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Article info Abstract

Original: 13 Jan. 2015 Strontium titanate (SrTiO;) is one of the perovskite type metal oxides with multi-
iiziespeti:d 1? 9M:;r)r 2%?5 functional properties and it has a lot of applications in various sectors of technology. In
Published online: this paper, we obtained the miscut angles from Bragg peak after performing ® scans of
20 Sep. 2015 HRXRD at different angles of ¢ with intervals of 90°. The obtained results located

between 0.2015° and 0.4302° using two ways (mathematically and Epitaxy software),

. which is considered as a tolerance limit (less than 1°) to cut the substrates.
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Introduction

Strontium titanate (SrTiO;) is one of the perovskite class metal oxides with ABO3 stoichiometry type
crystal structure. Bulk Strontium titanate (STO) has space group Pm 3m and cubic unit cell shown in
Figure: 1 with lattice constants of a =3.901A° [1] at room temperature (RT).This structure consists of two
cations A and B and three oxygen anions, which can be characterized by alternating planes AO and BO, [2-
5].

A/a(=0.3905 nm

Figure.1: a) Cubic perovskite unit cell planes of AO and BO,, b) Atomic structure of (SrTiO;) at room
temperature (RT). [4,5].
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Due to multifunctional properties such as chemically inert, superconductivity, magnetism and ferroelectricity
[6,7], STO is widely used in various sectors of technology as gas sensors, memory storage devices and
layered high-Tc superconductors [8-10].

Highly crystalline substrate surface is necessary for the growth of thin films, which means, controlling the
surface properties of substrate is very important in preparing high quality thin films [11-12]. But practically,
it is impossible to cut the surface completely straight, which means that an angle is created between the
surface and the planes. The produced angle is considered as a type of defect known as miscut.

The miscut of the substrate strongly affects certain properties (such as catalytic activitie and dielectric and
ferroelectric properties), which, in turn, influences the growth parameter of the thin film, and subsequently,
in the design of various electroceramic devices, including capacitors and metal oxide semiconductors. This
results attribute to the fact that the miscut stretches or compresses the film along the plane [13,14]. Due to
the 1.9° miscut angle of the (001) SrTiO;, different domain and microstructures of the SrRuO; films are
created as well as influences on the step flow growth of the thin film [15]. Chen and ef al. [16] studied
ferroelectric domain structure of BiFeO; on (001) SrTiO; substrate of 0.8° and 4° miscut angles, they found
that the domain width increases with increasing miscut angles. All applications are sensitive to the purity of
substrate crystal structure. The tolerance limit of the substrate miscut is regarded to be less than 1° [17,18].
In this work, the miscut studies of the substrate have been carried out using high resolution x-ray diffraction
(HRXRD) of STO.

Experimental

The single crystal Strontium Titanate SrTiO; with a surface area of 10x10 mm® and a thickness of 1 mm,
which is grown by the Verneuil technique [19], was purchased from crystal Technology GmbH—Berlin.

The as-grown single crystals were pretreated to obtain well defined single- terminated surface (001) [20,21].
In order to measure the miscut of the samples, a high- resolution X-ray diffractometer (Philips X pert
system) were used with 1. 6 kW incident X-ray beam and CuKa; line of wavelength A = 0.15405 nm were
selected using Ge220 four crystal monochromator [22-23]. The angle between the substrate surface and the
index plane from the position of the substrate peak of (002) reflections in four rocking curves with (w-scan)
was recorded after (by) rotating the substrate in 90° steps in ¢ scan. The difference between the surface
orientation and the orientation of the crystal is exactly defined as the miscut.

The miscut (y) of STO (001) was calculated from two perpendicular components y>189 and y9%27% The

0,180

first component represents a setting of the crystal lattice, satisfies Bragg’s law. The y was calculated

from the relation:

ao_also
yorso e )
where a® = w - y and a'®° = w + y are incidence angles of X-ray beam for azimuths of 0'and 180° (see

Fig. 2). w is the Bragg angle for interplanar spacing dg,. The second component (y?%279) was calculated
using the relation:

90,270 _ |a®°—a?7%|
% = )

Fig. 2: Rotation of surface plane (002) by 180°.
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The relation between angular deviation (y) and two azimuthal components y° and y°° is described by the
relationship [24]:

cosy = cosy®t80 + cos 20270 (3)

For very small angles, Eq (3) can be approximated by:

Y2 = (pO180)2 4 (p90270Y2 e, @)

The diffraction angle ¢ intensity, full width at half maximum (FWHM) and omega (w) for STO samples are
presented in Tablel, The comparison of the calculated angular deviation (y) of all STO samples with the
Epitaxy software Off-cut values is given in Table 2. An overview epitaxy software results for STO14 sample
is shown in Table 3.

Table 1: The diffraction angle ¢, intensity, full width at half maximum (FWHM) and omega (w)
for all STO samples.

Sample ¢(°) Intensity (a.u) FWHM (°) (w)(©®)

STO14 0O 8090,3 0,0410 23,0322
STO14 90 48398 0,0431 22,9892
STO14 180 43612 0,0561 23,0904
STO14 270 42340 0,0826 23,4162
STO15 0 63543 0.0496 22,7903
STO15 90 2967.6 0.0555 23,2392
STO15 180 89125 0.0439 23,6502
STO15 270 59083 0.0614 23,2493
STO16 O 9307,1 0,0368 23,1348
STO16 90 113586 0,0292 23,0516
STO16 180 82429 0,0468 23,3202
STO16 270 10674,6 0,0311 23,4064
STO18 0 222809 0,0259 23,0492
STO18 90 175504 0,0457 23,0968
STO18 180 219468 0,0303 23,3809
STO18 270 18586,1 0,0406 23,3214

Table 2: The comparison of the calculated angular deviation (y ) of all STO samples with the Epitaxy

software . Offcut values.
Sample a® @180 yo180 a®® a?7° y90:270 y= \,-’(yo.um): + (y%0270)2 Epitaxy.
®O_ 6 0 0 o o0 ) ottt
calculated mathematic
STO14 23.3224  23.0904 0.116 22.9892 2.4162 0.2137 0.2429 0.2429
STO15 22.7898  23.6502 0.4302 23.2390 23.2491 0.0050 0.4302 0.4302
STO16 23.1351 23.3206 0.0927 23.0525 23.4106 0.1790 0.2015 0.2015
STO18 23.0487 23.3808 0.1660 23.0963 23.3487 0.1260 0.2084 0.2084
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Table 3: An overview Epitaxy software results [Scan names, w, 26, ¢ magnitude and Miller indices] for.
STO 14 sample. The similar procedure was taken for determining the off-cut of the other samples.

Scan Name (@) ©) 26 (%) o (© hkl

Scan1:90 23.32245 4647150 0 002
Scan3:¢ 180 23.09100 46.46250 180 002
Scan2:$ 90 2298876 46.46500 90 002
Scan4:¢$ 270 2341602 46.46900 270 002

The diffraction curves for all studied samples STO14, STO15, STO16 and STO18 at different ¢ (0, 90, 180,
270)° measurement using HRXRD and their miscuts value are presented in Figs. 3-6, respectively.
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Fig. 3: The Combine graph of diffraction curves for different ¢ (0, 90, 180, 270)° for STO14 measured by using the
HRXRD. The miscut value: 0.2492° is also presented.
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Fig. 4: The Combine graph of diffraction curves for different ¢ (0, 90, 180, 270)° for STO15 measured by
using the HRXRD. The miscut value: 0.4302° is also presented.
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Fig. 5: The Combine graph of diffraction curves for different ¢ (0, 90, 180, 270)° for STO16 measured by
using the HRXRD. The miscut value: 0.2015° is also presented.
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Fig. 6. The Combine graph of diffraction curves for different ¢ (0,90,180,270)° for STO18 measured by
using the HRXRD. The miscut value: 0.2084° is also presented

Conclusion

The miscut of substrate surfaces of STO samples was measured by using the HRXRD technique. The
obtained miscut angles are less than 0.5°, which reveals the tolerance limit to cut the substrates for depositing
the film on it. The lower miscuts means the smaller surface steps which corresponds to atomic ally flat
surfaces and the miscut already effects on the creation of microstructure on the deposited films . However,
the polishing process improves the surface quality, but to overcome the surface miscut (ideal surfaces), we
have to find the nano-techniques for sample cutting Nano cutter could be a promising candidate in future in
one hand (microscopic limit) or other indestructive way.
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