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We present the investigation of domain kinetics in single crystals of congruent, stoi-
chiometric and MgO-doped lithium niobate single crystals during polarization reversal
using transparent liquid electrolyte and conductive oxide electrodes. Domain structure
kinetics has been in situ visualized in transmitted light. Domain evolution significantly
depends on electrode type. Jerky reconstruction of domain structure obtained for liquid
electrodes while formation of charged domain walls was observed for sputtered elec-
trodes in all investigated materials. Electrical measurements are presented for cyclic
switching of MgO doped stoichiometric lithium niobate.

Keywords: domain structure; lithium niobate; single crystals; polarization reversal

INTRODUCTION

Recently the problem of searching for the appropriate material for non-
linear optical devices became very important.!!! This material should
display not only necessary nonlinear optical properties and high resis-
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tance to optical damage, but also easily controlled domain structure. In
this work we present the detail investigation of domain kinetics in three
closely related materials: 1) congruent lithium niobate (CLN), 2) stoi-
chiometric lithium niobate (SLN) and 3) stoichiometric lithium niobate
doped by 1% of magnesium oxide (MgO:SLN). These materials are
considered to be among the most versatile. Despite different values of
coercive field (21 kV/mm in CLN, 6.6 kV/mm in SLN and 3.5 kV/mm
in MgO:SLN) all of them demonstrate similar domain kinetics.

EXPERIMENT

We studied single crystalline commercial CLN (Crystal Technology,
CA), SLN and MgO:SLN grown by the top-seeded solution method.!”
Single-domain plates were cut perpendicular to the polar Z axis (0.2-
mm-thick CLN, 0.5-mm-thick SLN and MgO:SLN, area 6x6 mmz).
Two electrode types have been used: liquid electrolyte (LiCl aqua solu-
tion) and transparent sputtered In,O3:Sn (ITO), same on both Z sur-
faces. Switching were performed at room temperature. Domain evolu-
tion in the whole switching area (1-mm-diameter) was in situ visual-
ized by polarizing microscope in transmitted mode and TV recorded (25
fps) with subsequent image processing. The switching current was si-
multaneously measured. Thus a unique possibility to establish the corre-
spondence between switching current and domain kinetics was realized.

SWITCHING WITH LIQUID ELECTRODES

Domain evolution in CLLN
In situ observation of the domain kinetics has been used for a detailed

study of the domain structure evolution during switching with liquid
electrode in CLN (Fig. 1). Switching process always starts with nuclea-
tion at the electrode edges and/or at the surface defects in the center.
Isolated domains grow conserving hexagonal shape with domain walls
strictly oriented along Y directions (Fig. 1a). Domain wall motion is
usually connected with the microscale domain steps propagation along
the wall (Fig. 2). The irregular wall propagation and its interaction with
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FIGURE 1. Evolution of domain structure during switching in CLN.
Time interval from field switch-on: (a) 1.5 s, (b) 2.3 s and (¢) 3.3 s. Arrow
indicates the domain wall print. Liquid electrodes. E = 22 kV/mm. 1-mm-
diameter area.

individual arisen domains (Fig. 1b) are observed. The preferential wall
orientation is clearly demonstrated from the beginning to the end of the
switching. Each formation of concave shape domains after domain
coalescence leads to transformation to regular convex shape by super-
fast wall motion. Thus any local deviation from the allowed crystallo-
graphic directions disappear rapidly (Fig. 1c). As a result the domain
kinetics becomes very jerky.

After the domain wall shift a "wall print" is observed at the previ-
ous wall rest position (place of wall staying for about 0.1 second) (Fig.
1b). Similar behavior has been obtained by Gopalan ©! during wall mo-
tion in congruent lithium tantalate. All prints disappear gradually. Print
lifetime is proportional to the wall rest time. Observation of prints can
be explained by electrooptic effect caused by electric field produced by
screening charges, which accumulate in the bulk while domain wall stay
in fixed position.

(a) (b) (c)
FIGURE 2. Layer-by-layer domain growth by step propagation along

the wall in CLN. Time interval from field switch-on: (a) 1.20 s, (b) 1.28 s
and (c) 1.36 s. Liquid electrodes. E = 22 kV/mm.
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MgO:SLN. Liquid electrodes. E,.x = 4 kV/mm.

Switching current and hysteresis measurements in MgO:SLN
The kinetics of domain structure in SLN and MgO:SLN while switching
with liquid electrodes is very similar to that in CLN. In addition to opti-

cal observation we carried out the switching current and hysteresis loop
measurements in MgO:SLN. We use half-period sine unipolar pulse of
6 s duration both for poling and repoling with 40 s delay between poling
and repoling. [t was obtained that cyclic switching leads to significant
change of switching current (Fig. 3). The start field E introduced as
field value corresponding to j = 0.02 jmax, rapidly decreases during cy-
cling, so as switching unipolarity (difference between start fields for
poling and repoling). Increasing of current amplitude and total switch-
ing charge is the evidence of domain wall motion acceleration.

-4 2 0 2
Field (kV/mm)

FIGURE 4. Hysteresis loop in MgO:SLN. Liquid electrodes.
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FIGURE 5. (a) Z view, (b) Y view of CDW in CLN. ITO electrodes.
Optical visualization of etched surface. 0.2-mm-thick sample.

Measured hysteresis loop demonstrates coercive field E; = 3.3 kV/mm
(Fig. 4). At the same time the switching is practically "without thresh-
old" — the threshold field Ey, ~ 0.1 E. We distinguish two stages during
both poling and repoling. First, "smooth stage" — up to the half of
switching charge the process goes without any sufficient noise in the
signal. Second, "noisy stage" is accompanied by essential noise in the
loop. It can be explained by high current amplitude in the circuit caused
by fast domain processes, which leads to field "jumps".

CHARGED DOMAIN WALLS

Switching by ITO electrodes leads to formation of charged domain
walls (CDW)," which propagates in CLN and SLN by motion of
boundaries strictly oriented along crystallographic directions (Fig. 5a,
6), while in MgO:SLN the boundaries are more irregular (Fig. 7). CDW
is visualized in crossed polarizers due to strong electrooptic effect.

(b)
FIGURE 6. CDW in SLN. Time interval from field switch-on: (a) 2.4 s,
(b) 2.6 5, () 2.8 5. ITO electrodes. E = 4.8 kV/mm. 1-mm-diameter area.

(c)
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FIGURE 7. Formation of CDW in MgO:SLN. Time interval from field
switch-on: (a) 0.9 s, (b) 1.5 s and (c) 2.1 s. ITO electrodes. E = 3.4 kV/mm.

Our observation shows that in used experimental conditions the do-
mains nucleated at Z" surface, grow in forward direction and coalesced
at Z*, but never reach Z~ surface, thus forming an exotic dented domain
pattern (Fig. 5b), which does not disappear after field switch-off and
during subsequent switching cycles.

CONCLUSION

Domain kinetics has been investigated in congruent, stoichiometric and
magnesium doped LN single crystals using transparent liquid and ITO
electrodes. The domain evolution in all investigated materials is quali-
tatively similar. For liquid electrodes it is defined by jerky motion of the
strictly oriented domain walls while for ITO the formation of the
charged domain walls is obtained. The essential role of bulk screening
process for stabilization of the charged domain walls is revealed.
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