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ABSTRACT

KTN is a single crystal ferroelectric of com~
position KTao.SSNb0.3Sp3° KTN has a curie point near
coom temperature and exhibits a large quadratic electro-
optic, i.e.,, Kerr effect. KTN is useful as a light beam
modulator and deflector, microwave modulator, optical
polarization switch, variable delay line, and parametric
amplifier,

The best KTN crystals were grown at 1230°C *
from a 200 cc melt prepared from 343 g K2C03, 358 g
Ta?OS, 358 g szos, and 0,61 gSnO2 (i.e., 53.5 m/0 Kzo;
17.4 m/o Ta,0q; 29.1 m/0 szos; and 0.1 m/o Sn0, or
K(Ta0,38NbO;GZSnO.001¥03 + 15% excess KZO) using a top-
seeded, steady-state~gradient flux technique.

~Crystals as large as 50mm x 50mm X 1lOn.n were
grown, ‘The crystals were pale blue when grown in Pt-3.5Rh
crucibles and colorless when grown in Pt crucibles. Oxy-
gen, aixr, or argon atmospheres had no significant effect
on the crystal color. XTIN grown in this study contained
large clear Aareas and were reproducible in quality, but
still suffered from flux inclusions and striations.

It was recommended that (1) the K-Ta-Nb-0 system
be studied; (2) incremental pulling be inves.igated;
(?) a controlled composition nutrient should be employed;
(4) further use of additives should be looked into to
eliminate flux inclusions; and (5) possibly other compo-
sitlons in the KTa0;~KNbO, system should be investigated.

* Furnace temperature

.
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I. INTRODUCTION

KTN is a single crystéi ferroelectric consist-
ing of a particular solid solution of potassium tantalate,
KTaOB;,and potassium niobate, KNbO3. The specific compo-
sition for KTN is 65 mole per cent K‘I‘ao3 and 35 mole pir
0.65"0.35%3"
The abbreviated form for this specific composition, ¥TM.

cent KNbO3 which can be expressed as KTa

is derived from the first letter of the chemical symbols
of each metallic element in the composition. Thus the

K for kalium, i.e., potassium (K), the T for tantalum (Ta),
and the N for niobium (Nb).

The solid solution composition, KTN, has a curie
point near room temperature. Since the room temperature
dielectric constant of KTN is very large (e>104), it has
a very large room temperature electro-optic effect. It
also exhibits low electrical losses and a large saturation
polarization. These factors coupled with the very large
room temperature electro-optic effect allow many applica-
tiéns,pCSs%ble which were previously not feasibl—'e.:L

Since the electro-optic effect in KIN is quad-
ratic (Kerxr effect), a dc bias can be used to produce an
effective linear transverse electro-optic effect that can
easily be made several hundred times larger than that in
a material such as ADP (ammonium dihydrogen—phosphate)l.

Some of the outstanding potential applications
for KIN are:

. Polarization mOdulatorl

. Amplitude,moduiaiorl

. Digital light—déflector1 .
_I,.
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. Baseband light modulatorl

. Light\scarmerl
. Microwave modulatorz
. Beam deflectof3’4

. Light modulatorB’4

: Optical polarization sw:‘:tch5
6,7
6,7

. . 8,9
. Energy storage device ,
10,11,12,13

» Variable delay line
. Parametric amplifier

. Laser beam modulators

. Prism de,fl‘ectorsl4

: ‘Gradient light beam defkectorls
. Holographic electro-optic modulators

and beam deflectoré16

These applications all require large, optically perfect,
‘homogeneous single crystals of KTN. The growth and per-
fection of KTN is the subject of this program. This
phase of the study examined the mechanism of the -growth
of KTN single crystals from melts containing excess K50
and looked into the variables that effect the growth
process and the pérfection of the crystals.

II. PREVIOUS WORK

‘Many investigations have been carried out on the

growth of KTN single crystals. Triébwasserl7’18; Bonner,

Dearboxrn, and Van Uitertlg’zo; Wilcox and Fullmer21;

B s L 22 s 23,24
Denton ; Sal’nikov and Zhelankin ~; Gentile and Andres. 3
: 27

Smakulazs; Fay and Alfordzs; and Fukuda, Hirano and Koide
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have repoxrted on attempts to grow KTN single crystals from

a melt. Hill, Harker and Changzs’zg; Shternberg, Lapsker

31,32

and Kuznetsov30; and Marshall and Laudise have reported

on attempts to grow KTN single crystals hydrothermally.

However, very little information on detailed growth
techniques is available. None of the previous investiga-
tions seemed to be aimed at providing a reproducible method
of growing KTN singlc crystals with specifiec, well charac-
terized properties.

The gneatesﬁ variability which is reported in the
above literature is the color of the crystals. Completely
colorless crystals and crystals which contain uniform,
zoned, striated, patchy, banded, shaded, and distinctly
separated regions of color have been obsexrved. The colors
most frequently mentioned are "water white" (i.e.; color-
less), white, yellow, blue, and brown. The color ranged in
shade from very pale to very intense, and from clear to
opaque.

This investigation was undertaken in order to
investigate a reproducible method foxr producing KTN single
crystals and to explore the variables which affected the
cclox and other properties of KTN,

III. EXPERTMENTAL PROCEDURE

A. Preparation of the Melt

The charge for the growth of the KTN single
crystals vas prepared by carefully weighing out the follow-
ing powdered ingredients:

K2C03 (J.T.Baker, Reagent No.301l2)....343 g.

Tazos (Kawecki Chem. optical grade)...358 g,

Nb,0g (Kawecki Chem. optical grade)...358 g.

-3-
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This batch yielded approximately 950g of
melt which was empirically determined to £ill a 200 cc
platinum or platinum alloy crucible (Englehard Type 202,
reinforced rim and. bottom).

This method of preparing the mix was chosen
as it eliminated the possibility of being off-composition
due to pocr mechanical mixing of the starting ingredients.
It also allows very small amounts of additives to be
added to the melt in precisely known quantities, e.g.,
0.61g of Sn0, to 950g of mix.

1

The weighed powders were added to the crucible
in small increments. The crucible, with its contents, was
then placed in a silicon carbide resistor-element box-
furnace held at approximately 1250°C and containing a flow-
ing oxygen atmosphere (5 cfh) until the Hzo and CO2 were
eliminated from the charge producing a homogeneous melt:
This procedure was repeated until all of the batch was
melted. The furnace was then shut off allowing the melt
to solidify in the furna:e under flowing 0,. If any
additives were to be used, e.g., Snoz, they were carefully
weighed out and then placed on the top of the frozen melt.
If the melt was not going to be used immédiately it was
stored in a desiccator to avoid pickup of CO2 and HZO by
by the K,0 formed during the decomposition ¢f potassium
carbonate,

B, Growth of Crystals

1. Apparatus

) The crystal growing apparatus is shown
diagrammatically in Figure 1.

S LIPS &
i
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The platinum crucible is situated in the
furnace and is held by a McDanel AP 35, alumina ceramic
support. (Note: The ceramic support was found necessary
because the high specific gravity of the melt caused the
platinum crucible to deform or "stretch", the ligquid
level to drop in the crucible, and the seed to actually
leave the melt). The furnace is a Marshall unit with a
Kanthal A-l resistance heating coil. The furnace is
5" ID x 14" OD x 20" in length. The power is supplied by
a West Model PSCR-27-240, 6.5 Kva, 240v AC SCR (silicon
control rectifier). It is delivered to the crystal grow-
ing furnace through a Crittenden (Div. of Teledyne) 4 KVA
step-down transformer (240v tc 77v AC). The temperature
is controlled by a West digital proportioning unit
(Model Y) which drives the SCR. The furnace temperature
is sensed by a Pt/Pt-10 Rh thermocouple (T/C) locafed in
the center of the furnace. The temperature elsewhere in
the furnace and in the melt is sensed by a manually held
Pt/Pt-10 Rh T/C swedged in MgO and contained in a 0.060"
dia Pt sheath (T/C manufactured by SFMCO, 11505 Vanowen
Street, North Hollywood, California). The output of the
T/C is read on a portabla potentiometer.

‘he seed crxystal is held in jaws formed from
the split ends of a Pt-10 Rh rod (1/8" in dia x 13 1/8"
long). The seed crystal is fastened to the rod by winding
.020" Pt wire around the top of the seed, which has been
grooved in two places to correspond with two grooves in
the split end of the rod. The typical size of the seed
is S5mm wide x 2mm deep ¥ 17mm long. The Pt alloy rod is
held by slipping it into a hole drilled into the end of
a 12 1/8" long x 3/8" dia stainless sieel rod. The stain-




less steel rod is securely held in place by a Jacobs
chuck (Model 633c, capacity 0-1/2") on a modified
Clausing (Model 1763) 15" floor model drill press. (The
drill press was modified by attaching the spline shaft
to a Bodine notor (Model NSH~12R) through an elastic
coupling., The direction of rotation and speed of the
motor were controlled by a Minarik Electric Co. (Model
No. SH-12) unit.) Aluminum radiation shields were placed
between the chuck and the furnace to prevent overheating
of the rotating mechanism. No other coolant was used.
The top of the furnace was closed with plates and bars
of Korundal XD refractory, (Harpison-Walker Co.), to
yield a Vee-shaped opening approximately 11l0mm long and
30mm wide (this opening was reproduced in every run).

2. Metho@ -

As will be explained later, this proced-
ure must be explicitly followed to insure reproducible
growth conditions.

a. The seed is placed in the cold furnace
and rotated at 50 rpm at approximately 1-1/2" above the
surface of the frozen melt which is contained in the plati-
num crucible. ”

b. The power is turned on and the furnace
broughc ap to temperature in approximately 2-1/2 hours.

c. The furnace temperature is held at
12609C for 24 hours to: (1) allow thermal equilibrium to
be reached, and (2) to insure that a homogeneous melt is

Lracrnn
ER ORIty

d. The furnace temperature is then reduced

-6~
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to approximately 1230°C and allowed to soak for 1/2
to 1 hour to reach equilibrium.

e. The seed is then inserted in the
melt whereupon growth takes place.

£f. The crystal is then alliowed to grow
for normally 4 to 10 days.

g. At the end of the growth period the
crystal is slowly removed from the melt while it is
still rotating at 50 rpm until it is approximately 1-~1/2"
from the top of the melt.

h. The furnace power is then turned off
and the crystal allowed to cool in the furnace while
still rotating at 50 rpm. -

i. The cool crystal is then removed from
the Pt alloy rod and washed in distilled HZO to remove
any adhering melt.

'If the same composition of melt is to be
used for the next run, then all that is necessary is to
weigh the resulting crystal and then add back to the melt
ingredients equal to the amount of KTN removed. t must
be emphasized here that the material added back is equiva-
lent to KTN and not equal to the weight ratios of the
starting batch. A typical amount of material to be édded
back to the melt after a typical 50g crystal has been
formed is:

Batch Result
K,CU, 14.860 - - ]
K,0 - - 9.93
Ta,0g 30.28 30.28
Nb,Og _9.81 9.81
TOTAL 54.69 50.02

e T R N e LR
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Iv. RESULTS

A. Melt Stoichiometry

The best batch composition was:

Material Mole %
KZCO3 53.5 :
Ta205 17.4
Nb205 29.1
Sn02 0.1

Which corresponds to a liquid of composition:

K(Ta.BBNb.GZSn.OOl)OB + 15 excess mole %7K20

At approximately 1185°9C this should yield a solid compo- |

sition of approximately "KTN" or Ki(Ta.GSNb‘:,'S)O3 (See
Figure 4) and a system containing approximately 18% solid
and 82% liquid (See Figure 4). This ig true; of course,
only if the binary system KT-KN is considered. This
point will be discussed later.

B. Physical Appearance of Crystals S

A typical crystal obtained in this work is
shown in Figure 2., The crystals were either square or
rectangular in outline with a rectangulaxr or trapezoidal
cross section, The crystals were always "blocky" in
appearance with occasional square to rectangular protru-
sions. The edges of the crystals were frequently composed
of a series of large right angle steps. The crystals
ranged in size up to a maximum of 50mm in width and 10mm
in thickness. The width of the crystal was limited by the
diameter of the crucibie. bDiagonal lines were oObserved i
all crystals running from the seed to the corners of the
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crystal. At approximately 45° to these diagonals and
parallel to the edges of the crystals (001 planes)
parallel lines of flux inclusions were found which joined
along the diagonal to form a chevrson effect. The inclu-
sions, which appeared opaque whit2 to greyish green, were
always associated with the diagonals or the "root" of a
protrusion. The crystals were transparent pale blue to
colorless as grown (except as noted below).

C. Color of Crystals

Crystals which were grown in Pt-3.5% Rh crucibles
were pale blue in color, while those grown in pure Pt cru-
cibles were colorless. Alsc, when a pale blue or colorless
seed was used, it always turned golden yellow during the
crystal growth period. A freshly grown pale blue crystal
could be turned golden yellow by simply allowing it to cool
extremely slow in the crystal growing furnace. Bars cut
from pale blue crystals could be turned golden vellow by
annealing them for approximately 100 hours at 1100°C. This
color change phenomenon was independent <f atmosphere, as
the same effect was obtainable in air, oxygen, or argon.
Both pale blue and colorless crystals turned golden yellow
upon rapid heating, but returned to their original colors
when immediately cooled back to room temperature.

D. Effects of Atmosphere

Crystals were grown in oxygen, air, and argon.
No significant differences could be observed in the appear-
ance of the crystals in going from an oxidizing to neutral
atmosphere. However, it should be noted that the clearest,
most inclusion-free crystal obtained in this study was

gvown in an argon atmosphere.
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E. Cloudy Crystals

During the initial stages of this research,
crvstals were formed which, although clear and trans-
parent whenr warm, became cloudy when cooled to room
temperature or below. a cloudy crystal of this type
would become clear just by allowing it to warm up by
grasping it in ones hand. This type of cryst.. was
formed by growing in the temperature range 1100 to 1150°C,
especially with niobium-rich systems.

F. Red Deposit

During the early stages of most runs, a red
to red-brown solid would form on the cooler parts of the
Pt~alloy support rod. This material was extremely sol-
uble in water forming an intense yellow solution. A
spectrographic analysis of a typical sample of the material
indicated that its composition was approximately:

Element Wtd
K 50
Pt
Ir
Na
Cr
B
Rh .5
Si .1
Fe .07
Sn .06

BN W

-10m
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v. DISCUSSION OF RESULTS

A. Growth Mechanism

The mechanism of growth was believed by sonmwe

17,18,19,20 to be that which is found in the

invescigators
Kyropoulos method, i.e., where the molten ligquid is
forced to crystallize on a seed which acts as a heat sink
and is quite frequertly force cooled. (The Kyropoulos
method has been used with stoichiometric melts and quite
frequently, slow cooling of the melt was also emploved.
In the Kyroupoules method, it is assumed that the liquid
portion is pure liguid and does not contain any solid;
the seed crystal and the subseguent new growtii represent-
ing the solid phase.) However, in this study, probing
the melt with a platinum sheathed Pt-10Rh thermocouple,
it was learned that the bottom portion of the crucible
was filled with solid. The distribution of Lhis crystal-

-line mass is shown in Figure 1. These crystals are

believed to be those in eguilibrium with the melt at any
specified temperature. Because of the high specific
gravity of these crystalg, they sink in the melt and
assume a shape equal to the isotherm of the liguidus

curve and a vnlume equal to the percent solid-liquid
obtainable at any specified tenperaturc¢ snd composition.
This crystaliine mass then becomes the "nutrient" for
growth of the crystal upon thc sced which is at a lower
temperature. The mechanism for urowth, therefor., becomes
the transfer of material from the nutrient through the
ligquid to the cooler seed by mass transport. This mcthod
can begt be descrihed as a top-aseded cteady-atate-gradient

flux growth. The composition of the crysta) will remain

~1ll-
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approximately constant during thke growth period except

for changes in temperature due to (i) radial and verti-

cal thermal gradients in the furnace, (ii) convection _
currents in the liquid, (iii) fluctuations in the tem- !
perature control circuitry, (iv) change in the geometry
of the heat sink as the crystal grows, and (v) change

5 ' in the stirring action as the crystal changes in shape.

S G o L

TP TR
A
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B. Melt Stoichiometry

Since all of the above parameters are depen-
dent on the phase diagram of the system involved, it is
important at this time to review the equilibrium system.
Figure 3 is a phase diagram obtained by compiling all of
the information available in the literature33'34’35’36

A PP

i
|
|
t
! and combining it into the diagram. It is interesting to
{0 note that, according to the solid miscibility gap reported
|
i
|

by workers at Tem-Pres Research, Inc.28'29, the composi-

tion KIN is not stable below about 800°C, but rather, two

solutions are reported to be in equilibrium with each

othexr, therefore, making KTN & metastable phase at room

temperature (See Figure 3). A more detailed drawing of

the "loop" portion of the diagram is shown in Figure 4.

Any composition along the isotherm L,-8 will yicld solid

of composition KTN (S) in equilibrium with liquid of

composition (Ll). For this work the composition at X

was used. As stated earlier, this corresponds to the com-

position 38 mole % KTaO; (KT) and 62 mole % KNbC 5 (KN) plus \ f
a 15 mole % excess of K,0(K) (plus a small amount of tin) '
assuming that phase relations in the binary KN-KT hold.

Unfortunately, this may not be altogether true because of

the excess alkali in the system. Therefore, the system

-]
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KTa03~KNbO3~K20 (i.e., KT-XN-K), would best describe

the phase relations during crystal growth. The hypo-
thetical KTaO3~KNbO3—K2) prism in the system
TaZOS—szos—ch is shown in Figure 5. A vertical slice
through this hypothetical prism at the XKTN composition

is shown in Figure o. The letters L2 and S in Figure 6
correspond approximately to the same letters in Figure 4.
It can be seen from Figure 6 that the addition of excess
K50 (i.e., K) to the KT-KN system would most probably
extend the liquid-plus-solid region and increase the tem-
perature range over which crystals could be grown. This
condition most likely modifies the compositions of the
solid solutions shown in Figure 4, so that only an
approximate composition can be initially deduced from the
publishked diagrams.

C. Phrsical Appearance of Crystals

? The flux inclusions observed along the diag-
onals of the approximately square crystals probably occur
when the melt is trapped on the large growth steps of the
crystal and covered over by the rapidly growing (100) faces.

The large amount of birwfringence observed at b

the striations of the crystal when observed under crossed

i polarizers is most likely due to interference of the light
by areas of varying indices of refraction and Ta/Nb

‘ ratioslz’23’26’37. These changes in composition are nor-

; mally related to small cyclical variations in temperature
at the growth site., This change in temperature is most
likely caused by convection currents formed in the melt
pecause oL the impressed temperature gradients. Separa-
tion of two immiscible solid phases way also be considered
as a source of the areas of variable composition and

Rt T
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indices of refraction28’29.

D. Color of Crystals

Since the pale blue color was only observed
in the crystals grown in the P+-3.5 Rh crucible, it is
assumed that the coloration is due to the substitution
of rhodium for either tantalum or niobium in the perovs-
kite lattice, Rh3
mately the same as Nb

* has an ionic radius (.682) approxi-
> (.698) and Ta’* (.68R). The
uncompensated substitution of Rh3+ in a Nb5+ oxr ‘I‘as+
site would result in a defect structure, probably caus-

ing the pale blue coloration., (Other platinum group ions,

(o] [e] N
e.g., Irtt (L683), ru?t (L678), pat (.65%), and pt* |
could also substitute for Nb

o)
(.658) 38 5+ 5+.)

Upon annealing at high temperature, the change
in color ‘rom colorless or pale blue to golden yellow is 1
probakly tae rearrangement of the electronic configuration
within the latticc. However, :rhe role of impurity ions

and Ta

and tin oxide on this color change cannot be overlooked.

The cause for the reversible change in color of KTN from

either pale blue or colorless tc golden yellow upon heat-
ing is not known at this time.

The reported formation of blue and brown
crystals in melts containing excess potassium probably
may be explained by the solubility of platinum and other
noble metal impurities (especially rhodium and iridium)
in K,0 and their eventual incorporation into the crystal.
A gradation in color might be explained by an initial
high solubility which iz then greatly reduced as K,0 is
volatilized from the melt or a depletion of rhodium and

~14-~

R TR L AT « w AP OON T IR h, TR RSBy, S e

z»,\q&: "’r.ﬁ%
« B
3




~ 7
B

. . Y AT T 1-AMRCE AR £ - ¢ 3 BTyt

WMM@WWFWWWWWM’WWW*M AR B YRR A bl N _”é‘?‘,*ﬁ‘\“;

i oF . C5TR s Lo [N RN ; RN . NP N
cvy L E - ‘

BN

R s T T S P U, e e e _ = N v e Tt

other platinum group impurities from the surface of
the crucible in contact with the melt.

E, Effect of Atmosphere

‘fhe literature presents a rather confusing
picture on the effect of atmospheres on KTN. Most pre-
vious investigators have stated that the presence of an
oxygen-containing atmosphere is absolutely vital to

9 obtain a transparent crystallg'23’24. The oxygen-

; containing atmosphere is claimed essential by the previous
workexrs whether a tin oxide additive has or has not been
employed19'23'24. However, this work has shown that any
atmosphere from oxidizing to neutral or inert will pro-
ducertransparent erystals., The lack or presence of tin
oxide in the melt did not seem to materially change the

appearance of the crystal.

v it i

. The.formation of crystals relatively free of
inclusions and other internal defects when grown in en
argon atmosphere, may simply be related to the good thex-
mal conductivity of the gas. The higher thermal conduc-
tivity would aid in heat transfer and have a tendency to

; : decrease thermal gradients in the growth environment,

. thus reducing convection currents and other phenomena
‘ whicll are deleterious to crystal growth,

®, Cloudy Crystals

Since crystals which become cloudy at room
temperature were those either grown at low temperature or
; from niobium-rich melts, it follows that these crystals

were not "KTN" 'j'ﬂ C'Qmp@sitign' “\nt a

e

-

in niobium. An examination of Figure 3 indicates that

~15-
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these compositions would have a curie temperature

above room temperature. Therefore, at room temperature,
these crystals would exist in the tetragonal ferroelec-
tric form instead of the paraelectric cubic phase. The
random formation of ferroelectric domain walls,as the
cubic phase transforms into the tetragonal phase, is
most likely responsible for the "milky" or cloudy anpear-
ance of the crystals. When the crystal is heated above
the curie temperature, the domain boundaries disappear
and the crystal again becomes transparent.

G. Red Dewosits

The yellow to brown to red-brown deposits
which form on the seed holder rod were originally believed
to be a "complex,higher tantalate-nicbate of potassium,
possibly the 3:1 ratio"39. However, as the spectrographic
aratyses performed during the research indicated, no tan-
ti lum or niobium was detected in the deposit. The main
constituent of the deposit, potassium, has been shown’ by
x~ray powder diffraction to be present as a mixture of N
KOH, K2C03, and K2C03~§H20. These compounds form by the
absorption of H,0 and CO2 by K50 which volatilizes from
the melt and is probably the first material to condense
on the rod. The platinum group metals volatilize from
the crucible as either their volatile oxides or some vola-
tile alkali "platinates". It is interesting to note the
concentration of iridium in the deposit. Iridium occurs
only as an impurity in the crucibles but is prefecrentially
lost because of cne high volatility of its oxide. The
iron and chromium are probably from the Kanthal heating

element, 'The furnace refractories arc probably the source

-16~
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of silicon, boron, ard sodium. However, some of the
sodium may have come from sodium impurities in the
potassium carbonate starting material. The tin origina-
ted as an additive in the melt.

It is interesting to speculate that some of
this deposit falling from the rod and back into the melt
may be the source of the non-reproducible colors obtained
by previous investigators. ’

Another interesting fucet of this deposit is
that it shows that an appreciable amount of platinum and
other platinum group metals are lost by volatilization
from the crucible during crystal growth. This would tend
to indicate that the loss in weight of the system attri-
buted to the volatilization of K,0 by others is more
likely due to a combine! loss of KZO + Pt. In fact, one
of the crucibles used in this investigation lost 10% of
its initial weight.

VI. CONCLUSIONS

1. The method of growth described herein can
best be described as a top-seeded, steady-state-gradient
flux growth (rather than modified-Kyropoulos as described
in the literature).

2. By carefully controlling the pre-treatment of
the melt and the composition oi the melt, reproducible KTN
crystals can be grown.

3. The KIN crystals grown in this study, even
though reproducible in quality, still suffer from problems
of inclusions and compositional inhomogeneities.
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4, KTN crystals can be grown in atmospheres
ranging from oxidizing to neutral.

5. The pale blue produced in this study are
attributed to the substitution of rhodium (derived from
impurities or Pt-3.5Rh crucibles) for niobium and tan-
talum in the KT.i crystal Lattice. '

6. The addition of tin oxide to the melt is

not important for the growth of KTN.

VII. RECOMMENDATIONS

1. A more detailed phase study should be done on
the K-Ta-Nb-0 gystem in order to resolve some of the im-
portant iestinns which plague anyone attempting to grow
KTN. For example; What are the thermal anomalies observed

when the system K,0-Ta,0 was investigated by IBM?35 Does

the large subsolidus miscibility 2xist in tha system

KTaO3-KNbO3 as reported by Tem—Pres?zg’zg

' 2. Since the material which initially grows from
the seeds contains less imperfections and inclusiens than
the bulk of the crystal, a growth technique should ke

] investigated where "pure" singie crystal material is con~
L stantly used as a "new" seed and the crystal raised

¢ periodically to produce a bar-shaped crystal rather than
the plate-shaped one which is presently grown.

3. Ceramics of KTN composition should be investi-
gated as the nutrient for crystalrgrowth rather than form-
ing the nutrient by the precipitaticn of KTN from the
melt. This should reduce the preparation time and>guarantée
a more controlledmcomposifion nutrient.

]l
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4. A study should be made to investigate the
effect of various additives on the elimination of flux
inclusions in the «rystal.

5. A review of the KTN composition, i.e., 65 m/o
KTa03—35 m/o KNbO3 should be made. This composition was
originally selected for use as an electro-optic material
because it had a curie temperature at room temperature.
This would maximize the electro-optic effect at room tem-
perature. However, at the curie temperature the rate of
change of various properties, e.g., dielectric constants,
are also maximized. The difference in composition
between the solid and liquid is also the greatest near ,
the KTN composition. Therefore, it is recommended that
the crystals richer in KTa0, for e.g. 80 m/o KTaO3—20fm/o
KNb03 be studied in order to enhance the uniformity of the *
crystal, while at the same time improving theizr stability.

~19-
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