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Fabrication of acoustic superlattice LiNbO 3 by pulsed current induction
and its application for crossed field ultrasonic excitation

Zhi-liang Wan, Quan Wang, Yuan-xin Xi, Yan-qing Lu,a) Yong-yuan Zhu, and Nai-ben Ming
National Laboratory of Solid State Microstructures, Nanjing University, Nanjing 210093,
People’s Republic of China

~Received 29 February 2000; accepted for publication 25 July 2000!

An acoustic superlattice LiNbO3 crystal with periodic ferroelectric domain structure was fabricated
by introducing a periodic electric current through the solid–liquid interface during the crystal
growing process. The domain morphology of an as-grown crystal was observed with a scanning
electron microscope, and was found to be of good periodicity. A light diffraction experiment
indicated that there was a periodic fluctuation of the dielectric constant along the crystal’s growing
direction. Using the ‘‘crossed field’’ scheme, a 340 MHz ultrasonic was excited in the crystal, which
means that the acoustic superlattice is suitable for constructing high-frequency bulk-wave acoustic
devices. ©2000 American Institute of Physics.@S0003-6951~00!05038-5#
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Lithium niobate ~LN! has long been a research top
because of its outstanding nonlinear optic, electro-optic,
acoustic properties. In recent years, the LN single cry
with periodic ferroelectric domain structure~PFDS! has at-
tracted great research interest due to its applications
quasiphase-matched~QPM! nonlinear optical frequency
converter1–4 and high frequency bulk-wave acoust
devices.5–7 According to its different usage, the PFDS m
be termed as optical superlattice~OSL! or acoustic superlat
tice ~ASL!. In this work, we will focus on the latter one, i.e
ASL LN. In order to fabricate the PFDS, some effecti
techniques have been developed, which may be sorted
two major kinds. The first one is fabricating the PFDS in
as-grown single domain crystal. The patterned electric-fi
poling technique8 is an example. This technique is no
widely used because of its accurate control of domain per
However, the sample thickness of about 0.5 mm might li
its application in some practical devices.9 Furthermore, this
technique can only fabricate the PFDS with the spontane
polarizationPs parallel to the domain walls, which is com
monly used as OSL. Another PFDS configuration is char
terized by Ps perpendicular to the domain walls and h
important acoustic applications, but it is impossible to
fabricated by this technique. For LN, fabricating the PFD
directly during the crystal growing process is another ma
effective way. Up to date, LN crystals with different PFD
configurations and with various dopants have been fabric
with the growth striation technique, which is realized by d
signing a special asymmetrical temperature field. Becaus
practical dimension of the sample, this technique is attrac
more and more attentions.4,9,10 However, one disadvantag
of this method is that the periodic domain is worse formed
the center of crystal because of the smaller tempera
variation, which affects the quality of domain structure. Th
it is very beneficial to find a technique that may fabricate
PFDS structure in LN with both large size and good qual

In this letter, a current induction technique was propos
for fabricating the ASL LN with PFDS during the Czochra

a!Electronic mail: yllu@nju.edu.cn
1890003-6951/2000/77(12)/1891/3/$17.00
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ski crystal growing process by applying a periodic puls
current between the crystal seed and the crucible. Large
ASL LN crystals with thePs perpendicular to the domain
walls were successfully fabricated. The microstructure a
acoustic properties of an as-grown crystal were charac
ized.

As we know, if an electric current is applied through th
solid–liquid interface~SLI! during the crystal growing pro-
cess, the segregation coefficient of impurity in the melt w
be affected.11 Thus if the applied current is periodically va
ied, a periodic distribution of dopant along the growth dire
tion should be induced in the crystal. This periodic impur
fluctuation is similar to the growth striation by crystal rot
tion, but their origins are different. Furthermore, the conce
tration fluctuation of the impurity exists even in the center
the crystal while there is no change of impurity concentrat
in the crystal’s center area for the growth striation techniq
Since the growth striation may cause a periodic space-ch
field and then makes the periodic ferroelectric domain
written in the crystal when the ferroelectric phase transit
takes place.12 The current-induced periodic impurity distr
bution should also be able to make the PFDS be produce
our experiment, 0.5 wt % yttrium was selected as the dop
The crystal seed was used as the positive pole and the
cible as the negative pole for applying the periodic elec
current. The period of the current pulse is 10 s, with 5
duration of positive pulse, and 5 s ofzero current. The cur-
rent density in the SLI for the positive current is abo
15 mA/cm2. The crystal was grown along thez direction
with a pulling rate of 3.5 mm/h. In order to avoid the influ
ence of growth striation due to crystal rotation, we kept t
rotation axis static in the experiment. The crystal seed w
also put at the center of the temperature field to keep
uniformity of the crystal quality. Using this method, LN
crystals with the dimension of 30 mm in diameter and
mm in length were successfully grown. Figure 1 is a sc
ning electron microscope~SEM! photograph of they face of
an as-grown crystal after being etched in a HF:HNO3 mix-
ture to reveal its domain morphology. In this figure of PFD
the positive domain thickness is almost equal to that of
1 © 2000 American Institute of Physics
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1892 Appl. Phys. Lett., Vol. 77, No. 12, 18 September 2000 Wan et al.
negative domain. The PFDS was finely built both in the ou
region and in the center through out the bulk crystal. T
continuous period number of the PFDS is over 400, wit
period fluctuation of domain less than 4%.

As we know, the nonlinear optical coefficient and piez
electric coefficient were modulated from positive to negat
domain periodically in LN with PFDS, thus the QPM an
high-frequency ultrasonic excitation may be realized. In fa
other third-rank tensors such as the electro-optic coefficie13

are also modulated periodically, while the even-rank ten
and corresponding physical properties are homogeneou
the crystal. Since the refractive index is equal to the squ
root of the dielectric constant that is a second-rank ten
the linear optical properties of a LN with PFDS should
uniform throughout the crystal. However, for a Czochral
grown LN with PFDS, the impurity concentration is not un
form, thus the dielectric constant will also fluctuate along
crystal growing direction. Although this fluctuation is not
consequence of the PFDS, the period is equal to the mo
lation period of the ferroelectric domain structure. For t
PFDS that was fabricated by the growth striation techniq
Lu et al.demonstrated that there was really a periodic diel
tric constant distribution associated with the periodic imp
rity fluctuation and the periodic domains.14 For the current-
induced PFDS, investigating the relation between the dom
structure and the dielectric constant distribution is also in
esting and necessary.

To study the dielectric constant distribution, a simp
light diffraction experiment was employed. An ASL LN
crystal fabricated by the current induction technique with
modulation period of 10.3mm was selected for the exper
ment. The crystal was cut into an 831032 mm3 (z3x3y)
sample. A He–Ne laser with the wavelength of 6328 Å w
shot into the sample along itsy axis and a white screen wa
put behind the sample to record the light spots. After pass
through the sample, the light was diffracted into seve
beams and then several diffraction light spots were obse
on the screen. The light diffraction picture shown in Fig.
indicates that a periodic dielectric constant fluctuation ex

FIG. 1. SEM photograph of the etchedy face of a LN crystal with PFDS
structure fabricated by pulsed current induction technique.
Downloaded 16 Feb 2012 to 218.94.142.221. Redistribution subject to AIP 
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in the sample. The first-order diffraction angle was measu
to be 3° 248, thus the calculated modulation period of th
dielectric constant is 10.6mm, which agrees well with the
period of the PFDS. Since the dielectric constant fluctuat
is caused by the periodic impurity, we could conclude th
there is also a periodic yttrium distribution in the crysta
which results in the PFDS.

As an ASL, the ultrasonic excitation effect was al
studied in the same sample. Because of the different sign
piezoelectric coefficient in positive domains and negative
mains, the domain boundaries could be viewed as so
sources under the excitation of an alternating external e
tric field.15 The ultrasonic waves excited in these sou
sources will interfere with each other. As a result, those t
satisfy constructive interference will lead to the appeara
of resonance and thus the energy of electric field is conve
to the elastic energy. The excitation of ultrasonic can also
treated as coupling between vibration of the superlattice
the electromagnetic waves, in which the ASL is conside
as a 1D ionic-type phononic crystal.16 The unique features o
ASL for ultrasonic applications are low insertion loss a
high working frequency that is determined by the period
domain.5 There are two different schemes for the excitati
of ultrasonic. One is ‘‘in-lined field’’ and the other is
‘‘crossed field.’’ Figure 3 shows the diagram of the cross
field excitation scheme. The electric field is applied on they
face of ASL LN to excite the ultrasonic propagating alo
the z direction. Theoretically there are two types of res
nance, the main resonance and the satellite-like resona7

The main resonance is given by

f n5n f0 ~n51,2,3...! ~1!

with the fundamental frequency

FIG. 2. The diffraction picture of a He–Ne laser passing through an A
LN with PFDS structure. The distance between the sample and the scre
200 cm and two first-order diffraction spots are 23.7 cm apart.
license or copyright; see http://apl.aip.org/about/rights_and_permissions
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f 05
v

a1b
, ~2!

wherea andb is the thickness of positive domain and neg
tive domain, respectively, andv is the velocity of shear wave
propagating alongz axis. Satellite-like resonance is

f m5 f n6
m

2N
f 0~m561,63,65...!, ~3!

whereN is the number of domain periods. For testifying t
theoretical prediction above, a pair of Ag electrodes w
deposited on they faces of the ASL LN sample for the
experiment. Using a HP8510 network analyzer, the reflec
coefficient of the sample was measured and was show
Fig. 4. The resonant frequency locates at 340 MHz, whic
very close to the theoretical value 346 MHz. The slight d
ference between them might result from the measurem
error of the modulation period. The domain walls not bei
exactly perpendicular to thez axis may influence its reso
nance frequency as well. From this resonance testing
satellite-like resonance is observed, which shows that
positive domain thickness is almost equal to thickness of
negative domains.7 The insertion loss of a transducer bas
on this sample is determined by17

IL 5220 log~12R2!. ~4!

FIG. 3. Schematic of crossed field excitation of ultrasonic propagating a
z axis. The arrows represent the orientation of the spontaneous polariz
of LN and the alternating electric field is applied alongy axis.

FIG. 4. The measured reflection coefficient of an ASL LN with the mod
lation period of 10.3mm.
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If we ignore the dissipative losses in measurement, the va
of insertion loss is 0 dB near the resonant peak and is v
advantageous. As we know, the elastic properties, which
related to the even ranks, should be identical in positive
main and in negative domain. As a consequence, ASL LN
acoustically homogenous and there is no additional propa
tion loss resulted from the periodic domain structure. In a
dition, a contiguous piece of LN that integrates ASL LN f
wave-exciting and single domain LN for wave traveling c
be fabricated by our current-induction technique. Thus,
adopting the crossed field scheme, one can devise an at
tive kind of acoustic device in which the path of acous
wave is not obstructed by bonds or electrodes.18

In conclusion, the ASL LN with PFDS was successfu
fabricated by periodic pulsed current induction during t
crystal growth process. Through a simple light diffractio
experiment, the periodic variation of the dielectric consta
along the growth axis caused by concentration variation
impurities was revealed. A 340 MHz ultrasonic was excit
by an applied radio frequency electric field on they face of
the sample, which implies that the ASL LN fabricated by th
technique is suitable for constructing the high frequen
bulk-wave acoustic devices.
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