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It was reported receatly that the reflectivity of a gallium-silica interfuce held close to, but below, 
the gallium melting point of 29.S°C can be chatiged sigDificantly (>40%) by light over a very broad 
spectral range 400 - 1600 nm [1]. The effect has been attributed to a .surface-assisted phase transition 
from the stable a-gallium phase lo a phase ofmetalliL: nature. In this pape1 we present the results on 
the ultrafast switching dynamics of a gallium-silica interface. 

The gallium films were deposited using pulsed laser deposition with a mode-locked Q-switched 
Nd:YAG laser producing 60 ps pulses of-20 µJ with a rate of-5·ltf pulses per second [2) The laser 
beam was focussed on a high purity gallium target providing up to 5· 1011 Wtcm2 at the target surface. 
The silica substrates were placed on a cold finger cooled with liquid nitrogen in order to maintain the 
substrate temperature below-I 00°C. Our experience suggests that such a cooling is essential to furm 
an alpha-gallium crystalline phase on the metal-substrate interface. The deposited film thickness was 
in the range of 1-2 microns. 

The reflectivity meE1SUrements of the gallium-silica interface were performed using a pump-probe 
technique. The light source employed was a regeneratively amplified Ti-sapphire laser system 
providing up to I rnJ, 150-fs pulses at 800 nm at 30 Ht. repetition rate The intensity of the reflected 
probe beam was monitored as the function of the presence or absence of the pump be&n, the pump 
intensity and the delay between the pump &.Dd the probe pulse. In all cases the intensity of the probe 
beam wns kept much lower than that of the pump beam. 

The reflectivity change has an apparent thresbold at ---0.5 mJ/cm2 •  The sanuation oocured at the 
energy densities 10-15 mJ/cm2 . Toe reflectivity change occurred on 1he ps time-scale. The rise-time 
had a two-component structure. The total change in reflectivity was from -60% to -85% (Fig.I), 
with the initial 'fa£t' time constant of 2 -ps (reflectivity rise from 60% to 70-75%), and a 'long' time 
constant of a few hundred ps (refle<:tivity rise from 70-75% to 80-85%). There was no significant 
difference in tile initial 2-ps time rise when the temperature of the gallium mirror varied in the range 
from 5°C to 26°C. No switching was observed at the temperatures above tbe Ga melting temperature. 
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The recovery kinetics was measured by replacing the 
pulsed probe beam with a CW He-Ne laser. The 
reflectivity decay had a rather complex behaviour 
depending on the mirror temperature and the pump 
fluence. The time c01rntant<1 were found to vary from tens 
of nanoseconds lo hundred� of microseconds depending on 
the incident pump power and on the proIDTJity of the phase 
transition point 

The presented switching characteristics demonstrate 
thal the gallium mirror could find application as a 
broadband ultrafu.sL optical switch. 
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Fig 1 Femlosecond pump-probe measuremet1ts or the 
reflectivity change at a silica/gallium interface 
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