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ABSTRACT

The SrBi;Ta,Og (SBT) llup film, which belongs to a Bi-layered perovskite struclure where double Ta-O octahedron layers are
sandwiched between (Bi;O,)" layers, was analyzed to characterize chemical stales using x- Ty photoelectron spectroscopy (XPS)
during deplh-proﬁlmg analysis. When sputter etching was performed on the SBT film by Ar' ion bombardment, the chemical states
of constituents in the SBT film were changed as a function of the applied Ar” ion-beam encrgy. Among the constituents of the SBT
film, the Sr 3d peak was changed slightly by the change of Ar" jon-beam energies. On the other hand, the changes of Ta 4f and Bi
4f peaks obviously depended on the applied Ar™ ion-beam energies. In particular, the Bi 4f peak was changed dramatically from Bi-
O states to Bi metallic states by the lower Ar" jon-beam energies than in the cases of Sr and Ta. This change of chemical states of
the SBT film resulted from the preferential sputtering of oxygen atoms. Following our present study, preferential sputtering of oxygen
atoms was found to depend on the thermal stability and mass difference between oxygen and each constituent within the SBT film.
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Fig. 1. X-ray diffraction patterns of SBT thin films deposited
on PY/TiO»/510,/51 substrates, followed by rapid ther-
mal processing at 725°C for 30 s in O, ((a) and (b)) and
then furnace annealing at 800°C for 60 min in O, ((c)
and (d)). Here, (a) and (c) are normal-anglc scans (260)
and (b) and (d) are low-angle scans (0/2@).
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Fig. 2. P-V hysteresis loops of SBT capacitor deposited on Pt/
Ti0,/8i0,/Si substratcs, followed by rapid thermal
processing at 725°C and then furrace annealing at 800°C
for 60 min in O,.
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Fig. 3. Composition of SBT films analyzed by various
analytical techniques.
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Table 1. Thermodynamic Properties of Metals and Oxides

Tup (O | Tpe CO -AHjq Saog
Sr 710 1375
Bi 271 1564
Ta 3015 5370
SrO 2430 3000 592.3 55.5
Bi,0; 825 1890 570.7 151.6
Ta,05 1785 2227 20473 1432
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Fig. 4. RBS spectra of SBT thin films deposited on P/TiO,/
Si04/Si substrates, followed by rapid thermal proce-
ssing at 725°C and then furnace annealing at 800°C for
60 min in O;.
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Table 2. Composition of SBT Thin Films Analyzed by Inductively Coupled Plasma-Atomic Emission Spectroscopy (ICP-AES)

Mg Mole/g Mole Mole Fraction Stoichiometric ratio AC. %
Sr 186.0 87.62 212 0.18 0.96 6.72
Bi 1060.0 208.98 5.07 0.44 2.29 16.05
Ta 803.0 180.95 4.44 0.38 2.00 14.04
0 9.00 (assumption) 63.19

 Uehds 28 s gAEle Aoz AlsEHT ¥
gk ohug}, olelgt  2AgelMe SBTS 2% 73 2 7§
7 Aol UuhlA ek=rl. RBS B4 23jA Ak =
SBTS] A% Fig 4¢] vehd ule} 7o) Bis} Tael 23
2 SBT ®tehe] 317291 Pre] Matrix 83 ®Ed)] A2kl
w98 = gin) 0|2 @ SBT vfehe] zb A

Bk

ek 24 FE=E FYA717] FIEIA1 ICP-AES 242 4
AlBEaTE SBT Ehee] zk pAde] ti ICP-AESS] 2%
WA= 2k 0,075 (=Sr), 30.0 (=Bi), 30.0 pg/l (=Ta)°)H

&l

ZA4 B4 Aike S Bi Tao] il 22 186.0, 1060.0,
803.0 ug/leltt. ol 24 ¥4 2xE 94 3% %= A
Fstd, TEAAANS 7= SBT 74 FAESS ZAL Sr
6.72 AC.%, BiE 1605 AC.%, Ta2 14.04 A.C.%°]H
dHe] IFE Table 29 eI ICP-AESE 4%

=1
248 SBTY] 713 B3 A% 7= A#AENE Wie
x4 Aot 4 dxgrct

Fig. 5% 725°CellA 20 %7+ RTP X&)%t ¢ SBT9}

RTP 2] & 800°CelA] F& A& 3 SBT e
3.5 keVe] Ar" o]0 % (2 B 7HA0 2 AlzkalHA] B4
& Bi 4f XPS spectrac]Th. RTP J=|gt & SBT wiehe]
A9lE Fig 5 (@ vepd upel 2ol Ar o]2o® 2
Zrsl7] el Bi 4523 Bi 4f729] A duRE= 2t
1643 evet 1590 evE Wepdch o] 23 oA ghe
SBT®] Bi 2+8F Ae7} Bi,Os8} HAFHS veldeh 22,
Arf o]0 = SBTE 50 A A& AzislH BiY 318 Al
T Bi-O AEloA] F£ Bi AElE wWalghch =8 Ar' o]
202 100 A/mine| 44 £28 EF0 R zheiEA
ket ZoH SBTE Bi 8t dHls F54E9] Bi oA
v ZAY oz T S7kRe AT ekl o33
7% SBT ute] B SE3H 418} (oxidation) w&el
oube Zo® H7IEW Fig 1 @) (bl vehd skl
o] HAT HEZHAICE T2E PAIIA % SBTY
AR Tt o|F JigslEel. RTP A2 & 800°Cel A
& & A& ¢ SBT #He] AfelE Ar ol2o 4
Zel7] Aol Bi 41529 Bi 41728 2% MRe 7t
164.8 Ve 159.6 eVE, RTP Hz# T SBT Bt thih &
2 ZY AYAE JepiARE Bigl &1E Al Bi0,9
FARSIEE whEel, ArT o202 SBTE 50 A AL &7s)
W Bi 4f72¢] A% AUA = 159.6 evelld 157.6 eVE,

o
d

i

i~

o

Intensity (arb. unit)

v 1 1
170 165 160 155 150
Binding Energy (eV)

[ntensity (arb. unit)

T I T I v T .
170 165 160 155 150
Binding Energy (eV)
Fig. 5. XPS spectra of Bi 41 of SBT thin films deposited on Pt/
TiO,/810,/Si substrates, followed by rapid thermal
processing at 725°C for 30 s in O, as a function of
sputtering time. (a) Before furnace annealing, and (b)

after furnace annealing at 800°C for 60 min in O,.

(E

= Bi¢] 348 AEl7t Bi,Oy AEllA E4 Aele] Bis
glalel, Oishi =3 W, Wa %] 2lajm Art o]Lo=
A7F Al SBT Htere] WiR= Sojge] mWeh SBT Hr=e]

TES Biol 3t AFE{7E Aks AefellAl F4 e W
Sk 212 SBT Eigte] B F23 Afgle] 7|18y B3

= 71& SBT
a1 gle}h. ¥k, Park EY)AE Arf o]lLoZ Az} A

Al 37 9 A 11 Z(2000)




1088 e - R - ol - 8 A -
(@) (b)
E
=1
k)
o
&
B
c

170 165 160 155

Binding Energy (eV)

150170 165 160

Binding Energy (V)

150

©

@

Intensity {arb. unit}

770 165 160 155 150470 165 180 155 150
Binding Energy (gV) Binding Energy (&V)
2
= ®© 159.6 &V
=
3
g
N
in]
‘@
o
L
£

160 156
Binding Energy (V)

Fig. 6. XPS spectra of Bi 4f of SBT thin films deposited on Pt/
TiO,/Si0,/Si substrates, followed by rapid thermal
processing at 725°C and then furnace annealing at
800°C for 60 min in O, 4s a function of Ar" ion-beam
energies. (Dotted line: before sputtering; solid line: after
sputtering) (a) 1 keV, (b) 2 keV, (c) 3 keV, (d) 4 keV, and
(e) decomposition of the Bi 4f at 1 keV.
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and (e) decomposition of the Sr 3d at 1 keV.
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Table 3. Thermodynamic Properties and Mass Ratio between Oxygen and Each Constituent of SBT Thin Films

T ME(°C) T B.P(°C) M, smetaMassosyeen Binding energy (after sputtering)
Sr 770 1375 548 Increasing (Oxide Oxide)
Ta 3015 5370 1131 Increasing (Oxide Oxide)
[appeared minor peak of metal]
Bi 271 1564 13.06 Decreasing (Oxide Metal)

A 37 A A 11 Z(2000)
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