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SYNTHESIS TECHNOLOGY OF THE MAGNETRON TARGETS FOR
DEPOSITION OF NagsBigsTiO3 FILMS

Sodium bismuth titanate NaysBiosTiO3 ceramics were produced to use as the target in high-
frequency magnetron sputtering technology. Solid-state reaction technique with a two-step sintering
process was used to prepare the NagsBigs TiO3; ceramics. A powder of raw Bi,O3, TiO, and Na,CO3;
were mixed, pressed and then a heat treatment was carried out at T =800 °C for 15 hours in the air.
The X-Ray diffraction results showed that the sintered ceramics were a mixture of NagsBigsTiO3
perovskite structure and additional pyrochlore phase, most probably Bi,Ti,O,. The sintered ceramics
were ground and then pressed into target-disks of 43 mm in diameter and 4 mm in thickness and a heat
treatment was carried out at T = 1100 °C for 1 hour in the air. The X-Ray diffraction pattern of the
target-disks showed only pure structure of NagsBigsTiO3. Thus the mechanically strong targets with
homogeneous structure were obtained for using in technology of films deposition which is based on
magnetron sputtering method. It is proposed to coat non-working surface of targets with a layer of
metal to improve cooling conditions during the sputtering process.

Keywords: thin films, magnetron sputtering, bismuth sodium titanate.

Kepamika nartpiii BicmyroBuii TuTaHaty NagsBigsTiO; BHroroBjieHa [1jisi BHKOPHCTaHHSI B
AKOCTI MilleHIi B  TeXHOJIOrii BHCOKOYAaCTOTHOIO MArHETPOHHOro posnuieHHsa. Kepamika
NagsBigsTiO; orpumana 3a meromom TBepaoda3Hoi peakuii HUIAXOM IBOCTAMIHOrO CHiKAHHSI.
IepBunni matepiamu Bi,O3, TiO, Ta Na,CO; 3mimnyBajiuch, NpecyBajJuch i MOTIM BiAnajlBalIuch
npu T =800 °C npotsirom 15 rogun y nositpi. Pe3y1sTaTn pentreniBeskoi audpakuii mokasanau, mo
CHHTE30BaHA KepaMika BHSBISE CTPYKTYpPY mnepoBchKiTy NagsBigsTiO3; Ta micTuTh 3amuumku
JA0ATKOBOI MipoxJiopHOi (a3u, HalbiIbI fiMoBipHO Bi, Ti,O. [lonepeanbo noapioHeHa CHHTe30BaHa
KepaMika mnpecyBajach B MilleHi-qucku AiamMeTpoM 43 MM i TOBIHIMHOI0 4 MM Ta cHmikaJjacsi Npu
T = 1100 °C npotsirom 1 roqunu Ha noBiTpi. Ha peHTreniBcbkux nuppaxrorpamax mimeHeii-auckiB
BHUSIBJIEHO TIIbKH 4YHCTY CTPYKTYpPY NagsBigsTiO;. Takum umHOM MexaHiuyHO MimHi Mimeni 3
O/IHOPIAHOIO CTPYKTYPOIO OYy/JM OTPMMAHi /I BUKOPUCTAHHSI Y TEXHOJIOTiSIX OCa/[KeHHsI ILUIIBOK 3a
METOJO0M MATHETPOHHOrO po3nuieHHs. IIponoHyeTbcsi NMOKPUBATH HePo0O4Yy NOBEPXHIO MillleHeW
IAPOM MeTATy /s MOJiNIIeHHsI YMOB 0X0JI0KEeHHSI B PoIeci po3MuIeHHs.

KirouoBi ciioBa: TOHKI IUTiBKM, MATHETPOHHE HAIMIICHHS, HATPi-BICMyTOBUI TUTAHAT.

Kepamuka wHatpuii BucmyToBoro tutaHata NagsBigsTiO; Obuia  HM3roToBiieHa st
HCNOJb30BAHUS B KaYecTBe MUIIEHH B TEXHOJOIMH BBICOKOYACTOTHOI0 MATHETPOHHOI'0 PACHbLIEHHS.
Kepamuka NagsBigsTiO; moiydeHa MertoaoM TBepaoda3HoOii peakuuu NyTeM ABYXCTAJHIHOro
cnexkanusi. Mcxomnbie Matepuansl BiO;, TiO,; u Na,CO; cMemnBaInch, NPeccOBATUCh U 3aTeM
cuaTesupoaiancs npu T =800 °C B Teuenme 154yacoB Ha Bo3ayxe. Pe3yabTaTbl peHTreHOBCKOi
Audpaknuy TMOKAa3aJM, YTO CHHTE3HPOBAHHASI KePaMHKAa MPOSIBISIET CTPYKTYPY IEePOBCKHTA
NagsBigsTiO; u comep:kuT oCTATKM [JONMOJHHUTEIbHOH (a3bl NHPOXJIOpa, HanGojee BEPOATHO
Bi,Ti,O;. Ilocjie mpeIBapuUTeILHOI0 M3MeJIbYeHHsI CHHTE3MPOBAHHASI KepaMHKa IpeccoBajach B
MHIIEHU-THCKH THamMeTpoM 43 MM H TosmuHoIo 4 MM H crekajachk npu T = 1100 °C B Teuenne 1 yaca
Ha Bo3ayxe. Ha peHTreHoBckHX IupakTOrpaMmMax MHLIEHE-IHCKOB OOHApPy’KeHA TOJbKO YHCTas
crpykrypa NagsBigsTiO;. Takum 006pa3oM, MeXaHH4YeCKH NPOYHbIe MMIIEHH C OJXHOPOXHOM
CTPYKTYpPOii ObLIM TOJIyYeHBbI VISl NPUMEHEHHS] B TEXHOJIOTMAX OCAXKICHHMS IUIEHOK METO/0M
MAarHeTpoHHOro pacnblieHnsi. Ilpennaraercsi MOKpPLIBATL HepaGo4Yyl0 NMOBEPXHOCTH MHIIEHH CJI0eM
MeTaJlJIa JJIsl YJIyqIIeHHs YCJIOBUI 0XJIAK/IeHUsI BO BpeMsI NPoIecca pacnblIeHHsl.

KiioueBbie cJI0Ba: TOHKUE IIJICHKH, MAarHETPOHHOE HANBbUICHHUE, HATPUIT-BUCMYTOBBIH THTaHAT.
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1. Introduction

Extremely high level of components integration on a silicon substrate for integrated
electronics requires reckoning with a number of physical restrictions. It means that it is
necessary to search for new principles of construction of integrated microelectronics.
Migration to functional electronics is one of possible solutions. New active materials
which can be used to integrate different physical effects in one medium are necessary for
development of functional electronic devices.

Ferroelectric materials have parameters that allow them to be a good candidate for
such new medium. In these materials, along with such specific physical phenomenon as
switching of spontaneous polarization, there are other important features like high
dielectric permeability, dielectric nonlinearity, pyro- and piezo- activity, linear and
square-law electro optical effects, etc.

Until recent time one of the limiting factors that prevented wide use of a
ferroelectric material in integrated and functional microelectronics was the impossibility
to create heterostructures on their basis. During the last 10-15 years there was a set of
research works concerning ferroelectric materials use in thin-film technologies.
Heterostructures of nanoscale ferroelectric oxides films are very perspective for
applications in micromechanical systems, high-speed optical modulators, high density
non-volatile memories etc.

Ferroelectric NagsBigsTiOs (NBT) is one of the most perspective materials for use
in functional microelectronics. It has high values of both the dielectric permeability and
the piezoelectric coefficients and is transparent in a visible range of wavelengths (band-
gap 3.03 eV). Due to absence of lead in the material structure, NBT is ecologically safe.

2. Experimental setup

It is reported that NagsBigsTiOs thin films can be prepared either by chemical
solution decomposition [1], pulse laser deposition [2] or radio frequency (RF) magnetron
sputtering [3] methods.

In our opinion, the high-frequency magnetron sputtering method is the most
technological and perspective for obtaining of nanoscale ferroelectric films. The method
involves target material surface bombardment by ions of working gas (active oxygen or
inert argon) in plasma and thus sputtering of target material. Typical for such method
relatively high speed of sputtering is achieved by means of increasing ion current density
due to the localization of the plasma near the target surface in the strong transverse
(relative to electric field) magnetic field. The method leads to deposition of films with a
chemical composition similar to the composition of the target material [4]. Therefore
deposition of NBT film composition requires that the stoichiometric proportion for the
target material must comply with the stoichiometric proportion of NBT material.

The advantages of the magnetron scattering can be achieved if the target meets the
following requirements:

1) the target diameter should correspond to the diameter of the magnetron cathode;

2) the target thickness should not exceed the size of the “dark space” of the glow
discharge, to avoid plasma deformations and thus decreasing of sputtering
efficiency;

3) the target material should have high thermal conduction for effective cooling;

4) the target should be mechanically strong, without cracks on entire working surface;

5) the relation of elements of target composition must comply with required
stoichiometric proportion, but the technology of target preparation should provide
the possibility to vary the stoichiometric relation in some relatively small limits;
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6) the working surface of the target should be flat and smooth to prevent formation of
ion current channels which may lead to a local excessive heating of the target.

3. Experimental results

Assuming usage of VUP-5M vacuum unit for deposition of NBT films, the
following four-stage procedure to prepare magnetron targets is developed and suggested.

At the first stage the raw materials (Bi,O3, TiO,, and Na,CO3) were prepared
according to stoichiometric ratio, mixed and milled in a ball mill within 12 hours. Then
the mix of components was dried up at T=200 °C for 24 hours. Then the mixture was
uniaxially pressed into a 43 mm diameter tablet (target-disk) with 10 MPa pressure within
1 hour and then, the tablet was annealed at 800 °C during 15 hours in the air. The purpose
of the first stage is to remove moisture, to purify the substance from volatile impurity, to
carry out initial synthesis of the material. The X-Ray diffraction patterns of the tablet
(Fig.1) showed that at the given temperature the substance with NBT structure was
synthesized. It means that easily violating Bi did not evaporate yet and there was no
stoichiometry violation. The additional reflexes at 28.3° and 31.2° can be attributed to the
traces of pyrochlore phase, most probably of Bi, Ti, O [4] or Bi;, TiO4 [5].
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Fig. 1. X-Ray diffraction patterns of the NBT target annealed at T=800 °C during 15 h in the air.

At the second stage the NBT tablet was crushed and secondary milled in a ball mill.
After drying the mix was pressed in a tablet of 43 mm in diameter and 4 mm in thickness
with the pressure of 15 MPa within two hours. Secondary annealing was carried out at
T=1100 °C within two hours in the air. Fig. 2 shows that more high annealing temperature
on this stage led to absence of pyrochlore phase in the tablet substance and its structure
became a single-phase, strictly corresponding to NBT [4].

The following stage was a machining of the target: diameter reduction to 40 mm
(diameter of the VUP-5M magnetron cathode), thickness reduction to 3 mm and
polishing of surfaces. The ceramic target had very dense and homogeneous structure.

As far as during sputtering process the target is strongly heated up the main purpose
of the last stage was to improve a thermal contact between the target and the magnetron
cathode. The thermal evaporation method was used to coat the non-working surface of
the target with 0.1 mm copper layer to improve the thermal contact.
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Fig. 2. X-Ray diffraction patterns of the NBT target annealed at T=1100 °C within 2 h in the air

4, Conclusions

Technology for the production of high-quality magnetron targets was developed.
The targets were used for deposition of thin NBT films by the method of high-frequency
magnetron sputtering. Two stages of synthesis at temperatures T=800 °C and T=1100 °C
allowed to exclude presence of pores in structure of the target material and to produce
homogeneous, mechanically strong targets. Technological parameters of synthesis
provided formation of the single-phase NBT structure target.
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