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Size effects of 0.8SrBi ,Ta,0g—0.2Bi3TiNbOg4 thin films

Jinsong Zhu,® Xubai Zhang, Yongfei Zhu, and S. B. Desu
Department of Materials Science and Engineering, Virginia Tech, Virginia 24061-0237

(Received 20 June 1997; accepted for publication 15 October) 1997

The size effects of 0.8SrBia,0y—0.2BLTiNbOq thin films, prepared by metalorganic deposition
technique, were studied by determining how the ferroelectric properties vary with film thickness and
grain size. It was found that the ferroelectric properties were determined by the grain size, and not
by the thickness of the film in our studied thickness range of 80—500 nm. A 80 nm thick film
showed good ferroelectric properties similar to the 500 nm thick film. The possible mechanisms for
the size effects in SBT—-BTN films are discussed. 1€@98 American Institute of Physics.
[S0021-897€08)06502-3

I. INTRODUCTION done on the size effects of layered structure ferroelectric thin
films.'3 In this article, 0.8SrBiTa,0y—0.2BiTiNbO, film

The size effects of ferroelectric bulk materials have beerwas chosen to study the size effects of the film by determin-

investigated for several decadesThere has been strong ing how ferroelectric properties vary with the film thickness

interest in the size effects of ferroelectric thin films in recentand grain size. Our previous articlsshowed excellent

year, because of their promising nonvolatile memoryferroelectric properties for 0.8SBT—0.2BTN films at a low

applications’™ So far, most studies of the size effects in process temperature of 650 °C, which is about 100 °C lower

ferroelectric thin films have focused on AB@pe materials than usual SBT process temperatures.

such as P{r,Ti)O;, PbTiO,, and BaTiQ. It has been found

that the thickness and grain size of the thin film strongly||. EXPERIMENT

effect the ferroelectric and optical properties, phase transi-

tions, lattice structure, and stress distribution in AB§pe In this study, the SBT—BTN thin films were prepared by
material$ 18 Generally speaking, a reduction in film thick- ©U" modified metalorganic solution deposititdOD) tech-

ness or grain size leads to a decrease in dielectric constafidue. using an alkoxide—carboxylate precursor soluffon.

remanent polarization, dielectric breakdown field, and theStront"_J(;n ace(;ate, b:smuthhz-_e(;hylhexano?te, gtamu[]n 1S0-
tetragonal distortion c/a, and leads to an increase in loss tafyoPoxde, and tantalum ethoxide were selected as the pre-

gent, coercive field, band-gap energy, and diffuseness of thgrsors, and acetic acid, 2-ethylhexanoic acid, and 2-
phase transitions° methoxyethanol were selected as the solvents. At room

Several mechanisms for size effects in ferroelectric thif€mpPerature, bismuth 2-ethylhexanoate and strontium acetate
ere initially dissolved in 2-ethylhaxanoic acid and acetic

films have been postulated based on the effects of electrode¥Ff . .
film interfacial layers®~1 stressed’ defects® and domain acid, respectively. These solutions were then added to the

structure transition® The following two models may be the solution of tantalum ethoxide and titanium isopropoxide in
most probable mechanisms for size effects. One is th -methoxyethanol to form a stoichiometric, clear, and stable

electrodes/film interfacial layers modgr:* The model as- PtE;_-I_r_/_SBT'\;SPrerurtso,[ 5%'““0’?- Thet_ fllm_?hwezﬁ cfﬁated on
sumes that an electrodes/film interfacial layers with low di- VSIO,/Si substrates by spin coating. Then the films were

electric constant is formed at the interface between the eleérigts oor} Z:;: Elgl;ﬁit 3; oe?vbgslgé?]rtriﬁerglg. T:;Jgt'; k- the
trode and ferroelectric film by the intrinsic stress during the . : g lay : y adl 9
. : . , viscosity of the solution and the spin speed. This step was
synthesis process of the film. The low dielectric constant . . . , :
interfacial layers results in a decrease in the effective dielecr—Gpe"’ued after each coating to obtain the desired final film
. o . . thickness of 50, 80, 150, 200, and 500 nm. The films were
tric constant and remanent polarization, and increase in loss

tangent and coercive field of the entire fitdT1* The other annealed in a tube furnace at temperature of 650 FQ foin

model is based on the domain structure transition from mulfr’m oxygen atmosp_here to crystalhze the films.
The ferroelectric properties were measured by a RT-66

tidomain predominance to single domain predominance at ?Radiant Technologies Inctest system. The dielectric mea-

\(/:vrglllcs agn%atlr:]esllgvev ?otrzzi;h\l/\?aﬂlﬁ.o;n? l;Ctl;ngEEeS%rgﬂgm surements were also conducted by a HP4192A impedance
y 9 analyzer. Their microstructure was observed by a D3000

predominated film, usually associated with small grains, may. o mic force microscopéAFM) (Digital Instrument, 1o,

induce the size effects. L and a Scintag XDS-2000 x-ray diffractometeRD) using
Recently, layered structure ferroelectric thin films, reP-~\, K o radiation at 40 KV

resented by SrBTra,Oq4 (SBT), have been intensively studied

for their outstanding fatigue free property in nonvolatile

memory applications. However, only a little work has beenl!!- RESULTS AND DISCUSSION
The films with thickness from 80 to 500 nm showed

3 Author to whom all correspondence should be addressed: electronic maifimilar well saturated hysteresis loops the 50 nm film was

yozhu@vt.edu electrically shorted. Figure 1 shows the hysteresis loop of the
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FIG. 1. Hysteresis loop of 0.8SBT-0.2BTN film with thickness of 80 nm at
3V.
0.25

film with a thickness of 80 nm. The permanent polarization
(P,) of the 80 nm film has 6.8C/cn? and the coercive field
(E¢) has 70 kv/cm &3 V and 100 kHz. All the films in the

thickness range from 50 to 500 nm showed similar XRD g 0.25 0.50 0.75 1.03
pattern. The XRD pattern indicated that the films were well -

crystallized. Table | shows the properties of permanent po-
larization, coercive field, dielectric constant, and dielectricig. 2. The AFM picture of 0.8SBT—0.2BTN film with thickness of 80 nm.
loss (measured at 100 kHlas a function of film thickness.

The data in Table | indicates that the electrical properties of . . . . .
the SBT-BTN films are independent of film thickness in ourat'on’ and the domain mqb|l|ty. In tra_nsmlssmn eIectrolr; mi-
studied thickness range. This results are contrary to the r?c_roscopy(TEM) pbservatlon of PbTigfilm, Ren etal. o

ports of piezoelectri¢PZT) films, where the electrical prop- ound that domain structures and the domain wall mobility

erties of PZT films strongly depend on thickness in the thick-V¢'€ related tq the grain size. Thg domain S‘TUC“”G trang-
ness range from 25 to 300 rinf1112 tion from multidomained predominance to single-domain

predominance in PbTiQfilms occurs when the grain size
was below a critical grain size. The single-domain predomi-

ture of the 80 nm film. It can been seen in Fig. 2 that the ﬁlmnated grain is very stable under an extemal field, so that

was composed of large stripe shaped graiabout 200 dlomta_m nuclee:pon Ver}{) d|ff|cublt. _Thzrgfore,_ n? g((j)od fgrro—
%60 nm and small graing(about 2020 nm. The large electric properties can been obtained in a single-domain pre-

stripe shaped grains result in the good ferroelectric proper(-k)mmated film, which us_ually has_ small gr:.;un..A similar
ties, and the small grains reduces leakage current to avol pendence of ferroelectric properties on grain size has been

electrical breakdown even in such very thin 80 nm film. A ound in SBT thin films by M. Nagata and S. B. DeStBut

SBT—BTN film with a thickness of 500 nm was annealed atthe_ dif‘ference_is that the grain size of SBT-based film is
ainly determined by process temperature and not by the

temperature of 575 °C to obtain grain size of about 50 nm tq. . L S
confirm the role of the grain size in the size effects of thﬁmtthlﬁ:kgess{ H?wiver the graltn siz€ OI Alg(?e:te:lalsk;s th
ferroelectric thin films. No ferroelectric properties were ob—]f:)n trﬁ'?( not only by process temperature but aiso by the
tained in this film. It may be concluded that the grain size im thiCkNess.

rather than the film thickness is the main factor for the sizeb tWSeverf;: resegrchg rs ha&/ihrepﬁrte(tjhg kImear .relf;:'o?.? hip
effects in these layered structure SBT—BTN films. etween the gran siz€ an € fiim thickness in the Tim

As we know, the ferroelectric properties are determine hickness from 25 t0 300 nm in ABOtype ferroelectric

. . : . ilms, such as PZ%® and PbTiQ,*! but this relationship was
mainly by the ferroelectric domain structure, domain nucle- ' . ' - .
y by not observed in layered SBT-based thin films. We think that

a small tetragonal distortion in ABQype ferroelectric films
TABLE |. Electrical properties of 0.8SBT—0.2BTN thin films with different makes the formation of spherically shaped grains much

The films with thickness of 50—500 nm showed similar
AFM microstructure. Figure 2 shows the AFM microstruc-

thickness. easier, and causes the grain size to be limited by the film
Film thickness. However, the large difference between the lattice
thickness P2 EQ Dielectric Dielectric constants o andc in the layered structure thin films causes
(nm) (uClen?) (kvicm) constant loss anisotropic grain growth. Anisotropic grain growth is not
30 6.9 - 213 0.028 I|m|_ted by the f|_Im thlckngss, and causes the stripe shaped
100 6.9 74 204 0.027 grains(as seen in this article
150 7.3 76 214 0.025
200 6.8 75 199 0.024 IV. CONCLUSION
250 6.6 75 211 0.027

A series of 0.8SrBilra,0y—0.2BETiINDOg thin films
2At an applied field of 300 kv/cm. with thickness from 50 to 500 nm were fabricated by the
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MOD method. The size effects of SBT—BTN thin films have 1°J. S. zhu, X. M. Lu, W. Jiang, W. Tian, M. Zhu, and Y. N. Wang, J. Appl.
been studied by comparing ferroelectric properties with film Phys.81, 1392(1997.

thickness and grain size. It has been found that the ferroelec-D- M. Tahan, A. Safari, and L. C. Klein, J. Am. Ceram. S6, 1594
tric properties were determined by the grain size, and not byz(lgga'

. . . . . Y. Sakashita, H. Segawa, K. Tominaga, and M. Okada, J. Appl. S.
the thickness of the film in our studied thickness range of 7857 (1993. g 9 ppl. Ay

80-500 nm. In contrast with AB{type materials, the grain 135 giteson, A. M. Lere, and S. V. Orlov, Sov. Phys. Solid Statd 121
size is independent of the film thickness in layered ferroelec- (1977.

tric materials. A 80 nm thick SBT-BTN film showed good '“P. K. Larsen, G. J. M. Dormans, D. J. Taylor, and J. Van Veldhover, J.
ferroelectric properties similar to the 500 nm thick film. We 15APP|- Phys.76, 2405(1994.

believe that the large difference between the lattice constants’: F- M- Cillessen, M. W. Jprins, and R. M. Wolf, J. Appl. Ph§s, 2777

. ) . (1997.
of a andc in the layered ferroelectric materials causes an 163, W. Jang and S. J. Chung, J. Appl. PH§, 6322(1997.

isotropic grain growth. Anisotropic grain growth results in 17y 5 chen K. K. Li C. J. Gaskey, and L. E. Cross, Mater. Res. Soc.

grain size that is not limited by the film thickness. Symp. Proc433 325 (1996.
183, T. Mckinstry, C. A. Randall, J. P. Maria, C. Theis, D. G. Schlom, J.

A, Jaccard, W. Kanzig, and M. Peter, Helv. Phys. A26a521(1953. Shepard, Jr., and K. Yamakawa, Mater. Res. Soc. Symp. R83:363

2M. Anliker, H. R. Brugger, and W. Kanzig, Helv. Phys. Acg¥, 99 (1996.

(1954. 193 B. Ren, C. J. Lu, J. S. Liu, H. M. Shen, and Y. N. Wang, Phys. Rev. B
3J. F. Scott and A. Arroyo, Scien@46, 1400(1989. 54, R14 337(1996); 55, 3485(1997.

;‘M. Sayer and K. Sreenivas, Scier247, 1056(1990. _ 20x. B. Zhang, P. Z. Gu, and S. B. Desu, Phys. Status Solidi68 35

M. H. Francombe and S. V. Krishnaswamy, J. Vac. Sci. Technog, A (1997; S. B. Desu, P. C. Joshi, X. B. Zhang, and S. O. Ryu, Appl. Phys.

1382(1990. Lett. 71, 1041(1997.

6 .
S. B. Desu, C. H. Peng, L. Kamnerdiana, and P. J. Schncle, Mater. Resip,. Nagata, D. P. Vijay, X. B. Zhang, and S. B. Desu, Phys. Status Solidi
Soc. Symp. Proc200, 319 (1990. A 157, 75 (1996

; -
K. R. Udayakumar, P. J. Schuele, J. Chen, S. B. Krupanidhi, and L. Eg, g Hayashi, K. Arita, Y. Shimada, E. Fujii, T. Otsuki, and C. A. Paz de

Cross, J. Appl. Phys77, 3981(1995. ) . . .
8M. De Keijser, G. J. M. M. Dormans, J. Van Veldhover, and De Leeuvw Araujo, Ultrathin (<70 nm) Layered Pervskite for Megabit—Scale Fe-

Appl. Phys. Lett59, 3556(1991). RAMs in 1.5 V Regime, Presented on Nineth International Symposium on
9X. M. Lu, J. S. Zhu, W. Y. Zhang, and Y. N. Wang, Thin Solid Fili2i4, Integrated Ferroelectric Santa Fe, New Mexico, USA 2-5 March 1997
165(1996. (unpublishegl

1612 J. Appl. Phys., Vol. 83, No. 3, 1 February 1998 Zhu et al.



