Requirements of transmitter and
receiver in WDM networks, types of

tunable lasers, optical amplifiers, SOA
and FOA, EDFA and EBFA.



WDM (Wavelength Division Multiplexing)

* In WDM (Wavelength Division Multiplexing) networks, multiple data
signals are sent simultaneously over a single optical fiber by using
different wavelengths (colors) of laser light.

* To make this work, the hardware—transmitters, receivers, and
amplifiers—must meet specific high-performance requirements.



1. Transmitter and Receiver Requirements

* Transmitter Requirements:

* Precision Wavelength: The laser must emit a very specific
wavelength to avoid interfering with adjacent channels
(Crosstalk).

e Stability: The wavelength must remain constant
regardless of temperature changes (often using
"wavelength lockers").

* Narrow Linewidth: The light beam must be "pure" so the
signal doesn't spread out (dispersion) over long distances.
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* Receiver Requirements:

* Selectivity: The receiver must be able to pick out one

specific wavelength from the many arriving at the end of
the fiber.

* Sensitivity: It must be able to detect very weak signals
after they have traveled hundreds of kilometers.

* Wide Bandwidth: It needs to handle the high data rates
(e.g., 100Gbps or 400Gbps) sent by the transmitter.



2. Types of Tunable Lasers

* A tunable laser can change its operating wavelength.

* This is useful because one backup laser can replace any failed
laser in a WDM system.

* External Cavity Lasers (ECL): Uses a physical grating that moves to
change the color. Very precise but mechanically complex.

* Distributed Bragg Reflector (DBR): Uses electrical current to
change the refractive index of a built-in grating, changing the
wavelength.

* Vertical Cavity Surface Emitting Lasers (VCSEL): Small and cheap;
they tune by moving a tiny top mirror using MEMS technology.
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3. Optical Amplifiers

* In the past, to boost a signal, we had to convert light to electricity,
amplify it, and turn it back to light.

* Modern Optical Amplifiers boost the light signal directly.



3. Optical Amplifiers

* SOA (Semiconductor Optical Amplifier)
 Mechanism: Uses a semiconductor chip (similar to a laser but without the mirrors).
* Pros: Small, can be integrated on circuits.
* Cons: Higher noise and lower power than fiber-based amplifiers.

* EDFA (Erbium-Doped Fiber Amplifier)
* Mechanism: A piece of glass fiber is "doped" with Erbium ions.

 A'"pump laser" excites these ions, and when the signal passes through, the ions release
energy to boost the signal.

e Standard: This is the "gold standard" for long-distance internet because it can
amplify many WDM channels at once without distortion.

e EBFA (Erbium-Bismuth Fiber Amplifier)

e Evolution: Similar to EDFA but uses Bismuth-doped glass to provide a wider
bandwidth, allowing even more WDM channels to be packed into the fiber.



Example: The Highway Analogy

* Imagine a 40-lane highway (WDM Fiber).

* Transmitter: A specialized ramp that ensures only Blue cars enter Lane 1 and
only Red cars enter Lane 2.

* Receiver: A specialized exit that only lets the Blue cars off at a specific
destination.

 Amplifier (EDFA): A "speed boost" zone in the middle of the highway that
gives every car more fuel as they drive through, without them having to stop
at a gas station.



WDM Power Calculation

* A WDM system has 8 channels. Each channel enters an EDFA with a
power of -20 dBm. The EDFA (Erbium-Doped Fiber Amplifier) has a
gain of 25 dB.

* Calculate the output power of a single channel in dBm.

e Calculate the total output power of the EDFA in milliwatts (mW).
Solution:

1. Output per channel: P,,;ipm) = Pinasm) + Gaingg
P, = —20dBm + 25 dB = 5 dBm

2. Total Power in mW:
First, convert 5 dBm to mW: P,y = 10Wzm/10) = 105/10) = 3,16 mW.
Since there are 8 identical channels:
Total Power = 8 x 3.16 mW = 25.28 mW.
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2. The Calculation Logic

In the second part of your slide, the goal is to find the Total Output Power for all 8 channels.

» Step A: The output of one channel is 5 dBm.

» The Trap: You cannot do 8 x 5 dBm = 40 dBm. This is a common mistake! In the log
world, adding or multiplying dB values represents massive exponential changes, not
simple addition.

« The Solution: You must convert the 5 dBm back into a "real" number (milliwatts) using the
antilog formula:

— IO(PdBm /10)

B (mW)

P =101 — 105 x~ 3.16 mW




