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ABSTRACT 

We demonstrate the frequency-resolved optical grating technique us- 

ing third-harmonic generation on the surface of a cover glass with ultra- 

short optical pulses and compare that with the phase-retrieved spectro- 

gram. 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
proccss disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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Frequency-resolved optical grating using surface third-harmonic generation, Thomas 

Tsang, Brookhaven National Laboratory, Upton, NY 11973, Marco Krumbiigel, Ken- 

neth W. Delong, David N. Fittinghoff, and Rick Trebino, Combustion Research Facility, 

MS-9057, Sandia National Laboratories, Livermore, CA 94551. 

Frequency-resolved optical grating (FROG) based on polarization-gate (PG FROG) 
and second-harmonic generation (SHG FROG) have been used successfully to charac- 

terize ultrashort optical pulses from the infrared to the We extend this 

FROG technique with the use of third-harmonic generation (THG FROG) on the sur- 

face of virtually any substrate that transmits the fundamental wavelength. 

Unlike SHG FROG where the presence of the time-reversal ambiguity resulted in 

traces that are somewhat unintuitive, the third-order process of THG is unambiguous 

therefore the resulting THG FROG trace is as appealing as the popular PG FROG. 
However, the coherent length for the THG in the bulk of a material is short, therefore 

THG photon yield is low when a femtosecond Tisapphire laser oscillator is used. Also 

the dispersion of the nonlinear material often affects the pulse characterization. A 

recently observed surface THG3 has overcomed these problems and is an attractive 

alternative for ultrashort optical pulses characterization, particularly for laser oscillators 

with relatively low energy output. 

The output of a self-mode-locked Ti:sapphire laser oscillator is used. It has an output 

average power of 300 mW in -100 fs duration at -100 MHz repetition rate with a center 

wavelength of 780 nm. The experimental arrangement for THG FROG is identical to 

SHG FROG, see Fig. 1, where standard background free autocorrelation technique 

is employed with the exception of using a tight focusing (20x objective focusing) on 

the surface of a nonlinear medium. The two autocorrelated THG beams are generated 

on the surface of the nonlinear material, which is a piece 160 pm thick cover glass in 

this experiment. One of the autocorrelated THG beam is recollimated and send to a 

spectrograph equipped with a linear diode ariay for spectral recording. Spectrograms 
at various time delays are collected and converted to a bitmap for viewing. Later 

experiments will be done with a sensitive CCD camera instead. A corresponding set 
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of SHG FROG is also collected for comparison. Figure 2 shows a set of SHG and 

THG FROG traces when the laser is tuned until a noticeable difference is observed 

between them - that is until non-transform-limited pulses are formed. We note that 

transform-limited pulses with little or no cubic and/or quartic chirps would otherwise 

show no noticeable difference between SHG and THG FROG traces. We will compare 

the experiment with the phase-retrieved FROG traces at the meeting and discuss its 

applications. 

The simplicity of the surface THG technique with no time ambiguity and minimum 

wavelength restriction may pave the way for ultrashort pulses characterization of laser 

oscillators to below the 10 fs regime and at various wavelengths. 
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Figure Captions 

Figure 1. 

Schematic of SHG and surface THG for generating FROG traces. 

Figure 2. 

Experimental SHG and THG FROG traces, the color scale is in logarithmic. 
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