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We repot a high-field analyss on the sidewige 180° doman motion in congruent-grow Z-cut
lithium niobat (LiNbO3) crystals Polarization switching in reverse poling is found to take place at
a smalle field strengh (E), exhibit a large switching currert (is), and substantia a faster
switching time (ts) comparé with the forward poling case Sud an axid anisotroy is correlated
to adefect-inducd internd field E;,; in the bulk and has astrengh of 2.37 kV/mm and pointing
along the crystd c axis In the high-field regime rangirg from 19 to 24 kV/mm, alinear dependence
of igand 1/t on E isresolved Thes observatios are ascribel to afag nucleatim proces followed
by a sidewie 180° doman expansion whos velocity can be characterizé accordirg to vg
= ud E—(Ec.*E;j,) ], wherre the threshodl field E; ard mobility us measue a strengh of 18.74

kV/mm and 1.6+=0.1 mm?/kV s, respectively © 199 American Institute of Physics.
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The abundane of novd mechanicgloptical ard acous-
tical properties in ferroelectric has mace the study of this
materid system an importart coure in condensé matter
physicg ard quantun electronics’ A plethom of research
interes has been actively pursue quasi-phase-matching
(QPM) (Ref. 3) of ferroelectrc crystak in which the use of
periodic 180° domah reversé has found gred potentid in
nonlinea frequeny generation Opticd parametrd infrared
ard short-wavelendt harmonc generatia in lithium niobate
(LiINbOg),* lithium tantalae (LiTaOs),> and mary other
nonlinea crystals® represenhone such exciting achievement.
Although mud attention has been focusel on the applica-
tions of waveguidé and bulk® QPM devices such as periodi-
cally poled LiNbO; (PPLN) ard LiTaO; (PPLT), little is
known abou the mechanim governirg doman reversa in
thes crystals Comma practie has therefore adapte an
empiricd procedue of utilizing chemicé diffusion followed
by hed treatmenin fabricatirg QPM devices’ Albeit simple
inits nature employmen of sud method genuiney invokes
irregularities in the inverted doman boundarie¥’ and loss of
opticd nonlinearity! that are known to be detrimentéato the
nonlinea conversim efficiency!? It is, therefore desirabé to
devel@ alternative doman inversicm method tha are im-
mure to thes problems.

Recently there has bea arevivd of interes in pursuing
the pulsal field poling technique to achiee periodic domain
revers& in nonlinea crystak suc as LiNbO3 (Ref. 13) and
LiTaOs.1* In this method a pulsel field with a strengh E
greate than the coerciwe field of the correspondig crystd is
requiral to initiate the polarization switching® Although
pulsed field poling has been recognizé as one of the most
promisirg techniqus in studyirg the dynamis of domain
inversian in mary of the ferroelectris sud as barriun titan-
ate (BaTiOs) and triglycine sulfae (TGS);! by far, however,
there hawe been limited successein conceivirg the kinetics
of polarization switching in technologicaly importart non-
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linear crystab such as LiNbO; (Ref 16) ard LiTaO,.%’

In this letter, we repot a series of poling experimers on
Z-cut congruent-grow LiNbO; crystak in which we have
usel atransiem current analyss to investigae the kinetics of
polarization switching in LiNbO; at various field strengths
ard poling directions We therely are able to obsere a lin-
ea dependereof ig and 1/t in the high-field regime and
resole a unique axid anisotropy in thes properties The
origins of the®e phenomea are ascribel to a field-driven
sidewie 180° doman motion whose velocity v, is charac-
terized by vs=u E—(E.*Ej) ], wher E. and E;,; mea-
sure athreshotl and internd field strengh of 18.74 ard 2.37
kv/imm, respectively and us a laterd mobility of 1.6
+0.1mm?/kV s.

For high-field poling of LiINbO5, a high-voltage power
supply mack from IRCO (modified modd C12K-20 for 12
kV outpud or Glassma (modé EH-15 for 15 kV outpu
was used The experimenthsetp was similar to that origi-
nally designel by Myers et al.!® in which a seal@ Teflon
fixture was electrically contacte to the LiNbO5; substrates
via a saturatd lithium chloride (LiCl) aqueos solution In
orde to eliminak the RC chargirg current® ard block the
charge backflow?® at the beginnirg and termination of the
poling processwe typically deliveral pulses with abase-line
field strengh greate than 12 kV/mm. By doing so, we can
ensue a stabilized polarization switching proces in
LiNbO3. Y’

The 500 um thick, double-sided polished;cut LiNbO;
substrate were purchasd from Crystd Technology with a
congruen composition of Li,O/(Li,O+Nb,Os)=0.484 We
follow the nomenclatue of Ref. 17 in namirg the starting
crystak as the virgin crystals The first polarizatian switching
of the virgin crystak will be called forward poling ard the
secom reversa bad to its origind stae the revers poling.
A typicd measuremerof the switching currert during a for-
ward (23 kV/mm) ard arever® (20 kV/mm) poling process
are shown in Figs 1(a) ard 1(b), respectively We first note
a“timelag” betweea the applied field and the subsequently
occurrirg switching current This phenomeno has been well
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FIG. 1. Wawe forms of the applied voltage and switching currert during (a)
forward poling at afield strengh of 23 kV/mm, ard (b) rever poling at 20
kV/mm on a0.5 mm thick LiNbO; crystal.

known during the proces of polarization switching in many
ferroelectrc crystals?! The spikes residirg in the current
wave form of Fig. 1 correspod to Barkhause pulses that
signify the fusion and trappirg of the doman motion by
localized defects?®> A close examination of Fig. 1 also re-
veak the following axid anisotropy Polarization switching
in revere poling can take place at a smalle field strength
(E), exhibit alarge switching currert (i), and substantiaa
faste switching time (tg) compare with the forward poling
case Moreover we hawe found as shown in Fig. 2, a linear
dependeneof 1/ts ard i on E; which, on the othe hand are
independenof the poling direction The® observatios are
known to characterie a sidewie motion of the 180° domain
wall in the high-field regime? In comparison polarization
switching in the low-field regime is known to follow an ex-
ponentid dependeneon E.?*

For crystak poled in the high-field regime we hawe also
found the switched domairs on two sides of the etched
LiNbO; surface resembé the mirror images of eat othe as
they would hawe bee if the doman walls ran perpendicular
to the crystd substrateThe cross-sectio opticd micrograph
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FIG. 2. Dependeneof the switching time (ts) and switching currert (ig) in
high-field forward and revers poling.

Peng, Fang, and Lin 2071

+Z

-Z

FIG. 3. Cross-sectioraview of the +y face of PPLN forward poled at 23
kV/mm.

of an etchal y face of PPLN, shown in Fig. 3, confirms such
afad ard straigh nucleation proces alorg the crystd c axis.
In addition to revealirg a goad aspet ratio, this piece of
PPLN contairs approximate} a 50% duty cycle at a period
of 40 um across the 50@m thick substrate, albeit it is poled
at a field strengh of 23 kvV/mm. We note the latter field
strengh is much highe than the commony usel value of
215 kV/mm known to maximize the domah nucleation den-
sity in LiNbO3.2°

Combinel with the information shown above we are led
to conside a nucleatim type of mechanim as responsible
for the polarization switching in congruent-grow Z-cut
LiNbOg crystals In this model fag nucleation occus pref-
erentially in the crystd c axis along the existing 180° domain
boundary ard serves to propaga¢ the bounday in a side-
wise direction?® The apparet sidewi velocity of the 180°
LiNbO3; doman motion in the high-field regime can there-
fore, be characterizeé accordimg to the following equatia of
motion:

vs=u E—(EcEEj) ] 1

Here we hawe usal an internd field strengh E;,; to signify
the axid anisotroly and ug the laterd mobility. Alterna-
tively, E.=E;; in Eg (1) represerg a threshotl field
strengh abowe which polarization switching can take place
in forward (+) and rever® (—) poling, respectively.

In suppot of this modd analysiswe repla in Fig. 4 the
experimenthl/tg datin areducel unit of E' =E—E; witha
E. value of 18.74 kV/mm. Using Eg. (1), we hawe nat only
describé alinea dependereof 1/t on E’ but also adeci-
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FIG. 4. Kinetic analyss of the laterd 180° doman motion in the high-field
regime using Eq. (1). Note the intersectios with the abscisa at +E;y

. =2.37 kv/mm.
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FIG. 5. Transien currert analyss in the high-field rever poling of LiNbO3
a (a) 20, (b) 21, ard (c) 22 kV/mm, respectively Curves (b) ard (c) have
been shifted upward for eay comparison.

sive internd field from the intersectim with the abscisa at
+ Ej=2.37 kV/mm. We hawe found aless than 10% varia-
tion in E;,; from wafer to wafer. Sudh a giart internd field is
thougtt to originatke from the nonstoichiometd point defects
in the congruent-grow LiNbO; crystals?® We note the entry
of an internd field E;; in the analyss represers an impor-
tant step toward understandig the kinetics of polarization
switching in PPLN For example from the slope of
d(1/t)/d(E’) in Fig. 4, one can dedue aconstan lateral
mobility ue of 1.6+0.1mm?kVs. This materid property
characterize a 180° domain motion in the high-field regime
ard cass no dependeneon the poling direction at all.

The evolution of ig has been known to be due to an
interaction betwee the switchal (r) and unswitcheé (R) do-
main walls during the poling process’ The line shag g(t)
of the high-field switching currert can therely be described
accordig to g(t)=CXx (r¥/R%(1-r?/R?), wher C is a
normalizatian constantUsing Eq. (1), we show in Fig. 5 the
excellent agreemen betwee the calculatel and the mea-
sured switching currens taken at revers poling voltages of
10, 10.5 ard 11 kV, separatelyIn particular we note the
slowly rising edge and fad falling tail of the transiem current
in Fig. 5 follow closey to a t® and t°> dependencerespec-
tively, on the elapse poling time.

In summary we repot a high-field analyss on the kinet-
ics of polarization switching in congruent-grow Z-cut
LiINbO; crystals We obsere an axid anisotroy in the
switching currert (i) and the swee rate (1/t;) of the lateral
180° domahn motion on the poling direction Thes observa-
tions are attributed to an internd field E;,; of 2.37 kV/mm
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associatd with the nonstoichiometd point defects This
volume effed in turn modifies the sidewie 180 domain
motion accordirg to vs=uJ E—(E.* E;,)] ard resulsin a
linear dependeneof iy and the swe@ rate 1/t on E.
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