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Reactively sputtered Pb(Zr,TH)O, (PZT) films on IrO, and Ir were evaluated with particular consideration on
interface properties. The IrO, and Ir were previously annealed at 650°C in O, or N, atmosphere, respectively.
There was no appreciable roughening in the interface of the PZT/IrO, respective to that of the PZT/Ir; the rms
roughness of IrO, and Ir was about 3 nm and 10 nm, respectively. The ferroelectric properties of the PZT/IxO,
were found to be better than that of the PZT/Ir; however, the leakage current of the PZT/IrO, was slightly
larger than that of the PZT/Ir. The PZT/IrO, thin films did not exhibit any fatigue up to 10" cycles; the P'r -
P’r value decreased only from 16.6 to 14 wC/em® until 10" polarization reversals. On the other hand, although
thin IrO, layer was formed between PZT and Ir, the PZT/Tr thin films began to undergo fatigue after 10° polar-

ization reversals.
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I. Introduction

erroelectric lead zirconate titanate (Pb(Zr,THO,, PZT)

has been actively researched for ferroelectric random
access memory (FRAM) in conjunction with the progress of
device technology."? As these devices undergo a large num-
ber of read/write cycles when they are used in a destructive
readout mode, they are required to have a long term reli-
ability under various operating conditions. Considering high
switching endurance, fatigue must be minimized to realize
the integration of high density FRAM with CMOS under-
layer. To improve this property, many studies have been
carried out in terms of crystalline quality, microstructure or
electrode materials.>® There are several factors pinning do-
main walls: electronic charge trapping, oxygen vacancies or
other defects. However, it is nearly impossible to discrimi-
nate between these mechanisms and there is not yet an
independent mechanism. There are two present trends to
improve the reliability of ferroelectric PZT thin films, which
are intended for bulk (Bi-based layered perovskite, SrBi,-
Ta,0,) and interface aspects. For the latter, the electrode
materials have a crucial influence on the electrical proper-
ties such as polarization versus coercive field (P-E) hystere-
sis, polarization fatigue and leakage characteristics. A noble
metal alike Pt, conducting oxide electrodes such as Ru025'6),
LSCO” or SrRu0,*” and hybrid electrodes ' have been
studied. Recently, IrO, has been researched for application
to the capacitor storage node along with Ir**'® and, how-
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ever, there is not sufficient data of PZT on these two elec-
trodes to date. ‘

In this study, the electrical properties between PZT and
Ir-based electrode (IrO, and Ir) were investigated. The
bottom electrodes were thermally treated at 650°C by
rapid thermal annealing (RTA). The fatigue and leakage
properties were characterized and compared between
PZT/IrO, and PZT/Ir by considering particularly the inter-
face properties.

II. Experimental Procedure

200 nm PZT thin films were deposited at 5560°C by dc
reactive sputtering using multiple 3-inch metal targets. The
working pressure was 10 mTorr and the Ar/O, ratio was 95/
5. IrO, (100 nm) and Ir (110 nm) electrodes were deposited
by sputtering method on p-type Si wafer with a SiO, layer
(100 nm) at room temperature. These two electrodes were
annealed at 650°C by rapid thermal annealing (RTA). Top
Pt electrodes were deposited by dc sputtering at room tem-
perature and patterned with a metal shadow mask
(200 mm in diameter). The crystallinity of the films was
examined using an X-ray diffractometer (MAC Science).
The surface roughness of the bottom electrodes and the PZT
films were obtained from atomic force microscopy (AFM).
The depth profiles of each elements and the interface were
analyzed by auger electron spectroscopy (AES) and trans-
mission electron microscopy (TEM), respectively. The
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Fig. 1. X-ray diffraction patterns of PZT thin films deposited
on IrO, and Ir bottom electrodes. The Ir and IrO, were an-
nealed at 650°C by rapid thermal annealing (RTA). XRD re-
sults of the electrodes are also shown in the box.

fatigue and leakage characteristics of the PZT thin films
were investigated using a RT66A standard ferroelectric
tester (Radiant Technologies) and HP41-45B semiconductor
parameter analyzer, respectively. All the measurements
were carried ouf at room temperature,

ITI. Results and Discussion

Fig. 1 shows the XRD patterns of the PZT (Zr/Ti=52/48)
films and the bottom electrodes. As-deposited IrQ, and Ir
bottom electrodes were annealed at O, and N, atmosphere,
respectively, The substrates were maintained at 650°C in a
RTA system. There was not any reduction on IrQ, surface
from no indication of Ir peaks. In addition, when the Ir elec-
trodes werc annealed in N, atmosphere, they did not oxidize
and had well oriented (111) direction. When the PZT films
were deposited on IrQ,, they had a dominant (110) orienta-
tion. (100) and (111) oriented PZT thin films were obtained
on the Ir electrodes. There were additional IrQ, peaks in the
XRD patterns of the PZT/Ir, which tells that IrQ, layer was
formed at the PZT/Ir interface during the PZT deposition.
The peak shape of the PZT/Ir was sharp relative to the PZT/
IrO,, which is probably due to the fine grain of the PZT films
on IrO,.

The surface topology of the annealed electrodes and the
PZT films is illustrated in Fig. 2. The rms roughness of IrO,
and Ir was about 3 nm and 10 nm, respectively; as-depos-
ited IrO, and Ir had almost similar surface roughness of
1nm. This surface roughening is ascribed to the grain
growth of the crystallites through the annealing. In this
study, Ir had very larger surface roughness than IrQ, at the
same annealing temperature. This significant change in the
surface morphology of Ir after annealing can deteriorate the

Fig. 2. Atomic force microscopy (AFM) images of (a) IrO,, (b)
Ir, (¢) PZT/r0, and (d) PZT/Ir.

electrical properties of PZT films. On the whole, the surface
morphology of the PZT films was similar regardless of the
bottom electrodes and the rms roughness was about 10 nm
and 10.6 nm for PZT/1rO, and PZT/Ix, respectively. This
similar surface roughness indicated that the surface mor-
phology of the PZT thin films were controlled by the deposi-
tion itself more than the bottom electrode in this study

The fatigue characteristics of the PZT thin films deposited
at identical conditions on IrO, and Ir is illustrated in Fig. 3.
The alternating square pulse with a voltage of 5 V high and
a frequency of 10 MHz was applied to both PZT thin film
capacitors at room temperature, Considering their reason-
able value in the difference between switched and non-
switched polarization (P'r-P'r), it is judged that both PZT
thin film capacitors may be applied for the capacitor cell of
FRAM. The PZT/Ir film began to exhibit some fatigue after
10° cycling, while the PZT/IrO, film did not show nearly any
fatigue until 10" eycling. The polarization versus coercive
field plot (P-E hysteresis) before and after the fatigue test is
also illustrated in the boxes of Fig. 3. There was no signifi-
cant change in the P-E hysteresis of the PZT/IrO, and the
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Fig. 3. Fatigue characteristics of PZT films with bottom elec-
trodes. Polarization-coercive field (P-E) hysteresis loops of the
PZT films on IrO, and Ir were obtained before and after the
fatigue test.
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Fig. 4. Auger electron spectroscopy (AES) depth profiles of (a) PZT/Ix0O, and (b) PZT/Ir and cross-sectional transmission electron
microscopy (TEM) images. Selected area diffraction (SAD) patterns was from the IrQ, and Ir region. It is shown that there is IrO,
layer between PZT and Ir and this layer is formed during the PZT deposition.

remanent polarization before the test was 25 uClem.” On
the other hand, the polarization of the PZT/Ir slightly
decreased after the fatigue test. The coercive field of the
PZT/Tr0, is somewhat larger than that of the PZT/Tr. This is
aseribed to the small difference in the grain size and the
XRD patterns; (111) oriented PZT usually shows more slim
P-E hysteresis loop than (110) oriented one. The difference
in the fatigue endurance of the two capacitors was discussed
mainly by considering interfacial properties; in addition,
there are minor effects alike the difference in crystalline ori-
entation and grain size. From the XRD patterns (Fig. 1),
there were IrO, peaks in the PZT/Ir films. It is suggested
that the IrQ, is spread along the PZT/Ir interface since it is
formed during the PZT deposition. This IrQ, interlayer was
confirmed by a TEM photograph (Fig. 4). The Pb diffusion
can be compared between PZT/IrO, and PZT/IrO,/Ir from
the AES depth profiles ag shown in Fig. 4. There 15 also
probable diffusion of other elements. Pb elements probably
diffused into the bottom electrode in spite of the formation
of IrQ, phase between PZT and Ir, while PZT/IrO, did not
showed such Pb diffusion. The Pb profile in the PZT/IrO,/Ir
was broader than that of PZT/IrO,, which illustrates the
possibility of the Pb diffusion. Considering this result, the
IrQ, interfacial layer is too thin to block the Pb diffusion.'?
Pb diffusion unfortunately forms Pb-deficient layer at the
interface and this layer resulted in the decrease of P'r - P'r
in PZT/Tr. In addition, the thin IrO, layer may be not ade-
quate for a sink for oxygen vacancies in PZT films and the
high surface roughmess of Ir electrode may also deteriorate
the fatigue characteristics. On the other hand, the PZT/IrO,
had more flat interface than the PZT/Ir, which was coinci-
dent with AFM result. The PZT films had a well-grown colum-
nar structure and there was not any interfacial layer be-
tween PZT and IrO,.

Fig. 5 shows the leakage current versus applied voltage
curves of the PZT film on IrO, and Ir. The leakage current
in the PZT/IrO, and PZT/Ir thin film capacitors was 1.2%107°
Alem?® and 4x10°7 Alem?® at 1.5 V, respectively; the thickness

of the PZT films was 200 nm. The PZT/Ir thin films did not
show a significant variation between 0 and 5 V. The usual
PZT/Pt thin films have a flat region of I-V curve at low elec-
tric field and show a considerable leakage current with volt-
age at high field region. With difference from this, the small
increase in the leakage current of the PZT/Ir is attributed to
the change of the interface properties resulting from the for-
mation of thin IrO, layer; that 1s, the thin IrO, interlayer
may make a relaxing effect on the leakage current. On the
other hand, the leakage current in the PZT/IrO, gradually
increased up to an applied voltage of 3.5V and then it
abruptly increased. It is gpeculated that somewhat large
current of the PZT/IrQ, is related to both grain boundary
and low interfacial potential. The leakage current increases
with the decrease of grain size. Although there is an IrO,
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Fig. 5. Leakage current vs. applied voltage curves of the PZT

thin films deposited on thermally treated IrO, and Ir elec-
trodes.




March 2000

layer at the PZT/Ir interface, it is suggested that this inter-
face (PZT1rQ,) formed during the PZT deposition is differ-
ent from the PZT/IrO,/5i0./5i.

IV. Conclusions

The effectiveness of IrQ, and Ir as the electrode for PZT
was evaluated. IrO, and Tr were annealed at 650°C by RTA.
The PZT films were reactively sputtered at 550°C. AFM and
TEM analysis showed that there was no appreciable rough-
ening in the PZT/rO, interface respective to the PZT/Ir
interface. In case of the PZT/Ir thin films, IrO, layer was
formed by the oxidation of Ir electrode during PZT deposi-
tion process. The PZT/TrO, films exhibited nearly no fatigue
up to 10" polarization reversals. From the depth profiles of
the PZT/IrQ, and PZT/Ir, Pb diffusion was observed through
the PZT/Ir interface despite the thin IrQ, layer formation.
Opposite to the PZTVIr0,, the fatigue in the PZT/Ir began
just after 10° polarization reversals. This is attributed to the
probable formation of Pb-deficient layer between PZT and Ir
along with the rough interface between them. The PZT/Ir
had slightly smaller leakage current than the PZT/IrO,.
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