 A, R=0.1 A/W, D*=1.82×1010 Jones). Significant 

decreases were observed in these parameters at wavelengths above 1000 nm. These results demonstrate 

that lavender extract-based natural material offers a promising photodetector platform for applications 

from UV to near-infrared. 
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I. INTRODUCTION 
 

Photodetectors play a vital role in optoelectronic systems by converting light into electrical signals and 

are widely used in fields like optical communication, environmental monitoring, and biomedical imaging 

[1–3]. Their performance depends on charge carrier dynamics—mainly electrons and holes—generated 

through processes such as thermal excitation, photo-generation, and impact ionization [4,5]. A key 

structure in many photodetectors is the metal–semiconductor (MS) junction, which forms a Schottky 

barrier when a metal like platinum or tungsten interfaces with semiconductors like silicon or gallium 

arsenide, significantly affecting device behavior [6]. 

In recent years, the rapid development of nanotechnology has significantly advanced the field of 

optoelectronics [7]. Semiconductors, as core materials in these devices, have drawn considerable attention 

due to their tunable optical and electronic characteristics [8]. Photodetectors that operate in the UV and 

visible regions—often based on pn junctions with bandgaps tailored to specific wavelengths—are widely 
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explored for use in applications like space communication, night vision, missile detection, and 

bio/chemical sensing [9]. 

Effective photodetection depends on the alignment between the photon energy and the bandgap of the 

semiconductor material. Wide bandgap semiconductors are required for UV detection. Although silicon is 

a commonly used semiconductor, its relatively narrow bandgap limits its responsiveness across broad 

spectral ranges, especially in the UV and IR regions [10,11]. Additionally, most traditional photodetectors 

require external biasing to separate photo-generated carriers, which raises concerns related to power 

consumption and device complexity. This has led to growing interest in self-powered photodetectors that 

can function without an external power source [12,13]. 

Extensive research has been conducted on innovative photodetector designs. For example, Vashishtha et 

al. (2025) reported a self-biased multilayer photodetector based on MoS₂–Sb₂Se₃–GaN, capable of 

detecting a broad spectral range from UV-C to IR-B, achieving a responsivity of 665 mA/W and 

detectivity of 4.19 × 10¹⁰ Jones under UV-A light [14]. In another study, they developed a near-infrared 

photodetector using nano-fenced MoS₂, offering high sensitivity and thermal stability [15]. They also 

introduced an f-TiO₂/GaN photodetector with exceptionally high responsivity (~34,000 A/W) and 

external quantum efficiency (~1.2 × 10⁷%) [16]. More recently, organic photodetectors (OPDs) have 

emerged as promising alternatives due to their advantages such as flexibility, solution-processability, and 

tunable optoelectronic properties [17]. One notable direction involves the use of plant-based materials as 

interlayers. Yıldırım et al. (2024), for instance, developed a UV-vis-IR OPD using Epilobium 

angustifolium extract, achieving a responsivity of 0.65 A/W and detectivity of 1.41 × 10¹² Jones under IR 

light [18]. Özer et al. (2025) fabricated a UV-A photodiode with Stachys lavandulifolia extract, reporting 

a responsivity of 0.109 A/W and detectivity of 9.39 × 10¹¹ Jones [19]. Other notable works include Abd 

and Mohi’s (2023) silver oxide-based photodetector enhanced with Anemone coronaria dye, which 

showed improved infrared response [20]; Thu et al.’s (2018) study on tomato-derived films for UV 

detection [21]; and Latief et al.’s (2023) use of Borago officinalis extract in a ZnO-based photodetector, 

achieving detectivity of 1.3 × 10¹³ and EQE of 119% at 950 nm [22]. Yuca et al. (2023) developed a 

hybrid UV/IR photodetector combining Hibiscus sabdariffa extract with n-Si, showing excellent 

rectification and broadband photoresponse [23]. Doğan et al. (2024) demonstrated a self-powered 

photodetector using curcumin and n-Si, achieving a detectivity of 1.22 × 10¹¹ Jones and responsivity of 

13.19 A/W under 395 nm UV light at -2 V [24]. 

 

In the present study, Lavandula angustifolia extract was utilized as an organic interlayer, obtained 

through supercritical CO₂ extraction. A hybrid photodetector was fabricated by combining this extract 

with an n-type silicon substrate. The device's electronic and optoelectronic properties were systematically 

evaluated under UV, visible, and near-infrared illumination. 

 
 

II. MATERIAL METHOD 
 

Lavandula angustifolia were sourced from the campus of Selçuk University in Konya, Turkey, and dried 

naturally at ambient temperature. The extraction process was carried out using a SUPEREX F-500 

supercritical CO₂ extractor, operating at 40 °C and 250 bar. The extraction lasted for 90 minutes, after 

which the obtained extract was stored at −20 °C until further use. 

 

Phosphorus-doped n-type silicon (n-Si) substrates with a resistivity range of 1–20 Ω·cm and thickness 

between 500–550 μm were procured from Wafer World. These wafers were diced into 15 × 15 mm² 

segments and cleaned using the standard RCA ultrasonic method [25]. Ohmic contacts were formed on 

the back side of the n-Si wafers by depositing aluminum via physical PVD. A solution of Lavandula 

angustifolia extract (20 mg/mL in ethanol) was then spin-coated onto the front surface of the n-type Si at 

2000 rpm for 30 seconds. The resulting films were subjected to mild heating (~50 °C) to remove residual 

solvent. Subsequently, aluminum top contacts were deposited on the coated surface using PVD. The 

fabricated device had an active area of 7.85 × 10⁻³ cm². Electrical and optoelectronic measurements were 
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conducted using a Keithley 2400 Sourcemeter and a Fytronix 7000 solar simulator. For spectral response 

testing, visible light filters (351–1600 nm) from Thorlabs GmbH, Germany, were employed. 

 
 

III. THE RESEARCH FINDINGS AND DISCUSSION 
 

The electrical behavior of the Schottky diodes was evaluated through current–voltage (I–V) 

measurements. Upon illumination, photocurrent generation in photodiodes can occur via three main 

mechanisms: (1) electron excitation and transfer from the metal to the semiconductor; (2) generation of 

electron–hole pairs within the depletion region; and (3) avalanche multiplication under high reverse bias. 

The observed changes in reverse current with applied voltage are largely attributed to the photoexcitation 

of charge carriers from the valence band into defect-related energy levels within the material. The 

increase in reverse current with higher light intensities clearly indicates the photodiodes' sensitivity to 

illumination and is consistent with typical photodetection behavior [26]. 

The logarithmic (LnI–V) curves of the Lavandula angustifolia/n-Si device are presented in Figure 1. 

Measurements were taken under different wavelengths and compared with those obtained under dark 

conditions. Under forward bias, the device exhibited only a slight increase in current. Upon illumination, 

the incoming light generates photocarriers, facilitating charge transport and enabling current flow. This 

behavior highlights the diode's sensitivity to light and its potential for optoelectronic applications. 

The key performance parameters defining the behavior of a photodetector include photocurrent (Ip), 

photosensitivity (K), responsivity (R), and detectivity (D*). These parameters are calculated using the 

following equations: 

 

𝐼𝑝 = 𝐼𝑙𝑖𝑔ℎ𝑡−𝐼𝑑𝑎𝑟𝑘    (1) 

𝐾 =
 𝐼𝑝

𝐼𝑑𝑎𝑟𝑘
 

 
(2) 

𝑅 =
𝐼𝑝

𝑃𝐴
 

 (3) 

 

𝐷∗ =
√𝑆

𝑁𝐸𝑃
 

 
(4) 

 

Here, A represents the active area of the detector, P is the incident light power density, e is the elementary 

charge, Idark is the dark current, and S is the detector area. D* quantifies the detector’s ability to detect 

weak signals relative to noise. Responsivity (R) is defined as the ratio of electrical output to optical input. 

Photosensitivity (K) quantitatively describes the relative increase in current due to light exposure. 

Specific detectivity (D*) characterizes the detector’s ability to detect weak optical signals amid noise. 

In Figure 2a, the photocurrent (Iph) values remain relatively constant across the UV to near-infrared range 

(351–1000 nm), peaking at 1000 nm and then sharply declining, indicating a significant reduction in 

photoresponse in the mid-infrared region. Figure 2b shows a similar trend for responsivity, where R 

steadily increases, reaching a peak of 0.1 A/W at 1000 nm, and then decreases significantly beyond this 

point. In Figure 2c, photosensitivity (K) closely follows the trends of Iph and R, maintaining high values 

up to 1000 nm before declining, suggesting reduced efficiency in converting light into electrical signals at 

longer wavelengths. 
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Figure 1. LnI–V curves of the Lavandula angustifolia/n-Si device under different wavelengths 

 

Finally, Figure 2d displays the detectivity, which peaks at approximately 1000 nm (1.82 × 10¹⁰ Jones), 

highlighting optimal signal-to-noise performance in this spectral range. Beyond 1000 nm, D* 

significantly decreases, reflecting a reduction in detection capability due to increased noise and 

diminished responsivity. These graphs collectively confirm that the photodetector operates most 

efficiently in the UV to near-infrared spectrum and is less suitable for mid-infrared applications. 
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Figure 2. (a) Iph–λ, (b) R–λ, (c) K–λ, and (d) D*–λ curves 

 

Table 1 presents the spectral performance analysis of the Lavandula angustifolia/n-Si photodetector 

across wavelengths ranging from 351 nm to 1600 nm. Key measured parameters include photocurrent 

(Iph), photosensitivity (K), responsivity (R), and detectivity (D*). The device shows high performance in 

the UV to near-infrared range (351–1000 nm), evidenced by higher photocurrent values (peaking at 1.58 

× 10⁻⁵ A at 1000 nm), maximum photosensitivity (up to 10,860), and relatively high responsivity (up to 

0.1 A/W). Specific detectivity also reaches its maximum at 1000 nm (1.82 × 10¹⁰ Jones), indicating 

optimal sensitivity to weak signals in this region. 

However, beyond 1000 nm, all performance metrics exhibit a notable decline. For example, responsivity 

drops to 0.021 A/W at 1500 nm, and D* decreases to 3.86 × 10⁹ Jones. This suggests a reduction in 

detection efficiency in the mid-infrared region. This analysis reveals that the photodetector is most 

suitable for applications involving wavelengths between UV and near-infrared. 
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Table 1. Photodetector parameters 

 (nm) Iph (A) K R (A/W) D* (Jones) 

351 1.27×10-5 8744 0.081 1.46×1010 

400 1.28×10-5 8814 0.081 1.47×1010 

500 1.19×10-5 8164 0.075 1.37×1010 

600 1.13×10-5 7783 0.072 1.30×1010 

700 1.30×10-5 8958 0.083 1.50×1010 

800 1.19×10-5 8204 0.076 1.37×1010 

900 1.41×10-5 9735 0.090 1.63×1010 

1000 1.58×10-5 10860 0.100 1.82×1010 

1100 1.30×10-5 8947 0.083 1.50×1010 

1200 5.20×10-6 3584 0.033 5.99×109 

1300 5.15×10-6 3550 0.033 5.94×109 

1400 6.60×10-6 4543 0.042 7.60×109 

1500 3.35×10-6 2306 0.021 3.86×109 

1600 5.66×10-6 3896 0.036 6.51×109 

 

 

IV. RESULTS 
 

In this study, Lavandula angustifolia extract was obtained using the supercritical CO₂ extraction method, 

and an environmentally friendly, sustainable, and low-cost photodetector was developed using this natural 

material. The supercritical CO₂ method is an extraction technique that leaves no solvent residue and can 

isolate target components with high purity, thereby enhancing the suitability of the extract for photonic 

applications. The resulting photodetector demonstrated high performance in the UV-Vis-NIR spectral 

range, particularly between 351–1000 nm, highlighting the potential of plant-based materials for 

optoelectronic applications. 

The photodetector exhibited strong broadband performance across 351–1600 nm, with optimal response 

in the visible to near-infrared range (351–1100 nm). Peak photocurrent (1.58 × 10⁻⁵ A), responsivity 

(0.100 A/W), photosensitivity (10,860), and detectivity (1.82 × 10¹⁰ Jones) were recorded at 1000 nm, 

demonstrating high efficiency and signal clarity. Although a gradual decline in performance was observed 

beyond 1200 nm, the device maintained detectable response up to 1600 nm, confirming its capability for 

wide-spectrum applications. 

The device achieved its maximum value for photocurrent, photosensitivity, responsivity, and detectivity 

at 1000 nm, indicating this region as optimal for photodetection. Although a decline in performance was 

observed at wavelengths beyond 1000 nm, this approach presents an effective alternative for sustainable 

technologies. In the future, structurally modifying such natural-source materials could lead to devices 

capable of detecting across a broader spectrum. 
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