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-Abstract

‘Ab,sﬂc_-tract

Quasi-phase matchihg (QPM) scheme can significantly extend the utility of a
single material because it does not rely on birefringence and can therefore operate
noncritically over the matena! s entire transparency range at room temperature usmg
the maximum nonlinear optical coefficient. The key work in 1mplement1n2 this
scheme lies in creatmg the optical quperlaltlce {OSL) mau,rlal i.e., a medium with the
requisite sign reversals of nonlinear coefficient at every coherence length. Up to
date, the QPM scheme has attracted more and more attention in the field of ffequency
conversion, and many new OSL crystals have been developed and good experimental
results been reported. Among them, the optical superlattice (OSL) LiNbO; which is
the subject of this dissertation is the most outstanding one. The growth technique
“which we used is the conventional Czochralski method, Comparing with other
fabricating techniques, for example, the laser-heated pedéstai growth method or some

field-induced methods, the Czochralski method has such advantages as follows: |
I. The modulation period can be easily controlled by the growing parameters. The
minimum modulation period which we can achieved is less than 3.0pm, thus the -.
Ist-order QPM over the whole transparency range (O.3_Spm~75.5pm) of LINbO; is

possible,

)

Although the severe period fluctuation is harmfu] for increasing the frequency
conversion efficiency, the suitable slight period fluctuation can modulate the
crystal’s QPM wavelength and angle tolerance. thus the acceptance bandwidth is
tunable. This is very beneficial for directly frequency doubling of the diode laser.
3. The sample hask the dimension of several millimeters, which is greatly larger than

the samples fabricated by other techniques. The broad light transmlttmg area

makes the angle tuning very casily. | "

The above factors make the OSL LiINbO; grown by the Czochralski method have

Many advantages in constructing the compact short—wa\»'clength‘ laser devices, In this

dissertation, we systematically studied the fabricating technology, formation

il



A bsiz'act

mtch'm[sm and various optical plopcmes of OSL L, iINbO; with dlfferent dOplI’lUS '

Firstly, the growth of OSL L, iNbO; cry stals through Czochralski method with the
modulation perlod from 2.8um to 20.0pum and the period ﬂuctuatlon below 5% were
reported. The ferroeleciric domain morphology of the as-grown crystals was recorded
in detail. A simple model based on the ions—driﬁing and diffusing at high temperature
was proposed to-elucidate the origin of the different domain 'mor'ph_ology and an
annca[i.ng experiment was made (0 examine the model, _ |

- Secondly, QPM sccond har_mo.nic generation (SHG) using different fundamental

ltight sources was demonstrated. and green, blue, and viQ]et lights were obtained. By
frequency doubling of a picosccond optical pamﬁnctric oscillator (OPO), efficient
second harmonic lights from 385nm to 490nm were generated, the maximum
~conversion efficiency was up to 24%. Directly frequency doubling of an 810nm
GaAlAs diode laser and a 978nim InGaAs diode laser have also been performed in
OSL LiNbO;. When the incident infrared lights were 230mW and 120mW, the stable
0.35mW  405nm  and 1.0mW 489nm bluc lights generation were achieved,
respectively. The firstly reported QPM femtosecond frequency doubling to generate -
violet and blue lights showed that the OSL [,iNb()j has some advantages in the short- |
wavelength ultra-short pulse gencration. 7

At last, we reported the growth of two new multifunctional active mediuins:
OSL Nd:MgO:LiNbQ; and OSL Er:LiNbO;. The nonlinear and laser properties of
OSL Nd:MgO:LiNbO; were carcfully measured. The results showed that the self-
frequency-doubling (SFD)‘ operation at room icmpcgra}ture using the-high gain 7-
polarization and the maximum nonlinear coefficient da; to generate green and blue
light with high beam quality is possible. |

Other works including the further upgrading of the crystal growth technology

and constructing green or blue SED laser dévices arc just under way.
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