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Research Title: Procedures and conditions for preparation of CaCu,Ti,O,, ceramics on the
physical and electrical properties to be used for the production of thin film for
resistance random access memory applications

Researcher: Dr. Worawut Makcharoen , Miss Kamonwan Boonpira

ABSTRACT

The CaCu,Ti,0,, (CCTO) has the advantage for the various applications especially for capacitive
elements in microelectronic devices over the ferroelectric materials including BaTiO,. CCTO is a ceramic
compound with a high dielectric constant but it has a high loss tangent at room temperature. In this work,
the Influences of PtO, doping on the dielectric properties of CaCu,Ti,O,, (CCTO) ceramics were
investigate. The ceramics CCTO and PtO, doping CCTO were studied by X-ray diffraction, scanning
electron microscopy. The dielectric properties have been measured as a function of temperature and
frequency range 0.1 - 500 kHz. The results show that PtO, doped can reduce the mean grain sizes of
CCTO, but the dielectric constant still remained a height. The reduced of the loss tangent could be

interpreted with the internal barrier layer capacitor model (IBL.C)

Keywords : dielectric constant, CaCu,Ti,O,,, dopants
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Abstract. The CaCu3Ti;O;; (CCTO) has the advantage for the various applications especially for
capacitive elements in microelectronic devices over the ferroelectric materials including BaTiOj;.
CCTO is a ceramic compound with a high dielectric constant but it has a high loss tangent at room
temperature. In this work, the Influences of PtO; doping on the dielectric properties of CaCu3Ti4O1,
(CCTO) ceramics were investigate. The ceramics CCTO and PtO, doping CCTO were studied by X-
ray diffraction, scanning electron microscopy. The dielectric properties have been measured as a
function of temperature and frequency range 0.1 - 500 kHz. The XRD shows the CCTO structure
does not changes after doping with platinum. The results show that PtO, doped ¢an reduce the mean
grain sizes of CCTO., but the dielectric constant still remained a height. The samples of 2.0 mol%
Pt-doped have exhibited high dielectric constant of about 22,000 and the loss tangent about 0.7 at
room temperature and frequency at 10 kHz. The reduced of the loss tangent could be interpreted with
the internal barrier layer capacitor model (IBLC)

Introduction

The high dielectric material CaCu;Tis0,, (CCTO). discovered by Subramanian et al. [1], exhibits
high dielectric constant over 10000 at room temperature CaCusTi;O (CCTO) has attracted a
significant amount of attention base on dielectric properties [1-3]. The dielectric constant is almost
temperature independent from 200 K to 400 K. with low frequency dielectric constant of CCTO can
be as high as 95.000 in single crystals, and 12.000 in sintered pellets [4, 5]. For the ceramic [4] and
thin-film [6] samples at room temperature, the typical value of tan & is about 0.2 at 10 kHz. The
dielectric materials are widely used in electrical components such as capacitors as well as switching
and sensing devices [3]. The CCTO has a complex cubic perovskite like structure with a lattice
parameter, a~7.393 A [7]. The explanation of high dielectric constant of CCTO was proposed in
terms of local dipole moments associated with off-center displacement of Ti ions [1]. Change in
dielectric constant of CCTO has been wildly related to its microstructure [8]. It is also reported that
electrical properties of CCTO depends en many factors such as processing condltlons doping, and
chemical stoichiometry. The partial substitution of divalent Ca>* by the trivalent La®" was carried out,
in order to increase the conductivity of the grains [9].The loss angle can be reduced by adding of some
elements such as platinum oxide (PtO,) [10]. L. Avalleet al. [11] reported that dielectric constant in
TiO; thin film was improved by doping PtO;. In this work we extend the study on CCTO samples
with substitutions of Ti ions by Pt ions. The CCTO ceramics were fabricated via a solid-state reaction.
Properties of the obtained ceramics were investigated with the aim of improving its dielectric
properties. Characterization of the samples was carried out using x-ray diffraction (XRD) and
scanning electron microscopy (SEM). Physical properties such as, density, dielectric constant and
loss tangent were also investigated.

Materials and Methods

The undoped CaCu;3TisO12 (CCTO) powder was prepared by the mixed-oxide route. High purity
(> 99.9%) CaCO; (Riedel-de Haen), CuO (Aldrich) and TiO, (Riedel-de Haen) powders were
weighed in an appropriate ratio, fully mixed by vibratory milling machine for 10 hour using

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of TTP,
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yttria-stabilized zirconia balls in ethanol media. After being dried, the powders were calcined at
900°C for 2 hour to form the CCTO powder. For the doping study. PtO, powders at various
concentrations were mixed to CCTO at the calcinations stage (1.0 and 2.0 mol %). The calcined
powder was granulated using polyvinyl alcohol (PVA) 3% binder and formed under a uniaxial
pressure of 1,500 kg/c:m2 into discs, typically 10 mm in diameter and 1.5 mm in thickness. The discs
were sintered in air at 1,000°C in a step of 5°C/min (with soaking time of 4 hour). During sintered
oxygen gas was fed into the furnace at the rate of 100 c.c./min. The discs were polished to produce the
flat uniform surfaces. The characterization of the samples was carried out using x-ray diffraction
(XRD) (using Bruker D8 Discover) at room temperature using CuK, radiation as the x-ray source and
scanning electron microscopy (SEM) (using JEOL JSM-5910LV). Silver paste was used as the
electrical contact. The painted samples were dried at 700 °C for 20 minutes. The dielectric constants
and loss tangents against temperature were measured at the frequency of 100 Hz - 500 kHz (using
Agilent 4284A LCR meter). Other physical properties such as, density, shrinkage were intensively
studied.

Results and discussion

Fig. 1 illustrates the XRD patterns for the undoped CCTO and PtO2 doped CCTO ceramics. All
diffraction peaks were corresponds to the known peaks of the standard CCTO, indexed from the data
in the Inorganic Crystal Structure Database (ICSD) file No.032002. All samples exhibited a
phase-pure perovskite within the detection limit of the XRD equipment. The crystal symmetry of the
samples at room temperature was determined to be cubic. In addition, density and shrinkage slightly
increased with the concentration (Fig.2), suggesting that the doping oxide slightly promoted the
densification.
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Fig. 1 XRD patterns of pure and doped CCTO: Fig. 2 Density and shrinkage of CCTO as a
undoped CCTO, 1.0 mol% Pt doped CCTO and  function of dopingconcentration.
2.0 mol% Pt doped CCTO.

Fig. 3 illustrates SEM images of the fracture surfaces of undoped and doped samples. Partial
intergranular fracture was observed for the unmodified sample. After doping, the doped samples
exhibited a non-uniform in grain size. The morphology of PtO, doped CCTO sample consists of some
huge grains (3—5 um), surrounded by small ones (~0.5 um). The fracture mode changed to mainly
intra-granular for the doped samples, suggesting a higher strengthening of the grain boundaries.
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Fig. 3 Fracture surfaces of selected samples: (A) the crack of undoped CCTO ceramics and
(B) the crack of 2.0 mol% Pt doped CCTO ceramics.

These results indicate a rearrangement of gain boundary structure take place due to the effect of

the addition. A slightly decrease in grain size was observed after doping: grain size slightly decreased
from 5 um for unmodified sample to 1. um for the 2.0 mol% sample. It is believe that some amount of
Pt ions may go into the CCTO lattices. However, the existence of the small grains, suggested that
partial Pt ions which could not go into the lattices and it produced the grain growth inhibition.
Fig. 4 illustrates the temperature dependences on dielectric constant.and loss tangent at various
frequencies of the undoped CCTO and 2.0 -mol% Pt doped CCTO ceramic samples. For the
unmodified CCTO, the dielectric constant exhibited a stronger dielectric-frequency dependent while
the doped samples showed a weaker dielectric-frequency dependent. It should be noted that at a high
frequency, all samples showed a dielectric independent of temperature.The dielectric constant at
room temperature and at 10 kHz decreased from 35,000 for the unmodified sample to 22.000 for the
2.0 mol% Pt doped sample. However, the doping improved in the loss tangent performance (Fig.4
(D)). The loss tangent at room temperature and at 10 kHz decreased from 0.15 for the unmodified
sample to 0.07 for the 2.0 mol% Pt doped sample while at 100 kHz, it decreased from 0.1 for the
unmodified sample to 0.025 for the 2.0 mol% Pt doped sample. However. the lowest loss tangent was
0.01 at 500 kHz and at ~55 °C.

Fig.5 shows dielectric constant and loss tangent as a function of frequency at room temperature.
The dielectric constant decreased with frequency. A similar result was observed for the work done
by Kwon ef al.[12]. With increasing frequency, the In doping produced a lower in loss tangent.
However, at a lower frequency and a higher frequency, a higher loss tangent was observed. From
the internal barrier layer capacitor model (IBLC). the equivalent circuit of CCTO system can be
consisted of two parallel RC elements connected in series. The two parallel RC circuits represent to
semiconducting bulk grain (which consists-of grain resistor (R;) and grain capacitor (Cy)) and
insulating grain boundary (which consists of grain boundary resistor (R3)) and grain boundary
capacitor (Cgp)). In case Rgp>>R, and Cgp~C>> C, and 0KR,Cyp<<lI, the loss tangent can be expressed
as [13,14]:

tano = +aR ,C (1)

R

2b

The first term is dominated at low frequency, therefore the loss tangent decreased with increasing
frequency. However, at high frequency, the second term has a strong effect. Thus, the loss tangent
increased with the frequency. This feature also consists with our result (Fig. 5).
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Fig. 5 Dielectric properties of the samples as a function of frequency:
(A) dielectric constant and (B) loss tangent.

The characteristic of the grain (bulk grain and grain boundary) may be an important factor that
effects on the dielectric properties of the samples. It is believed that the PtO, addition resulted in a
reduction in total resistance of the grain boundary [11]. This may cased a reduction in conductivity
as a result of lowered loss tangent. Further, the decrease in grain size may be a reason for the
reduction of in dielectric constant for the present work. However, the microstructure of doped
samples showed some small grains or doped samples had a large grain size distribution. Therefore,
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grain size distribution may be another factor to control the dielectric constant. From Fig.3, it should
be noted that there were some small grains placed between the large gains. Therefore, we believed
that these small grains may have more effective effects than the large grains.

CONCLUSIONS

The pure and PtO, doped CCTO ceramics were prepared by a conventional solid-state reaction
technique. Although dopants produced the reduction in dielectric constant, the dielectric constant
after doping still high especially for Pt doping. However, the better loss tangent performance was
observed after doping. The loss tangent — frequency characteristic at room temperature was agreed
with the IBLC model.The significant change in microstructure of the Pt doped samples shows a
strong temperate and frequency independent that are a proposed from the change in microstructure
can be related to the change in the dielectric properties.
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