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This paper reports that the transverse laser induced thermoelectric voltages (LITV) are observed for the first
time in the step flow growth (1 — z)Pb(Mg;,3Nby/3)O3-2PbTiO3 (PMN-PT, = = 0.20, 0.33, 0.50) thin films de-
posited on vicinal-cut strontium titanate single crystal substrates. Because lead magnesium niobate-lead titanate is

a solid solution of lead magnesium niobate (PMN) and lead titanate (PT), there are two types of signals. One is

wide with a time response of a microsecond, and the other superimposed with the wide signal is narrow with a time

response of a nanosecond. The transverse LITV signals depend on the ratio of PMN to PT drastically. Under the

irradiation of 28-ns pulsed KrF excimer laser with the 248-nm wavelength, the largest induced voltage is observed in
the 0.50Pb(Mg; /3Nby/3)03-0.50 PbTiOg3 films. Moreover, the effects of film thickness, substrates, and tilt angles of

substrates are also investigated.
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1. Introduction

Lead magnesium niobate (Pb(Mg;/3Nby/3)03,
PMN) is a relaxor ferroelectric material' ~# with high
dielectric constant (K ~ 20000) and large electric-
field-induced strain. Therefore, PMN is extensively
used as capacitor and also as an electrostrictive
actuator.®~15 The PMN can form a solid solution,
lead magnesium niobate-lead titanate (PMN-PT),
with ferroelectric lead titanate (PbTiOg, PT) which
can enhance the dielectric properties of PMN. Sin-
gle crystal of PMN—PT near the morphotropic phase
boundary (MPB) has been reported to exhibit very
high piezoelectric coefficients (dsz > 2500 pC/N) and
extremely large piezoelectric strains (> 1.7%). These
values are significantly higher than those provided by
the best lead zirconate titanate (PZT) based piezoce-
ramics (600-700 pC/N and 0.17%).116-18] So PMN-
PT is a better substitute for PZT in many actua-

tor and sensor applications.!'920 Most of the present
studies have focused on dielectric, piezoelectric and/or
electromechanical properties, especially near the MPB
region. Little work has been done on their potential
applications.

In this paper, pure perovskite PMN-PT thin films
were successfully deposited on vicinal-cut strontium
titanate single crystal substrates by pulsed laser de-
position (PLD). The result of x-ray diffraction (XRD)
showed that the PMN-PT thin films were of a pure
perovskite structure. The transverse LITV in PMN-—
PT thin films deposited on tilted strontium titanate
single crystal substrates were observed for the first

time.

2. Experimental procedure

To ensure the formation of a single perovskite

phase, PMN-PT targets were synthesized using a two-
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step method by the solid state reaction.

The heterostructures of PMN—-PT thin films were
prepared by PLD method using a KrF excimer laser
(LPX300, Lambda Physik). The PLD method of thin
film growth involves evaporation of a solid target in
an ultra high vacuum chamber by means of short and
high-energy laser pulses. The distance between the
target and the substrate was kept at 45 mm. In a
typical PLD process, a ceramic target is placed in a
vacuum chamber. A pulsed laser beam ionizes the
surface of the target, and the plasma condenses on a

substrate.
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Fig. 1. XRD patterns of pure perovskite PMN-PT tar-
gets for the different ratios of PMN to PT.
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Fig. 2. XRD patterns of pure perovskite PMN-PT thin
films for the different ratios of PMN to PT on SrTiO3
along (001) orientation. (O) PMN-PT and (x) SrTiOs.

The structure of the PMN-PT targets and the
thin films was characterized by XRD (BDX3200

Peking University) using CuK,; radiation (wave-
length: 1.54056 A, 1 A=0.1 nm). The XRD patterns

are shown in Figs. 1 and 2.

3. Results and discussion

Figure 3 shows a laser-induced voltage signal of
PMN-PT thin film on vicinal-cut strontium titanate
single crystal substrate, induced by the KrF excimer
laser pulse with the 248-nm wavelength. As can be
seen in Fig. 3, there are two signals. One is wide,
and the other superimposed with the wide signal is a
narrow one. The PMN-PT is solid solutions of PMN
and PT. The PMN is a typical relaxor ferroelectric,
but PT is a normal ferroelectric. For different ferro-
electric, the coefficient of thermal conductivity is very
different. However, response time of LITV signal is
usually related to coefficient of thermal conductivity.
That is why the LITV signals are composed of two

signals with different response time.
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—
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Fig. 3. A laser-induced voltage signal of PMN—-PT thin
film on tilted SrTiO3 substrates along (001) orientation
induced by the KrF excimer laser pulse with A = 248 nm.

Figure 4 shows the LITV signals of the different
PMN-PT thin films grown on 10° tilted strontium ti-
tanate single crystal substrates. It can be seen that
the LITV signals are very different for the different ra-
tios of PMN to PT. But, for the same PMN-PT thin
films, there is a linear relation between the peak value
voltages and incident laser energy. With the increase
of z (x = 0.20, 0.33, 0.50), the peak value voltages

also increase gradually.
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Fig. 4. Laser-induced voltage signals of the (1 — z)PMN—zPT (2 = 0.20, 0.33, 0.50) thin films on 10° tilted SrTiOs3
substrates along (001) orientation induced by the KrF excimer laser pulse with A = 248 nm: (a) LITV signals of
0.80PMN-0.20PT doped 5 mol% Pb2*; (b) LITV signals of 0.80PMN-0.20PT; (c) LITV signals of 0.67PMN-0.33PT
doped 5 mol% Pb2T; (d) LITV signals of 0.67PMN-0.33PT; (e) LITV signals of 0.50PMN-0.50PT doped 5 mol% Pb2™;
(f) LITV signals of 0.50PMN-0.50PT.

The comparison of the peak value voltages is shown in Fig. 5. However, the full widths at half maximum

(FWHM) are almost constant except the one of 0.50PMN-0.50PT thin films. The comparison of the FWHM

is shown in Fig. 6.
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Fig. 5. The comparison of the peak value voltages for the
(1 — 2)PMN—=2zPT (« = 0.20, 0.33, 0.50) thin films on 10°
tilted SrTiO3 substrates along (001) orientation induced
by the KrF excimer laser pulse with A = 248 nm.
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Fig. 6. The comparison of the FWHM for the (1 —
2)PMN—zPT (z = 0.20, 0.33, 0.50) thin films on 10° tilted
SrTiO3 substrates along (001) orientation induced by the
KrF excimer laser pulse with A = 248 nm.

Here, our interest is in the laser energy detection by using the LITV effect, thus we seek for the materials
with higher peak value voltages and narrower FWHM. It can be seen that the 0.50PMN-0.50PT thin films are
the best in all of the PMN-PT thin films through the comparison above.

Furthermore, the effects of film thickness, substrates, and tilt angles of substrates were also researched. It
is shown in Figs. 7 and 8. We can easily see that the LITV signals have significant differences on the different
substrates. But for the same substrate, the peak value voltages first increase and then decrease with the increase

of the tilt angles of substrates and the film thickness.
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Fig. 7. The comparison of pure perovskite 0.80PMN-0.20PT (doped 5 mol% Pb2+) thin films’ LITV signals from three
tilt angles grown on LaAlO3, MgO and SrTiO3 substrates respectively with the same conditions.
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Fig. 8. The comparison of pure perovskite 0.80PMN-0.20PT (doped 5 mol% Pb21) thin films’ LITV signals from three
film thickness grown on LaAlO3, MgO and SrTiOgs substrates respectively with the same conditions.

According to the LITV formula (Eq. (1)) derived
by Zhang et al.,?!) the film thickness has an optimum
value, which is consistent with the experimental re-
sults. However, the signals should be increased with
the increase of the tilt angles of substrates, which is
inconsistent with the experimental results, mainly be-
cause the defects in the thin films increase with the
increase of the tilt angles of substrates. The defects
reduce the crystalline quality of the films. But the
peak value is strongly related to the crystalline qual-
ity. Therefore, the signals become smaller, which is

not incompatible with Eq. (1).

aoElsin(2a)
—————(5p — S¢

4dpcov/ Dt (Sab )
« (6—62/4Dt . e—d2/4Dt>7

U(t) =
(1)

where g is the laser absorption coeflicient of film,

the laser energy density per pulse (for convenience, we

also make F stand for laser energy per pulse), [ is the
illuminated length of film, « is the vicinal-cut angle,
Sap — Sc is the Seebeck coefficient anisotropy, p is the
mass density, cg is the specific heat, ¢ is the laser pen-
etrating depth into the thin film material, D is the

thermal diffusion constant, d is the film thickness.

4. Summary

The transverse LITV in the tilted PMN-PT thin
films was observed for the first time. The LITV signals
depend on the ratio of PMN to PT drastically. The
maximum peak value voltage and minimum FWHM
signal were found in the 0.50PMN-0.50PT thin films.
Moreover, film thickness, substrates, and tilt angle of
substrates also had an effect on the LITV signals. But
they were all consistent with the LITV formula de-
rived by Zhang et al.
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