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Mg-doped Bag gSry2Mgy 1 Tig9O; (BST) thin film structural and physical characterization
results are presented. The (Ba,Sr)<Mg>TiO; ceramic targets have been prepared by self-
propagating high-temperature synthesis method and a nano-film is fabricated by the pulsed
laser deposition method. Ferroelectric films have been physically characterized (thickness,
surface morphology, composition) by means of ellipsometry, scanning-electron microscopy,
Rutherford backscattering spectrometry (RBS) and atomic force microscopy (AFM) methods.
The results of ellipsometric investigation of the Mg-doped Bay gSrg,Mg 1 Tip90; thin film and
the comparison of Mg-doped BaggSro,Mgq 1 TigoO; targets prepared by the SHS technology
show that BST thin films behave differently than bulk BST. It is observed that the dielectric
constant decreases with a decrease in the thickness of the BST thin film. The thickness depend-
ence of the dielectric constant varies with the substrate temperature and the grain size effect.
The thickness dependence of dielectric permittivity is explained in Schottky barrier model. The
RBS investigations of the examined BST films confirm a stoichiometric growth and an excel-
lent crystalline quality and confirm a stoichiometric good growth. The measured root mean
square (rms) roughness is about 7,6 nm. The micrographs show a closed BST thin film without
micro-cracks or pores. The BST surface possesses a grainy texture with a typical grain size of
~50 nm.
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Introduction. Ferroelectric materials are very promising for a variety of applica-
tions such as high permittivity capacitors, ferroelectric memories, tunable microwave
devices, pyroelectric sensors, piezoelectric transducers, electro -optic devices and
PTC thermistors, as well as bio(chemical) sensors [1-3]. This wide range of applica-
tions is mainly attributed to the phase transitions in ferroelectrics. Ferroelectric mate-
rials tend to become paraelectric beyond a transition temperature called Curie temper-
ature T.. At the Curie temperature, the ferroelectric materials undergo a structural
change from ferroelectric to paraelectric attaining highest dielectric constant. The fer-
roelectric characteristics like the composition-dependent Curie temperature and the
electric field dependent dielectric permittivity have found applications in tunable fil-
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ters, phase shifters and tunable antennas [1,2,4]. Due to the presence of oxygen va-
cancies and ionic conductance, perovskite oxides have a high catalytic activity to oxy-
gen reduction and oxidation, and thus suitable for a large variety of sensor applica-
tions: magnetic sensors, pyroelectric detectors, optical memories and electro-optic
modulators [3], microwave capacitors [1,2,4,5], solid-oxide fuel cells (SOFC)[6], as a
sensing material in oxygen [7], carbon monoxide, hydrocarbon[8], nitrite oxide [9],
humidity [10], ethanol [11], hydrogen peroxide [12], pH [13] and other bio(chemical)
Sensors.

Ba,Sr | TiO; is the most commonly investigated material, since it has the high-
est dielectric constant at room temperature. It has been reported that [1,2,4,14-16] the
main dielectric and catalytic properties of the ferroelectric materials strongly depend
on the method of fabrication, structure and grain size, as well as on its composition,
so controllable preparation of crystalline size and thin film has been focused in order
to improve the device capability. For example, the grain size profoundly affects the
dielectric properties of the BST thin films. The grain size decreases and grain bounda-
ry increases, as the thickness of the film reduces. Hence a thinner film has a higher
leakage current density and a lower dielectric constant as compared to the thicker
films [1,2,4]. It has been reported that the increased dielectric constant and the in-
creased temperature variation is observed with an increased grain size by varying the
oxygen pressure during sputtering. The thickness dependence of the dielectric constant
varies with the substrate temperature and the grain size effect. In order to improve the
performance of the BST-based different circuit elements, microwave capacitors, PTC
resistors, ferroelectric memories, as well as sensors and actuators, the researchers ex-
tensively studied the BST ceramics and thin films doped by different rare earth mate-
rials. The use of isovalent dopants, such as strontium, have been used to move the Cu-
rie point to the optimal location for the desired application. From an application per-
spective, it is important to reduce the dependence of the relative dielectric constant on
temperature. One significant advantage of ceramic and thin film ferroelectrics is the
ease with which their properties can be adjusted by slight changes to the composition.

The effect of Mg doping on the BST ceramics and thin films was investigated
previously in many works [14-16]. However, the Mg - doped BST ceramics in these
studies were manly prepared by sintering the mixture of as-received BST and Mg-
based chemical. It has been reported that Mg doping or MgO addition could be used in
BST ceramics and thin films to suppress the permittivity and losses [14].
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In this connection, the goal of this work is to investigate the structural and physi-
cal characteristics of Mg-doped BagsSro,MgyTip9O; thin films, obtained by the
pulsed laser deposition (PLD) technique.

Perovskite-oxide targets of Mg-doped Bag gSro,Mg, 1 Tip90; are prepared by SHS
technology [17] and thin films (~100 nm thick) were prepared onto a Si-SiO, sub-
strates (p-Si, p=5-10 Q cm; 50 nm SiO,, chip sizes: 10x10 mm*) by PLD [13].The
main advantages of the PLD technique are high flexibility, compatibility with the sili-
con planar technology, the controlled deposition of multi-component compositions as
perovskite oxides in a defined stoichiometry as well as the short deposition time due to
the high growth rates. Moreover, the thin-film preparation can be performed in various
atmospheres (e.g., O,, Ny) at elevated temperatures up to 1200°C [12,13]. The BST
films were deposited at 400 °C in an oxygen ambient (2x10~ mbar) using a KrF ex-

cimer laser with a wavelength of 248 nm. The laser pulse length, frequency and
flounce were 20 ns, 10 Hz, and 2.5 J/cm? respectively. Before the PLD-growth, a 300
nm thick Al film was deposited on the rear side of the chip as a contact layer. For de-
tails of PLD process see, e.g. [13].

Fig.1 shows light and SEM pictures of the Mg-doped Bayg Srgr Mgy Ti (905 -
Si02-pSi -Si0,-Si structure after PLD.

a) b)
Fig. 1. Mg-doped Bagg Sro» Mgo1Ti 0903 - SiO2-pSi sensor light picture (a) and SEM picture
of Bagg Sro2 Mgo1Ti 0903~ SiO2-pSi layer structure after PLD (b) [17]

The prepared perovskite-oxide layers have physically been characterised (thick-
ness, morphology, homogeneity, composition) by means of ellipsometry, atomic force
microscopy (AFM) and Rutherford backscattering spectrometry (RBS) methods.
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1. Ellipsometric spectrometry®. Ellipsometry, as an optical method for determin-
ing the film thickness and optical properties, measures the change in the state of polar-
ization of the light reflected off the film’s surface. The advancement of spectroscopic
ellipsometers has extended the analytical power of ellipsometry to complex multilayer
coatings, where several optical parameters (refractive index, extinction coefficient,
film thickness, roughness anisotropy, etc) can be determined simultaneously. The en-
hanced spatial resolution of imaging ellipsometers potentially expands ellipsometry
into new areas of microanalysis, microelectronics, and bio-analytics. The results of
ellipsometric investigation of the Mg-doped BagSrg,Mgy 1 TipoO; thin film are pre-
sented in Fig. 2.
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Fig. 2. Ellipsometric measurement results
The investigation and comparison of Mg-doped BajgSro,Mg, Tip9O; targets
prepared by SHS technology [13,17] show that BST thin films behave differently than

! Ellipsometric, AFM, RBS measurements shown in this work were carried out in For-
schungszentrum Juleich and Institute of Bio- and Nanotechnology (Germany).
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bulk BST.The dielectric constant of BST thin film is much smaller than bulk BST. It
is observed that the dielectric constant decreases with a decrease in the thickness of
the BST thin film. The thickness dependence of the dielectric constant varies with the
substrate temperature and the grain size effect. The thickness dependence of permittiv-
ity is explained in Schottky barrier model [1,2,4].

2. Rutherford backscattering spectrometry. Rutherford backscattering spec-
trometry (RBS) is a technique for determining stoichiometry, layer thickness, interface
quality and crystalline perfection of a thin film. In RBS, the sample is placed in front
of a collimated beam of mono-energetic, low mass ions. Within this work, the experi-
ments were performed with 1.4 MeV He" ions. A small fraction of the ions that im-
pinge on the sample are scattered back elastically by the nuclei of the atoms and are
collected by a detector. The detector determines the energy of the backscattered ions,
resulting in a energy spectrum - the so-called RBS spectrum.

results best fit +/- unit

Thickness (layer #1@sample) 14,4 0.0 nm

Thickness (layer # O@sample) 63,7 0.0 nm
RMSE 0,525

In the random configuration (Fig. 3 left side) the sample is rotated to avoid the
channeling of the He" beam. The energy transferred from a He" ion to the sample atom
depends on the kinetic energy of the incident ion and the mass of the stationary sample
atom. Energy loss, due to inelastic scattering by the electronic structure of the sample
atoms, occurs for He' ions that penetrate deeper inside the sample. The energy of the
ions collected in the detector, thus, provides information about the mass of sample
atoms and the thickness of layers. In addition, information about the interface sharp-
ness between two layers is obtained from the abruptness of the low energy edge of the
energy interval for the respective sample atoms. Stoichiometry and layer thickness are
obtained from the comparison of the so-called random spectrum (Fig. 3) with a simu-
lation provided by the program RUMP [18].

The channeling spectrum is recorded without rotating the sample during the
measurement (Fig. 4). Here, the sample is aligned to a low index crystal direction, al-
lowing the beam to be guided by the atomic rows leading to a reduction of the proba-
bility of being backscattered. Defects inside the film will lead to scattering out of the
channeling direction and a fraction of these ions will be backscattered and collected by
the detector. A measure of the crystalline perfection of the sample is, therefore, the
minimum yield y min. This is the minimum in the intensity ratio of channeling and

random spectra.
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Random Channeling
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Fig. 3. Shows RBS spectra and channeling measurements
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Fig. 4. RBS channeling measurements performed on 63 nm thick Bag gSrg,Mgo1TigoO3 film
grown on SiO, substrate

Clear steps corresponding to the constituent elements (Ba,Sr,T1,0) were detected.
The analysis of the RBS measurement verifies the stoichiometric composition to the
deposited Ba()‘gsro'gMgo'lTi()‘gO}

3. Atomic force microscopy study. Scanning probe microscopy(SPM) is a fast
technique that allows the surface analysis of thin films and single crystals with atomic
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resolution. The scanning probe technique used in this work is the atomic force
microscopy (AFM). AFM measurements were performed on an area 10x10 um® to
investigate the surface roughness. The results of the AFM study are illustrated in Fig.

5. They were  recorded in the tapping mode using a BioMat Workstation (JPK In-
struments, Germany).
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Fig. 5. AFM spectroscopy of Bag gSro.Mgo1Tig9O3 thin film. [(a)-surface and height
resolution, (b)-high-resolution two dimensional surface image with of the interfacial defects
of film]

Conclusions. The results of the ellipsometric investigation of the Mg-doped
Bay sStg Mgy 1 Tig9O5 thin film and the comparison of Mg-doped Bag Sto,Mgg 1 Tip00;
targets prepared by SHS technology [13,17] show that BST thin films behave differ-
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ently than the bulk BST. The dielectric constant of the BST thin film is much smaller
than that of the bulk BST. It is observed that dielectric constant decreases with a de-
crease in the thickness of the BST thin film. The thickness dependence of the dielec-
tric constant varies with the substrate temperature and the grain size effect. The thick-
ness dependence of permittivity is explained by Schottky barrier model [1,2,4]. As it
follows from Fig. 4, the minimum yield value of 2.5% measured at the Ba-signal re-
veals the excellent crystalline quality of these films and confirm a stoichiometric
good growth. The measured root mean square (rms) roughness is about 7,6 nm. The
defect can be recognized by a local lattice expansion. A double row of dots of about
equal contrast is found corresponding to BaO, SrO columns, meeting each other as
denoted by a pair of black arrows.

It is thus likely that decomposition takes place during the exposure to the higher-
temperature and lower oxygen pressure conditions in the PLD chamber. The micro-
graphs show a closed BST thin film without micro-cracks or pores. The BST surface
possesses a grainy texture with a typical grain size of ~50 nm.
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dErNELEUSMrULUL LNRE FUIULAELENP ShRPLUULUL PLNRBUS NRULE
JdL.d. Pnivhwpeywi, vwihih Upwnh Uh Unhwiddwn, WU Twypju

Lbpywywgyby Gu Mg-ny |Gghpwd BagSrooMgo TipsO;  dbpnkitlynpwlwl  unipp
pwnwuputph  $hahlwlwu  nt Junngwdpwiht  punipwgpdwt wpryniopubpp:
(Ba,Sr)<Mg>TiO; YEpwdhywlywu phpwiutbpp unwgybi Bu huptwwnwpwdynn pwpépobpdwu-
nh6wuwhu upupbgh (PRU), huly unipp pwnwupubpp’ hdwnyuwiht jwgbpwht thingigndwl
(hL®) dbpnnubpny: dbpnkEhunpulwt pwnwupltpp punipwgnpydt) U $hahlwywu (hwu-
wnipintt, dwlbplnypwiht funpinipnpnnignutin, pwnwnpnyzgni) punpwagphsutpny Ehw-
uwdbwnpwlwy, nbuwdpnn bEYunpnuwht dwipwquudwy (SEV), wnndwnidwiht dwupw-
quudwu (UNRYU) L MnnGp$npnh  hwlwwunpuwnwpdwht vwyblunpwuynypwywo  (NLU)
dtpnnutipny: Mg-ny (ighpwd BagsStooMgo,TipsOs Unipp punwuputiph bhyuwswihwlwl
hbwnwagnunnygniutbpp b npwtg  hwdbdwunniniup Mg-nyd  |Gghpywd Ba sStg,Mgg 1 Tip 903
rhpwiuutph hbw, npnup wWwwpwundby b PRU dbpnnnd, gnyg Gu wdbk, np BST unipp
pwnwueh W phpwhiuh Juwppbpp  fwlwunpnt wwppbpdnd - B Lhwodl, £, np
nhkiEyunphluwlywt  hwunwunniup uduwgnd £ BST  pwnwuph  hwuwnnyewt  bjwgdwup
qnigpupwg: fGwnwuph hwuwnnipniuhg nhkGYunphlywlwt pwthwugbihnygiwt
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Ywhudwdnyginiup  thnthnfudnud £ hwppwlyh sbpdwunhtwuhg, huswybu twl  hwnhlubpnud
swithwihtu Gplnypubph hbinbwupny: YYhEEywnphhwlwu pwithwugbhniyejwl’ hwuwnnipiniuhg
Yuudwdngniup  pwgwwnpynwt £ Sninyph wpgbiph dnnbind: Luliwpyunn udnutph <y
hGnwgnunngniuubpp hwjwunnd Bu gbpwquwug  pinipbnwght - unpfupndbunpwiwu L
pintptinh qwy  npwyh wabgdwt  dwuht:  funpRnpenpingniutph - dhohtpwnwyniuwhu
ddnipniup Ywaind £ ~7,6 @i Upypnuwpp  Jyugnd £ BST pwnwuph  wnwlg
dhypnébinptiph L dwynwlybunyewt  wnlwynyeniup: BST pwnwupl odnjwd k ~50 od
nhwwlwt swihubpny  hwnhyuwjunyejudp:

Unwlbigpuyhti  pwnbp.  pwphnd-unpnughnd  whnwbwe,  Fhwuwswihniyeni,
wnndwnidwht dwupwquunud:

OU3NYECKAA XAPAKTEPU3ALUA ®PEPPOSJIEKTPHYECKUX TOHKHUX
IVIEHOK

B.B. Bynuatsn, Xamnau Apaxu Anun Moramman, A.A. JlaBTsin

IIpencraBiensl pe3yibTaThl (QHU3MYECKUX W CTPYKTYPHBIX XapakTepuzauuii Mg—
nerupoBaHHbIX  BaggSrooMgy TipgO;  ToHkux  mueHok.  Kepamuyeckue — MHIICHH
(Ba,Sr)<Mg>TiO3 moay4eHbl METOIOM CaMOpacIpOCTPAHSIONIETOCs BBICOKOTEMIIEPATYPHOTO
cunresa (CBC), a TOHKHE NJIEHKH — METOJOM HMITYJIbCHOTO Ja3epHoro pacnsiienus (UJIP).
DepporieKTpUUeCKre TUICHKH (U3UYECKH (TOJIIMHA, TOBEPXHOCTHAS HEPABHOMEPHOCTD,
KOMIIO3HLINS) XapaKTePU3YIOTCs ITUIICOMETPUUECKUM, CKAaHUPYIOIUM 3JI€KTPOHHBIM MHKpO-
ckonmaeckuM (COM), aToMHO—CHIIOBBIM MHUKpockonmuuecknuM (ACM) meronamMu M aHTHpe-
(rexropHoii ciektpockonuelr Pynepdopna (ACP). Pe3ynbTarhl 3IUIHIICOMETPUIECKIX HCCITe-
noBaHnit Mg-nerupoBaHHbIX BaggSrg,Mgg 1 Tig9O; TOHKMX IIEHOK W WX CpaBHeHHE ¢ Mg-
nerupoBaHHbIMU Bag gSrg Mg 1 Tig9O; mumensimu, morydeHHbIMU TexHosorueit CBC, moxa-
3bIBAIOT, YTO noBeaeHue BST TOHKHMX IUIEHOK M MUILEHHM OTiIMYaeTcs. 3aUKCUpOBAHO, YTO
JMAJIEKTPUYECKast MOCTOSIHHAS YMEHBIIAETCs C YMEHBIIEHHEM TOJIIWHBI TOHKUX TuieHOK BST.
XapakTep CBA3M AMINEKTPUUECKON MOCTOSHHOM M TOJIIMHBI U3MEHSIETCS] B 3aBUCHUMOCTH OT
TEMIIEPATYPhI MOIOKKHA M Pa3MEPHBIX 36pHUCTOCTHBIX 3()(EeKTOB. 3aBUCUMOCTD AUAIIECKTPH-
YECKOH MOCTOSIHHOM OT TOJIIMHBI 00BSCHSIETCS ¢ moMompio Mozxenu Oapbepa [ortku. Hc-
cnenoBanue TOHKUX IeHOK BST PAC noka3bIBaeT CTUXHOMETPUUECKOE COBIIAICHUE U CBHJIE-
TEJILCTBYET O HAJIMYUM OTIMYHON KPUCTAJUIMUECKON CTPYKTYPBI U XOPOIIEM KayecTBE BbIpa-
IIMBaHUA KPHUCTAJIIMYECKUX IUICHOK. M3MmepsiemMas cpenHekBaIpaTHYHAs HEPaBHOMEPHOCTh
MIOBEPXHOCTHU COCTABISET ~ 7,6 Hm. MukpopucyHku BST TOHKHX IUIEHOK CBHIETENILCTBYIOT
00 OTCyTCTBMH MUKpOTpenwH W nopucroctei. [loBepxHocts BST siBisiercss HepaBHOMEpHOH
¢ TUOUYHBIMU pazmepamu ~50 wu.

Knroueesvle cnosa: tutanat 0apus—CTPOHLYS, SJUTMIICOMETPHSI, ATOMHO-CHJIOBasi MHKPO-

CKOIIHUs.
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