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Surface treatment effects on the thickness dependence of the remanent
polarization of PbZr 5,Tig4503 capacitors
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In this letter, we report on the thickness dependence of the remanent polarization of
Pt/PbZg 5,Tip 4403/ STIRUQ; capacitors. Two different patterning techniques were used to fabricate
the capacitors. For lift-off processed capacitors, the remanent polarization decreased with decreasing
thickness. lon-beam-etched capacitors, however, showed a constant remanent polarization for all
PbZi 5,Tig 4405 film thicknesses down to 23 nm. Remarkably, this constant remanent polarization
for ion-beam-etched capacitors corresponds to the spontaneous polarization expected for a
stress-free bulk PbZEg,Tig 4405 crystal. © 2003 American Institute of Physics.
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Size effects on ferroelectri@~E) properties have been shown the excellent crystalline quality of our high-pressure
investigated with a great deal of interest. It is frequentlysputtered thin filmg!*2
reported that the remanent polarization of a FE material de- To measure FE hysteresis loops, Pt/PZT/SRO hetero-
creases as the film thickness is decreased. In some caséfuctures with PZT thicknesses between 23 and 165 nm
extrinsic effects, for example, film composition, surfaceWere patterned into capacitors with areas 025 to 200
roughness, and defects, are likely to be the reason for thi&200 um?. Two different methods were used to pattern the
phenomenon. However, given that ferroelectricity is a coop£apacitors. For the first method, photoresist was spun on top
erative phenomenon like superconductivity and magnetisnf! the FE thin film and conventional photolithography de-
the size effect is expected to be prominent, even in the abflned the area of the capacnors_. After sputter!ng Pt, a “.ft'Oﬁ
sence of extrinsic factors, due to the presence of a filpProcess removed the photoresist together with the Pt in be-

surface™* Mechanical and electrical boundary conditionstWeen the capacitorig. 1(a)]. For the second method, all

. i . three layers, Pt/PZT/SRO, were first deposited on the STO
have to be t.aken nto account to calculate. the FE_flIm thicksubstrate. Conventional photolithography and an Ar-etching
ness at which the size effect starts playing a PofeOur

; . step, which was timed to stop in the FE layer or at the inter-
experimental results show that for PUPBZTio 4dOs face between bottom electrode and FE layer, defined the

(PZD/SrRUQy (SRO capacitors deposited on a SrEO  ghape and the area of the capacifig. 1(b)]. FE hysteresis
(STO) substrate, no size effect is present at a FE film thick1oops were obtained with the FE module of the aixACCT TF
ness of 23 nm. Therefore, extrinsic effects are likely to beanalyzer 2000.
responsible for the suppressed FE properties shown by other FE hysteresis loops have been investigated for both pat-
groups? It will be shown in this letter that the surface treat- terning techniques and for all thicknesses. The square shape
ment of the ferroelectric layer is one possible extrinsic effeciof the (P—E) curves is softened for thinner films. Imprint is
leading to a decreased remanent polarization. observed for all the loops, but is more pronounced in lift-off
We have deposited PZT/SRO thin films on STO processed capacitors and for thinner films. Due to this effect,
substrates by high-pressure, on-axis sputtefifgstoichio-

metric SRO target was used to grow stoichiometric thin g - @ o o BB Fzi,, 0,0, BN SRu0, I SrTiOsubstrate

films, whereas a PZT target with a lead excess of 20% was,,

necessary to compensate the loss of this volatile componen ; : ; #
Deposition rates of 12 and 45 nm/h were achieved for PZT %

and SRO, respectively. The optimized substrate temperatur: Lt A el Liftoff  Measurement tips
and oxygen pressure during growth were about 570 °C af

3 mbar for both PZT and SRO thin films. Structural charac- ® ///A”' |

terization techniques, such as x-ray diffractometry, Ruther-
Sputtering Photolithography Ion beam etching Measurement tips

ford backscattering spectrometry, high-resolution transmis-
sion electron microscopy, and atomic force microscopy, have

dauthor to whom correspondence should be addressed; electronic maiFIG. 1. (a) Patterning of capacitors by lift-off process afial patterning of
j.rodriguez@fz-juelich.de capacitors by ion-beam etching process.
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FIG. 3. (a) Hysteresis curves for IBE capacitors aiwl voltage dependence

FIG. 2. (a) Hysteresis curves for lift-off processed capacitors dndoltage of the current response for IBE capacitors.

dependence of the current response for lift-off processed capacitors.

the reported values for the remanent polarization and théompensated by the strain effect. Thin films grown on much
coercive field are calculated fromP(,+|P,_|)/2 and thicker substrates are usually strained. As a result, the rema-

(Ecs +]|Ec_])/2, respectively. nent polarization may increase with decreasing film thick-
Figures 2a) and 2b) show the hysteresis curves and theness. This has been predicted theoreticathg well as ob-
corresponding voltage dependences of the current respongerved experimentall{. In fact, our films do show a slight
for lift-off patterned PZT capacitors with film thicknesses of increase of the out-of-plane lattice parameter from 4.132 to
89, 61, nm and 23 nm measured at 10 kHz. The value for thé.140 A and a decrease of the in-plane lattice parameter from
remanent polarization decreases from 44 tog&Z/cn? as  4.04 to 4.03 A as the film thickness is reduced from 165 to
the film thickness is reduced. The coercive field, however23 nm.
increases for thinner films. It increases from 165 kV/cm for ~ The lift-off processed capacitors do not show at any film
the 89-nm-thick film up to 260 kV/cm for the 23-nm-thick thickness this theoretically expected value for the remanent
film. polarization. In fact, they show a decreasifg as the film
P—E curves and voltage dependences of the current rethickness decreases. We have already ruled out intrinsic ef-
sponse for ion-beam etchdtBE) capacitors are shown in fects. In addition, extrinsic effects, such as film composition
Figs. 3a) and 3b). The PZT film thicknesses of the shown or film quality, are not suitable to explain this phenomenon,
capacitors are 165 and 23 nm. In this case, no decrease in ths the thin film deposition was identical for both patterning
remanent polarization is observed. Both capacitors show techniques. However, a strong influence of the interface be-
remanent polarization of 42C/cn?. Additional IBE capaci- tween the FE films and the electrodes on the switching ki-
tors with PZT film thickness between 165 and 23 nm havenetics seems very likely. The FE film surface is exposed to
been fabricated and all of them showed simParE curves  solvents, photoresist, and developer for the lift-off process.
andP, values. The coercive field increases for thinner films.This might lead to an increased surface roughness, resulting
It is as low as 185 kV/cm for the 165-nm-thick film and asin an inhomogeneous field distribution at the PZT-Pt inter-
high as 510 kV/cm for the 23-nm-thick film. face. This idea is supported by the reduced coercive field for
The most important result obtained from this work is lift-off processed capacitors compared to IBE capacitors. We
that for the studied heterostructure, an intrinsic size effect ibelieve that the number of nucleation centers may be in-
not observable at a FE film thickness of 23 nm. Each of oucreased for rougher films, as roughness locally enhances the
IBE capacitors shows the same remanent polarization. Welectric field. As a result, the coercive field is reduced. In
would like to point out that the obtained remanent polariza-addition, the chemical composition of the PZT near an inter-
tion is the theoretically expected spontaneous polarizatioface could be different, resulting in the formation of interface
for a stress-free bulk PZT crystal of the used composition. layers adjacent to the electrode with suppressed FE proper-
We conclude that either no intrinsic size effect is present irties. Whatever occurs to the interface during the lift-off pro-

the studied thickness range, or that the intrinsic size effect isess leads to leakage currents for positive voltages at the top
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electrodg Fig. 2(b)]. As a consequence of increased leakagesub-micron-area capacitors for which the influence of the
currents, the measured remanent polarization is either e®dges is more important.
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