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ABSTRACT 
 
Three conditions for non-collinear third harmonic generation by a PTR glass volume Bragg grating are demonstrated 
using infrared femtosecond pulse illumination. Each condition corresponds to a different angle of grating orientation.  
We identify the angles as corresponding to Bragg diffraction at ω, Bragg diffraction at 3ω, and a non resonant Bragg 
angle involving three ω photons interacting with a nonlinear grating vector. The generation of non-collinear third 
harmonic at each of these angles is modeled with wavevector interactions. Theoretical predictions from the wavevector 
equations are obtained and compared to experimental measurements. We discuss the nonlinear grating in the PTR glass 
grating as resulting from modulation in the nonlinear refractive index of PTR glass. 
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1. INTRODUCTION 
 
1.1 PTR glass 
 
Photo-thermo refractive (PTR) glass is a sodium-zinc-aluminum-silicate glass containing small amounts of fluorine and 
bromine, doped with cerium, silver, antimony, and tin. Exposure to ultraviolet light followed by heat treatment leads to a 
precipitation of sodium fluoride dielectric nanocrystals in the glass bulk. These crystals induce a decrease in refractive 
index by as much as 10-3 (1000 ppm) and are associated with low losses. This photosensitivity is sufficient for recording 
high efficiency Bragg gratings in PTR glass samples having thicknesses of a few millimeters [1]. PTR glass has no 
intrinsic absorption in the near IR spectral region. Therefore its laser damage threshold is high for both CW and pulsed 
irradiation. Experiments have shown that PTR glass tolerates up to 100 kW/cm2 of CW irradiation by a 1085 nm Yb-
doped fiber laser focused to a spot diameter of 300 µm [2]. The laser damage threshold of a volume Bragg grating 
recorded in PTR glass for a focused single mode 1 ns pulse at 1064 nm is 20 J/cm², but is locally decreased to 7 J/cm2 
when Pt inclusions are present [3]. The high laser damage threshold of PTR glass gratings make them ideal for use in 
high power laser systems. 
 
1.2 THG by a volume Bragg grating in PTR glass 
 
Non-collinear third harmonic generation (THG) by a transmitting Bragg grating (TBG) in PTR glass under high intensity 
infrared femtosecond pulse illumination near 800 nm was first observed by Smirnov et al. [4] when a grating was 
orientated at Bragg angle for the fundamental wavelength. In addition to the expected transmitted and diffracted beams, 
two THG beams with propagation directions corresponding to the condition for sum-frequency generation (SFG) were 
observed. However the phase matching condition for SFG was not satisfied. A possible explanation in terms of self-
phase matching via Cherenkov radiation has then been proposed [5]. One limitation of this experimental configuration 
relies on the use of femtosecond pulses near 800 nm which places THG in the ultraviolet regime and within the 
absorption region of PTR glass. This configuration prevents propagation of surface or bulk third harmonic inside the 
PTR glass and therefore does not allow for a complete study of the THG phenomena. Investigation of THG by a TBG in 
PTR glass at third harmonics within the transparency range of PTR glass requires fundamental pulses longer than 
1000 nm. Therefore, we tested for THG by a TBG in PTR glass using femtosecond pulses at 1300 nm and 1588 nm.  
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