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Intrinsic resputtering in pulsed-laser deposition of lead-zirconate-titanate
thin films

S. K. Hau, K. H. Wong, P. W. Chan, and C. L. Choy
Department of Applied Physics, Hong Kong Polytechnic, Hong Kong

(Received 2 August 1994; accepted for publication 1 November)1994

Pulsed-laser depositiofiPLD) of lead-zirconate-titanatePh(Zr,,Ti;_,)O3] (PZT) thin films under

low ambient pressure has been investigated by studying the angular deposition distributions of the
constituent elements of the films. Nonstoichiometric profiles are observed and a dip occurs near the
target surface normal of the deposition profile of lead. Experimental results show that intrinsic
resputtering of the film is important in the PLD process and is responsible for the anomalous
distribution of lead. ©1995 American Institute of Physics.

Pulsed-laser depositiofiPLD) is a widely used method laser ablation of YBCO using high speed photography. No
for producing good quality ceramic thin films because of itssubstantiated explanation in regard to their originating
ability to retain the stoichiometry of the target material. mechanism was suggested. In this report, experimental re-
However, in our previous studies on PLD of (Bh .5  sults are presented to elucidate the important role of resput-
Tig 5005 (PZT) film at a low ambient pressure of Ihmbar,  tering in PLD of PZT film. In particular, we show that re-

a prominent Pb deficiency at positions around the target sussputtering of the PLD film is primarily responsible for the
face normalTSN) was observed.Several recent reports on observed anomalous deposition profile of Pb.

PLD of multicomponent targets including YBauO, The experimental setup for the angular deposition stud-
(YBCO), PbTIG; (PT), and PZT also indicated a relative ies in PLD is similar to that mentioned in our previous
enrichment of the lower mass elements around the ¥SN. report! The target was placed on a rotating holder and ab-
Saenget has proposed a qualitative explanation for the ob-ated by a focused XeCl excimer laser in a vacuum chamber
served angular dependence on species mass and laser fluergacuated by a diffusion pump system. The XeCl excimer
in pulsed-laser deposited films derived from multicomponentaser (Lumonics, series TE 860y4which generates light
targets. The observed compositional nonuniformities inpulses at 308 nm with 10 ns pulse width was focused at an
YBCO depositions were also numerically simulated byincident angle of 45° onto the target by a quartz I€ins25
Singhet al®’ using a model in which the laser plume was cm). The size of the focused spot, as measured from a burnt
treated as an initially isothermal plasma that subsequentlpattern on a Polaroid film, was 2®.5 mnf. The laser irra-
undergoes adiabatic expansion. These approaches, howewdiation fluence was 4 J/chand the repetition frequency was
cannot account for our observed anomalous angular deposi0 Hz. A silicon wafer was used as the substrate. The pres-
tion profile of Pb in PLD of PZT films under low ambient sure in the chamber was kept ak10* mbar for all the
pressure. experiments described. The deposited films were analyzed

It is generally recognized that in the sputtered depositiorusing a scanning electron microsco®EM) equipped with
of thin films, resputtering of the deposited materials by in-an energy dispersive x-rafDX) analysis facility.
tentional or inadvertent bombardment of energetic particles Figure Xa) shows the amounts of Pb, Zr, and Ti in a film
during deposition is a rather common proc&s®.For com-  deposited at various angles with respect to the TSN from a
pound materials such as PZT whose constituent elemenf®ZT target. While the deposition profiles of Zr and Ti are
have large differences in sputtering coefficients, resputteringarrow and sharply peaked, the deposition profile of Pb is
may play a major role in governing the sputtered film growthrelatively broad and has a dip in the direction around the
rate and the film stoichiometry. PLD is a process well knownTSN. A substantial deficiency in Pb with respect to Zr and Ti
to produce a relatively large proportion of energetic neutralgs clearly seen in this region. The ratios of Pb to Zr and to Ti
and ions, therefore resputtering of the deposited film materiin the film around the TSN are both 1:2. This is in marked
als is expected to be important. To our knowledge, no reportontrast to the stoichiometric ratio of 2:1 of the target. Figure
has explicitly addressed this resputtering effect in PLD ofl(b) shows the angular deposition profile of the film depos-
multicomponent thin films. There are, however, a few reportdted from a pressed pellet of the pure PbO target. It is found
suggesting that some of the materials did come off the sulbthat the deposition profile of Pb is broad and smooth. No dip
strate during PLD of thin films. For example, in the ArF around the TSN is observed. The above results suggest that
excimer laser deposition of YBE&u;0,_, (YBCO) films, the presence of the other two elements, Zr and/or Ti leads to
Okadaet al!! observed Ba atoms coming off a Si substratethe occurrence of the dip in the deposition profile of Pb in
directly using laser induced fluorescere#~) spectroscopy. PLD of PZT films. To demonstrate how the presence of Zr
In a later study? they found that the ablated particles were and/or Ti affected the deposition profile of Pb, we carried out
reflected and became stagnated in front of the substrate, amdPLD experiment in which the target was composed of two
were then transported by diffusion onto the substrate under laalf discs of equal size. One half disc was PbO and the other
high oxygen pressure. Geoheghahas also observed reflec- was ZrQ,. It was mounted onto the rotatable target holder as
tion of the emitted species from the substrate during KrFusual. The laser beam was focused onto one side of this split
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FIG. 1. The angular deposition profiles @ Pb, Zr, and Tiin a film from 55 5 The angular deposition profiles of Pb and zr in films deposited from
a PZT target, andb) Pb in a film from a PbO target deposited at a laser the PbO and Zr@split target at a laser fluence of 4 Jrand a base

fluence of 4 J!Cﬁ‘a”? a base pressure of Tombar. Note that the data in pressure of 10* mbar. The laser irradiated area ratio of PbO portion to,ZrO
the range+30°—+70° are affected by the laser beam and are not '”C|Uded'portion are(a) 1:1, and(b) 1:2, respectively.

The insert in each figure shows the appearance of the target after the experi-
ment. The shaded region represents the area irradiated by the focused laser.

expected. It is also seen that the dip in the deposition profile

target. The rotational frequency was 5 Hz, half of the lasef PP becomes significantly larger.

repetition rate. Therefore, only one half disc was irradiated . 11€ above experiments show that the occurrence of the
by the laser each time the laser was fired. In this way, th ip does not require the simultaneous presence of Pb and Zr

materials from the two half discs were deposited alternatel r ine;tsrhe %az'ph?]svta ""Isﬁvieﬁ#"ed b)l/tthe modetlsﬂ? utggebstg d by
shot by shot onto the substrate. Figute)Zhows the amount aengerand singhet al. € resufts suggest tha » 1N

of Pb and Zr in the deposited film at various angles Withdeed' came off the substrate during the PLD process. To

respect to the TSN from such a target. It is found that theverlfy _th|s definitively, an experiment Was setup to coIIe_c_t the
- ) ) materials that came off the substrate during the deposition of
angular deposition profile of Pb also has a dip around th

PZT film. A small piece of silicon wafer collectd®.75x1.5
TSN. However, the dip is much smaller than that observed ir?nmz) Iwas pIacedprl1ear theI'IrSN \glt a distancg of 20 mm in
PLD of PZT targefFig. 1(a)]. Similar effect is also obtained

) g _ front of the target surface. The collecting surface was parallel
when ZrQy is replaced by TiQin the split target. Note that , yhe target and facing a direction away from the target. The
the amount of Zr in the film is relatively small compared 4pation of the PZT target was carried out with and without
with the amount of Pb in the film. This is probably due to the e presence of a silicon substrate. The amount and the com-
difference in the desorption rate of PbO and Zudder the  sition of the materials collected on the collector were then
irradiation of the pulsed-excimer laser. In order to study thecompared for the two cases. In the absence of the substrate,
change in the deposition profile of Pb when the amount of Zgne amount of materials collected on the collector was barely
in the film is increased, the rotational axis of the split targetjetectable. This suggests that neither the scattering of the
was displaced towards the Zs®alf disk so that the area emitted species by the ambient gas molecules at such a low
irradiated by the laser was larger in the Zrrtion than in  pressure nor the backscattering between the emitted species
the PbO portion. The irradiated area ratio of PbO to ZrO was important. In the presence of a substrate at 5 mm in front
was 1:2. The rotational frequency of the target was adjustedf the collector surface, a large amount of materials coming
to 3.3 Hz, which was about one-third of the laser repetitionoff the substrate was collected. The collected material
rate. In this way, the pulsed-laser ablated the ZpOrtion  amounted to more than one-sixth of the film materials that
twice for every ablation of the PbO portion. FigurébP was deposited on the substrate. EDX analysis of the col-
shows the corresponding angular deposition profiles of Pkected materials revealed a substantial enrichment in Pb
and Zr. The amount of Zr in the film is indeed doubled as(75%) with respect to the sum of Zr and T25%).
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The above observations can be understood by recogniphenomenon in the PLD of PZT films under the deposition
ing that particles are emitted from the target at high kineticconditions of the ambient oxygen environment and elevated

energies during PLD. Depending on the desorption processesibstrate temperature. Details of the results will be presented

which can be thermal or nonthermal, particle energies caim another report. The resputtering mechanism identified in
range from a fraction of eV to several hundred eV. As isthe present work is expected to be especially relevant to PLD
well-known, the desorption of the Pb component from theof thin films in band-gap engineering.

target is largely a thermal process resulting in a lower energy  The authors would like to thank C. S. Ma for his help in
distribution and a broad spatial profile, whereas the desorphe experiment, and Optron, Inc. for providing some of the
tion of Zr is largely nonthermal and hence resulting in asample targets. This work was supported by a Hong Kong
more energetic distribution and a much sharply peaked sp@olytechnic Research Grant under Code 0341.111.A3.110.
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