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HXHE:

Second Harmonic Generation (SHG) is a

way to obtain short wavelength laser beam

from a longer wavelength source. LBO
(LiB30s)is a very important crystal which
exhibits good SHG properties. LBO, CBO,
CLBO is a class of crystals which share the
same composition of anion group (B3;05s),
but just differ by their cations. Band gap
fundamentally determines the window of
wavelength of the out-coming SHG beam
and it is also related to the damage threshold
of the crystal during the NLO process. Now,
we are interested to know what makes the
band gap of these three crystals different,
and what are the factors determine the trend
of their gaps. In this work we have adapted
the so called Virtual Crystal Approach,
which means investigating the properties of
materials based on artificially constructed
crystal structures. By using ab initio method,
one will than be able to explore a wider

configuration space that arc not accessible

to by usual experimental techniques.

il B ey

With the usual natural light sources, the
polarisibility of a material is linearly
proportional to the magnitude of electric
field. The invention of laser makes
extremely high intensity light beam
available, allowing the material to interact
with electromagnetic wave within the
non-linear response regime. Second
harmonic and sum harmonic effect can
happen under such condition to provide
sources of short wavelength light. The
refractivity is also related to the
polarisibility of a medium, and therefore the
refractive index also depends on the
intensity of light. Material of such kind can
be used as a modulator.

LBO (LiB30s) is a very important crystal
which exhibits good SHG properties LBO,
CBO, CLBO is a class of crystals which
share the same composition of anion group
B;0s, but just differ by their cations .
Studying how their physical quantities vary
may provide clues to understand how
structural and constitutional change can
affect quantities that are important in SHG
crystal design, which are (1) the band gap,
(2) the birefringence and (3) the second
order susceptibility of the crystals. The later
two are important for achieving phase
matching condition and create non-linear
cffect, respectively. Qur ab initio study of
these two quantities are reported separately.

Although band gap may not seem to be




relevant to NLO properties so much as
birefringence and y ' do, it fundamentally
determines the window of wavelength of the
out-coming SHG beam and it is also related
to the damage threshold of the crystal
during the NLO process. Band gap
sometimes turn out to be the most critical
factor in the NLO muatcrial design. In this
paper, we are intetested to know what
makes the band gap of these three crystals
different, and what arc the factors determine
the trend of their gaps,  This is not a trivial
question which can be addressed by the
apparent chemical composition of the
crystals. For example. the trend of gap
variation, E(LBO) > E,(CBO) > L,(CLBO),
can not be explained by just considering
whether the cation in the system is Li or Cs.
The understanding of the physical origin of
this gap variation will be very important for
the band gap cngincering of similar

materials.

Given that LBO. CBO. and CLLBO share
the common chemical composition except
the group [A elements. it is-still natural to
suspect that the cationic cllect play major
role in causing gap variation. One may
imagine that such efiect could come directly
from the individual clectronic properties of
cation affecting either the cdge of
conduction band or vatence band, or both.
Alternatively, it can be an indirect effect as
the different size of cation altering the
packing style of BO framework in these
three crystals, results in different gap valucs.
The later is not an unreasonable guess, after
all our previous calculations already

indicates that the density of states near the

gap are dominated by Boron and Oxygen. In
this work we have adapted the so called
Virtual Crystal Approach , which means
investigating the properties of materials
based on artificially constructed crystal
structures. By using ab initio method, one
will than be able to explore a wider
configuration space that are not accessible
to by usual experimental techniques. With
such an approach, essential structural
components are removed or replaced and
their electronic structure and optical
properties calculated. The differences in
computed results will help one to identify
the component which gives the most
important contribution to the desired
properties (in this case band gap) and
evantually lead to an understanding of the

mechanism,
R

Encrgy gaps of LBO, CBO, CLBO
crystals are not determined by the electronic
structure of the neutral Boron-Oxygen
framcwork itself. Instead, the valence
electron of 1A elements, which is donated to
oxygen site and making the BO framework
charged, play crucial role in the
determination of the band gap in these
borate NLO crystals.

Both edges of band gap are mainly
contributed from the electronic structure on
Oxygen site, which is sensitive to the local
environment introduced by different IA
clements, as shown in the present work by
using partial crystal construction (crystal
fragment method). Among local geometrical
factors, correlation can be found between
band gap and the size of cation cavity,




whereas the effccts of bond length and bond

angle around oxygen are not important.

From the step by step augmentation of the
fragments of Borate framework in LBO,
CBO and CLBO (uand obscrving the gap
changes), the gap trend of the three crystals
can be reproduce by all size of models, {rom
a very small cluster to the entire BO
framework. This strongly suggests that the
gap variation among these borate crystals is
a local effect controlled muinly by the
distance between cation and oxygen. This
also explains the corrclation between the
sort of "cavity" siz¢ and the trend of band
gap.

Being an unoccupicd state. LUMO band
is more delocalised than I1OMO one and
therefore its eigenvalue is more sensitive to
the geometry of the local environment
determined by ncighbouring atoms. The
LUMO band clectron. mainly from oxygen
s-state, is more tightly confined in the cage
in LBO than in CBO. The mechanism of
gap variation can therefore be understood as
the size effect of cation. through the packing
of borate framework. indircetly fine-tuning
the the energy [evel ol the state at the

bottom of the conduction hand.

The overall picture is therefore the
following : the size of cation alfect how
they are packed together with B2Os
framework in crystals. The force balance
between atoms in unit cell further
determined the cquilibrium position of
cations relative to nearby oxygen atoms.
The band gap of B;Os+le- system, which is
mainly due to the local Op-Os transition, is

sensitive to oxygen-cation distance and

results in the gap variation of LBO, CBO
and CLBO crystals.
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