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Abstract Optical bistability in monocrystallme lead magnésium niobate, 
Pb(Mgiy3Nb2/3)0 ,-î , (PMN) lias been studied at lemperatures near the fer-
roelectric phase transition under 514.5 nm illumination. At moderate laser 
power densities above a threshold but less than 100 kW/crr?^ this material 
exhibits reproducible aperiodic oscillations foUowing the rapid switching on of 
a constant intensity Gaussian laser beam. With increasing incident power the 
oscillations change from the symmetric type observed in lanthanum modifîed 
lead zirconium titanate (PLZT) to a séquence of rapid jumps followed by a 
slow relaxation between two metastable thermal lens configurations, similar 
to those observed in ceramic samples of PMN at low power densities (about 1 
kW/crr^]. The duration and number of the oscillations dépend reproducibly 
on incident power and ambient température, with différent spatial structures 
from those observed in ceramic samples, depending nol oniy on incideni beam 
power but also on incident beam width and wavefront curvature. 

INTRODUCTION 

Recently transverse optical bistabihty hats been studied in ferroelectrics near their 
Curie températures, where the thermo-optic coefficient (l/n){dn/dT) (where n = 
refractive index and T = température) is large (e.g. ca. 9 x 10~^ for P M N ) ^ In par-
ticular, a ceramic wafer of titanium-doped lead magnésium niobate, Pb(Mgo,3Nbo.6-
Tio.gjOs, illuminated by a laser beam which is rapidiy switched to a steady power 
level, produces a complex dynamic response^, involving a séquence of sudden shifts m 
the radial intensity distribution within the transmitted and reflected beams, which 
coïncide with rapid switching of the total irradiances of the transmitted and re­
flected beams, as well as in the on-cLxis transmitted irradiance. Thèse rapid changes 
occur at geometrically increasing times, separated by intervais during which slow 
relaxation of both transverse patterns and irradiances occur. 
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lu i.hih pap<M' v.f i('|)(irl o n I lie s i . ; i t K ami flyniuinc r(',s()(itis(' oi iiK)uo<:ryslallin(' 
undopcd I \MN. Tins in - i l . c r ia i sif_;mfK anily fr(jn) t.he tx-raiiiic (iopcd .sauijjlos 
p^evio^l^^ly .stufiifd I I K c f f r c i i y t ' o p t i t al absorpiion is sigiiificaiitly lower than in 
tlie ceramic, siiicc it is nui, cnhanced Iw scattering at domain boundaries and voids, 
and the therrnai condnctivity v.^ rnnch largcr. T̂ he ojîtical power densities required 
to obtain optical bistabihty are therefore between oue and two orders of magnitude 
higher than in tiie previous work (10 - iOOkW/crn^ as against ^ 1 kW/cni^], ne-
cessitating a more tightly focussed incident beam from a c.w. laser. The samples 
used were thicker (0 68 - 1.40 rmn) than ceramic sample ( 0 . 4 3 mm). The static and 
dynamic responses were qualitatively différent in différent régimes defined by the 
sample thickness and the beamwidth and wavefront curvature of the incident light. 

RESULTS 

Expérimental 

Single crystals of PMN with large parallel faccts parallel to the (100)cti6 and (\\0)cnb 
planes and polishcd to optical quality and thicknesses between 0.68 and 1.40 mm 
were illuminated at a wavelength of 514.5 nm. The sign of the thermo-optic coeffi­
cient responsible for thermal lensing in PMN was determined by using a colliniated 
incident beam of diameter ca. 0.7 mm. Above a threshold laser power of approx. 200 
mW this beam was focussed beyond the sample, indicating that the thermo-optie 
coefficient is positive, in agreement with mea^urements reported at a wavelength of 
632.8 fxm^. As the laser power was slowiy increased, the far field transmitted beam 
profile changed from the approximately Gaussian intensity profile of the incident 
beam to a thermal lens pattern with a bright outer ring and a séquence of bright 
and dark régions at the centre. When the incideni beam was switched to a steady 
power level, the thermal lens pattern reached steady state within 1 second. 

Figure 1 shows aperiodic asymmetric relaxation pulsations of the on axis far 
field transmitted intensity produced with a focussed incident beam (incident spot 
diameter: 30-50 iim) above threshold power, having a tune dependence similar to 
that observed in ceramic PMN. Below the threshold for thermal focussing, the on-
axis transmitted intensity stili showed aperiodic oscillations but of lower relative 
ampUtude and approximately symmetric shape similar to that observed recently in 
PLZT^. The threshold power (IV) for thermal lensing was within a factor of 2 of that 
for the collimated beam for constant sample thickness, although the incident power 
density (W/cm?) at the sample was more than two orders of magnitude greater. The 
power threshold for thermal focussing (somewhat higher than that for oscillation) 
varied inversely with the crystal thickness: e.g. 100 mW for 1.40 mm, 300 mW 
for 0.74 mm and >300 mW for 0.68 mm, with an incident spot diameter of 40 
/xm. Thèse two facts suggest that total absorbed laser power may be a threshold 
parameter rather than incident power density. 

When the sample was placed at or slightly m front of the beam focus, the static 
and dynamic responses of both the transmitted and reflected beams were qualita­
tively similar to those previously observed in samples of ceramic PMN^. During slow 
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FIGURE 1 Relative far field centra) intensity 
transmitted by a PMN crystal 1.-10 mm thick vs, 
time (s). Steady incident power: 90 mW (lower 
curve) and 230 mW (upper curve). 
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FIGURE 2: Switching 
evcnt time tn {n = 7 — 
9) vs. température for 
1.4flmm PMN crystal. 

upward ramping of the laser power to a given level, a number of jumps occurred 
in the patterns of both transmitted and reflected beams which was equal to the 
number of jumps which occurred aller sudden switch-on to the same power level. 
The same number of jumps occurred when ihc power was ramped down again but 
in the opposite sensé and at correspondmgly lower power levels (i.e. the patterns 
showed multistable hystérésis loops). 

W i t h the sample >2 mm behind the focus, the transmitted beam was focussed 
to a small bright spot surrounded by several closely spaced bright and dark fringes. 
The reflected beam produced a pattern of broad circular fringes which contracted 
towards the centre of the pattern and disappeared successively, both during slow 
upwards ramping of the power and foUowing rapid switch-on. Thèse fringe con­
tractions occurred in rapid jumps at increasing time intervais when the sample was 
near the beam waist but became more continuons as distance from the beam waist 
increased. With the sample about 2 m^n behind the focus, the response patterns 
varied qualitatively with incident laser power. When power was slowiy ramped 
upwards, the pattern switched from the concentrated post-focus pattern to the ex-
panded pre-focus pattern, as the original beam focus was puUed into the sample by 
thermal focussing. 

As shown in Figure 2 (for steady power = 230 mW), the number and switching 
time of the aperiodic oscillations varied systematically wi th ambient t empéra ture . 
From 20°C to ca. 40°C, switching times decreased and the number of oscillations 
increased. The tempéra ture dependence was reversed from 40°C to 70°C. 

Spatial Ring Soliton Interprétat ion 

The characteristic shape of the thermal lens pattern, consisting of a bright ring 
surrounding a lower intensity broad central spot, can be explained qualitatively by 
the folding of an outer annular région of the incident beam over the inner section 
due to the fact that déviation due lo the thermal focussing effect is greatest for 
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im:\dr.\i\. rays wnii iiilci iiiciiiali ' n < i s;' IK !• an^l(\ i  l i r u.sciilal.inf; thciii iai Irns 
])at,(,(MM produced bv a d d o c u s s i r i L i l h r i n i o c l i r o m u : 1I<IUK] coutains a Ijruad dai k 
niig'^ wljcrca.s soinc PMN paltctn^ s h o w a vciy nair(;w dark ring. Quaiuilativcly 
t d u ' patlorn.s rcsnlt, fVoin l . l i c s o l i i r i o n oï ihc slowiy varyiiig ani[)litudo ('(]naUoiis for 
ttie forward and l^ackward travelling w a v e s i t i a Fabry-Perot, cavity, couplcd via l\\v 
thermo-0[)tit; coefficKMK, atui t t i e absoifjiivc heat, soiirc(> to tlie beat équation subjeci 
to convectivc boundary conditionr-' Ihis systern of e<ïuations is sirnilai- to the 
perturbed cyUndrical Nonluicar Schrfjedm^er Equation. I l bas been shown that tins 
équation bas solutions m the lorm of nng-shaped spatial sohtons, which are bright. 
for a focussing médium and dark for a defocussing médium and in both cases are 
stable under several différent types of perturbations*". The temporal oscillations may 
therefore be interpreted as cycles of formation, growth and breakdown of spatial ring 
solitons, as the rising température tunes the Fabry-Perot cavity through a number 
of résonances. A one-dimcnsional rnodel of this process yields a finite séquence 
of oscillations for both positive or négative thermo-optic coefhcients^ b u t a finite 
transverse dimension is required to match the asynunelric shape of the high power 
oscillations in monocrystalline or ceramic PMN. The dependence of oscillations on 
sample thickness and spot size was qualitatively consistent with that observed in 
thermal defocussing materials. The température dependence of the oscillations was 
consistent wi th a préviens numerical calculation based on the variation in the dn/dT 
with t empéra tu re , which hais a broad maximum around 30 — 40"C. 

In the shape of the temporal oscillations, monocrystalline P M N is intermediate 
between ceramic PMN and PLZT. As Krumins has pointed out^, the thermal con-
ductivity Kr of monocrystalline PMN (10 W/mK) is much higher than for ceramic 
PLZT (1.0 W/mK) or ceramic PMN (0.08 W/mK) but the effective absorption co­
efficient a should be much lower than for either of the ceramics, due to the absence 
of scattering at grain boundaries or voids. Since thermal lens power is proportional 
to a/Kr, this is consistent with the higher power densities observed for thermal 
lensing and oscillation. 
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