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Abstract Potassium lithium niobate ( KLN) crystals, grown by the micro pulling down ( z -
PD) method, have been considered on the interchange between incongruent melt composition
and second harmonic generation ( SHG ) properties because of the sensitive interaction. Correla-
tion between the composition of crystals and the wavelength of SHG applications from ultra - vi-
olet to green region was found. Also, the x -PD KLN crystals showed a homogeneity of
noncritical phase matching and an excellent SHG property which is converted to blue laser light
with half wavelength by the red irradiation.
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The recent developments of nonlinear opti-
cal materials are important steps toward ap-
plications in the field of blue and green sec-
ond harmonic generation (SHG). The
growth of tungsten bronze crystals such as
SrosBag « Nb, Os, Ba;NaNb;Ois, K;Li; Nbs-,
Ta, O, and K;Li:Nbs Ois has been of consid-
erable interest for many vears [1-3] be-
cause of the unique advantages of bronze
crystals which possess extraordinary large
transverse and longitudinal electro- optic co-
efficients. However, growth of these crystals
is of extreme difficulty because of problems,
such as sample cracking during the transi-
tion from the paraelectric to the ferroelectric
phase.

Potassium lithium niobate, KsLi,— «Nbs, «
Oi5+2« (KLN), has been recognized as a po-
tentially useful material for nonlinear opti-
cal applications [4,5], both because it is re-
markably stable under intense laser radia-
tion, and because of its large electro- optical
and nonlinear optical coefficients. Recently,
significant advances in efficient compact
diode- pumped solid state laser sources have
been realized with this material [6]. Howev-
er, KLN is difficult to grow due to the for-
mation of cracks and the composition
change by the conventional crystal growth
methods [7,8]. Even though KLN has the
sensitive interaction between the chemical
composition and the nonlinear optical prop-
erties [9], few reports have been studied
this correlationship.

We have investigated the growth of micro
single crystals by the micro- pulling down
( 1 -PD) method from an incongruent melt
[10,11]. Very successful second harmonic
generation (SHG) of blue light has been
also obtained in KLN crystals [ 11]. Howev-
er, nonlinear optical properties which is in-
fluenced by compositional variations are not
described. This paper is focused on the SHG
properties of # -PD KLN crystals, which
are related to composition and compositional
homogeneity, with consideration of the con-
sequences of an incongruent melt.

The 30 % K,O section of the phase dia-
gram for the K,O-Li,O- Nb;Os system [9],
extending between 40 % and 63 % NbO;, is
shown in Fig. 1. From the phase diagram of
KLN can be seen, one of the main problems
is composition changes along the growth
axis, which is caused to crack, during
growth because of the segregation phenome-
non along the solidus line.

To investigate the growth of crack-free
KLN single crystals with homogeneous com-
positions, we have applied by # -PD meth-
od. The starting compositions have been
used between -06 < x = 0.5 (in K;Li,-.
Nbs+ . Oiss24), scaled before sintering. The
-PD method for small diameter crystal
growth is characterized by extruding thin
single crystals from a micro nozzle at the
bottom of a crucible. Using the micro nozzle
at the crucible bottom, crystals with con-
stant diameter similar to that of the capil-
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Fig. 1. The 30 mol% K;O section of the
phase diagram of the K,O-Li,O- NbhOs
system.

lary can be easily produced.

Crack-free KLN crystals have been
grown through the micro nozzle at the cruci-
ble bottom to form a micro single crystal
(rod shape) with a cross section not more
than 1 mm in diameter and a length of 150
mm. The habit of such KLN crystals is near
to a linear needle, suitable for intensification
of laser beams.

There is a close relation between the SHG
properties and the composition of KLN crys-
tals. Also, the homogeneity of crystal compo-
sition has a direct influence on the optical
quality. The a-oriented KLN single crystals
are vproperly oriented for noncritically
phase- matched SHG [9]. The noncritical
phase matching wavelength was measured
by a Ti doped sapphire laser for these com-
positions. Radiation between 790 nm and
900 nm was generated from the Ti doped

sapphire laser, with a power output of about
300 mW. The experimental arrangement is
detailed in Fig. 2.

At first we used 1 mm long segments, cut
from a-oriented KLN crystals, grown from
melt compositions between x=-0.6 and x
= 0.5 (according to KiLi>— Nbsi Ois42.) with
optically polished 500 x 300 um? front
planes. Blue SHG of u -PD KLN crystals
was observed, however, we found that the
SHG characteristics depend on the starting
melt compositions of the grown crystals.

Table 1 presents the correlation between
melts composotion and phase matched we-
velength. The phase matched wavelength in-

Argon laser Ti:Sapphire Laser KLN crystal
Lens Screen

Fig. 2. Experimental arrangement for blue
SHG measurement using a tunable Ti doped
sapphire laser.

Table 1
Dependence of phase matched wavelength
on melt composition

Melt composition
(Kin Li,O: szos)

Noncritical phase
matched wavelength

(nm)
30:17:53 > 900
30:20: 50 ~ 880
30: 23: 47 =~ 820
30:25: 45 ~ 815
30:26: 44 ~ 817
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creased as the Nb content in the melts in-
creased. However, SHG was not detected at
x 2 0.3 because of the spectral detection
limit of the apparatus. This indicates that
crystals grown by the u -PD method from
different melt compositions are able to con-
trol the noncritical phase matching wave-
lengths.

We also investigated the homogeneity of
samples/segments prepared from a, - orient-
ed crystals using the method of noncritical
phase matching with a tunable Ti doped sap-
phire laser. Samples were prepared with
lengths of 10 mm, taken from the middle
part of a grown crystal (about 50 mm in
length), and irradiated at the surface (a.
plane) perpendicular to the growth axis. Fig-
ure 3 shows the phase matched wavelength
along the crystal length for u-PD KLN
crystals grown from melt compositions of x
=-0.6 and x = - 0.3. The wavelength vari-
ations are £3 nm and 2 nm, respectively.

We estimate that wavelength variations in
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Fig. 3. Noncritical phase matched wave-
length along the crystal length.

KLN are above +20 nm within the solidified
fraction g=0.1, because of composition
changes along the growth axis of 2 mol% in
this region for a conventional growth meth-
od [12]. In u -PD crystals, compositional
homogeneity results in a nearly constant
phase matched SHG wavelength along
growth direction.

These results provide the dependence of
the most appropriate composition for SHG
applications from ultra- violet to green re-
gion and the developments of future growth
technologies for a new material having im-
proved composition homogeneity from incon-
gruent melt compositions. It is considered
that a change of composition in KLN crys-
tals can affect the electro-optical and
nonlinear optical properties because of the
considerable change of the birefrigence with
variation of the Nb content. However, the
SHG wavelength in ¢ -PD KLN crystals is
not always proportional to the Nb content of
the melt composition. For example, two crys-
tals grown from the melt compositions of x
=-06 and -0.3 (see in Fig. 3) show a
noncritical phase matching wavelength of
about 820 and 790 nm. We think that the
change of the SHG characteristic is caused
by the displacement of Nb atoms, which will
be described in future, due to different redis-
tribution phenomena on an atomic scale.

Using the equipment presented in Fig. 4,
we measured the SHG intensity dependent
on temperature between 25C and 40C in
the practical analysis of temperature
allowance for SHG using a Nd : YAG pump
laser (1064 nm). A sample with 2 mm long
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Fig. 4. Experimental arrangement for mea-
surement of temperature allowance of SHG.
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Fig. 5. Temperature allowance of SHG
using a Nd : YAG pump laser.

segment cut from a-oriented KLN crystal
was used. Figure 5 shows the result of the
SHG intensity ratio dependent on tempera-
ture. The full width at half maximum is
about 10.5°C, yielding an allowance of tem-
perature of 2.1°C - cm. This indicates that
KLN is competitive and superior to KNbO;
and LiNbO; by factors of 7 and 3,
respectively, as shown in Table 2.

Also, phase- matched frequency doubling

Table 2
Temperature allowance of SHG materials

Material Temperature allowance
(‘C- cm)

KLN 2.1

KNbO, 0.3

LiNbO; 0.7

of (Ga, Al) As laser diodes at room tempera-
ture was achieved with pump power of 100
mW at 808 and 870 nm, respectively. We
have applied 10 mm long a-oriented KLN
crystal segments grown from melt composi-
tions of x=-0.3 and x=0. It has been
found that the crystals favor phase matched
frequency doubling at wavelengths of 808
nm and 870 nm, in depending upon the melt
compositions of x=-0.3 and x=0, re-
spectively. The SHG wavelength increases
on increasing the Nb content of the melt.
However, no correlation between laser effi-
ciency and crystal habit has been found.
This i1s understandable because at the pres-
ent state the dimensions of the cross sec-
tions still exceed the diameter of the exciting
laser mode (= 100 ym for the (Ga, Al) As
laser diode ).

In summary, the g -PD KLN crystals
showed an excellent and a homogeneous
SHG properties which is converted to blue
laser light with half wavelength by the red
irradiation of a Ti doped sapphire laser and/
or semiconductor laser diode. Also, phase
matched frequency doubling of the laser
from 780 nm to 900 nm for blue SHG at
room temperature has been obtained by the
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crystals dependence of the crystal composi-
tions.
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