
Manufacturing of Ultrashort Optical
Parametric Amplifiers

Article Overview

Ultrashort optical parametric amplifiers (OPAs) are manufactured using nonlinear crystals, precise

phase-matching, and multi-pass or chirped-pulse amplification techniques to generate high-energy, few-cycle

pulses with broad tunability.

Core Principles

Ultrashort OPAs rely on optical parametric amplification, a nonlinear three-wave mixing process in a

dielectric crystal, where a high-power pump transfers energy to a weak signal while generating an idler wave,

conserving energy and momentum . The amplification is highly sensitive to phase matching, which can be

achieved by adjusting the crystal angle, temperature, or using periodically poled structures . The seed pulse is

typically a white-light continuum generated from a fraction of the pump beam, ensuring broadband

amplification .

Amplification Techniques

o Multi-Pass Amplification: Modern ultrashort OPAs often use multipass or multi-pass cell (MPC) designs,

where the laser repeatedly passes through the nonlinear crystal. This approach enhances gain while preserving

pulse quality and suppressing backconversion, achieving high photon conversion efficiency and near

Fourier-limited pulses . Dispersion-engineered mirrors are used to compensate for group delay and maintain

spatial beam quality.

o Optical Parametric Chirped-Pulse Amplification (OPCPA): OPCPA stretches the seed pulse temporally

before amplification to reduce peak intensity, preventing crystal damage, and then compresses it after

amplification. This method allows high-energy femtosecond pulses with durations down to a few hundred

femtoseconds or even few-cycle pulses, and is scalable to high repetition rates and energies .

Key Components

o Nonlinear Crystals: Common choices include BBO, LBO, KTP, or periodically poled materials, selected for

transparency, phase-matching bandwidth, and damage threshold .

o Pump Lasers: High-energy, short-pulse lasers (e.g., Nd:YAG, Ti:sapphire) provide the pump, often

synchronized with the seed for optimal temporal overlap .

o Dispersion Management: Chirped mirrors, prism pairs, or grating compressors are used to control group

velocity dispersion and maintain ultrashort pulse duration .

o Beam Shaping and Focusing: Precise focusing optics ensure high peak intensities in the crystal without

exceeding damage thresholds, critical for efficient nonlinear interaction .

Applications
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Ultrashort OPAs are essential in attosecond physics, quantum optics, bio-imaging, and high-field laser

experiments. They provide tunable, high-contrast, few-cycle pulses across visible, near-infrared, and

mid-infrared ranges, enabling experiments that require both high peak power and ultrashort duration .

Manufacturing Considerations

o Compact Design: Modern OPA systems can be built in single-digit cubic centimeter volumes while

maintaining high efficiency .

o Thermal and Mechanical Stability: Precise alignment and temperature control are critical to maintain phase

matching and pulse quality.

o Automation and Scalability: Advanced systems incorporate automated alignment and dispersion

compensation for hands-off operation and reproducibility . In summary, manufacturing ultrashort OPAs

involves careful selection of nonlinear materials, precise phase-matching, multi-pass or chirped-pulse

amplification, and dispersion management, resulting in compact, high-energy, tunable ultrafast laser sources

suitable for cutting-edge scientific and industrial applications .

Optical parametric generators and amplifiers (OPG/OPA) offer the unique possibility to produce pico- and

femtosecond

A novel approach for generating high-power ultrashort laser pulses is presented, which combines multi-pass

cell (MPC) technology

Since the proof-of-principle demonstration of optical parametric amplification to efficiently amplify chirped

laser pulses in 1992, optical

Here we introduce a new multipass optical parametric amplifier (MPA) that simultaneously addresses

temporal walk-off and back

These five OPCPA letters started to come together in the famous ''90s when the first proof-of-concept

experiment on

This article focuses on femtosecond and picosecond OPAs and their important variation -- optical

Optical Parametric Amplifiers (OPAs) are a crucial component in the field of ultrafast optics and photonics.

They have

Our portfolio of cutting edge OPCPA products is based on years of experience in developing and
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Rather than relying on one long crystal or stacking many short ones, they run the light repeatedly through a

single

Researchers at the University of Stuttgart have now developed a new system in cooperation with Stuttgart

Instruments GmbH. It is

In this paper, we will give an overview on recent progress in the development of high-power few-optical-cycle

The optical parametric amplifier is an important alternative and additional amplification technique in the

generation of optical pulses.

Multipass optical parametric amplifier with laser beam: The new system demonstrates the development of

highly

This article provides a comprehensive overview of ultrafast amplifiers, which are optical amplifiers designed

for ultrashort pulses. It

State-of-the-art OPCPA systems are built using Light Conversion''s front-ends. Benefiting from the

industrial-grade stability and

A multipass optical parametric amplifier leverages dispersion-engineered dielectric mirrors to overcome the

gain
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