Fiber Bragg Grating Delay

-
-

-
‘:f:;- SOLAR :ro.

ot

Article Overview

A Fiber Bragg Grating (FBG) delay line uses a chirped or uniform FBG to introduce a controllable time delay
to optical signals by exploiting wavel ength-dependent reflection and dispersion properties.

Principle of Operation

A fiber Bragg grating is a segment of optical fiber with a periodic variation in the refractive index, which
reflects specific wavelengths while transmitting others . In a delay line, a chirped FBG (CFBG) is commonly
used, where the grating period varies along the fiber length. This causes different spectral components of an
optical pulse to reflect at different positions, producing a wavelength-dependent group delay . By controlling
the grating properties, such as strain or temperature, the delay can be tuned electronically or mechanically .

Types and Tunability

o Single Chirped FBG Delay Line: A single CFBG can provide a tunable delay by launching pulses in both
directions and adjusting local birefringence, compensating for second-order dispersion .

0 Cascaded CFBGs: Two or more CFBGs can be cascaded in reverse order, with one grating strained to
amplify the delay effect, enabling precise control over the time delay .

o Electrically Tunable FBGs: By varying the grating temperature, the delay can be electronically adjusted with
high resolution, suitable for applications like optical true-time delay (OTTD) in phased-array antennas.

Applications

0 Optical Communications. FBG delay lines are used for dispersion compensation and pulse synchronization
in high-speed wavelength-division multiplexing systems.

o0 Photonic Computing: Tunable FBG delay lines can implement time-delay operations for matrix
convolutions in photonic neural networks, offering high-speed, low-power computation .

o0 Phased-Array Antennas. FBG-based OTTD units enable broadband, squint-free beamforming, providing low
insertion loss, high phase stability, and immunity to electromagnetic interference .

0 Optical Sensing and Tomography: Delay lines enhance high-speed optical coherence tomography and other
sensing applications by providing precise temporal control of optical pulses.

Performance Characteristics
o Delay Range: Experimental setups have achieved delays up to 120 ps, approximately 20 times the pulse
width of ultrashort pulses.

0 Spectral Bandwidth: The delay is effective for pulses with spectral widths dlightly less than the grating
reflection bandwidth.
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o Dispersion Control: Bidirectional propagation and chirp design allow compensation of second-order
dispersion, improving pulse fidelity .

0 Tuning Resolution: Electricaly or thermally tunable FBGs can achieve fine delay steps suitable for
microwave and optical signal processing . In summary, FBG delay lines leverage the wavelength-selective
reflection and dispersive properties of fiber gratings to provide precise, tunable optical delays. They are widely
used in high-speed optical networks, photonic computing, phased-array antennas, and advanced sensing
systems, offering compact, low-loss, and highly stable delay solutions.

An analytic solution for Bragg grating with linear chirp in the form of confluent hypergeometric functions is
anayzedin

Abstract We experimentally demonstrate a delay subsystem that utilizes a combination of three types of
fiber-Bragg

We describe the theory of the group delay ripple (GDR) generated by apodized chirped fiber gratings using the
analogy between

Fiber Bragg grating (FBG) sensors have emerged as advanced tools for monitoring a wide range of physical
parametersin various

Chirped fiber Bragg gratings Fiber Bragg gratings have emerged as major components for dispersion
compensation because of their

In chirped gratings the Bragg matching condition for different wavelengths occurs at different positions along
the grating length. Thus,

Refractive Index Vs. Group Delay: Numerical Investigation of Fiber Bragg Gratings for Slow Light
Applications Abstract: Controlling

ABSTRACT: The spectral response of the uniform FBG with different grating parameters such as grating
length and index change

We describe wavelength-addressed 3- and 6-b fiber-optic true time-delay (TTD) lines implemented using
ultraviolet-inscribed Bragg

A fiber Bragg grating (FBG)-based delay line (or phase shifter) has been developed for microwave over fiber
and

Their applications are highly diverse, as FBGs can reflect light to create laser oscillators, act asfiltersto
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Delay-Insensitive Time Stretch Interrogation of Fiber Bragg Grating Sensors Abstract: Photonic time stretch
(PTS) approach using

Dispersion Compensation with Fiber Bragg Gratings The dispersion-compensating fibers (DCFs) discussed in
the previous tutoria

Periodic insertion of mode scramblers can reduce the accumulation of group-delay spread and
mode-dependent loss in mode

Abstract and Figures We present a tunable optical delay line based on the use of a single chirped fiber Bragg
grating

Several approaches for measuring the group delay of an FBG exist, and they can be split into two distinct
categories: direct and
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