
Introduction to Optical Communication Systems

(Key concepts, components, and fundamentals for a first?time learner)

1. What Is Optical Communication?

Aspect Description

Definition
Transmission of information using light (usually in the infrared or visible spectrum)

as the carrier.

Why Light?

• Very high carrier frequency ? huge bandwidth

• Low attenuation in glass/fiber

• Immunity to electromagnetic interference

Typical

Media

• Optical fiber (single?mode, multimode)

• Free?space (air, vacuum, water)

• Integrated photonic waveguides

2. Core Components of an Optical Link

1. Transmitter

Light Source – Laser diode (LD) or Light?Emitting Diode (LED).

Modulator – Directly modulated (current drives intensity) or external modulator (Mach

?Zehnder, electro?absorption).

Driver Electronics – Generates the electrical data signal and bias for the source.

2. Optical Fiber (Transmission Medium)

Core – Central region where light propagates.

Cladding – Lower?index layer that confines light by total internal reflection.

Coating/Buffer – Mechanical protection.

3. Receiver

Photodetector – PIN or avalanche photodiode (APD) converts light to current.

Transimpedance Amplifier (TIA) – Turns photocurrent into voltage.
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Signal Processing – Clock recovery, equalization, decoding.

4. Auxiliary Elements

Couplers / Splitters – Combine or divide signals.

Amplifiers – Erbium?doped fiber amplifiers (EDFAs) for long?haul links.

Wavelength Division Multiplexers (WDM) – Multiple wavelengths share a single

fiber.

3. Types of Optical Fibers

Type
Core

Diameter
Typical Use Key Characteristics

Single?Mode

Fiber (SMF)
~8–10?µm

Long?haul, high?

speed backbone

Supports one propagation mode ? low

modal dispersion, >10?Gb/s over 100?km

Multimode Fiber

(MMF)

50?µm or

62.5?µm

Data centers, LANs (

?2?km)

Multiple modes ? higher modal dispersion,

limited bandwidth?distance

Graded?Index

MMF
50?µm

Improves MMF

performance

Refractive index gradually decreases ?

reduces modal dispersion

4. Basic Link Budget

A link budget predicts the received optical power ((P_R)) and verifies that it exceeds the receiver

sensitivity.

[ P_R;(\text{dBm}) = P_T;(\text{dBm}) - \underbrace{L_{\text{fiber}}}{\text{attenuation}} -

\underbrace{L{\text{splice}}}{\text{connections}} - \underbrace{L{\text{connector}}}{\text{each}} + G

{\text{amp}} ]

(P_T) – Transmitter output power (dBm).

(L_{\text{fiber}}) – (\alpha \times L) where (\alpha) is attenuation (dB/km) and (L) is length
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