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This letter reports a charge control mechanism to mitigate the growth of transverse domain in the
two-dimensional periodical polarization switching &fcut congruent-grown lithium niobate. This
mechanism is established in a two-step procedure consisting of a first high temperature treatment
followed by pulsed field poling. The ferroelectrig® nonlinear photonic crystal thus formed
exhibits a domain size as small as a6 and can emit an array of second harmonic green lasers
when pumped by a Nd:yttritium—aluminum—garnet laser. These observations are ascribe@)to the
selective 180° domain nucleation underneath the oxidized electrode(iiandonfinement of
transverse domain motion to the positively charged boundary formed by the heat treatment.
© 2002 American Institute of Physic§DOI: 10.1063/1.1533115

The ferroelectric crystals are known for their abundantand nucleation step constitutes a concern in the issue of do-
acoustic, mechanical, and electro-optical properties thamain broadening.
make them an attractive area of further study in condensed To demonstrate an example of the electrostatic effects,
matter physics. The feature for ferroelectric domain to re- we illustrate in Fig. 1 the distribution of horizontal switching
verse its polarizationR), i.e., the so-called polarization field E, at a finite depth £=0.05A whereA is the grating
switching or domain reversal, and the capability to retain goeriod below the+ C surface of lithium niobate (LiNDbg).
structure with alternative polarization states can substantialliNote this type of poling scheme has been recently attempted
modify the material's tensor properties, thus resulting in deto fabricatex® nonlinear photonic crystal on LiNbO"~*2
vice applications. One such example takes advantage of tHeur evaluation off, andE,(,, are based on a finite differ-
reversible polarization and fast switching time to realizeénce method capable of solving the Poisson equation with
high-density memory devices for data stordgAnother  space charge distribution and discontinuityn*® We first
promising application for energy storage and charge amplidraw attention to a relatively largé,~4E. encountered at
fication can be found on polarization gradient devites.the sharp interface between the poling electrode and the in-
When a ferroelectric superlattice is made of periodically re-sulating layer. This observation can be traced back to the
versedP at every coherent length=\,/4(n,,—n,), one  fringing field effect due to a large dielectric discontinuity
can encounter a superior conversion efficiency in the nonlinter=30 _in LiNbO; vs 3 in PR in the electrostatic
ear wave generatichMoreover, as the reversed domain re- responsé:** The appearance of switching field distortion in-
sides in a two-dimension&PD) lattice structuré,i.e., in the deed bears critical consequence on the kinetics of polariza-
so-calledy(® nonlinear photonic crystal, one can further sus-tion switching. According to the Miller—Weinreich theory,
tain phase matching processes that are absent in bulk crys-
tals. With these accounts, it is pertinent to establish a polar-
ization switching mechanism that can allow the manipulation
of polarization switching at a desirable dimensionality and 4,
configuration.

To initiate a polarization switching, conventional wis- o
dom suggests one can apply an electric field across the polartl 0;

axis to overcome the coercive fiel&) in ferroelectric® An o 22
external supply of the switching current, i.e. A@P;/dt, i 4
serves to compensate the depolarization field in the newly ]
switched area@\. The distribution of switching current and -6

charged field therefore plays an important role in determin-
ing the spatial arrangement of the reversed domaRefer-
ring to Fig. 1, a commonly adapted procedure is to use a
thick insulating layer such as photoregiBR) to impede the

mishap of current conduction in the unpatterned redime.ric. 1. calculated distribution dE, at a depthz=0.05A below the+C

However, electrostatic action from the charged domain walface of LiNbG;. The poling voltage is 10.5 kV across a 50r-thick
substrate. Inset: conventional poling configuration showing the use of thick
PR layer to mask the unpoled region. The device periodicity is 6.6
¥Electronic mail: peng@cc.ee.ntu.edu.tw X 6.6 um? and the area of poling is 3:33.3 unv.
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FIG. 2. Calculated distribution d&, at a deptrz=0.05A along the posi- { S ot
tively charged boundary. Inset: a positively charged parabola of B is P
placed at a maximum depth of 0.25 between each pair of the poling s
electrodes. &
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the ferroelectric polarization switching exhibits a nucleation (k)
rate dependence on expfonstE).*® The drastic increase of
E, aboveE, at the electrode edg@ot shown ensures the  FiG. 3. -y face micrographs of LINbQwith a 20um grating period ir(a)
nucleation of 180° domains and their fast forward growthafter the first high-temperature treatment at 1050 °C, (aBhdontinued with
down to the opposite side of the substritédowever, the Poling at 21 kv/mm. The substrate thickness is 500.
sidewise expansion of inverted domain will be largely af-
fected by the disturbance of tangential field. A close exami- Based upon the earlier scenario, polarization switching
nation of Fig. 1 indicates the field line &, (andE,) actsto  was performed on 50@m-thick, Z-cut congruent-grown
spread the switching current off the poling electrode. ThisLiNbO5; substrates purchased from Crystal Technology,
effect introduces fast carrier redistribution underneath the inSA. A thin (~50 nm) aluminun{Al) electrode pattern was
sulating layer and has been ascribed to the source of causimyaporated onto the-C face of LiNbQ; using a standard
domain irregularity and broadening in the unpatternedithography technique. To engage a positive charge distribu-
region?’ tion, we take advantage of the divergence effecPgni.e.,
Albeit the tangential field only resides in a thickness —V-Ps=p. This can be achieved in a high temperature
~A and fades away at larger distance, a good strategy tproces$’ by placing the patterned sample inside a quartz
preserve the domain fidelity would be to suppress the inhotube furnace and undergoing a heat treatment at 1050 °C for
mogeneous electrostatic response. This has been done by Bsh in ambient air. The sample was then transferred to a
ing low duty-cycle electrodes and thin substrdfeBomain  poling apparatus consisting of a pulsed voltage amplifier
engineering, however, can still be impeded by crystal impermade from Trekmodel 20/20A for 20 kV and 20 mA out-
fections such as point defetisand trapped chargé8.Cau-  put) and using lithium chloride liquid electrode to establish
tion must be exercised to avoid the backswitching of invertedan electric contact to LiNb§Q?® Details of the poling proce-
domain when one terminates the field poling process on padure can be found in Ref. 26
tassium titanyl phosphatékTP),?! LiNbO3,%? and memory In supporting our model analysis of charge control
devices® mechanism, a one-dimensional periodically poled example
In this work, we report a charge control mechanism tohas been demonstrated. lllustrated in Fig. 3 are the etched
mitigate the transverse domain growth in the 2D polarization—y face micrographs of LiNb@with a 20 um period in(a)
switching process on LiNbQ The idea is to seek an elec- after the first high-temperature treatment, dhgcontinued
trostatic compensation over the tangential field prior to ini-with an electrical poling at 21 kV/mm. In the unpatterned
tiate electrical poling. In order to convey the polarizationregion open to the air, we encounter the presence of triangu-
switching onto a designated lattice site, we consider the uskarly inverted domains which can extend as deep as 0.25
of potential barrier to restrain the lateral 180° domain mo-(5 um). This can bee seen from the etch rate difference with
tion. One such example is illustrated in Fig. 2 upon which arespect to the virgin crystal. This phenomenon is in contrast
positively charged parabola of 18 P, is placed between to a recent study on SiQcoated LiNbQ?” and KTP® upon
each pair of the poling electrodes. We note the replacementhich the piezoelectric effect is credited to the cause of do-
of a thick insulating layer by a positively charged barrier canmain inversion. Such observations suggest the origin of sur-
substantially reduce the tangential field by one order of magface domain inversion in the present study is dominated by
nitude down to 0., in the peak value. In addition, we now the thermal induced outdiffusion proceSs3! Note a drastic
have the field line o, (E,) in Fig. 2 pointing to an out- change in the surface composition could introduce a severe
ward direction underneath the unpatterned region. This obvariation in the coercive field. This mechanism could there-
servation signifies a promising mechanism to oppose the cufere result in a transverse domain growth sensitive to the
rent spreading effect and would be valuable for the control otomposition inhomogeneity.
transverse domain motion. On the other hand, we have found the micro-porosity
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barriers, which arises from V- Ps=p in a preset heat treat-

ment, can substantially inhibit the spreading of switching
obio i current and restrain the 180° domain motion. These observa-
oi?f,’_f?? tions are ascribed to the constraint of 180° domain nucle-
PR s

o o i ation in the oxidized electrode and confinement of transverse

'.?’f.'j;,,,__’;{.‘,’,‘?,’;’,’,';"f domain growth by the charged boundary.
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