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Abstract ; Relaxor ferroelectric 0. 74Pb { Mg, , Nb, ) O;-}. 26PbTi0, thin films were prepared on LaNiQ;-buffered sili-
con substrates by radio-frequency magnetron sputtering. The effect of deposition temperature on films” microstructures
and optical properties was investigated. The sample deposited at 500 “C exhibits not only a pure perovskite phase, highly
{ 110) -preferred orientation, and dense and crack-free morphology, but also the largest average remnant polarization of
17.2 pC/cm® among all investigated films. With Cauchy model the refractive indices and exlinction coefficients [or these
specimens have been oblained by lilling experimental relleclance spectra. AL a wavelength ol 633 nm, the value ol re-
Iractive index 2.41 was oblained lor the thin [ilms deposited al 500 °C. In addition, oplical band gaps ol the lilms are in
the range of 2, 97-3.22 eV, A preliminary discussion has been carried out on the difference in the opticul properties of
these films,
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Introduction

Reeent vears, relaxor ferroeleetric ( 1-x ) Pb
{ Mg, ;Nb,,; ) O;-xPbTiO, ( PMN-PT) single crystals
have attracted much attention due to their excellent di-
electric, ferroelectric, piezoelectric, pyroelectric, and
electro-optical properties!'*!
datcs for various applications, for cxample nonvolatile
memorics, actuators, transducers, infrared detectors,

and nonlinear photonic devices-*-. Many techniques

. They are good candi-

such as sol-gel, metal organic chemical vapor deposi-
tion, radio-frequency ( RF) magnetron sputtering,
and pulsed lascr deposition, ctc. , were used to grow
PMN-PT thin films at high temperatures { 575 ~
850°C) [0l
photoelectronic devices, it is desirable to fabricate

However, with the miniaturization of

high-quality thin films on silicon substrates at lower
temperatures -,

In the past two decades, many smuidics had been
done on PMN-PT thin films - ferroelectric, dielectric,
and electromechanical performance-""*. There are a
lot of reports on the optical parameters of PMN-PT
single crystals and PbTiO; ceramics, but literatures on
the optical information of PMN-PT thin films arc rela-
tively scare-*. It is interesting to note that ( 1-x)
PMN-xPT single crystals with x =0.26, beyond mor-
photropic phase boundary ( MPB) (0. 30 < x <
0.35), show excellent ferroelectric and optical prop-
crics, as well as stably propertics duc to higher depo-
larization temperature->*-. Tn this paper, we cxplore
the effect of deposition temperature on the microstruc-
tures and optical properties of the PMN-0. 26PT thin
films deposited by radio-frequency { RF) magnetron
sputtering.

1 [Experimental procedure

PMN-0. 26PT powder was synthesized firstly by
sintering the blend of Nb,O,, MgO, PbO, and TiQ,
starting materials. To compensate for the loss of Pb
and Mg during high temperature treatment, the blend
has an excess of 10 mol% PbO and 5 mol% MgO,
respectively. The resultant powder was compressed
into a plate with a diamcter of ~2 inch and a thick-
ness of ~3 mm. The synthesized target was then sin-
tered at 1200 °C for 2 h.

Conductive and pseudo-cubic LaNiO, ( LNO)
thin film was sclected as the interlayer between PMN-
0. 26PT thin film and silicon wafcr, because it exhib-
its a good flexibility and a lattice constant of 0. 384

nm matching wen with most of the perovskite ferroe-
lectric oxides'®)., The LNO-coated Si wafers were
heated by a halogen lamp up to the temperature de-
sired in vacuum chamber. The background pressure
was kept at 1.5 x 10°° Pa and the processing condi-
tions for growth of PMN-0. Z6PT thin films were lis-

ted in Table 1.
Table 1 Processing conditions for tabricating PMN-
0. 26PT thin films

F1 PMN-0.26PT N Bl & & 6

Target composition PMN0. 26PT
Target diameter $2 inch
Targel-subslrale dislance 9 cm
EF power 150 W
Gas ratio Ar(, = 354
Sputtering pressure Zpa
Substrate LNO/ {100} Si

Substrate temperature From 200 to 630 <C

The crystallographic quality and microstructure of
PMN-0, 26PT thin films were characterized by X-ray
diffraction ( XRD) spectrometer with Cu Ko radiation
source { Model D/Max-rA, Rigaku, Tokyo, Japan)
and field emission scanning electron microscopy
( FESEM, Siron200 1615, FEI Company, Hillsboro,
OR). The ferroelectric properties of the films were
analyzed by using a RT66A ferroelectric test system
( Radiant Technologies, Albuquerque, NM). The re-
flectance spectra of the samples were measured at
room emperature ( RT) by a Perkin Elmer Lambda
800900 UV/visible spectrometer with incident light
perpendicular to the samples surface. As determined
by cross-sectional SEM image and standard four-probe
technique, the thickness and room emperature (RT)
resistivity of LNO film are ~ 100 mm and 7 x 10 * Q
« cm, respectively.

2 Results and discussion

2.1 Microstructures

Fig. 1 represents the XRD patterns for the PMN-
0.26PT thin films deposited in the temperature range
of 200-650 "C. All the films deposited below
500 “C are in amorphous state, while those films
grown in the temperature region 500-600 "C show
highly (110} -preferred orientation and single perovs-
kit phasc. For the films grown at cemperaturcs higher
than 600 °C, pyrochlore phases appear because of
volatilization of PbO.

Ag shown in Fig, 2, these PMN-0, 26PT thin
films deposited at 500 °C, 550 °C, and 600 °C (de-
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Fig. 1 X-ray diffruction putterns for the PMN-(, 26PT
thin films deposited at {a) 200 °C, (b) 450 °C, (¢) 500
°C, (d) 550 °C, (e} 600 "C, and {f) 650 °C. The py-
rochlore phase is labeled as Py

Bl ARRE ~UCRE PMNO. 26PT #IFR X 54
FIEEE (o) 200 "C, (b) 450 °C, (c¢) 500 °C, (d)
550 °C, (e} 600 °C, (f) 650 "C. & 54| Py F=

noted as samples A, B, and C, respectively) exhibit
dense and crack-free surface morphologies and com-
prise of well distinguishable grains. The sample A is
composed of small uniform grains with size in the
range of 50 ~ 150 nm. With deposition temperature
increasing, the grain size becomes larger gradually.
The thicknesses of samples A, B, and C ar¢ 650 nm,
630 nm, and 600 nm, respeetively, determined from
the cross-sectional SEM photographs ( not shown ).
The thickness of PMN-0. 26PT films decreases with
deposition temperature increasing owing to the densifi-
cation.

Generally, the lowest growth temperature ~ 580
°C is required to acquirc high quality (1-x)Pb{Mg, ,
Nb, , ) O,-xPbTiOQ, films ™", In the present work,
the crystallization temperature of 500 °C enable the
PMN-0. 26PT thin films to be converted into a rhom-
bohedral phase, implying that the process is compati-
ble with the cxisting Si-based integrated circuit tech-
nology.
2.2 Electric properties

Fig. 3 plots the RT polarization-electric field (.£-
E) characteristic curves for samples A, B, and C un-
der the maximum polarization voltage of 25 V. The
driving voltage i a single bipolar triangular wave with
a frequency of 50 Hz., Each specimen shows a well-
defined hysteresis loop. The average remnant polari-
zation P, is in the range of 8.1 ~ 17.2 uC/em’, and
the coercive field £, varies in the region of 76. 2 ~
106. 1 kV/cm. Sample A has a largest value of P, ~

11) . . - h)

()

Fig.2 Surface SEM images for samples A, B, and C
M2 fH5 AB,CHy SEM 23

17. 2 pC/em’. To check the effect of the leakage
current I, on the P., we performed a leakage current
measurement on each thin film capacitor with an area
of 0.5 x0.5 mm’. Under a DC voltage of 25 V, the
measured maximum of the 7, is3.5 x 10 7 A. Based
on the above results, the largest contribution to the P,
aroused by the 7 is calculated to be 0.7 pC/em’,
which is much smaller than the ¢xperimental value of
the P., suggesting that the P, in the PMN-O, 26PT
thin films mainly comes from their intrinsic electric
polarization,
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Fig.3 Ferroelectric hysteresis loops for samples A, B,
and C. The data were taken at the maximum driving
voltage of 23 V
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2.3 Optical properties

The optical properties of PMN-0. 26PT films
were analyzed according to the method reported in the
literature! *! . The optical constants of LNO electrode
were extracted with Drude-Lorentz model, and the
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PMN-0. 26PT films were extracted with Cauchy mod-
el, where the complex refractive index of single sili-
con was treated as known quantity. Figure 4 depicts
the optical reflectance spectra for the PMN-0. 26PT/
LNO/Si system. In the examined frequency region,
since the 100 nm LNO layer has a strong absorption
and is nearly opaque to light'®', the observed stripes
originate primarily from the interference of the light
being reflected at the top surface and the PMN-0,
26PT/LNO interface. The solid lines in Fig. 4 repre-
sent the simulations to the PMN-0. 26PT/LNO multi-
layers, rendering a relative coincidence between the
experimental and theoretical results but a significant
deviation below 600 nm wavelengths. This deviation
may be originated from the random scattering of light
by the rough surface and grains with a size compara-
ble to the wavelengths of the incident light.
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Fig.4 Optical reflectance spectra for LNO layer and
samples A, B, and C
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Fig. 5 shows the effective refractive indices # and
extinction coefficients &£ for the LNO and the PMN-
0. 26PT thin films. As can be seen, both # and k of
the films decrease with wavelength increasing. Tn the
weak absorption region, the value of n for the thin
films deposited at 500 °C is larger than that of films
deposited at other temperatures, which may be attribu-
ted to the more homogencous thin film structure, From
Figs. 1 and 2, it can be found, that the samples B and
C have similar crystallinity and topography, resulting
in a similar optical property. On the other hand, at
wavelength over 300 mm, the & values for these sam-
ples get nearly coincident and smaller than (0. 1, indica-
ting that the PMN-0. 26PT thin films become transpar-
ent in this wavelength region. As to the reasons for the
discrepancy in k& values at high frequency region ( >

10" Hz), it is still unclear at present.
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Fig.5 Wavelength dependence ol relraclive indices and
extinction coefficients for samples A, B, and C at room
temperature. The insel is wavelengih dependence ol re-
fractive indices and extinction coefficients for LNO thin
filims
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Optical loss of a dielectric medium comes princi-
pally from the absorption without consideration of
scattering and reflection. Since PMN-PT is a direct
band-gap material and the interband transition excita-
tion is the most predominated absorption, cquation
(1) can be used to estimate its optical band-gap-"*]

oF = C,(E - ED"*, (1)
where « is the absorption coefficient of PMN-PT asso-
ciated with £ in the form « =4w«/A, E is the photon
energy, and C, is a constant. As shown in Fig. 6,
near the absorption edge (aE) ° varies linearly with
E. In other words, the absorption coefficient and the
photon ¢ncrgy of the PMN-PT thin films satisfy Eq.
(1) simultancously. By cxtrapolating the lincar por-
tion of the plot to (aE) * = 0 in Fig. 6, the esti-
mated values of Ej are 3.22, 3.17, and 2. 97 eV for
sumples A, B, and C, respectively. Ej of the PMN-
PT filim decreases with deposition temperature increas-
ing in the investigated temperature range. The shift of
band-gap energy was mainly due to both the crystal-
linity and defect in the PMN-PT thin films'™!. As the
substrate temperatare increased to 600 °C, the thin
films show larger and non-uniform grain size as
shown in Fig. 2. In addition, Pb vacancies occur due
to volatilization of PbO at higher temperature, which
contributes to the lowest energy bands.

3 (Conclusions

In summary, pure perovskite and { 110 )-pre-
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Fig.6 (k)™ vs. K curves for samples A, B, and
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ferred oriented PMN-0. 26PT thin films have been
fabricated on LNO/Si substrates at relatively lower
temperatures. Deposition temperature has a significant
effect on crystalline structure, surface morphology,
together with ferroclectric and optical propertics of
PMN-0. 26PT films, All PMN-0. 26PT films grown in
the emperature range of 300-600 °C posscess good fer-
roelectricity. At the wavelength of 633 nm, the value
of refractive index is ~ 2. 41 for the PMN-0. 26PT
thin film deposited at 500 °C, which is in agreement
with that reported. The optical band-gaps of the
PMN-PT thin films vary in the range of 2. 97 ~3.22
ev.
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