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WHAT IS LIGHT?

An Overview of the Electromagnetic Spectrum

The spectrum spans wavelengths from less than 107-12 meters (gamma rays) to
more than 10”3 meters (radio waves). Key regions include:



Gamma Rays and X-Rays: Wavelengths < 10 nm (f > 30 PHz, E > 124 eV). High-
energy radiation used in medical imaging (X-rays) and cancer treatment (gamma
rays). Penetrates matter deeply but ionizes atoms, posing health risks.
Ultraviolet (UV): 10-400 nm (f = 0.75-30 PHz, E = 3-124 eV). Causes sunburn and
fluorescence; used in sterilization and photolithography. Divided into UVA (315
400 nm), UVB (280-315 nm), and UVC (100-280 nm).

Visible Light: 400-700 nm (f = 430-750 THz, E = 1.77-3.1 eV). The range
detectable by the human eye, from violet (short A) to red (long A). Essential for
vision, photography, and displays.

Infrared (IR): 700 nm—-1 mm (f = 300 GHz-430 THz, E =1.24 meV-1.77 eV). Felt as
heat; used in thermal imaging, remote controls, and fiber optics. Subdivided into
near-IR (0.7-5 pym), mid-IR (5-30 pm), and far-IR (30 pm-1 mm).

Microwaves: 1 mm-1 m (f = 300 MHz-300 GHz, E = 1.24 peV-1.24 meV). Used in
radar, cooking, and wireless communications (e.g., Wi-Fi).

Radio Waves: >1 m (f <300 MHz, E < 1.24 peV). Employed in broadcasting,
navigation (GPS), and astronomy.
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[Figure 1: The Electromagnetic Spectrum Source: NASA]

Electromagnetic waves are transverse, with oscillating electric and magnetic fields
perpendicular to the direction of propagation. In detection contexts, understanding
the spectrum helps select photodiodes sensitive to specific regions, such as GPD’s
InGaAs for extended IR up to 2.6 pm.



Introduction to Light Detection

Light detection plays a pivotal role in modern
technology, enabling everything from optical
communications and medical diagnostics to
industrial sensing and scientific research. At its
essence, light detection converts photonic
energy into electrical signals using devices like
photodiodes, which offer high sensitivity, rapid
response, and broad spectral coverage. This
guide focuses on the fundamentals of
photodiodes, their operational principles, and
practical design strategies for integrating them
into systems. Drawing from key concepts in
optics, radiometry, and electronics, it equips
designers with the knowledge to optimize
performance in  applications such as
spectroscopy, beam alignment, and low-light
imaging.

Unlike light emission technologies, detection
emphasizes absorption and conversion
efficiency. Photodiodes, particularly silicon-
based ones, dominate due to their versatility,
low cost, and compatibility with visible to
near-infrared wavelengths (approximately
250-1100 nm). This document explores
photodiode types, parameters, circuit
designs, and applications, providing a
comprehensive resource for engineers at
trade shows or in product development.

Published by GPD Optoelectronics Corp., a
leading manufacturer of Ge, Si, and InGaAs
photodiodes with responsivity ranging from
250 nm to 2.6 microns (www.gpd-ir.com). In
addition to single-element photodiodes, GPD
offers quadrant and octo-cell variants, as well
as tetralateral position-sensing detectors,
which enable precise beam positioning
without gaps.

What is a Photodiode?

A photodiode is a semiconductor device that
converts incident light into electrical current
via the photoelectric effect. It consists of a
PN junction where photons absorbed in the
depletion region generate electron-hole pairs,
producing a photocurrent proportional to
light intensity.

Unlike standard diodes, photodiodes feature
a large active area optimized for light
absorption, often with an anti-reflection
coating to enhance efficiency at specific
wavelengths.

Understanding the PN Junction

A PN junction is formed by joining two types
of semiconductor materials: P-type and N-
type. [1] In N-type material, silicon is doped
with impurities like antimony, introducing
free electrons as the majority charge carriers
while maintaining overall electrical
neutrality. In P-type material, silicon is
doped with boron, creating holes (absence
of electrons) as the majority carriers, again
keeping the material neutral. [1]

When the P-type and N-type materials are
fused together, a density gradient arises due
to the higher concentration of electrons in
the N-region and holes in the P-region. This
leads to diffusion: free electrons from the N-
side migrate across the junction to the P-side,
where they recombine with holes, while holes
from the P-side diffuse to the N-side and
recombine with electrons. [1] As this diffusion
occurs, the recombined carriers leave behind
fixed ionized impurities—positively charged
donor ions (N_D) on the N-side and negatively
charged acceptor ions (N_A) on the P-side. [1]
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