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Epitaxial SrTi03 (STO) thin films were grown on (lll)Pt/(lOO)MgO substrate successfully by the rfmagnetron 
sputtering. The dielectric constant of 110-nm-thick STO thin films reached as high as 370Eo at room temperature. 
Cr/(lOO)STO/(lll)Pt MIM' structures were prepared with various STO thicknesses ranging 39"'262 nm for the 
investigation of STO electrical features. Leakage current vs. voltage curves of the MIM' structure showed 
the rectifying property. Herein two possible band diagram of aforementioned MIM' structure can be proposed. 
However by considering the capacitance vs. voltage curves of them, the band diagram where STO layer include 
no space-charge was concluded as a much proper one. 

1. INTRODUCTION 

STO is an incipient ferroelectric. It has high di­
electric constant of more than 300Eo even at room 
temperature, and the value increases steeply to 
a few tens of thousands at cryogenic tempera­
tures. [1] Moreover, it does not show hysteresis 
property. Owing to these incipient ferroelectrici­
ties, STO attracts the attention to use not only 
for a thin-film capacitor in Si large-scale integra­
tion but also for a gate insulator of the metal­
insulator-superconductor (or semiconductor) field 
effect transistors (MISFETs) with extremely high 
carrier concentration. [2] 

In regard to the STO thin films, to obtain 
higher value of the dielectric constant is a cur­
rent goal. Besides, to confirm the band diagrams 
of STO layer is thought to be essential for the 
advance of many applications. Thus far, the volt­
age dependence ofleakage current (I-V curves) of 
metal-STO-other metal MIM' structure has been 
obtained by many groups. [3, 4] , which showed 
the rectifying property. From this result, Abe et 
al. proposed a band model of the Cr/STO /Pt 
MIM' structure where Schottky barrier was com­
prised in the STO layer. [4] However, this model 
is thought to fail in compatibility with the capac­
itance vs. voltage curves (C-V curves) of it. 

In this paper we report the extremely high di­
electric constant of epitaxial (lOO)STO thin films 
grown by the rf magnetron sputtering. Then close 
examinations are given to those films from elec-

trical point of view. Eventually, we conclude the 
band diagram free from the space-charges has a 
strong validity. 

2. EXPERIMENTAL 

(lll)Pt was grown epitaxially by the electron 
beam evaporation on a (lOO)MgO substrate at 
570 °C first. Then, STO thin films were deposited 
on the Pt/MgO substrate by the rf magnetron 
sputtering, in an atmosphere of 5 Pa Oz and 5 
Pa Ar. The substrate temperature was 540 ° C 
and the input rf power was 0.38 W / cm2

• Fi­
nally, Cr electrodes (0.0257 mm2 ) were deposited 
on the STO films by the resistive-heated evap­
oration. The I-V and the C-V characteristics 
of the specimens were observed at room temper­
ature. Measuring frequency of the capacitance 
was 1 MHz. After all electrical measurements, 
the STO films were etched off by HF acid selec­
tively, and then covered by gold for the purpose 
of subsequent measurement of STO thicknesses of 
our specimens by using scanning tunneling micro­
scope (STM). Grown STO thicknesses were ob­
served to be ranged from 35 to 2620 A. 

3. RESULTS AND DISCUSSION 

Figure 1 is the C-V characteristics of the spec­
imens with various STO thicknesses, w. This fig­
ure indicates the internal electric field dependence 
of the STO dielectric constant which is maximum 
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Figure 1. Capacitance vs. voltage curves with 
various SrTi03 thicknesses. 
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Figure 2. Dielectric constants of various SrTi03 
thicknesses. 

with zero internal field. Therefore the capaci­
tance shows the largest value when -1 ~ -2 V 
is applied to the upper Cr electrode which cor­
responds to the work function difference between 
Cr and Pt. 

By using the elementary equation of a parallel­
plate capacitor, 

Cmax = EsToS/w, (1) 

the dielectric constant of the STO layer, fSTO, 

can be deduced, where S is the area of the Cr 
electrode. 

Figure 2 indicates the deduced dielectric con-

stants of the STO films. We obtained 370Eo with 
the 110-mn-thin film, which is the highest value 
reported so far. Actually, the dielectric con­
stant of ( 100 )-oriented STO single-crystal bulk 
is ~ 357Eo at 10 °C, being comparable or a bit 
lower than our present result. [1] Consequently, 
we think to be reaching the top limit of the di­
electric constant of STO thin films. 

Generally, the thinner the STO thickness, the 
more difficult it is to get the high dielectric con­
stant. [5] It might be due to an incorporation 
of thin degraded layer with low dielectricity at 
the interface between Pt and STO, which was 
introduced during the deposition process. Re­
cently, the Fourier transform infrared (FTIR) 
spectra which reflect the crystallinity were ob­
served about the ultra thin STO films by 35 A. 
Some changes of the absorption peak in the spec­
tra due to the degraded layer were expected to 
appear in the FTIR measurement. Actually, as 
we make the STO thinner less than 110 A, the ab­
sorption peak broadened to the higher wavenum­
bers. It intimates the existence of the degraded 
layer on the interface. The degraded layer is 
thought to play a role of a series parallel-plate 
capacitor and pull down the total value of the ca­
pacitance. Despite of this general difficulty, our 
STO layer shows extremely high dielectric con­
stant of 240Eo with 39-nm-STO thickness. 

To date, rectifying I-V curves have been ob­
tained of some M-STO-M' [4] or metal-STO­
superconductor MIS junctions. [2, 3] We also ob­
served the same result as for the Cr/STO /Pt 
structure. From these rectifying curves, a group 
suggested a band model of the MIM' structure 
where the STO film served as an n+ -type semi­
conductor and Schottky barrier existed inside the 
STO layer (4] as is shown in Fig. 3. In actual fact, 
this model can explain the rectifying property un­
doubtedly. 

However, it is worth noting that another ordi­
nary band model which includes no space-charge, 
on the other hand, is not inconsistent with the 
asymmetric I-V curves yet. This model drawn in 
Fig. 4(a) can agree well with the rectifying action 
as following way. As to ordinary oxide insulators, 
such as SiOz, the leakage current property deter­
mined mainly by the tunneling effect. However, 
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Figure 3. Possible band diagram of Cr/STO jPt 
structure. STO layer contains space-charges. 
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Figure 4. Possible band diagram and the recti­
fication of Cr /STO /Pt structure. STO layer has 
no space-charge. (a) No bias voltage, (b )negative 
and (c)positive bias voltages are applied to Cr. 

comparing the energy gap of STO single crystal 
with that of Si02, STO has much smaller value 
of "'3.2 eV, although Si02 has as large as 8.8 eV 
energy gap. In addition, the electron affinity of 
the STO single crystal is close to that of Cr. [6] 
Then the leakage current property is thought to 
be ruled by another mechanism. Figure 4 rep­
resents the rectifying action of the Cr /STO /Pt 
structure. In the equilibrium state at zero bias 
as illustrated in Fig. 4(a), the net current is zero. 
When the negative or positive voltages applied 
to Cr as shown in Figs. 4(b) and 4( c), the carrier 
distribution is changed according to Boltzmann 
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statistics generally. If the current direction from 
Cr to Pt is chosen as positive, the leakage current, 
I, is given by, 

I= -Io{exp(-q11j(kBT) -1}, (2) 

where 10 is the saturation current, q the elemen­
tary charge, kB the Boltzmann constant and T 
the temperature. This expression ignores the in­
jection property of carriers to the STO layer from 
the side metals, and the scattering effect inside 
the STO layer for simplicity. This leaka.ge cur­
rent characteristic of this space-charge-free model 
is identical with that of the a.forementioned Schot­
tky barrier model. Finally, as long as in regard 
to the I-11 curve, there is no difference between 
two models. 

We focus on the C-11 property next. There 
is, on the other hand, a pronounced difference. 
Figure 5( a) shows the theoretical C-11 curves of 
the Schottky band model. In the calculation, we 
treated the STO layer as ann+ -type semiconduc­
tor to form the Schottky barrier inside the STO 
layer. the Schottky barrier height, q</Jb, was put 
to be about 1 e V in favor of the other group's ex­
perimental result. As to the dielectric constant, 
we used our experimental data which depended 
strongly on the electric field as shown in Fig. 1. 
About other parameters for STO, we chose per­
tinent values as follows: temperature T: 300 K, 
measuring frequency: 1 MHz, density of donors 
Na: lx1019 /cm3 , and mobility p: 7 crn2/(V·s). 

In Fig. 5( a), there are three curves of differ­
ent thicknesses of the STO layer. The density 
of donors looks large, but if we set this number 
smaller, the depletion width, d, increases propor­
tionally to the reciprocal of the square root of the 
donor concentration. And if the number is small 
enough, the depletion layer reaches the thickness 
of STO film, w, and exceeds it. In the present 
condition, the density of donors is large enough 
for thinner depletion layer than 50-nm-STO film 
at zero bias voltage. However, despite of this 
large number of donors, d can reach w by applying 
reverse (it is positive in the Fig. 5(a)) bias volt­
ages. This behavior is drawn in the same figure 
for 50-mn-thick STO layer. After the depletion 
layer touches the Cr electrode metal, the aspect 
of this C-11 curve changes. Inversely, if we make 
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Figure 5. Theoretical capacitance vs. voltage 
curves. (a)Schottky band model and (b)space­
charge free model. 

the number of the density larger to fit to the ex­
perimental results, it may be impossible to mea­
sure the capacitance because of the large current 
leakage. 

In Fig. 5( a.), one can see slight decrease of 
the ma...ximum capacitance as the thickness be­
comes larger. it is inconsistent completely with 
the experimental result (see Fig. 1). In actual 
fact, the experimental result exhibits that Cma.x 

is in the inverse-proportion-rule against. the STO 
thickness. Moreover one can see steep grades of 
these theoretical curves. It stems from not. only 
the internal field dependence of the STO dielec­
tric constant, but also the rapid change of the 
depletion layer width against. the applied voltage. 
This feature is not. consistent. with the experimen-

tal one, neither-
On the contrary, we also consider the fitness 

of the later band model free from space-charges. 
Figure 5(b) shows its theoretical C-V curves. In 
these calculations, the Cr /STO /Pt structure is 
equivalent to a parallel-plate capacitor. In this 
figure, one can see the inverse-proportion-rule of 
the capacitance against the STO thickness which 
can be easily described by the Eq. ( 1 ). The 
characteristics of these curves resemble our ex­
perimental result (see Fig. 1) and others' pretty 
well. Finally, we conclude that the STO thin 
films is without space-charges substantially, and 
we strongly support this space-charge-free band 
diagram of Fig. 4(a) as a much proper one. 

4. CONCLUSIONS 

Epita.xial (100)STO thin films were grown 
successfully by the rf magnetron sputtering on 
(lll)Pt/(100)Mg0 substrat.e. The dielectric con­
stant. of the STO films reached as high as 370<o 
at. room temperature. The I-V and C-V curves 
of the Cr/(lOO)STO/Pt MIM' structure were 
obtained with various STO thicknesses ranging 
39~262 nrn. By comparing them with theoretical 
results, two possible band models with and with­
out. space-charges were discussed, and finally, we 
conclude the band diagram which has no space­
charge is much proper one for the description of 
Cr/(100)STO/Pt. MIM' structure. 
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