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PZT film capacitors were fabricated with various thicknesses and different electrode materials by sputter 
deposition, and their thermally stimulated current (TSC) properties were evaluated. The crystalline defects 
in the films were investigated. Two trap levels with activation energies of 0.7eV and 0.9eV were observed 
in the TSC measurements. The 0.9eV trap increased with degradation, such as by fatigue or composition 
change. The 0.7eV trap was influenced by the top electrode. In the case of an Ir top electrode, the 0.7eV 
trap vanished. This trap seems to exist in the boundary region between the top electrode and the PZT layer, 
based on the thickness dependence measurements. The origins and distribution of crystalline defects in PZT 
films were thus revealed by the TSC properties. 
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1. INTRODUCTION 
Pb(ZrxTi1_x)03 (PZT) thin films are useful for 

fabricating a number of electronic devices such as 
ferroelectric random access memories (FeRAM) and 
micro-electromechanical systems (MEMS) devices. 
However, capacitors made from the films show 
degradation problems such as from fatigue, imprinting, 
etc. because of crystalline defects in the films, and 
defect properties and their improvements have therefore 
been studied widely. [1-3] Degradation mechanisms 
have been investigated by current measurements and 
temperature dependence. [ 4-6] In particular, thermally 
stimulated current (TSC) measurement may be a useful 
method for evaluation of defects because information on 
activation energy and density of trap levels caused by 
the defects can be determined. Experiments on the 
dependence of TSC on fatigue properties have been 
performed, and an increase in trap density by 
degradation can be observed by TSC measurements. 
[7,8] 

We have previously investigated crystalline defects in 
PZT films using TSC, and have reported the relationship 
between TSC and PZT film composition. [9] Two trap 
levels are observed from the TSC peaks, revealing that 
one of the trap levels is related to both the degradations 
and the composition of lead and oxygen. However, 
information on the other peak as well as the influence of 
the electrode/PZT interface has not yet been obtained. In 
this paper, we report on the preparation of PZT thin film 
capacitors with Pt and lr electrodes, and we evaluate the 
dependence ofTSC on the electrode material. 

2. EXPERIMENTAL 
PZT thin films were deposited on Pt/Si02/Si substrates 

by rf-magnetron sputtering. The sputtering conditions 
are summarized in Table I. The films obtained were 
crystallized by furness annealing at 600°C in air. The 
composition and crystal orientation of the PZT films 
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were measured by X-ray fluorescence analysis and 
X-ray diffraction (XRD), respectively, and 
( 111 )-oriented PZT films (Zr/Ti=40/60) were used in the 
experiments. The Pt and lr top electrodes were also 
prepared by sputtering, and electrode patterns with 
0.13mm diameter were formed by metal mask methods. 
An annealing treatment of the capacitors at 600°C in air 
was performed to improve their electrical properties. 

The electrical properties of D-E hysteresis and the 
leakage current of Pt/PZT/Pt and Ir/PZT/Pt capacitors 
obtained were measured using a ferroelectric capacitor 
tester (TF-2000FE, aixACCT). TSC measurements for 
the capacitors were then performed. The measurement 
procedure was reported in our previous paper in detail. 
[9] The system was constructed using an electrometer 
(K6517, Keithley), a temperature controller (FP21, 
Shimaden) and a heater stage in a vacuum chamber. The 
measurement conditions are summarized in Table IL 

Table I. Sputtering conditions 
Temperature 350°C 
rfpower 

Pb(Zr0 5 Tio s)03 
PbO 
Ti02 

Gas Ar:02 (SCCM) 
Gas Pressure 
Time 

500W 
sow 

300W 
9:2 

1.5Pa 
60min 

Table Il. TSC measurement conditions 
Temperature Range R.T.- 280°C 
Heating Rate 2K/min 
Trapping Voltage l.OV 
Collection Voltage 5.0mV 
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3. RESULTS AND DISCUSSION 
Figure 1 shows the crystalline and ferroelectric 

properties of PZT films with 200nm thickness. The 
(Ill )-oriented PZT films were obtained on the Pt( 111) 
bottom electrode layer, as shown in Fig. l(a). Pt and Ir 
top electrodes were prepared on the PZT layers, and 
ferroelectric hysteresis curves were observed at both 
electrodes (Fig. l(b)). However, larger remnant 
polarization (Pr) was obtained with the Ir electrode 
(2Pr=46!-lC/cm2

) than the Pt electrode (2Pr=63!-lC/cm2
). 

Also, the fatigue performance were slightly improved by 
the Ir top electrode, as shown in Fig. 1 (c). 
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Fig. 1 XRD pattern and ferroelectric properties of the 
PZT film capacitors. 
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Fig. 2 TSC ofPZT (400nm thickness) capacitors with 
Pt and Ir top electrodes. 

TSC of the PZT capacitors was measured, and the 
obvious TSC peaks are shown in Fig. 2. In the case of 
the Pt/PZT/Pt structure, two TSC peaks (peak I at 200°C 
and peak II at 250°C) were obtained. From previous 
work, peak II increased both by fatigue and by the 
composition shift of lead and oxygen, revealing that 
peak II is related to degradation. [9] On the other hand, 

degradation affected peak I minimally, and the origin of 
peak I has not been determined. In the case of the Ir top 
electrode, peak II was also obtained; however, peak I 
vanished, as shown in Fig. 2, revealing that peak I is 
related to the trap level at the interface between the top 
electrode and the PZT layer. 
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Fig. 3 The thickness dependence of TSC for the 
Pt/PZT/Pt capacitors. 
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Fig. 4 Curve-fitting analysis of TSC for 500nm-thick 
PZT. 

Figure 3 shows the thickness dependence ofTSC. The 
peak intensities of both peak I and peak II were not 
affected by the thickness; hence, crystalline defects were 
located in the interface layer. Peak I decreased for the 
500nm-thick sample because the surface condition 
seems to be different for such a thick film. However, 
from curve fitting, both peaks were contained in the TSC 
curve, as shown in Fig. 4. The activation energies of 
peak I and II are determined to be 0.75eV and 0.85eV, 
respectively. These values agree with results from the 
previous report. [9] Trap density can be estimated from 
the total charge calculated by integrating the TSC, and 
the charge densities (Ne) of peaks I and II were 8.3x1019 

cm-3 and 2.1x1020 cm·3
, respectively. The trap center 

density (Nt) is higher than Ne due to charge 
recombination. Thus, Nt was determined from the 
mobility 1-l and the lifetime 1: as, 

Nt =Ne d2 I (1: J.l V). 

Here, d is the thickness, and V is the applied voltage. 
Assuming J.l=0.1cm2Ns [10] and c=lx!0-8s [11], the 
trap densities obtained for peak I and II were 
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4.lxl 022cm·3 and l.Oxl 023cm·3
, respectively. These 

densities are considerably larger than the typical value 
(-1021 cm-3

) [1,8] because the applied voltage and charge 
were concentrated in a narrow interface layer [12], and 
effective d and Nt may have decreased appreciably. 

Another weak peak was also found at a lower 
temperature of 140°C. The activation energy of this peak 
was calculated to be 0.39eV. This trap level seems to be 
located in the whole film since the peak cannot be 
obtained for thinner films, and trap levels of 0.2-0.4eV 
related to Pb3

+ in bulk PbTi03 ceramics were reported. 
[13,14] 
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Fig. 5 The dependence of TSC on the temperature of 
recovery annealing. 
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Fig. 6 SIMS depth profiles of the PZT thin film 
capacitors. 

The dependence of TSC on annealing temperature 
after the top electrode deposition was also evaluated, as 
shown in Fig. 5. The intensity of peak I decreased with 
decreasing annealing temperature. Since inter-diffusion 
between the top Pt layer and the PZT layer occurred at a 
high temperature, a defect layer at the interface (peak I) 
was formed. Figure 6 shows the SIMS depth profiles of 
the PZT capacitors. The diffusion of Pb to the electrode 
layer by annealing was observed only in the capacitor 
with the Pt top electrode, as shown in Fig. 6 (b). This is 
suggests that inter-diffusion occurred at the Pt/PZT 
interface, and crystalline defects were formed by 
annealing. 

4. CONCLUSIONS 
The electrode material dependence of TSC in PZT 

film capacitors was evaluated. The TSC peak (peak I) at 
a lower temperature (200°C) was affected by the 
electrode material and annealing temperature after 
deposition of top electrodes; however, the peaks were 
not obviously affected by the thickness of the PZT layer. 
The trap center density estimated was high ( -1 022cm-3

). 

From these results, it is revealed that peak I is related to 
the crystalline defects located in the interface between 
the top electrode and the PZT layer, and the defects 
increased by inter-diffusion at this interface during the 
annealing treatment. Further, SIMS depth profile 
evaluation of the films revealed the diffusion oflead. 
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