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QWD4 Fig. 2. Normalized PL spectra at dif- 
ferent excitation intensities at 4 K (solid lines) and 
40 K (dashed line). 
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QWD4 Fig. 3. Energy of DAP transition 
peak vs. excitation intensity, determined from 
Fig. 2 at 4 K. Dashed lines are drawn by directly 
connecting two adjacent data points, used as a 
guide for the trend of the blueshift. 

QW in each unit is 65 A, one should also 
observe the PL emission peak due to the re- 
combination between the donors at one inter- 
face and acceptors at the other one. When the 
sample temperature is increased to 40 K, the 
PL peak wavelength occurs at 791 nm (Fig. 2). 
The energy of this peak is larger than the lowest 
energy of the DAP transition peak at 4 K by 
17.6 meV. Therefore, we have assigned this 
peak to the recombination between the donors 
at one interface and acceptors at the other one. 
We believe this is the first observation of such a 
type of the DAP transition. 
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Cumulative negative nonlinearity in 
planar nematics driven by nanosecond, 
532-nm laser pulses with linear 
polarization parallel to the liquid crystal 
director 

Svetlana G. Lukishova,* Liquid Crystal 
Institute, Kent State University, Kent, Ohio 
44242 USA; E-mail: svetlana@cpip. kent.edu 
For optical power limiting studies, we chose 
planar-aligned films of the well-known 
nematic liquid crystals alkyl-cyano-biphenyl 
5CB (C5HI1), and its mixture (1:4 by weight) 
with 7CB (C,H17). In some experiments, we 
added to this mixture 7.4 weight % of the 
two-photon absorptive chromophore bis[di- 
n-butylamino]stilbene.l 

The liquid crystal (LC) molecules with their 
tendency to align with the direction of an ap- 
plied optical electric field, do in general not 
respond when the LC molecular dipole is par- 
allel to the linear polarization (nematic cell 
surface was perpendicular to the beam propa- 
gation direction) (Fig. la) ofthe incident pulse. 
However, during periodic illumination over 
timespans of 0.5-several seconds we observe 
planar-aligned nematic cells in such orienta- 
tion to imprint onto a linearly polarized beam 
a far-field pattern of high-contrast, concentric, 
elliptical diffraction rings whose major axis 
orients itself perpendicular to the incident po- 
larization direction (Fig. 2). Once formed, each 
set of rings may remain stable for up to several 
minutes. Upon continued irradiation over sev- 
eral minutes, the number of these rings varies 
systematically with laser intensity variation 
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QWD5 Fig. 1. (a) The geometry of irradia- 
tion. (b) Closed/open aperture of 2-scan of 
105-pm cell of 5CB at I = 0.36 GW/cm2. 

QWD5 Fig. 2. Set of the elliptical ring pat- 
tern with diminishing of the intensity of laser 
radiation. Intensity diminishes from (a) to (e). (e) 
isaninitialroundbeamspot. (125-pmcellof7CB 
and 5CB mixture with chromophore, spot diam- 
eter 160-pm). 
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QWD5 Fig. 3. (a) Development of the ellip- 
tical ring pattern in time (105-pm cell of 5CB and 
7CB mixture with chromophore, spot diameter 
160-pm, I = 0.5 GW/cm2). (b) Left Elliptical 
ring pattern for spot diameter 50-pm (50-pm cell 
of 5CB, I = 0.77 GW/cm2). Right: Result of rota- 
tion of the cell of Fig. 3b, left around the light 
propagation direction (I = 0.88 GW/cm’). 

(sometimes between 1-2 and (up to) 20 rings) 
(Fig. 2). 

This effect and its development exhibited 
threshold behavior depending on the incident 
peak intensity and the geometry of irradiation 
(I - 0.5 GW/cm2, 7-10-11s pulse duration, 
50-pm beam diameter), but not on the fluence 
or average power. Adding the chromophore 
did not change the character of the effect but 
lowered its threshold -2-2.5 times. The effect 
existed at both 2-Hz and 10-Hz pulse repeti- 
tion rate, however in the case of 2-Hz the 
threshold increased (cumulative effect). 

It should be noted that the effect’s evolution 
depends on the irradiation geometry (focal 
beam diameter) and, for a given geometry, on 
the cell thickness, i.e., at 160-pm spot size, cells 
of thickness 30-50-pm did not permit evolu- 
tion of the effect, while larger thickness (100- 
125-pm) cells did. For a 50-pm spot size, the 
effect was observed for all used cell-thicknesses 
(30,50, 100, 125-pm). 

The pattern evolves in time as shown in Fig. 
3(a). The elliptical ring pattern develops from 
the original beam spot through the several 
“rays” of scattered light. 

When the LC cell was rotated around the 
light-propagation direction, the elliptical 
rings’ major and minor axes rotated in the 
same handedness, but the number of rings di- 
minished [Fig. 3(b)] as the angle between LC 
director and incident linear polarization in- 
creased. However, when the LC director is ori- 
ented perpendicularto the light polarization, 
the effect vanishes entirely. It also disappears 
under CW laser irradiation of even larger av- 
erage power than applied in the pulsed mode. 
This rules out ordinary thermal self-focusing as 
cause for the effect. 

Instead, the strong polarization depen- 
dence of this effect may be explained by the 
two-photon-absorption dichroism in the 
oriented films of nematics.2 Our 2-scan, 
nonlinear-absorption measurements for LC 
director and incident polarization oriented 
parallel to one another show: (1) at lower in- 
tensities an anomalous value for the nonlinear 
absorption coefficient (- 115 cm/GW at I = 
0.36 GW/cm2), and (2) a change in sign for the 
nonlinear refraction from positive to negative 
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value with the increasing incident intensity 
[Fig. l(b) shows negative sign of refractive 
nonlinearity at I = 0.36 GW/cm2]. 

It is already a widely held notion3 that for 
532-nm, short-pulse laser irradiation two- 
photon absorption in LCs drives excited-state 
absorption. Decay of the excited states through 
radiationless-recombination channels causes 
the heating of the material. Strong local tem- 
perature gradient can give rise to a convection 
flow in the fluid, which then orients the mol- 
ecules? in particular, also toward the direction 
oflight propagation. Localized phase change of 
the nematic order into the isotropic state may 
also take place. Either process causes the re- 
alignment of the LC director with slow time 
constant. 

The influence of the chromophore in lower- 
ing the nonlinearity threshold may be explained 
by the increasing of the two-photon absorption 
capability and/or the isomerization5-induced 
intermolecular torque exerted by the dopant 
onto the LC molecules, facilitating realign- 
ment of the director toward the direction of 
the wave vector of the propagating light. 
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Optical SHG spectroscopy and magnetic 
effects in Gdcontaining LB films 

T.V. Murzina, G.B. Khomutov, 
O.A. Aktsipetrov, Th. Rasing,* Quantum 
Radiophysics Division, Department of Physics, 
Moscow State University, 119899 Moscow, 
Russia; E-mail: rnur@astral. ilc. msusu 
The rare-earth ion containing Langmuir- 
Blodgett (LB) monolayers have attracted consid- 
erable attention recently as potential literally 2D 
magnetic structures. Many questions concerning 
the magnetic behavior of rare-earth ion contain- 
ing monolayers (ML) are still opened to be an- 
swered. For example, if such ML show a ferro- 
magnetic transition at all. If they do, will the 
transition temperature TCSUrface be shifted to 
higher or lower temperature with respect to the 
bulk T,? Magnetization induced second har- 
monic generation (MSHG) has attracted signifi- 
cant attention recently as an extra sensitive probe 
ofsurface magnetism and magnetic properties of 
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QWD6 Fig. 2. The thickness dependence of 
the SHG magnetic contrast. 

thin films.' In the present paper, the magnetic 
properties of Gd-containing LB films are studied 
by means of the SHG spectroscopy and nonlin- 
ear magneto-optical Kerr effect (NOMOKE). 

The films studied are fabricated by LB vertical 
lift from the water solution of Gd acetate, as the 
Gd ions are adsorbed on the stearic acid LB 
monolayer created on the water subphase sur- 
face. The chemical analysis shows that the struc- 
tural unit (period) of the LB films consists of the 
patterns reveal almost perfect periodic layered 
structure of LB films studied. For the spectro- 
scopic MSHG studies the output of a femtosec- 
ond Ti-sapphire laser is used with the wavelength 
tuning range from 700 nm to 800 nm. 

Figure 1 shows the SHG spectrum of Gd- 
containing LB film comprised of 40 structural 
units in the spectral range from 700 nm to 800 
nm. The inset in Fig. 1 shows the linear absorp- 
tion spectrum of the same film. The compari- 
son of these spectra and direct comparison of 
the SHG intensity from Gd-containing the Gd- 
free LB films of stearic acid indicate that the 
nonlinear response ofthe LB fdms is attributed 
to the Gd ions. 

The NOMOKE is studied in the pre-resonant 
conditions at the SHG wavelength of 355 nm in 
the geometry of the longitudinal magnetization 
for the film thickness from 1 to 55 structural 
units (Gd monolayers). To exclude the optical 
interference effects the NOMOKE thickness de- 
pendence is compared with the thickness depen- 
dence of the nonmagnetic SHG response. Figure 
2 shows the thickness dependence of the mag- 
netic contrast p2w = (12-(M+) - 12w(M-))/ 

12w(M-) are the SHG intensities for the opposite 
directions of the magnetic field. The dependence 

U 2 J M + )  + 12,,,(M-)h where 12JM+) and 
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of the MSHG intensity on the applied magnetic 
field does not show hysteresis loop within the 
experimental accuracy for the magnetic field var- 
ied from -2 kOe to 2 kOe. The magneto- 
induced rotation of the polarization of the SH 
wave for the opposite directions of the applied 
magnetic field of the amplitude 2.0 kOe is ap- 
proximately 4 degrees. 

In conclusion, magnetization induced ef- 
fects in pre-resonant SHG from LB films con- 
taining the Gd monolayers are observed. 
*Research Institute for Materials, University of 
Nijmegen, NL6525-ED Nijrnegen, The Nether- 
lands 
1. O.A. Aktsipetrov, O.V. Braginskii, D.A. 

Esikov, Sov. J. Quantum Electron. 20,259 
(1990); Th. Rasing, J. Magn. Magn. Mater. 
165,35 (1997). 

QWD7 

Second harmonic generation 
investigations in Zn,Cd,Se/ZnSe 
multiple asymmetric coupled quantum 
wells 
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From the point of view of device applications 
as well as basic physics, it is very important to 
study the nonlinear optical properties of dense 
excitonic systems in wide-band-gap 11-VI 
compound semiconductors, especially in their 
quantum well structures. Interband second 
harmonic generation (SHG) including exci- 
tonic effects plays an crucial role in probing of 
the fundamental optical properties in near- 
band-gap regions. In this paper, we adopted an 
experimental setup (Fig. 1) for rotation-angle 
of sample and polarization angle of incident 
beam SHG measurements, and reported the 
reflected SHG at room temperature from Zn,. 
&d,Se/ZnSe multiple asymmetric coupled 
quantum wells grown on GaAs (100) sub- 
strates by molecular beam epitaxy with differ- 
ent well parameters. The incident beam of 50 
ps pulsewidth, 10 Hz repetition rate, 1 mJ 
pulse-' energy at 1.064 p m  from a mode- 
locked Nd:YAG laser was focused onto the 
samples with a spot of diameter 1 mm and a 
fxed incident angle 45'. 

The in-plane anisotropy was clearly demon- 
strated in the form of a sinusoidal function ofthe 
azimuthal angle with a period of 180" in our 

QWD7 Fig. 1. The experimental setup for ro- 
tation angle SHG measurement 
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