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ABSTRACT

Spectral beam combining (SBC) has been extensively used for power scaling of laser systems. SBC is an incoherent
technique of combining laser radiation from multiple sources with offset wavelengths into a single near-diffraction-
limited beam with increased energy brightness. SBC by means of volume Bragg gratings (VBGs) recorded in photo-
thermo-refractive (PTR) glass has been shown to be a simple and robust technique for combining high-power laser
radiation. High-efficiency large-aperture VBGs were fabricated in PTR glass wafers. While being photosensitive in the
UV, PTR glass offers high transmittance in the near-IR and visible parts of spectrum. Excellent mechanical properties
and refractive index independent of temperature enable VBGs in PTR glass to withstand high-power laser radiation,
making them ideal elements for high-power SBC. We report spectral combination of five randomly polarized fiber
lasers with 0.5 nm spectral separation between channels around 1064 nm using reflecting VBGs in PTR glass.
Maximum output power of the system is 773 W, corresponding to 91.7% combining efficiency. It is shown that VBGs
introduce no significant beam distortions under high-power operation. Additionally, a common-cavity configuration for
SBC with automatic wavelength control of sources by intra-cavity VBGs is suggested. Two fiber lasers are combined
using this technique and automatic wavelength control is demonstrated. We show how simple power scaling allows
obtaining multi-kW near-diffraction-limited laser radiation via SBC with volume Bragg gratings in PTR glass.
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1. INTRODUCTION

Beam combining techniques have become an important tool in design of high-power high-brightness laser systems'.
Maximum power that can be obtained from single high-power amplifiers is usually limited by thermal distortion of
active medium and beam quality degradation in solid-state lasers or non-linear effects and active fiber damage in fiber
lasers. Beam combining offers an alternative solution to obtaining high-power high-brightness radiation. Output beams
of an array of lower-power laser sources operating at normal conditions can be combined by external optical elements,
producing a single beam with increased power. Assuming that combining elements have high energy throughput and
introduce no significant beam distortion, brightness of the combined beam is increased by a factor equal to the number of
combined channels.

Two approaches to beam combining have been considered — coherent and incoherent. Coherent beam combining
requires that the sources are coherent and relative phases of combined beams are precisely controlled to a small fraction
of the wavelength. Incoherent combining techniques, including SBC, do not require phase control, allowing for a stable
and robust system. Using SBC laser radiation from multiple sources can be combined into a single near-diffraction-
limited beam, which results in increasing of energy brightness. Spectrum of combined beam consists of multiple peaks
corresponding to individual sources, such that spectral brightness is preserved.
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