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The Electric Field Effects at the Interface on the Solute Partitioning
and the Congruent Melt Composition for LiNbOj; Crystal Growth
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Electric field effects at the interface influence the solute
partitioning leading to an electric field-dependent
equilibrium solute distribution coefficient, kgy. The causes
of these electric fields, i.e., the thermoelectric power and
the charge separation effects (crystallization EMF), are a
function of growth velocity, V, temperature gradient, G,
and solute boundary layer thickness, d.. Subsequently, the
interface electric field becomes an extremely important
variable for the crystallization process. Here, LiNbO;
crystal growth from a stirred melt is discussed by consider-
ing the electric field-dependent solute partitioning for all of
the seven intrinsic species. Additionally, the chemical con-
version reactions in the melt are taken into account. The
above considerations eventually lead us to discuss condi-
tions for the dynamic congruent-state growth of LiNbO,
from a finite amount of melt, 1—g via the Czochralski
technique by finding an appropriate combination of & (),
V(g) and G.(g).
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2LiNbO; <> Li,O+ Nb,Os 1

Li,O < Lit+OLi- (1)

Nb,O; <> Nb,O.2*+0* )
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(a) Illustration of the occurrence of an electric field during

crystallization of LiNbOj ionic melts. An electric field is present in
both the liquid and the solid and arises for at least two reasons: (1)
the differential partitioning of opposite valence ions to place a net
charge of one sign in the crystal and of the opposite sign in the li-
quid boundary layer (crystallization EMF) and (2) a Seebeck
coefficient effect produced by the temperature dependence of the
equilibrium ion concentration.

(b) Electrical potential profile near the interface for V# G3# Gy,
#0. The one atomic layer, steep positive potential jump existing at
the interface is exaggerated here. The broken line is for V=0 and
Gs#GL#0. AX5 and AX| are a small distance at the interface
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over which the electric fields operate and J, is the thickness of the
solute boundary layer.
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~ Fig. 3 Plots of In(1—1/kg) versus growth velocity for

Molt i i iqui
°n zone several temperature gradients, G, in the liquid were

- Source material shown. Each kp was obtained from the intercept of
the line at V=0.

Fig. 2 Illustration of the LHPG system with a small

after-heater attached. -0.10
0.15 |
:‘3 0.20 |
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LiNbOs BfE S 7 » 1 S —H#BHM L, Cr DER G, (°C/cm) X

Mo BT 52 & TERTHY, FUB AR X Fig. 4 Plots of In(1—1/kg) versus temperature gra-

LiNbO; —E &b B (48.6 LiyO € ALY Cr & dient, Gp. True equilibrium partition coefficient, &,
=20/ 1 o . B 5z for Cr was obtained to be 3.65 from the intercept of
1EEY V-7 Lcboxfvd. BHEERED the line at G,=0.
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Fig. 5 Illustration of equilibrium solute partition
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coefficient and effective partition coefficient (a) under
no interface electric field (general case) and (b)
under the interface electric field (ionic melt case).
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Table 1 Physical parameters used for calculation of the dynamic true congruent composition.

LiNbO; Li,O Li* OLi~ Nb,O, Nb,O,2* ok
Coo o) (mol%) 71.06 2.48 5.35 5.35 4.88 5.44 5.44
ko 1.00 1.67 0.69 0.69 1.58 0.48 0.48
z 0 0 1 —1 0 2 -2
D (cm?/sec) 5.0x10°¢ 5.0x10°6 3.4x1073 1.0x1073 5.0x10°6 5.0x10°¢ 1.0x10732
5.8) g C E ) ‘ A 1 . -
(Table 15%)), REIEE B 5] %;wg@m & = (CL9 + ACL©) +— {(Clity +A4CE)
BER&EBCIE U TCRAEBEROKE INELL, * 2
HICIE LT + vEORKMSRE LA T A & +(C%,+ACc2)) (8)
b‘ﬁ%éﬂé L ZDZ & D ';)\(k@ X 6 f&%’ﬁié kngOA CERZO:, +k bZOSCNbQOS
FREENEBINSL. Thbb, [HRR & _ (CONQ%?‘ FACTO) 4 (O ACTOS)
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ek v 1 A+ vEOBRM SR, ET 5D Thl
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& k%b L5,
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kOl ONeOT = £ " O (7)
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44 v LOLi~ 1+ vOERE, F71, NbO2"
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7t b7y (Fig. 6). FICAIEATRE 51 4+ V1L
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VoS s LT Fig. 7iIckb LY. 2L, #
PR LT 1 2.48.6 Li,O = L % T, ThirBoE X

Interface

Solid Liquid

_ COL1

a0 (V=G=0)

oy =
ACOH(V = G = 0)

AC{;f(V =G=0)

d¢

Fig. 6
ionic species in the LiNbO; melt. C.g is the initial

Hlustration of the compositional changes of the

equilibrium concentration of the j’th species while
ACJ is the concentration change in the bulk liquid
due to the solute accumulation (kg <1) or solute
depletion (kg >>1) in the liquid boundary layer, repul-
sion or attraction by interface electric field and
chemical conversion reactions (dissociation-associa-
tion and ionization-recombination reactions).
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Fig. 7 [Illustration of the dynamic true congruent com-
position ratio of Li,O/ (Li,O+ Nb,Os) as a function
of growth velocity, V, and temperature gradient, Gy.
0.=50 um. The initial liquid composition is 48.6
mol% Li,O at V=G,=0.
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Fig. 8 Compositional variation with a solidified melt
fraction, g. V=8 mm/h. G,=100°C/cm. (I) &,
=100 um and (II) 6,= (1 +6g—g?) X 10? (um).
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