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This letter reports on the formation of a layered film structure and the highly improved photovoltaic
output of the lead lanthanum zirconate titand@@&ZT) employed. The photovoltaic current of the
PLZT film per unit width was more than iQimes larger than that of bulk PLZT, while the
photovoltaic voltage per unit thickness in the layered film structure was almost the same as that in
bulk ceramics. These differences are due to the characteristics of the film structure and configuration
of the electrode. A simple model is used for the phenomenological explanation of the improved
photovoltaic effect of the PLZT film. €2004 American Institute of Physics.
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There are several kinds of ferroelectric materials thahigh electrical resistance of PLZT. In fact, the response
exhibit  photovoltaic  effects under near-ultraviolet speed of the photovoltaic current should be fairly fast in
illumination!~3 The most outstanding advantage of the pho-consideration of an electrical equivalent motfe¥® It should
tovoltaic effect is its high output voltage over kilovolts. This thus be useful to fabricate improved output of the photovol-
phenomenon of ferroelectrics is entirely different from thattaic current in order to achieve fast-response devices. For this
of the semiconductgp—n junction. This is because the pho- reason, a film structure is more useful than a bulk material in
tovoltaic effect occurs within the material and is consideredview of photovoltaic effect efficiency.
to be an optical property of the material itself. The photovol- ~ Recently, we have fabricated PLZT film on a trial basis
taic effect holds promise in the following aread) high  and confirmed that the efficiency of the film structure was
electrical output voltage over kilovolt$2) transducer from  better than a bulk material. Our structure design, including a
optical energy to electrical energy, af8) wireless energy Mmodified electrode configuration, was introduced into a lay-
transfer. These characteristics are useful and applicable ®ed PLZT film structure. We describe the sample prepara-
microelectromechanical systertdEMS).4~° tion and its characteristics in the following sections. We will

Among such photovoltaic materials, lead lanthanum zir-2lso present a phenomenological explanation of the im-
conate titanate is the most popular. Lead lanthanum zirconaf@roved photovoltaic effect on PLZT film.

titanate, that is, P ,Lay(Zr, Ti,); _x4Os [abbreviated PLZT It is necessary to sandwich the ferroelectric film struc-
or PLZT(X/Y/Z), where X=10, Y=100y, and z ture with electrodes in order for its characteristics to appear.

=100¢], is a ferroelectric solid solution with wide-ranging There are two possible locations for the electrode in the film
material properties that depend on its composifiome  structure. One has an electrode situated beside the film and

devices or systems that make use of photovoltaic materidghe other has the electrode situated at the upper and lower
have been under developmé&dt? There have also been sides of the film. We chose the latter style for this experiment
some reports from the material asp&tt® Glasset al. ex- because it is suitable for the MEMS fabrication process and
plained that the photovoltaic effect was due to the noniO decrease the poling voltage significantly. Since it is nec-
equivalent excitation of electrons from the impurity level to €Ssary to illuminate through the upper electrode, a transpar-

the conduction bantf, However, there is no universal inter- €Nt Upper electrode was used. .
pretation on the ferroelectric photovoltaic effect. There are,  1he PLZT film was formed using the metalorganic depo-

however, other problems, such as the slow response speed3fion (MOD) method on Si substrate, with the lower elec-

the photostrictive effect around the second order due to thE©de sputtered onto the substrate. The Si substrate was pre-
pared using the standard MEMS process in our gfodp.

The PLZT film was formed onto the prepared Pt/Ti/SISi
¥Electronic mail: ichiki-m@aist.go.jp substrate. The raw solution of PLZT was a commercially
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TABLE I. Comparison of the photovoltaic properties of PLZT in bulk and
layered film structure.

Bulk ceramics Layered film structure
Sample widthw [mm] 10.2 10.0
Sample heighh [mm] 5.1 10.0
Sample thickness [mm] 2.4 0.004
Polarization direction Thicknesslight) Thicknesslllight)
Photovoltaic currenfuA]
Per unit width[cm] 16.8 1700
Photovoltaic voltaggV]
Per unit distancécm] 2067 2150

FIG. 1. SEM figure of cross section of PLZT film structure.

available MOD solution. The composition of PLZT wéa/  the same mechanisms exhibited by bulk PL!2Photovol-
52/48 and the excess Pb ratio was 7% with respect to itd2iC voltage and current reached 0.8 V and A respec-
chemical quantitative composition. The substrate was dippeliV€y: in the region of highest illumination intensity at
into the liquid solution and rotated with a spin coater. Heat:°? mw/cni. The output level of the photovoltaic current of
treatment was performed in a furnace as follows: drying afhe PI,‘ZT f|Im was three orders higher than that of bulk
120°C for 10 min., formation of precursor at 470 °C for 30 PLZT in th_e directly observed vaILfé.On the other hand, the
min, and finally crystallization at 600 °C for 30 min. This is photovoltaic voltage of tlhe PLZT film was three orders Iovx_/er
almost the same as the procedure used in the sol-ggﬂ_an that of bulk PLZF: 'Ifhe.photovoltalc current per unit
method® These steps were repeated 10 times to form thé{\nd.th and voltage per unit distance are calculated fqr com-
film structure. Indium tin oxide was sputtered to fabricate theP@rison between film and bulk condition. Table 1 gives a
upper electrode to estimate the photovoltaic effect and di€omparison of PLZT in formed film and bulk conditiéhAs
electric and ferroelectric properties. a result, the photovoltalc current of film per ur_ut width was
Standard methods were used to estimate material chaf/© orders higher than that of the bulk material due to the
acteristics; scanning electron microscof§EM) observa- Sample size. o .
tion, X-ray diffraction (XRD) method, dielectric constant, _Smce bulk PLZT exhibits h|g.h photovoltaic voltage over
and photovoltaic effect. Photovoltaic current was estimated Kilovolt and small photovoltaic current around nanoam-
using an electrometeeithley 6517. Photovoltaic voltage PE'eS per square centimeter of area and millimeter of thick-
was estimated indirectly using the bias induction function of7€SS: itis difficult to explore useful and practical applications
the electrometer. Details on the use of this method have beefjith such an output level. These differences are due to the
already reported® characterlstlcs and also the c_onflguranon _of the ele<_:trode. We
Figure 1 shows a SEM figure of a cross-sectional ﬁguréNI” present a phenomgnologu_:al explanation (_)f the improved
of the formed film. The thickness of the film waswn. The photovoltal_c ef_‘fect using a _S'mP'e model._ Figure 3 shows
SEM inspection confirmed that the film structure was homoPulk ceramics ina), 'a¥efed film m(b),_and film element in
geneous. The interface between the lower electrode and t{g)- The width of the film glemenAW is assumed to be 19
PLZT was flat and smooth, without voids or deficiencies.#M- Therefore, the real film is thoroughly connected with
The presence of a typical perovskite structure was confirmeli’€se film elements on the order of over®fines. As a
with XRD. No particular crystal orientation was observed €Sult, the output of the photovoltaic current is over’ 10
and a random orientation was confirmed. The film had ndimes that of a film element. It is assumed that the film ele-
pyrochlore or amorphous structure. ment is iI_Iuminated from the side,_ while the _sam_ple is_ac_tu-
Figures 2a) and Zb) show the photovoltaic current and ally illuminated from the top. Tr_us assumption is va_lld in
voltage, respectively. The photovoltaic voltage had linear re€3Ses where the widthw and thickness of the thin film
lationships with the illumination intensity. The photovoltaic element are under 12m. This is because homogeneous il-
voltage saturated to a constant value with increasing illumi-

nation intensity. These photovoltaic behaviors are based on ¢
h
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FIG. 2. Photovoltaic effect of layered PLZT film structure. Relationships

between(a) photovoltaic current an¢b) photovoltaic voltage and illumina-  FIG. 3. Representative figure of illumination or{@ bulk, (b) film, and(c)

tion intensity. film element of photovoltaic materials.
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