
Principle of LiDAR Photodiode

Article Overview

LiDAR photodiodes detect reflected laser light and convert it into electrical signals, enabling precise distance

measurement based on the time-of-flight principle.

Basic Operation

In a LiDAR system, a light source emits a laser pulse toward a target, and the photodiode detects the reflected

light. The system calculates the distance using the time-of-flight (TOF) principle: the time taken for the light

to travel to the target and back is measured, and the distance is determined by the formula d = (c x t) / 2, where

c is the speed of light and t is the round-trip time . The photodiode converts incoming photons into an

electrical current through the photoelectric effect, where absorbed photons generate electron-hole pairs in the

semiconductor material .

Types of Photodiodes in LiDAR

o PIN Photodiodes: These have a p-type, intrinsic, and n-type layer structure. They offer high quantum

efficiency and fast response, making them suitable for short-range LiDAR applications without amplification .

o Avalanche Photodiodes (APDs): Operated under high reverse bias, APDs provide internal gain through

avalanche multiplication, enhancing sensitivity for low-light detection. They are ideal for medium to

long-range LiDAR .

o Single-Photon Avalanche Diodes (SPADs): These operate in Geiger mode, detecting single photons with

extremely high gain. SPADs are used in high-resolution, long-range LiDAR systems, often integrated into

arrays for multi-pixel detection .

Signal Considerations

The photodiode output current is proportional to the incident light intensity. In APDs, the signal-to-noise ratio

(SNR) is critical and influenced by shot noise, dark current, and thermal noise. Proper design ensures accurate

detection even under low-light or high-background conditions . SPADs require quenching circuits to prevent

continuous avalanche after photon detection, allowing repeated measurements .

Role in LiDAR Systems

Photodiodes are essential for distance measurement, object detection, and mapping. By accurately converting

reflected light into electrical signals, they enable LiDAR to generate high-resolution 3D point clouds, detect

obstacles in autonomous vehicles, and perform environmental monitoring . The choice of photodiode type

depends on range, resolution, and ambient light conditions. In summary, the principle of LiDAR photodiodes

is based on photon detection and conversion to electrical signals, combined with TOF measurement, with

different photodiode technologies (PIN, APD, SPAD) optimized for specific LiDAR performance
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requirements .

The fast and highly sensitive detectors used in LiDAR, whether avalanche photodiodes (near IR) or

photomultipliers (visible and UV),

To meet the growing market of laser based distance measurement, laser scanning and mapping, shape

recognition and remote

HgCdTe avalanche photodiode arrays have emerged recently as a promising technology to fill these needs.

This

Si photodiode arrays consist of multiple elements formed in a linear or two-dimensional arrangement in a

single package. These

Automotive engineers can get a precise and reliable LiDAR system up and running with the right

transimpedance

A range of approaches exist to directly measure distance as the length of the reflected optical path from laser,

to a target where it is

The researchers showcase a photonic-electronic FMCW LiDAR source composed of a micro-electronic based

high

APDs operate on the principle of the "avalanche effect," which involves the generation of a

In "Operating principle and performance indicators", the operating principle of OPAs will be introduced,

based on

While there are many potential pitfalls in photodiode front-end circuit design, with proper knowledge and

planning it is

Abstract: Lidar (Light Detection and Ranging) technology has emerged as a powerful tool for capturing

detailed 3D information about

Key learnings: LDR Definition: A light-dependent resistor is defined as a device whose resistance decreases

with

Light detection and ranging (lidar) is an active remote sensing technology that produces foundational

geospatial
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What is LiDAR best used for? 9 real-world applications LiDAR is especially impactful in fields where

accurate spatial

Working Principle of Photodiodes When photons of energy greater than 1.1 eV hit the diode, electron-hole

Figure 4: Oscillogram of photodiodes. The red curve is the photo signal from the MAPT, the blue curve is the

photo signal of the
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