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The role of ambient gas scattering effect and lead oxide formation
in pulsed laser deposition of lead—zirconate—titanate thin films

C. S. Ma, S. K. Hau, K. H. Wong, P. W. Chan, and C. L. Choy
Department of Applied Physics and Materials Research Centre, The Hong Kong Polytechnic University,
Hong Kong

(Received 4 April 1996; accepted for publication 18 July 1996

The angular distribution of lead in films deposited by pulsed laser irradiation of lead—zirconate—
titanate and lead targets are studied as a function of ambiertaggen or oxyge)) gas pressure,

and substrate temperature. When the substrate is kept in vacuum and at room temperature, a dip in
the lead content attributable to the intrinsic resputtering of lead is observed at the position of the
target surface normal. In the presence of an ambient gas, the dip disappears and the lead content
increases at all angles. These results are attributed to a reduction of resputtering arising from
scattering of the ablated species by ambient gas molecules. Under ambient oxygen and at high
substrate temperature, the retention of lead content in the deposited films is largely due to the
formation of lead oxide. ©1996 American Institute of Physid$§0003-695(96)01140-(

In a previous lettet,we presented experimental results pzT target at a laser fluence of 4 Jfnit is clearly seen
that showed that intrinsic resputtering is responsible for théhat under vacuum conditiai®.1 mTor) there is a dip in the
observed deficiency of Pb in lead-ziconate—titarl®ET)  Pb content at the target surface norr(@fl), which is attrib-
films prepared by pulsed laser depositigRLD) under uted to a resputtering effect. Similar profiles with a less
vacuum condition and at room temperature. It is Wenprominent d|p were observed at lower fluences of
knowr?~® that PZT films having the same stoichiometry as2_3 J/cr. Also shown in Fig. 1 are the theoretical curves
the target material can be prepared under 100-300 mTorr @falculated according to the model of Zdland Hatf In this
ambient oxygen pressure at elevated substrate temperatuitdel, the resputtering yield depends on kinetic energies of
(typically 550 °Q. Therefore, it is of interest to study the the impinging particles that have to be measured experimen-
role of ambient oxygen and substrate temperature in the PLEly. The theoretical curves were obtained by using particle
of PZT films. In the present work, we extend the study toenergies measured by the ion probe method and time re-
films deposited in argon or oxygen under various ambientolved optical emission spectroscdp¥he number of ener-
pressures and at various substrate temperatures. We wgktic impinging particles was estimated from the charge col-
present experimental profiles of the spatial distribution of Phected by the ion probe. This number includes not only the
in PZT films prepared under a gas pressure of 0.1-20@ositive ions but also the highly excited Rydberg atoms and
mTorr, and show that the resputtering effect is strongly affast moving neutrals’ Low energy neutrals, however, do not
fected by ambient gas pressure, in agreement with a respuontribute significantly to the resputtering and are not in-
tering model:® We will also show that ambient oxygen cluded in the present model. As the ambient pressure in-

helps to preserve the Pb content in the films through thereases to 200 mTorr, the kinetic energies of the laser ablated
formation of PbO as suggested by Horwétizal* In order to

elucidate the relative importance of PbO formation and am-

bient gas scattering effects, we have also measured the an- -
gular deposition profiles of Pb arising from excimer laser
irradiation of a Pb target.

The experimental setup for the angular deposition stud-
ies in PLD was similar to that described in our previous
reporf except for the study of the substrate temperature ef-
fect, in which case a single strip of silicon wafer was used as
the substrate and was adhered to the surface of a heating
block. The wavelength of the excimer lagXeCl) used was
308 nm and the pulse width was 10 ns. The target-to-
substrate distance was 5 cm. The deposition was performed
both at room temperature and at a substrate temperature of
550 °C. Experiments were carried out under 0.1, 50, and 200
mTorr of oxygen or argon. The deposited films were ana-
lyzed using an x-ray diffractometer and a scanning electron
microscope equipped with energy dispersive x-ray analysi§IG. 1. Angular distribution profiles of Pb in PZT films deposited at room
facility. temperature by pulsed laser irradiation of PZT target at a laser _fluepce of

: L . . .4 Jlent under vacuun(0.1 mTor) and 200 mTorr of oxygen. Solid dia-

Figure 1 shows the angular distribution pI‘OflleS of Pb MNmond (0.1 mTorp and solid circle(200 mTory denote the experimental

a PZT film deposited at room temperature by irradiating adata, while the dotted lines are the theoretical curves.
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% 044 / —o— 0.1 mTorr . .
I 041 o« 200 mTorr (O,) content remains on the substrate in the form of PbO.
§ 0.2 i —e—200 mTorr (Ar) ° Figure 3 shows the x-ray diffraction spectra of films de-
< 1 . ' . . . posited at 250 °C by laser irradiation of Pb target under vari-

00 20 -10 0 10 20 ous oxygen pressures. PbO formation is observed at an oxy-
(b) Angle (degree) gen pressure of 50 mTorr and becomes more prominent as

the oxygen pressure increases. A substrate temperature of

FIG. 2. Angular distribution profiles of Pb deposited at room temperature5250 C is chosen for the x-ray StUdy because it Is hlgh

by pulsed laser irradiation of Pb target at a laser fluence of 4 2){a@m enough to give crystalline films and, hence, good x-ray dif-
under vacuum and 50 mTorr of ambient gas dndunder vacuum and 200 fraction spectra, and yet low enough to avoid substantial
mTorr of ambient gas. thermal evaporation of Pb. The x-ray diffraction spectrum of

a film deposited at a substrate temperature of 550 °C under
species become smaller due to more frequent collisions witB00 mTorr of ambient oxygen is similar to that obtained at
ambient gas molecules. This leads to a reduction of the re250 °C, except that the oxide lines are even stronger, imply-
sputtering effect, and consequently the disappearance of theg that PbO formation is important at higher substrate tem-
dip at 0° and the increase in Pb content at all angles. perature.

Figure 2a) shows the spatial distribution profiles of Pb Figure 4 shows the angular distribution profiles of Pb
deposited on a substrate at room temperature arising fromeposited at 550 °C under vacuu@®1 mTorp and at 200
pulsed laser irradiation of a Pb target. Under vacuum condimTorr ambient oxygen or argon. Under vacuum condition,
tion (0.1 mTorp, a dip occurs at the target surface normalthe Pb film thickness was barely detectable. At a pressure of
similar to the case for PZT targésee Fig. ], indicating a 200 mTorr, there was a much larger amount of Pb on the
significant resputtering effect. At a pressure of 50 mTorr, thesubstrate when argon is replaced by oxygen as the ambient
angular distributions of Pb are almost identical whether thegas. Since the melting point of Pb is 327.5 °C, substantial
ambient gas is oxygen or argon. The dip disappears and tlibermal reevaporation of the deposited Pb occurs when the
Pb content in the film is higher than that deposited undesubstrate is at 550 °C and under vacuum. For films prepared
vacuum condition. Since PbO formation is unlikely under
ambient argon, collisions with ambient gas molecules must
be the dominant factor for reducing the resputtering effect,

—0—0.1mTorr

thereby resulting in an enhanced deposition of Pb. As shown 104 —*—200 mTorr (O)

—— 200 mTorr (Ar)

in Fig. 2(b), when the ambient gas pressure increases to 200
mTorr, the spatial distribution becomes broader due to stron-
ger scattering by ambient gas molecules. Near the target sur-
face normal, the Pb content in the film deposited under am-
bient oxygen is slightly greater than deposited under ambient
argon. Under such a high oxygen ambient pressure, PbO is
readily formed. This result is later confirmed by x-ray dif-
fraction study. Pb has a very large sputtering coefficient. For
example, the sputtering yiettiof Pb under the bombardment

of 600 eV Ar' is 2.7. At present, we are unable to obtain the
sputtering coefficient of PbO from the literature. However,
most OXIde§ have smaller sputtering coefficients than thelf;IG. 4. Angular distribution profiles of Pb deposited at 550 °C by pulsed
corresponding elements. We, therefore, expect the PbO |aser irradiation of Pb target under vacuitnl mTor) and 200 mTorr of
thus formed is not so readily resputtered as Pb and more Pdgon or oxygen.

Abundance (arb. unit)

20 10 0 10 20
Angle (degree)

Appl. Phys. Lett., Vol. 69, No. 14, 30 September 1996 Ma et al. 2031

Z€:L¥:10 G20z Aenuer 90



under 200 mTorr of argon, due to the partial pressure éffectresults provide an explanation for the success in the prepa-

and the lower surface temperature caused by gas convectiomtion of stoichiometric multicomponent oxide films contain-
reevaporation of Pb is less severe, resulting in a significaring Pb(such as PZT, PLZT, and Py pulsed laser depo-
amount of Pb on the substrate. Finally, under 200 mTorr osition under several hundred millitorr of ambient oxygen at
oxygen, there was a marked increase in Pb content becauskevated substrate temperature.

of the formation of PbO. With a higher melting point of This work was supported by a RGC grant under Code
886 °C, PbO is not reevaporated. The above results shohNo. HKP153/93E and a Research Grant of the Hong Kong
that oxide formation is the dominating factor in the preser-Polytechnic University under Code No. 0350.215.A3.110.
vation of Pb during PLD at high substrate temperatures an®ne of the author$éC. S. M3 is grateful for the award of a
under ambient oxygen. Indeed, we are able to produce PZfesearch studentship.
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