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Microstructural propcrtics of BaTi03 ceramics and thin films
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A microslructural study of Bali03 ccramics obtaincd hy lhe (ollvcnlional ccrnmic mclhod is prcscntcd. Targcts were produced 10 grow
BaTi03 (hin films by pulsed laser deposition on Ptrri/Si( 100) sUOslrates. X-rny diffraction. Auger Electron Spectroscopy. X-ray Photon
Spectroscopy and Scanning Electron Microscopy wcre used to study the propcrties ofthe BaTi03 ceramic samplcs and thin films. as deposited
and after an annealing process.

Kt'ywom.\".' Ferroclcctric thin fllms; laser ablation; microstructure

Se pre!'ienta un estudio de la microcstructurn de cerámicas de BaTi03 preparadas por la técnica convencional. Estas cerámicas son posterior-
mente utilizadas para producir bl;:lOcosa partir de los cuales se ohtienen películas delgadas por ahlación por láser pulsado sobre suhstratos
de Ptrri/Si( 100). Las propiedades de la cerámica de BaTi03 y de las películas delgndas son estudiadas por difracción de rayos X. espectro-
scopía de electrones Auger. espectroscopía de fotones de rayos X y microscopía electrónica de harrido. antes y después de someterlas a un
tratamiento térmico.

/)cJcril'torcJ: Películas delgadas fcrrocléctricas: ablación láser; microestructura

PACS: 77.80-c: 77.84.Dy

1. Intrnduction

Pcrrnclcctric BaTiO:J thin films are a promising system for
pyroelcctric delectors 11,21. non-volatile Illemory 13]. lhin
film capacitors 1,11. cleclro-optic switch es [5], and frcqucncy
douhlers [6.71. Also. BaTiO:~ oplical lhin lilrns ami wavcg-
uide struclurcs are importanl for the fahricalion 01' oplical de-
vices in the near future. Rcccnlly, BaTiO;¡ lhin fHmsgrown hy
mClallorganic chemical vapor deposition (MOCVD) 181 have
heen rcportcd as oplical gain media. Among the many dilTcr-
cnt Icchniques. pulscd laser deposition (PLD) has shown lo
he a promising thin liIm fabricalion melhod hecausc, undcr
the proper condilions. there is a good replicalion 01" Ihe larget
stoichiomelry in Ihe deposiled film [9J.

The most rcmarkahle property of BaTi03 is its high di-
elcctric permitlivity 110-121 and a signifkant research drort
has heen dcvolcd lo Ihe preparation of BaTiO:¡ thin tilms lhat
maintain such high permillivily [13-161. Mosl of Ihese cf-
forts. however, have failcd and whilc the valucs ror the ce-
ram ir are of the order of 2000 [11,121. lhin films uSlIal1y
have rclative pcrmiltivilies in the range 01' a few hundred.

A typical prohlem in understanding BaTiO:i thin lilms is
the largc variation in lhe reported values 01' the lempcralures
at \I,'hich the maximum permittivities occur. Although the ef-
feCISof lhe processing parametcrs. such as deposition condi-
tions. deposition rateo ¡" .útll or post-anncaling lemperature.

on the dielcclric properties ol' BaTi03 thin tilms have heen
investigalcd, the origin 01' lhe large variation in the values of
lhe room Icmperatllre perrnitlivity has nal hcen c1early iden-
tified.

The ohjcclive of our present study is to produce and char-
aderi/.c high qllality, wel1-adhered thin films starting l'rom
BaTiOJ ceramk targcts lIsing PLD for the deposit and X-ray
DilTraclion (XRD), Scanning Elcclron Microseopy (SEM),
X.ray Pholon Spectroscopy (XPS) and Auger Eleclron Spec-
lroscopy (AES) rOl' the chmaclerization. For this purpose.
polycrystalline BaTiO:1 was deposited on PtITi/Si, substrales.
Sinee Ihe growlh of epitaxial BaTi03 single eryslal films
is practically impossihlc. lhe so-called "grain size effec-
1" [l1,12J hecomes an imporlanl faelor lo improve Ihe di-
eleclric properties of lhe films.

2, Experimental procedure

Thc BaTiO;) ceramics were prcparcd by lhe conventional cc-
ramic Illelhod fmm high purily reactants (E. Merk. Darm-
Sladl. Germany): BaO (>99%), Ti02 (>99%). These pow-
Jcrs wcre linely ground and properly mixed. calcined al
8f)()"C fm 2h and finally sinlered al 1300"C for 2h wilh a
hcaling rate 01' I°C/min and an identical cooling rateo

Slahs 01' the ceramics obtained werc used as largets lo
grow BaTiO" Ihin films hy PLD on Ptrri/Si suhSlrales, using
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BaTiO, ceramic sinlered al IJOO'C fo. 2h
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FI{;URE2. SEMmicrograph of the Balí03 ceramic.

IJ8TiO/Pt/SiO¡Si( ](lO), 56000 pulses, arwaled al 700.

~

FJ(jURE3. Tcmperalure dependcnce of the dicJeclric permittivily.
( for the BalíOJ ceramic measured al 1kHz.
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FI{;URE l. XDR for the BaTiD:, (a) in the hulk anJ (b) in thin I1lms.

;¡ KrF e.xcimer lascr with 2H4 nm wavclcngth. 30 ns pulse
width ami 10 HI. rcpetitinn rateo Thc Iascr cncrgy dCllSily
011 Ihe targel was 2J cm -1 approximalcly. Thc fihns were
<lcpnsited al an oxygen parlial pressurc of 30 mTorr with
lhe suhSlrate heatcd lo 300°C. The crystal orientnlions, lal-
lice constanls ami epitaxial natUfe of (he fihns were dt.::ler-
Illined by XRD using the Cu K"I (A, = 1.54056Á) and K",
(A:! = 1.5-l-t39Á) lines Wilh a scanning rale of 2°/min 01'a
XRD Phillips X'Pen-MPD diffractollleter. The surfaee ami
eross-scctional Illorphology of the films werc analyzcJ hy
SEM in a JSM-5300 scanning ekclron microscopc by JEOL.
Ikal Irealment was perfonned on lhe samples after measur-
ing Ihelll as deposited.

3. ReslIlts alJ(1disclIssion

Figurc la shows the XRD ()/28 scans 01'the BaTiO] ccramic
sinlereu al 1300°C for 2h, indicating a pUTepcrovEkite phase.
Figure lb shows lhe XRD patlcrn of a BaTiO,l film deposiled
011 a PlffilSi suhstrate anncaleJ at 700°C for 10 minutes wilh
hcating and cooling rates 01' IO°Clmin. A very good malch
oetwecn (he ecrarnic and the film patterns can he ohservcd.
showing firsl. a good rcplication 01"the target stoichiolllctry
(H1lhc lilm and second, a goo<l crystalli/.alion oflhc film afler
lhe Ihermal Ireall11en!.This rcsult clearly indicatcs that 7()()OC
is a suflicicnlly high lempcralure to prol1lotc lhe crystalliza-
{ion 01'pcrovskilc BaTi03 lhin 'ilrns.

SEM mierographs 01' the 1'01ishcd surfaee 01' a BaTiO, ce-
ramk samplc sintered at 1300°C for 2h are shown in Fig. 2"
Thc í1article size is 2--1-JII11approxil1lalely. The densily 01' the
ccramic was higher Ihan 95% 01' the Iheorctical value 1171.
Thc sample was clearly fcrrocleclrk as shown in the dielcc-
lrie constant l'.,". lemperature curve presented in Fig. 3 for a
BaTiO:l <.'eramic. The Curie Tcmperalurc of the tetragonal-
cuhic phase transilion is around 128°C, similar lo the valuc
prcviousiy reponed in lhe literalure fOI"BaTiO] [181.

Figure 4 shows SEM micrographs 01' the BaTiO" films
grown wilh 10000 and 20000 laser pulses hefore and after
thcnnal (rCalmenl. The as-deposiled flIms were amorphous
and nOIl-unifonn whcreas Ihe annealed films wcrc crystalline,
more unironn ami stresscd as cracking startcd to appear. Por
the thicker films (36000 ond 56000 pulses) shown also in
Figure 4, a more uniform distrihution 01'the material was oh-
ser ved hUIcracking appcared even in lhe as-depositcJ films.
Anncaling produced good cryslallinity and very wel! delined
cracks. A different scale (5 ¡lln) was inlentional1y useJ in
Figs. 4(c2) and -t(d2) to show a larger area map of the sur-
raee defecls since no subslanlial informalion is losl fmm the
I ¡lIn scale micrographs.

Thc resulting liIms were polycrystalline and since there is
110 epitaxial growlh 01'{he BaTiO;l films. the cracking cannol
he atlrihu(ed 10 lattice mismatch hut lo lhe ditTerenl {hermal
expansion coefficit.::nts0'- the film and the suhslrale. Thc ther-
lIlal coefficient for lelragonal BaTi03 [ID} is 6.5 x 10H ¡OC
whcreas for PI il is 9 x 106¡oC. The latliee paramcter 1'01'Pt is
3.9231 Á and 4.0:¡ Á for the lIaTi03 perovskite 'oyer, which
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fIGURE). XPS spcclra for samples of different rhickncss afler <ln-
ncaling.
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fiGURE 6. Auger srcctrum of the BaTi0'3 ceramic sintered al
700°C for 2 hours.

FIGURE 4. SEr",1mir.:rographs 01' the AaTIO) lhin films. hcforc (1)
and aflcr anllcaling (2) al 7(lOoC for 10 minute, (aI,2)= 10000
pulses. (01.2)= 20000 pulses. (cl.2)= 3GOOOpulses. (dl.2)=
56000.
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would produce a 2.G% latticc mismatch. inlhc case 01'cpitax-
ial growth. ParLiculalc, characlcrislic 01' lhe PLD Icchniquc.
was prcscnt in mosl 01' lhe tillos as no spccial cffort was made
lO avoid iI. Figure 5 shows lhe XPS spcctra orthe PLD grown
IiIms. The Ti(2p3/2) peak is cenlered al an energy 01'458.9 eV
in aH cases cvidcncing lhe presence 01' Ti in Ihe BaTiO;J PCfw
ovskirc struclurc according lo the XPS referenee lahlcs 118J.

Figure 6 shows lhe Auger spcctrum of Ihe BaTiO:1 salll-
pies in lhe hulk. Similar spectra were ootained for the films
as deposited and aner heal trcatment. Auger Electron Spec-
troscopy is a surface analysis teehnique and the results pre-
sented here corrcspond to the first fcw ntomie 1Jyers 01' Ihe
oulk ceramic and the films. Such rcsults evidcntly differ from
Ihe BaTiO:f stoichiornetry, oul it is a known fael thnl COI11-

pounds containing oarium are slightly harium rich on Ihe sur-
facc. Therefore. il is expectcd Ihat the relalive concentrations
so determined are not representative of Ihe composition of
Ihe hulk material. Howevcr, the Auger speclra are lIscful in
showing the incorporation of oxygcn to the material through
lhe annealing process. A hettcr cvalualion of Ihe clemcnt rel.

¡¡Iive cOllcenlrations can he pcrformed by digging a smal!
erater inlo lhe sample lIsing argon ions ami making Ihe Auger
analysis far rrom the surfacc. However, lechnical difficullies
prevenled LIS fmm perforrning this kind of analysis. The rel-
alive concentrations 01' the different elements in the ceramics
i.1I1(.J films <lI the slIrface, calculated from Ihe Augcr spectra
are presented in Tahle 1.

From Ihe re5111tsshown in Table 1, we can observe that the
oxygen content is dilTerent in every case. It is elear that oxy-
gen is lost in lhe deposition process, a phenomenon typically
ooscrved in PLD grown ceramic films. The !oss of oxygen
also explains lhe diflkulty in obtaining the perovskile struc-
lurc. Howcvcr, lhe post anncaling process solves the oxygcn
1055 prohlem. As a matter ol' fact, the oxygcn rclalive con-
centration is higher in the annealed films than in the bulk ma-
lerial. A varialion in lhe Ti and Ba concentration is al so oh-
servcd antl is essenlially tlue lo the evaluation technique used
in AES. that ¡s. as the concentralion of one of the elements
gocs up, Ihe concentration of the othcrs will go down and the
relative conccntrnlions 01"lhe component clements will be the
relevanl figure for stoichiometric consideralions. In our case.
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TAIlLE 1. Comparison of the relalive concentrations of {he C0111.
poncnt c1cments of (he targct and the hlms. as dcposited (AD)
anti hCilt tre<lted (liT), as determined from Auger Elcctron Spcc-
lroscopy analysis.

Pulse AD HT AD liT AD liT
nurnhcr Ti(% ) Ti(% ) Ba(% ) Ba(% ) 0,(% ) 0,(%)
Bulk 15 39 45
10 (J()O 13 19 37 30 49 50

20000 23 18 34 33 41 48

36000 21 16 45 36 32 47

56000 22 19 40 31 37 49

the rclativc concenlralion of oxygcn will ¡nerease al the ex.
pcnsc of Ti and Ba, hut the relativc conccntration of Ti antl
Ba will nol change significantly.

4. Conclusions

A BaTiD;} ccramic wilh good fcrroelectric antl structufl.ll
propenies was oblained. Thin films deposited hy PLD from
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