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Photovoltaic Detectors: In-Depth Overview 

Photovoltaic detectors are semiconductor-based devices that convert incoming light (photons) 

into electrical energy through the photovoltaic effect. Unlike photoconductive detectors, they do 

not require an external bias voltage, making them highly efficient for passive light detection and 

energy conversion applications. 

 

1. Working Principle of Photovoltaic Detectors 

The operation of photovoltaic detectors is based on the photovoltaic effect, which is a variation 

of the photoelectric effect. When photons strike the surface of a semiconductor material, they 

generate electron-hole pairs. These charge carriers move due to the built-in electric field of a p-n 

junction (or heterojunction), leading to a measurable voltage or current. 

Steps of Operation: 

1. Photon Absorption: Light photons with energy greater than or equal to the bandgap of the 

semiconductor material are absorbed. 

2. Electron-Hole Pair Generation: The absorbed photons excite electrons from the valence 

band to the conduction band, creating free charge carriers. 

3. Separation of Charge Carriers: The internal electric field of the semiconductor junction 

drives electrons toward the n-region and holes toward the p-region. 

4. Current Generation: The movement of electrons and holes creates a potential difference, 

generating an electrical current in an external circuit. 

 

2. Types of Photovoltaic Detectors 

Photovoltaic detectors are classified based on the semiconductor material and their spectral 

response range (UV, visible, infrared). 

(A) Silicon (Si) Photovoltaic Detectors 

 Wavelength range: 190–1100 nm 

 Applications: Solar cells, optical sensors, and visible light detection. 

 Advantages: Low cost, high efficiency, and stable performance. 
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(B) InGaAs (Indium Gallium Arsenide) Photodiodes 

 Wavelength range: 800–2600 nm (near-infrared, NIR). 

 Applications: Optical fiber communication, LIDAR, and night vision. 

 Advantages: High quantum efficiency in the NIR region, low noise. 

(C) PbS (Lead Sulfide) and PbSe (Lead Selenide) Detectors 

 Wavelength range: 1–3 µm (PbS), 1.5–4.5 µm (PbSe). 

 Applications: Infrared spectroscopy, gas sensing, and flame detection. 

 Advantages: Good sensitivity in the short-wave infrared (SWIR) region. 

(D) HgCdTe (Mercury Cadmium Telluride, MCT) Detectors 

 Wavelength range: 2–14 µm (mid-wave IR, long-wave IR). 

 Applications: Thermal imaging, remote sensing, military applications. 

 Advantages: Tunable bandgap, high sensitivity in infrared. 

(E) GaAs (Gallium Arsenide) and GaN (Gallium Nitride) Detectors 

 Wavelength range: 200–600 nm (UV and visible). 

 Applications: Ultraviolet detection, flame sensing, and semiconductor inspection. 

 Advantages: High durability, operates well in extreme environments. 

 

3. Key Performance Parameters 

(A) Quantum Efficiency (QE) 

 The ratio of the number of charge carriers generated to the number of incident photons. 

 Higher QE means better detector performance. 

(B) Responsivity (A/W) 

 The output current or voltage per unit of incident optical power. 

 Depends on the material and wavelength of light. 



 

Email (البريد الالكتروني للتدريسي) 

6 Al-Mustaqbal University 
Department ( الاجهزة الطبية) 

Class ( ةالرابع ) 
Subject (  نظم الليزرالطبية) 

Lecturer ( د علاء حسين علي .أ ) 
2

nd
term – Lect. (Photovoltic detectors ) 

 

 

(C) Noise Equivalent Power (NEP) 

 The minimum detectable optical power that produces a signal equal to noise. 

 Lower NEP means better sensitivity. 

(D) Detectivity (D*) 

 A figure of merit combining responsivity and noise performance. 

 Higher D* means better detector performance. 

(E) Response Time 

 The time it takes for the detector to respond to a change in light intensity. 

 Faster response times are crucial for high-speed applications. 

 

4. Applications of Photovoltaic Detectors 

(A) Solar Energy Harvesting (Photovoltaic Cells) 

 Silicon-based photovoltaic detectors are the foundation of solar panels. 

 Converts sunlight into electrical energy for renewable energy applications. 

(B) Optical Communication Systems 

 InGaAs photodiodes are widely used in fiber optic communication. 

 Detects infrared signals transmitted through optical fibers. 

(C) Infrared Imaging & Thermal Sensing 

 HgCdTe and PbSe detectors are used for infrared cameras, night vision, and thermal 

imaging. 

 Essential for military, medical, and industrial applications. 

(D) Fire & Flame Detection 

 PbS and GaAs detectors detect characteristic IR or UV emissions from flames. 

 Used in fire alarms and industrial safety systems.  
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(E) Spectroscopy & Chemical Analysis 

 PbSe and HgCdTe detectors enable gas detection and material analysis through infrared 

spectroscopy. 

 Used in medical diagnostics, pollution monitoring, and remote sensing. 

 

5. Advantages & Limitations of Photovoltaic Detectors 

Advantages: 

✅ Passive Operation – No external power needed. 

✅ Fast Response Time – Suitable for high-speed applications. 

✅ High Sensitivity – Detects weak light signals efficiently. 

✅ Broad Spectral Range – Covers UV, visible, and infrared regions. 

Limitations: 

❌ Limited Detection Range per Material – Each semiconductor material has a specific spectral 

range. 

❌ Temperature Dependence – Performance varies with temperature, requiring cooling for some 

IR detectors (e.g., HgCdTe). 

❌ Lower Gain Compared to Photoconductive Detectors – No internal amplification of signals. 

 

6. Future Trends in Photovoltaic Detectors 

� Quantum Dot Photodetectors – Nanostructured materials improving sensitivity and tunability. 

� Graphene-Based Detectors – High-speed and broadband detection capabilities. 

� Flexible & Wearable Photovoltaic Sensors – Integration with smart textiles and medical 

devices. 

� Space Applications – Improved photovoltaic detectors for space-based telescopes and satellite 

imaging. 
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