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Article Overview

Optical module equalization and pre-emphasis are techniques used to compensate for signal degradation and
inter-symbol interference in high-speed optical communication systems, ensuring reliable data transmission
over fiber and electronic channels.

Overview

In high-speed optical systems, signals experience attenuation, dispersion, and channel-dependent distortions as
they propagate through fiber, connectors, and PCB traces. To maintain signal integrity and minimize bit error
rate (BER), optical modules employ pre-emphasis at the transmitter (TX) and equalization at the receiver
(RX). Pre-emphasis boosts or attenuates specific frequency components before transmission, while
equalization compensates for distortions after signal reception .

Pre-emphasis
Pre-emphasisis applied at the transmitter to shape the outgoing signal and counteract channel losses:

o High-frequency boosting: Amplifies components that would otherwise be attenuated by the channel.

0 De-emphasis. Reduces low-frequency components to maintain signal balance.

o Implementation: Can be analog (APE) or digital (DPE), often using finite impulse response (FIR) filters or
DAC-based pre-distortion .

o Applications: Critical in high-speed PAM4 signaling (50G, 100G, 200G, 400G) to improve eye diagrams
and reduce inter-symbol interference (1S1), .

0 Adaptive vs Fixed: Adaptive pre-emphasis adjusts dynamically to channel conditions, offering higher
margins and better performance over varying fiber lengths, while fixed pre-emphasis is static and may
underperform in non-ideal channels.

Equalization

Equalization is applied at the recelver or within the transceiver to correct distortions introduced during
transmission:

0 Feed-Forward Equalizer (FFE): A linear equalizer that uses multiple taps (pre-tap, main tap, post-tap) to
compensate for precursor and post-cursor 1S .

0 RX Output Equalization: Adjusts the amplitude and emphasis of the electrical signal sent from the optical
module to the host system, ensuring optimal signal integrity .

o TX Input Equalization: Applied before converting electrical signals to optical, compensating for distortions
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in theincoming signal.
0 Programmable settings: Modern transceivers allow fine-tuning of equalization parameters to match system
requirements and host compliance standards (e.g., |EEE 802.3 KR/KR4/KP4), .

Optical Amplifier Equalization

In long-haul optical links, optical amplifiers such as EDFAs or Raman amplifiers introduce gain ripple, where
different wavelengths are amplified unevenly. Pre-emphasis and equalization in this context involve:

0 Storing gain ripple profiles during factory calibration.

0 Applying corrections based on temperature, fiber type, and amplifier settings.

0 Using VOAS or dynamic gain equalizers (DGES) to flatten the signal-to-noise ratio (SNR) across channels .
This ensures consistent BER performance across multiple wavelengths and long fiber spans.

Key Benefits

o Improved signal integrity: Reduces | SI and amplitude distortions.

o Extended reach: Compensates for channel loss and amplifier gain variations.

o Higher datarates. Enables reliable operation at 100G, 200G, 400G, and beyond.

o Flexibility: Adaptive schemes allow dynamic optimization for varying channel conditions .

Summary

Optical module pre-emphasis and equalization are complementary techniques that precondition the transmitted
signal and correct received signals, respectively. They are essential for high-speed optica communication,

mitigating channel impairments, amplifier gain ripple, and 1SI, thereby enabling reliable, high-bandwidth data
transmission over complex optical networks .

However, digital pre-emphasis essentially reduces the magnitude of the signal low frequency components for a
flat

Stratix&#174; 11 GX and Stratix&#174; IV GX devices provide programmable pre-emphasis to compensate
for variable lengths of

When using a GTY with a 10G line rate which is connected directly to an optical module (assume a Xilinx
evaluation board), isit

Learn what FFE (Feed-Forward Equalizer) is, how transmit equalization works, and why FFE
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Analog pre-emphasis (APE) is realized by uploading a measured analog filter response immediately after the
DACto

Variable gain SOA based pre-amplification is demonstrated providing 27dB of optical power equalizationin a
25Gb/s PON upstream

For the mitigation of these effects, we propose a pre-distortion and digital pre-equalization scheme using a
luminous

Consequently, digital pre-emphasis (DPE), a well-known concept in radio frequency communications [23-24],
has recently been used

Abstract and Figures Abstract A joint pre- and post-equalization scheme is proposed for an optical intensity
modulation

This paper presents a pre-equalization scheme that integrates digital pre-distortion (DPD) and pre-emphasis

This application note provides information about the transmitter pre-emphasis and receiver equalization
behavior of Stratix 1V GX

In this paper, the performance of VLC system is analyzed with various pre-equalization techniques using
Optisystem

The OLT pre-distorts the transmitted optical signal by the inverse of the CD effect, for each polarization. The
fiber CD

The TX Input Equalization is applied before the module converts the electrical signal to optica for
transmission. Understanding the

With a sufficient number of slices/segments, the DAC can incorporate pre-emphasis and pre-distortion for
overcoming the nonlinear

Thisiswhere two powerful signal conditioning techniques become critical: pre-emphasis and equalization.
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