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Abstract

Recently, optical superlattices has been paid attention in condensed matter physics and
{ﬁaterials science fields, which has particular photo-electric function. The research of
-...n.onhnem optical effect in optical superlattices is mainly involved two aspects: The qua31-
hase matched fy equency conversion and the cascade second-order nonlinearity under the

: phase-mlsmatched condition. In view of research methods and modes, the research of

nonlinear optical effect in optical superlattices consists of two stages: primary stage and
advanced stage. The research of primary stage is to study the properties and thé possible
* application of the existed materials and structures. In contrast to primary stage the
~research of advanced stage 1s to design and fabricate the new structures and materials that
not exist in nature according to certain needs of application, which has widened the
research view and application scope. We systematically investigadted the nonlinear optical
~effects in optical superlattices both theoretically and experimentally, both in primary

" stage and advanced stage . The obtained results are described as follows:

1. The features of the polarization reversion of LiTaQ; has been studied, especial the
relationship between the forward poling and lateral poling process.

2. The coupling amplitude equations of fundamental and harmonic waves have been
studied systematically in the depleted fundamental wave condition. The conversion
- - efficiencies have been deduced both in the quasi-phase-matched and phase-mismatched

condition as well as the depleted fundamental wave and the small signal approximation

condition. The relationship between the conversion efficiencies and ratio of coupling
- coefficients has been studied.

3. The laser frequency conversion processes have been systematically studied both
theoretically and experimentally in generalized Fibonacci optical superlattice. The general
expression of the effective nonlinear optical coefficients has been deduced. The
dependence of the effective nonlinear optical coefficients on Varioué structure parameters

has also been studied. We in the first time designed and fabricated the generalized



RS

Fibonacci optical superlattice (111:2), obtained the yellow light of 0.5672um from the
fundamental light of 1.7015pm, the frequency conversion efficiency got .to 22%,
compéred the pmpeﬁy of vector space in the generalized Fibonacci structure (m:2) with
that in the Inter-Growth structure. The effective nonlinear coefficients have been
simplified and generalized and the more general two-components quasi-periodic
structures have been obtained. | 7

4. The laser frequency conversion effect in three-components Fibonacci structures has
been studied. '

5. We in the first time proposed the compound quasi-phase-matched theory and
introduced the novel thought of microstructures design, provided the novel method that
produce the high harmonic with high efficiency in mixed structures such as periodic-
periodic structure and periodic-quasi-periodic structure, found the new extinction
phenomenon and the degenerate rule in those mixed structure. The compound quasi-
phase-matched theory set up the theory foundation of microstructures design. The
experimenta] results is in good agreement with the theory. .

6. We have studied the nonlinear optical effects in optical superlattices under the vector
nusmatched condition. The theory frame realizing the phase-shift in the superlattice
materials has been proposed in the first time. We have calculated the nonlinear bistable
effect in the periodically poled LiNbO; induced by cascade second-order nonlinearity and
clectro-optic effects, which shows the much lower threshold for bistability than those

based on the traditional periodically layered structure.
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