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Jitter in digital fiber optic communication
systems

Overview
Jitter: Jitter is the short-term phase variations of the significant instants of a digital
signal from their ideal positions in time.

Key Takeaways
Jitter refers to the deviation in the timing of a digital signal's significant instants from
their ideal positions, causing potential errors in fiber optic communication.Definition

In digital fiber optic communication, jitter is the short-term variation in the timing of
signal transitions, such as the rising or falling edges of pulses, from their expected,
ideal positions in time. These deviations can cause the receiver to sample the signal
incorrectly, leading to bit errors and degraded system performance .

Types of Jitter

Jitter can be classified into several types:

• Random Jitter (RJ): Caused by unpredictable fluctuations like thermal noise or shot
noise, typically following a Gaussian distribution .

• Deterministic Jitter (DJ): Caused by predictable factors such as intersymbol
interference (ISI) or periodic noise .
• Periodic Jitter (PJ): A subtype of deterministic jitter caused by periodic interference.
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• Data-Dependent Jitter (DDJ): Arises from specific data patterns affecting the signal
timing.

• Duty Cycle Distortion and Pulse Width Distortion: Variations in the width or
symmetry of pulses that affect timing .
Causes

Jitter in fiber optic systems can result from multiple factors:

• Optical signal degradation: Attenuation, dispersion, or fiber nonlinearity can distort
the signal .

• Noise and interference: Amplifiers, detectors, or external electromagnetic
interference can introduce timing variations .

• Clock recovery inaccuracies: Imperfect synchronization between transmitter and
receiver clocks can generate jitter .

• Data pattern dependence: Certain sequences of bits can exacerbate timing
deviations .
Effects on Communication

Jitter directly impacts the Bit Error Rate (BER) by causing the receiver to misinterpret
bits. Even small timing deviations, measured in picoseconds or unit intervals (UI), can
be critical at high data rates, such as 10 Gbps or higher . Excessive jitter can lead to
data corruption, reduced signal integrity, and potential system failure.

Measurement

Jitter is typically quantified in picoseconds (ps) or unit intervals (UI), where 1 UI
corresponds to the duration of a single bit. It can also be analyzed in terms of
spectral density or root mean square (RMS) deviation . Understanding and controlling
jitter is essential for maintaining reliable, high-speed fiber optic communication,
ensuring accurate data transmission, and minimizing errors in digital networks .
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