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Abstract 

The abstract is a concise but comprehensive summary that outlines the scope, purpose, and findings of the paper. It provides 

readers with a snapshot of what to expect in the rest of the document. In this paper, the abstract captures the importance of 

photodiodes across several scientific and technological domains such as optical communication and biomedical imaging. It 

also hints at the diverse operational mechanisms of photodiodes, ranging from different types and materials to their recent 

design advancements. It ends by suggesting the role of future technologies, such as artificial intelligence and machine learning, 

in revolutionizing photodiode applications. 
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Introduction 

The introduction lays the foundation for the rest of the paper 

by explaining what a photodiode is and why it is significant. 

A photodiode is a type of semiconductor device that 

converts light (photons) into electrical current using a P-N 

junction. The P-region contains holes (positive charge 

carriers), while the N-region contains electrons (negative 

charge carriers). When exposed to light, the photodiode 

generates current due to the interaction of light with the 

semiconductor material. This section also mentions the 

materials commonly used in photodiodes, such as silicon, 

germanium, and indium gallium arsenide. Each material 

affects the device's performance characteristics like 

sensitivity, spectral response, and speed. The introduction 

explains how photodiodes are generally operated in reverse 

bias to improve performance and shows their schematic 

representation to help understand their function.

 

  
 

Fig 1: Symbol and Working Principal of Photodiode    Fig 2: Signal Model for Photodiode 

 

Overview of Photodiodes 

This section offers a general perspective on what 

photodiodes are and how they function in practical 

applications. It explains that photodiodes are light-sensitive 

devices that generate electricity when exposed to light. This 

is the opposite behavior of LEDs, which convert electrical 

energy into light. Photodiodes are widely used as light  

detectors or sensors in various systems to measure light 

intensity, detect presence or absence of light, or even 

determine color and wavelength in certain designs. This 

section also emphasizes the need for reverse bias operation 

to widen the depletion region, which allows for better 

sensitivity and faster response to changing light levels. The 

overview connects the concept of photodiodes to real-world 

technologies, from solar cells to digital cameras. 
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Fig 3: I-V photodiode characteristics. The external circuit's 

response is shown by the linear load lines: I = (Diode voltage 

minus applied bias voltage)/Total resistance. The actual current 

and voltage for a specific bias, resistance, and illumination are 

represented by the places where the curves intersect. 

 

Principle of Operation  

Here, the paper dives into the physics that govern how a 

photodiode operates. When a photon with energy greater 

than or equal to the bandgap of the semiconductor hits the 

depletion region of the P-N junction, it generates an 

electron-hole pair. This process is known as the internal  

photoelectric effect. The built-in electric field in the 

depletion region quickly separates these charge carriers: 

electrons move toward the N-side and holes toward the P-

side, creating a flow of current called photocurrent. This 

section explains how this photocurrent adds to the existing 

dark current (the current that flows even when no light is 

present), and the total current is the sum of both. The 

effectiveness of this process is influenced by factors such as 

the material’s bandgap, the width of the depletion region, 

and the quality of the junction. 

 

Working Mechanism  

This section offers a step-by-step breakdown of what 

happens inside a photodiode during operation. First, photons 

hit the device and enter the depletion region. If the energy of 

these photons (represented as hv) is greater than the 

bandgap (Eg) of the semiconductor, they generate electron-

hole pairs. The electric field inside the junction then pushes 

these charge carriers in opposite directions—electrons 

toward the cathode and holes toward the anode—resulting 

in an electromotive force. This force creates an electric 

current when a circuit is completed with an external load. 

The current generated is directly proportional to the 

intensity of the incident light. This section also mentions 

how the addition of optical lenses or filters can improve 

efficiency by focusing or selecting specific wavelengths of 

light for detection. 

 

 
 

Fig 4: depicts a typical photodiode's cross section. Electrons from the N layer diffuse into the P layer, while holes diffuse from the P layer 

into the N layer, forming a Depletion Region. This produces an area devoid of free carriers between the two layers. In order to generate an 

electric field over the depletion area, this generates an inherent voltage. This makes it possible for current to just travel from anode to 

cathode. Regardless of the photodiode's forward bias, the produced current will flow in the opposite direction. For this reason, most 

photodiodes are either reverse-biased or completely unbiased. For certain photodiodes, forward biasing causes damage. 

 

Operating Modes  

a. Photovoltaic Mode: In this mode, the photodiode 

operates with zero external bias. Light-induced current 

creates a voltage across the junction. This is the 

principle behind solar cells. While this mode results in 

lower noise and high linearity, it also has slower 

response times due to the lack of external electric field 

assistance in separating charge carriers. 

 

b. Photoconductive Mode: Here, the photodiode is 

operated under reverse bias. The reverse voltage widens 

the depletion layer, reducing the capacitance and 

improving the response time. The current generated is 

proportional to light intensity. However, the increased 

dark current can introduce noise, which is a trade-off to 

be managed in system design. 

 

c. Avalanche Mode: Avalanche photodiodes are designed 

to operate near the breakdown voltage. In this 

condition, charge carriers are accelerated to high speeds 

and cause impact ionization, creating additional carriers 

and resulting in current amplification. This makes 

avalanche photodiodes highly sensitive to low light but 

also more complex and power-hungry. 

d. Phototransistor Mode: In this setup, a photodiode is 

built into the base of a transistor. Light causes base 
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current, which is amplified by the transistor’s current 

gain (β or hfe). Although more sensitive than simple 

photodiodes, phototransistors have slower response 

times and are not ideal for detecting weak light signals. 

 

 
 

Fig 5: Phototransistor Electronic Symbol 

 

Materials Used  

This section highlights the different semiconductor 

materials used in photodiode fabrication and their 

wavelength detection ranges. 

▪ Silicon (Si): Most commonly used. Operates in the 

190–1100 nm range, good for visible light and near-

infrared. 

▪ Germanium (Ge): Used for infrared detection (400–

1700 nm). 

▪ Indium Gallium Arsenide (InGaAs): Detects a 

broader range, from 800–2600 nm. 

▪ Lead Sulfide (PbS): Sensitive to near and mid-infrared 

(up to 3500 nm). 

▪ Mercury Cadmium Telluride (HgCdTe): Offers the 

broadest range, up to 14000 nm. 

 

Each material is chosen based on its bandgap, noise 

characteristics, and desired application. 

 

Key Performance Specifications  

This section provides insight into how photodiodes are 

evaluated: 

1. Response Time: The speed at which the photodiode 

can respond to changes in light. Faster response 

requires a smaller junction capacitance and higher 

reverse bias. 

2. Responsivity: A measure of how much current is 

generated per unit of light power. Expressed in A/W. It 

depends on the wavelength of light and material 

efficiency. 

3. Dark Current: Leakage current present even in the 

absence of light. It contributes to system noise and is 

highly temperature-dependent. 

4. Quantum Efficiency (QE): The ratio of generated 

charge carriers to incident photons. High QE means 

better performance, especially in low-light conditions. 

 

Types of Photodiodes  

▪ Planar Diffusion Type: Uses an oxide-coated P-N 

junction to reduce dark current. 

▪ Low-Capacitance Planar: High-speed version with a 

wider depletion layer and thinner P-layer for UV 

detection. 

▪ PNN+ Type: Optimized for shorter wavelengths; the

thick N+ layer improves current collection. 

▪ PIN Type: Adds an intrinsic layer to improve response 

time and sensitivity, particularly under reverse bias. 

▪ Schottky Type: A metal-semiconductor junction with 

high UV sensitivity due to the shallow junction. 

▪ Avalanche Type: Provides internal gain through 

impact ionization; used in low-light, high-sensitivity 

applications. 

 

Electrical Characteristics  

Equivalent Circuit: Modeled as a diode in parallel with a 

current source, a shunt resistor (RSH), junction capacitor 

(Cj), and series resistor (RS). 

▪ Shunt Resistance (RSH): High values reduce leakage 

current and noise. 

▪ Series Resistance (RS): Comes from contacts and 

substrate; affects linearity. 

▪ Junction Capacitance (Cj): Smaller values lead to 

faster response. It depends on the depletion width and 

applied voltage. 

 

Rise/Fall Time and Frequency Response: Rise time is the 

duration taken for the signal to go from 10% to 90% of its 

max value. It is affected by the drift, diffusion, and RC time 

constants. A faster response is desired for high-speed 

communication systems. 

 

 
 

Fig 6: Circuit Equivalent to the Silicon Photodiode 

 

 
 

Fig 7: Reverse Bias Voltage against Photoconductive Device 

Capacitance 
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Advantages  

Photodiodes offer several advantages: 

▪ High sensitivity to changes in light intensity. 

▪ Fast switching capabilities make them ideal for optical 

data transmission. 

▪ Can be used in analog and digital systems for light-

based triggering or sensing. 

▪ Compact and energy-efficient. 

 

Disadvantages  

Despite their advantages, photodiodes have limitations: 

▪ Performance degrades with temperature due to 

increased dark current. 

▪ Low output current requires additional amplification 

circuitry. 

▪ Sensitive to noise, which can affect precision in low-

light applications. 

 

Applications  

Photodiodes are versatile and used across numerous fields: 

▪ Communication: Optical fiber networks, high-speed 

data links. 

▪ Consumer Electronics: Light sensors in remotes, 

CD/DVD players. 

▪ Medical: Pulse oximeters, CT scanners, and diagnostic 

devices. 

▪ Security Systems: Intrusion detection, motion sensors. 

▪ Industrial: Light meters, flame detectors, and 

environmental monitoring. 

 

Conclusion  

The conclusion reiterates the vital role photodiodes play in 

today’s technology. It emphasizes the need for deeper 

understanding and optimization to push the boundaries of 

their performance. The section suggests that future research 

should focus on reducing noise, improving quantum 

efficiency, and integrating new materials. Moreover, 

combining photodiodes with AI/ML can lead to smarter, 

self-adjusting optical sensors, opening up avenues for 

innovation in smart devices and autonomous systems. 
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