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Epitaxial PHZrg 55Tig.4903/Lag 7S sMNO5(PZT/LSMO) and LSMO/PZT/LSMO heterostructures
have been grown on LaAKI01) substrates by pulsed-laser deposition. Three types of ferroelectric
capacitors, i.e., PYPZT/LSM@A), LSMO/PZT/LSMO (B), and Pt/PZT/LSMO(C) have been
fabricated, where the Pt electrode was sputter deposited onto as-¢rapacitor A andin situ
annealed(capacitor ¢ PZT/LSMO films, respectively. It is found that the LSMO/PZT/LSMO
capacitor shows a low coercive field and good fatigue endurance up*fosiiiching cycles.
Similar properties are also obtained for capacitor A. However, the capacitor C, with the PZT film
in situannealed at reduced oxygen pressures, exhibits higher switching voltages and starts to fatigue
rapidly at about 19 bipolar switching cycles. Lead deficiency at the surface of the annealed PZT
films has been observed. Our results demonstrate that the fatigue performance of PZT/LSMO films,
although affected greatly by the electrode configurations, is intrinsically determined by the interface
property at the top electrode. @000 American Institute of PhysidsS0003-695(00)02147-1

Ferroelectric thin films have great potential for use infatigue?~* However, according to Nakamuet al, fatigue-
nonvolatile memorie$.Among the many families of ferro- free behavior up to T8 cycles has been demonstrated on
electrics, PtZr, Ti)O3(PZT) and their derivatives have been IrO,/PZT/Pt capacitors® Similar results were also reported
one of the most extensively studied materials due to theifor SrRuG/PZT/Pt and Pt/PZT/LSMO capacitots®

large remnant polarizatiorP() and low coercive fieldE.). Clearly, to elucidate the fatigue phenomenon, these contro-
However, PZT capacitors with noble metal electrodes like Pversial observations need to be clarified.
exhibit a significant polarization fatigue when subject to bi- In this work, epitaxial PZT/LSMO and LSMO/PZT/

polar switching pulses. To overcome this fatigue problem inLSMO heterostructures were fabricated on LagIQAO)
PZT, the use of conducting oxide electrodes such as,RuOsubstrates by pulsed-laser depositi®h.D). Three capacitor
Lag Sl sC00;, YBa,CuO,, LaNiO; SrRuQ, and IrQ  types of PUPZT/LSMQA), LSMO/PZT/LSMO(B), and Pt/
have been reported. It is believed that the oxygen vacan- PZT/LSMO (C) with the Pt top electrode sputtered onto as-
cies in the PZT films can easily exchange with the oxygen irgrown (capacitor A andin situ annealedcapacitor ¢ PZT/

the oxide electrodes, thereby reducing the oxygen vacandySMO films were fabricated. Structural and ferroelectric
pileup at the interfaces and reducing the fatidfie. properties of these capacitors are evaluated. It is found that
Lag 7St aMnO5(LSMO) is also a metallic oxide and has at- capacitor A shows a lov, and good fatigue endurance up
tracted great interest recently due to its colossato 10'° cycles, comparable to the properties of the LSMO/
magnetoresistanceWhen fully oxygenated, epitaxial LSMO pZT/LSMO capacitor. In contrast, capacitor C exhibits a
films show a room-temperature resistivity of about 300higher E, and starts to fatigue rapidly at about®1€ycles.
uflem, comparable to those of the oxide electrodes menye show that the fatigue behavior of PZT films, although
tioned previously” In a previous report, we have shown that affected by the electrode configurations, is basically con-
the LSMO films are very stable against postdeposition antrolled by the interface property at the top electrode.
nealing at various oxygen pressufésyhich distinguishes The LSMO and PZT targets with compositions of
them from some other conductive oxide films like Lag Sio.aMNnO; and PI§Zry 5,Tig 4903 Were made by stan-
LagsS1p.sC00;.  LSMO/PZT/LSMO capacitors have not dard solid state reactiod$’ The PZT/LSMO and LSMO/
been studied®*® In addition, recent results suggest that pzT/ . SMO heterostructures were grown on L&DY) sub-
good fatigue endurance of PZT capacitors can be obtained i 5tes by PLD using a 248 nm KrF excimer laser with a
conducting oxides are used in both the top and bottom eleGepetition rate of 10 H2! The laser energy density irradiated
trodes. The asymmetrical Rtop)/PZT/oxide (bottom) and g the rotating LSMO and PZT targets was 6 and 3 3/cm
oxide/PZT/Pt capacitors, on the other hand, show SUbSIami"f‘éspectively. Both the LSMO and PZT films were deposited
at 620°C with the oxygen pressure fixed at 200 mPdfr.
dElectronic mail: wuwb@ustc.edu.cn The top LSMO films were depositad situ using a shadow
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FIG. 1. Typical XRD profiles from the PZT/LSMO/LA@O0Y) heterostruc-

tures.(a) The specular linear scan along the normal of FION) diffraction . . )
planes. The weak peaks at 30.88° and 38.14° may originate from the Iasep-eld (P_E) IOOpS recorded for capacitors A, B, and C. Ca

produced particulategb) The a-scan rocking curves on the P@D2 and  Pacitors A and C have the same electrode configuration but
LAO(002) reflections. Thep scans on the PZI01) and LAO10D) reflec-  different thermal histories for the PZT/LSMO heterostruc-
_tions are shown in the inset t). Th(_e inset to(a) shows a schematic ture. On the other hand, capacitors B and C have an almost
Hlustration of the PUPZT/LSMO capacitors. identical thermal process for the PZT/LSMO but different
top electrodes. The five loops represent the maximum driv-
mask with holes of 0.2 mm in diameter. After deposition, theing voltages of 2, 4, 6, 8, and 10 V. They are quite symmetri-
PZT/LSMO and LSMO/PZT/LSMO films were cooled at 1 cal for capacitor A, but positively biased for capacitors B and
atm of oxygen. For comparison, some PZT/LSMO hetero-C. The voltage shift means that an internal bias field has built
structures werén situ annealed at 620 °C under 200 mTorr up in the PZT filmst® For all the capacitors, a large, was
for 20 min before being cooled at 1 atm of oxygen. Theobtained. TheéP, of capacitors A and B is almost saturated at
thicknesses of the LSMO and PZT films are measured to ba low driving voltage of 4 V. In contrast, capacitor C has a
100 and 500 nm, respectively. These films were structurallpaturated®, at a much higher voltage. For capacitors A, B,
analyzed by x-ray diffractiofXRD), and x-ray photoemis- and C, theE; at 6 V is calculated to be 38, 35, and 48
sion spectroscopgXPS). For the PZT/LSMO films, circular kV/cm, respectively. Note that capacitor C has a much larger
Pt top electrodes @=0.2mm) were depositecx situ E. than capacitors A and B.
through a shadow mask by sputtering at room temperature. To further characterize the ferroelectric properties of the
The inset to Fig. (@) is a schematic diagram of the Pt/PZT/ capacitors, we performed fatigue tests using bipolar square
LSMO capacitors. The ferroelectric properties of the capaciwaves with maximum amplitude of 4—10 V at 25 kHz. Fig-
tors were measured using a RT66A standardized test systemres 3a), 3(b), and 3c) show the data measured from ca-
Figure 1a) shows a XRD linear scan from a PZT/ pacitors A, B, and C, respectively. In Fig, although Pt
LSMO/LAO(001) heterostructure. It is seen that strongl()00 was used as the top electrode, the capacitor shows no sign of
(I=1, 2, and 3 reflections from each of the constituent lay- loss of polarization after f0cycles (closed circlg. This
ers were obtained. The weak peaks labeled with open squarésigue-free behavior is very similar to that exhibited by the
can be assigned to the PAT0 and PZT11Y reflections PZT film with symmetrical LSMO electrodes shown in Fig.
and may originate from the laser-produced particulates. AlB(b). On the contrary, capacitor C starts to fatigue rapidly at
the layers were indexed according to a pseudocubi@bout 16 cycles. The insets to Figs(l® and 3c) show the
structure!* As shown in Fig. 1b), XRD w-scan rocking P—E loops taken befordopen squafeand after (closed
curves on the PZ(D02 and LAO002) reflections yielded a square the fatigue tests on capacitors B and C, respectively.
full width at half maximum of 0.63° and 0.35°, respectively, The fatigue behaviors observed for the different capacitors
indicative of good crystallinity of the PZT film. XRDp  are found independent of the switching voltage amplitude
scans on the PZT01) and LAQ(101) reflections were also and very reproducible for the capacitors having the same
performed[the inset to Fig. (b)] and a parallel epitaxial PZT/LSMO heterostructure. Clearly, the polarization loss is
relationship between the different layers was confirmed. not solely determined by the electrode configuration.
Figure 2 shows the typical polarization versus electric-  We believe that after than situ annealing, oxygen and
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of 2.16 and 1.82 for the as-grown and annealed PZT/LSMO
films, respectively, reflecting that lead deficiency did exist at

1.0 [ ] _ °_°_°=°’°—°—°=°=°—°__ the surface of the annealed PZT films. It is believed that the
osk . °F v AR local compositional variations will induce point defects or a

Tl g Br ] L mer | space-charge layer at the top Pt/PZT interface, and result in
3 2: R 1 4 the highE. and rapid fatigue observed for capacitor C. How-

SR B g ] ] ever, the use of all-oxide electrodes prevents such
05F S (b) | problems®1’ The substantial fatigue observed for the capaci-

tor A [Fig. 3(a), open trianglémay also be ascribed to a lead
loss at the PZT film surface, since the films were grown at a
lower oxygen background pressure of 100 mTorr.

In summary, the epitaxial LSMO/PZT/LSMO capacitors
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05k = ;‘: ﬁﬁf% A\:\A_PZT“OO me_ show a low coercive field and good fatigue endurance up to
s, /1 N : 10% bipolar switching cycles. For Pt/PZT/LSMO capacitors,
00 2 s L ] i switching and fatigue properties are found to be dependent
L& ol = < ] e I on the thermal process of the PZT films. Our results indicate
05F a0 10 0 100 20 e . that the fatigue performance of PZT/LSMO films, although
L E (kV/cm) / (c) | affected greatly by the electrode configurations, is basically
-1.0<E n—0=0-9 . controlled by the interface property at the top electrode.
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FIG. 3. Plots of normalized switchable polarization vs fatigue cycles at 25 ,
Hz for capacitor A(a), B (b), and C(c). Note that the PZT layer was
deposited at 200@®) and 100 mTor(A) of oxygen ambient, respectively.
The inset to(a@) shows PZT002) reflections from the as-depositésiymbo)
andin situ annealed(line) PZT/LSMO heterostructures. The insets (i
and (c) show theP—E loops beforg((J) and after(l) the fatigue tests.



