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ABSTRACT

The films were deposited at evaporator system and were annealed at heat treatment. The films had a dense microstructure

with fine grains. The electrical properties of the films were dramatically controlled with annealing. Samples Preparation were

analyzed in term of positive temperature coefficient of Resistivity Samples were made in the substrate tempera-true of 400oC

deposition time of 10 hours, and forward power of 210watt. R-T(resistivity-temperature) Characteristics of the samples were

investigated as a function of the substrate type and the ambient temperature. The resistivity of the thin film specimens was

compared with that of the bulk type specimens. By using RF/DC magnetron sputtering system, we obtained lower resistivity

in the thermistor with thin BaTiO3 film than that in the bulk type thermistor.
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1. Introduction

Ceramic materials with very high electrical and

thermal characteristics are widely studied due to the

rapid growth of electronics industries including semi-

conductor, personal computers and robots. Thin film

technology is considered as one of the candidates to

overcome the difficulties such as cost, volume and

weight of chips and performance arisen to the devel-

opment of electronic chips. 

Thin films of Perovskite materials such as

BaTiO3[1-3] SrTiO3 and LiNbO have been tried

using various techniques including evaporation, sput-

tering, plasma enhanced chemical vapor deposi-

tion[8], laser ablation, sol-gel process, hydrothermal

process, molecular beam epitaxy and screen printing,

and applied to thermistors capacitors, integrated

optics, solid state display, FET nonvolatile memory

and high frequency transducers.

Lots of studies have been devoted to find the possi-

bility of thin film thermistor which uses the grain

boundary in principle but it has not been fully under-

stood. Thin film positive temperature coefficient ther-

mistor was first proposed by Feldman[4] in 1954. He

used evaporation in vacuum to deposit BaTiO3 thin

films. After his study, BaTiO3 thin films were depos-

ited from various techniques such as using solu-

tion[5], DC sputter[6] and RF sputter[7]. PTC

semiconducting film was achieved by adding Y2O3

into BaTiO3 in 1972. Thin films having PTC charac-

teristics could be obtained from the optimized process

conditions in case of RF sputter. However, it is diffi-

cult to use the PTC films in mass production chips

because of its high electrical resistivity. 

In order to obtain good electrical characteristics,

SiO2 is added to BaTiO3 for fabricating PTC thermistor

in this study. The optimum process conditions of RF/

DC magnetron sputtering were found at first, and then

thin films of BaTiO3 with SiO2 PTC thermistor were

deposited from the optimized conditions. The electrical

characteristics and dielectric constants according to the

wave length were investigated. The films were heat

treated before measuring the characteristics.

 2. Experiments

2.1. Targets and thin films

Targets were prepared to obtain desired composi-†E-mail : sbm0415@jbnu.ac.kr
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tion of BaTiO3 films. The final composition of the target,

Ba0.907Y0.003Ti1.01O3.02+0.5 wt%SiO2, was determined

from the trial-and-error method by examining the con-

tents of the deposited thin films. Raw materials used in

the target are listed in table 1 with the suppliers. Manga-

nese, which was usually added to increase the change of

resistance, was not considered in this study. Targets

were prepared using normal PTC ceramic process as

shown in Fig. 1 using high purity TiO2 and BaCO3.

Uniform size particles, obtained from sieve shaker of

45 mm mesh after the reaction, were pressed with

high pressure of 7000 kg/cm2 and 3000 kg/cm2 in a

cylindrical mold with two different diameters. Polyvi-

nyl alcohol was used as a binder. Targets were sin-

tered at 1350oC for two hours in ZrO2 surrounding

powders.

Sputtered target was heated for 20 minutes at 800

after silver paste had been printed to the both sides of

the target. This target, 5.08cm diameter was used as

specimen and an electrode. Silver plates as electrodes

which is needed to measure the electrical characteris-

tics was deposited on both sides of the thin film disc

in a vacuum under 5.7×10−5torr.

2.2. Sputtering

Thin films of the PTC BaTiO3 were deposited

using a RF-magnetron sputter. Distance between the

target and the substrate was set as 45mm during the

process. Characteristics of the PTC thermistor are

very sensitive to the amount of additives, temperature

and surrounding gases. Sputter conditions such as a

working gas, pressure, temperature of a substrate,

sputter time and electrical power also affect the char-

acteristics of the thin films. Sputtering conditions

used in the experiment are listed in Table 1.

2.3. Electrodes

In order to measure the resistivity -temperature

characteristics on a substrate, the electrodes were pre-

pared using thermal evaporation. Fig. 2 shows the

structure of the electrodes. Gold was coated up to

200 Åto see the surface structure using DC sputter at

140 V, 6.0 mA for 4 minutes.

3. Results and discussions

Bulk specimen of a target was put into the closed

Table 1. Sputtering conditions used for a preparation of 

specimens

Parameters Conditions

Vacuum (torr) Less than 8×10−6

Chamber pressure (torr) 5×10−3

Target(T) diameter (cm) 5.008

Substrates(S) (mm)
25×75 for slide glass 

and Si wafer 22×35 for Al2O3

T-S distance (mm) 45

Pre-sputtering (hr) 1.0

Forward PWR (W) 150

Reflect PWR (W) 2

Gas flow rate, O2 (sccm) 10

Gas flow rate, Ar (sccm) 10

Sputtering time (hr) 10

Fig. 1. Diagram for the processing of a target.
Fig. 2. Horizontal (left) and vertical (right) structure of the

electrodes.
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bath maintained at constant temperature in order to

measure the resistivity-temperature characteristics.

Temperature of surrounding of the specimen was

heated by Joule heating. The same technique was

used to the thin films except using a shield box to

remove noise. 

Fig. 3 shows the current values when the step volt-

age from minus 9.0 V to 9.0 V was applied to the

specimen. The applying voltage was first increased

from 0.0 to 9.0 V then decreased to minus 9.0 V and

increased again to the initial value. The specimen was

heat treated at different temperature, 600oC, 800oC,

1000oC and 1200oC before measurement. The output

currents were very similar even at the different heat

treatment temperatures as shown in Fig. 3(a) 600oC

and Fig. 3(b) 1000oC. It can be seen that the current to

the voltage makes a Hysterisis loop for all tempera-

tures. The current versus voltage curve for the bulk

shown in Fig. 3(c) also shows the Hysterisis loop

below 0.0 V.

Fig. 4 shows the dielectric constants and dielectric

loss function according to the variations of the photon

energy. The dielectric constant showed increasing

tendency when the photon energy was increased from

1.6 eV to 2.5 eV. The constant was then decreased

when the photon energy was more increased over

2.5 eV.

However, it was rapidly increased when the photon

energy was larger than 3.5 eV. Fig. 5 shows the

refractive index when the photon energy was given to

the specimen with the same incident angle of 70

degree as of the dielectric constant measurements.

Fig. 3. Current-voltage curves for the specimen with

different heat treatment temperature and the

bulk.

Fig. 4. Dielectric constant variation according to the photon

energy.
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The results shown in Fig. 5 are identical to those of

Fig. 4 when = h/2 = 1.054×10−34J⋅s.

Fig. 6 and Fig. 7 show the variations of impedance,

admittance and phase angle according to the fre-

quency. The frequency was varied from 100 Hz to

14.0 MHz, and the bias and oscillation levels were

1.0V and 1.0Vrms. The data were obtained by the imped-

ance/grain-phase analyzer (4194A, HP). Impedance

curve showed an abrupt change near 1.0 MHz and this

was attributed to the reactance change. Admittance

variation shown in Fig. 7 shows the inverse values of

the impedance.

Conductance and susceptance were measured by the

same analyzer to the impedance and shown in Fig. 8.

Like the impedance and admittance, we can also see

the discontinuities near 1.0MHz in case of the sus-

ceptance. Considering the results shown in Figs. 6, 7

and 8, reactance of the film seem to change abruptly

over the particular frequency.

4. Conclusion

In this study, thin films having composition of

(Ba0.997 Y0.003 Ti1.03 O3.02 + 0.5wt%SiO2) were depos-

ited using RF/DC magnetron sputter and the electrical

characteristics were analyzed. From the analyses

results, we can conclude the followings.

Dielectric constant varies largely depending on the

photon energy. It shows increasing-decreasing-

increasing tendency.

Refractive index also varies according to the wave

length. It shows rapid drop in short wave length region.

Fig. 5. Refractive index and loss according to the variation

of the wave length.

Fig. 6. Dependency on frequency for the absolute impedance.

Fig. 7. Dependency on frequency for the admittance.

Fig. 8. Dependency on frequency for the conductance and

susceptance.
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Impedance, admittance and susceptance have dis-

continuities around 1.0MHz and this is attributed to

the abrupt change of the reactance.
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