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Structure and chemistry of LiB3O5 (LBO) optical surfaces
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The properties of LiB3O5 (LBO) surfaces have been studied with reflection high energy electron diffraction (RHEED) and X-
ray photoelectron spectroscopy (XPS). The superstructure ordering with the relations a=4a0, b=2b0 and c=2c0, where a0, b0 and
c0 are the LBO cell parameters, has been detected by RHEED analysis. Depth profiling by XPS shows that the thickness of
the top surface layer contaminated by carbon is ~20 Å. Electronic parameters of LBO have been defined for the surface
cleaned by ion beam sputtering. The ratio of original elements at the surface is in close relation with the formal composition
of LBO.
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 Introduction

Lithium triborate LiB3O5 (LBO) is an important non-
linear optical crystal widely used for harmonic generation
in visible and UV ranges [1]. LBO is characterized by
high optical damage threshold, sufficiently high non-
linearity, large acceptance angle and low birefringence
that makes it most suitable for high intensity harmonic
generation [1-3]. The crystals of LBO possess com-
paratively high spontaneous polarization and moderate
piezoelectric coefficients [4, 5]. By using an ion
implantation technique, in near surface layers of LBO
substrate optical waveguide structures may be produced
[6, 7]. During the last few years methods of LBO
crystal growth have been actively developed and today
optical-quality single crystals a few hundred grams in
weight and with dimensions sufficient for the majority
of nonlinear optical applications are available [8-13].

Fabrication of nonlinear optical devices includes as a
necessary stage the preparation of polished surfaces
with high optical quality. The production of such surfaces
on LBO substrates, however, is a difficult technological
task because of the relatively low hardness and hygro-
scopicity of this material [14]. Moreover, it is known
that LBO surfaces, either as grown at high temperature
[8] or prepared by mechanical polishing at room
conditions [15, 16], are not chemically inert and react
with the atmosphere with the precipitation of new
foreign phases. For practical applications in nonlinear
devices the relationships between surface optical damage

threshold and adhesion of optical coatings and real
properties of LBO surfaces are of great importance. In
this respect the crystal structure and chemical com-
position of mechanically-polished LBO surface are
considered in the present study.

Experimental Methods

A crystal of LBO was grown by the top seeded
solution growth (TSSG) method from a flux. The
substrates were cut from the part of this crystal without
any visible defects or inclusions. The planes [100] were
hand polished up to an optical grade. Before obser-
vation the surface was cleaned chemically to remove
residual polishing materials. 

Crystallographic surface properties were investigated
by RHEED at an electron accelerating voltage 65 kV.
To eliminate charging effects a charge-neutralization
flood gun was utilized. Surface electronic parameters
were defined using the XPS method. X-ray photoemission
spectra were obtained with a MAC-2 (RIBER) analyzer
using nonmonochromatic Mg Kα radiation (1253.6
eV). The energy resolution of the instrument was 0.5
eV and the measured full width at half maximum
(FWHM) of the Cu 2p3/2 line was 1.4 eV. The binding
energy scale was calibrated by reference to Cu 2p
(932.7eV) and Cu 3p (75.1 eV) lines yielding an
accuracy of ±0.1 eV in any peak position determination
in reference to cooper Fermi level. The photoelectron
energy drift due to charging effects was taken into
account in reference to the position of the C 1s (284.6
eV) line generated by adventitious carbon on the
surface as-inserted into the vacuum chamber. Depth
profiling has been produced by ion beam sputtering
with Ar+ of 3 keV energy at a sample current of 100
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nA. The ion beam was rastered over an area 8× 22
mm2. Under these conditions the sputtering rate was
estimated to be 0.13 Å/min. The sputtering has been
continued up to stabilization of the C 1s core level
intensity. For bombarded surfaces the progressive shift
of binding energy of the C 1s core level to lower
energies has been revealed with increasing sputtering
time. So, to account for the charge accumulation for the
surfaces subjected to Ar+ bombardment the persistence
of the B 1s binding energy was postulated. With this
calibration the binding energies of O and Li core levels
remained unaffected for all the sputtering times
achieved in these experiments.

Results and Discussion

High energy electron diffraction patterns for two
mutually perpendicular beam azimuths are shown in
Fig. 1(a, b). In intensity the dominant components are
monocrystal streaks accompanied by wide Kikuchi
lines and a relatively weak diffused background. The
crystal phase on the surface was identified as LBO. A
background component appeared due to the presence of
some surface contaminations. Superstructural ordering
has been observed on the surface with the relations
a=4a0, b=2b0 and c=2c0. Here a, b and c are the surface
ordering lattice parameters and a0=8.45 Å, b0=7.38 Å
and c0=5.14 Å are the LBO bulk cell constants. Survey photoelectron spectra measured at different

stages of the surface cleaning with Ar ion beam sput-
tering are shown in Fig. 2. The most intense contamin-
ation on the as-inserted surface is carbon. Besides this,
weak signals are detected for Ca, Na and Ba core
levels. The admixtures, as it seems, may be inserted
into the surface during polishing and subsequent chemical
cleaning. On sputtering of the surface by ion bombard-
ment the intensities of the original element core levels
increase. The dependencies of the magnitudes of
signals of C 1s, B 1s O 1s levels on sputtering time
are presented in Fig. 3. It is seen that the magnitudes of
these signals stabilize at times greater than 230 minutes

Fig. 1. RHEED patterns of LBO surface. The incident electron
beam is parallel to (a) [001] and (b) [010].

Fig. 2. Survey photoelectron spectra for (1) as-inserted surface and
after sputtering for (2) 25 minutes, (3) 80 minutes and (4) 350
minutes.

Fig. 3. Dependence of B 1s, C 1s and O 1s level magnitudes on
sputtering.
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but C 1s remains noticeable. Detailed spectra for the
photoelectron binding energy range 240-290 eV are
shown in Fig. 4. With growth in sputtering time the
energy of maximum of C 1s peak shifts to lower
energies up to 282.3 finally. Besides the carbon level,
the weak signal related to Na KLL Auger-transition
proceeds. On sputtering for longer than 80 minutes the
2p-doublet appeared with an Ar 2p3/2 binding energy
241.8 eV. Thus on a LBO surface cleaned by sputtering
with Ar ion bombardment the relatively intense peak
attributed to residual carbon is observed at 282.3 eV.
This energy is unusually low for the C 1s core level.
Earlier the effect of the gradual shift of the energy of
the maximum of the C 1s peak under argon ion
bombardment was observed by us during a study of the
surface properties of another borate crystal CsB3O5

(CBO) and this presumably might be induced by pro-
gressive destruction of the skeleton chains of adsorbed
hydrocarbons due to interaction with middle energy
Ar+ ions. However, from the CBO surface the carbon
contamination had been removed totally after a relatively
short time under similar sputtering conditions. At the

same time on the LBO surface the residual carbon with
an atomic concentration C/O=0.05 is revealed repeatedly
for different polishing conditions [16]. Thus it seems
the formation can be thought as a layer containing the
carbons chemically bound to the LBO surface. This
specific feature of the LBO surface should be account-
ed for in the complexity of ion beam polishing techniques
actively developed in resent years for the surface
performance of optical materials [18-20].

Photoelectron binding energies of Li 1s O 1s levels
remain near the same value with sputtering that confirm
the persistence of the type of chemical bonds between
the original elements with depth from the surface layer.
There was no observed additive shoulder on the high
energy side of the O 2s peak detected earlier in [17]. It
should be noted that this feature of the O 2s core level
was also absent in spectra of the LBO valence band
measured for a vacuum-fractured surface [21]. A set of
binding energies for the original element core levels
and the spectral components of the valence band of the
LBO measured after sputtering for 350 minutes is
shown in Table 1. For comparison, available literature
data for this crystal are also presented here. The most
interesting of this data to compare with our results are
the electronic parameters of LBO defined in [17] for
as-grown crystal face with surface charging accounted
by reference to the C 1s level. Evidently, there is nearly
an exact agreement in energies of the valence band
levels and a small difference in binding energy of the
Li 1s core level. For B 1s and O 1s core levels, how-
ever, the difference is large and far above possible
instrumental error. The energy difference (O 1s-B 1s)
in both experiments is nearly the same and equal 339.7
eV. A possible reason for this discrepancy is the presence
of a foreign phase on the surface of the as-growth
crystal face. The surface phase composition was not
tested in [17], at the same time the formation of foreign
phases on LBO crystal faces, in particular Li3B7O12 in

Fig. 4. Detailed spectra for C 1s-Ar 2p range.

Table 1. Photoelectron binding energies and spectral components of valence band in LBO

Element O 1s C 1s B 1s Li 1s O 2s C B A

This study 532.3 (2.06) 284.6 192.6 (1.83) 55.7 25.0 13.8 9.2 6.3
[17] 531.6 284.6 192.0 55.5 25.0 13.4 10.0 6.2
[21]* 533 21 10 6 2

*binding energies are referenced to the valence band maximum

Table 2. Relative atomic concentrations of Li, B and O

Sputtering time, min O B Li

as-inserted 0.55 0.34 0.11
25 0.54 0.35 0.11
80 0.54 0.34 0.12
350 0.58 0.32 0.09

LiB3O5 0.56 0.33 0.11
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the atmosphere of a growth chamber, has been reported
earlier [8, 16].

The chemical composition of the surface was estimated
by area analysis of Li 1s, B 1s O 1s peaks using the
coefficients of relative element sensitivities tabulated in
[22]. The results of these calculations are presented in
Table 2. Evidently, the relative atomic concentrations of
the original elements are in good correlations with
formal composition of LBO and only slightly vary with
depth. 

Conclusions

Mechanically polished LBO surfaces have a monocrystal
structure with a minor amorphous component. The
chemical composition of the surface defined with XPS
is in good agreement with the LiB3O5 formula. The
main surface contamination is carbon. The thickness of
the layer strongly enriched by carbon is ~20 Å. The
presence of carbonate or hydrate groups has not been
detected in the surface while these compounds are
typical for surfaces of the crystals containing alkali
metal oxides. 
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