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There have been many studies on the intensity dependent nonlinear phase shilt that arvises
from the @ : x® cascading processes. To measwre the cascaded phase shilt{CPS). several
experimental methods have been used such as Z-scanl[l] and interferometric measurement(Z]. Bt
these methods require a well-defined spatial/temporal beam profile and intetferometric  stability,
respectively. In this paper, we propose a new method for measuring CPS5 assoctated with second
harmonic generation{SHG) which is not sensitive to the beam profile and mechanical stability.

A KNbO:5mm long) single crystal was used as the sample for demonstration al {his
method. The experimental setup is schematically described in Fig.l. The 1064dnm beam from a
Q-switched NA'YAG laser was used for SHG in the crystall Wavevector mismatch for the SHG
was controlled by temperature around the phase matching temperature(189.25 "C). The impul heam
was linearly polarized at 45" with respect to the a—axis of the crystal, in which it is separated into
two orthogonal components, The vertical component{polarization parallel to the c-axis) does nol
experience second order nonlinear interactions because only du-—coefficient 1s activaled in this
specific configuration, while the horizontal one participates i the second order processes, SHG w -+
—2w) and down-conversion(Z2w—w—w). Therefore, the CPS is generated only in the horizontal
component. A Soleil-Babinet compensator was used to compensate the linear birefringence. A cross
polarizer(—45" ) was placed in front of the detector. In this configuration the CPS ¢ is calculaled as

cos¢=(%— L1+ D/ T, where T and L are the transmittance due to the fundamertal

depletion just after the sample and the nommalized signal at the detector of the fundamental
intensity, respectively. To eliminate spatial averaging effect in the beam profile, we measured the
output fundamental intensity at the peak by imaging the exit plane of the sample to Lhe analyzer
plane with a magnification of —10, where a small pinhole was placed. We also avoided temporal
averaging by detecting the peak of the —10ns optical pulse signal. Fig.2 shows CP3 versus

wavevector mismaich( k) at various I'L. Here, I’ = % dy |7 , where A and T. are the
H My,

fundamental wavelength and input electric field ampiitude, respectively, L is the interaction lengih,

and ne and np, are refractive indices at the fundamental and second harmonic {requency.

respectively. The experimental results agree well with theoretical calculations from the coupled wave

equations for JKL>0, but in the other region is not, For this resion we guess that in AkL<0 hecam

energy is not strictly conserved along the beam propagation direction because of noncolinear phase
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matching only in one side of phase mismatch. So a significant change in the CPS due ta such
noncolinear interaction can be expected at high intensity.

As a conclusion, this method has advantages over the Z-scan and Mach-Zehnder
interferometric methods in view of spatio-temporal beam profile and mechanical stability
reguirements.
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Fig. 2. Cascaded phase shift versus akL
for rL=0.88(squares) and 1.97(circles).
Curves are from theory.
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