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We report on the thin films of solid—solution material| %) SrBi,Ta,09— XBi3Ti(Tay - yNby)Oq
fabricated by a modified metalorganic solution deposition technique for ferroelectric random access
memory devices. Using the modified technique, it was possible to obtain the pyrochlore free
crystalline thin films at an annealing temperature as low as 600 °C. The solid—solution of layered
perovskite materials helped us to significantly improve the ferroelectric properties, gtz
higher T,, compared to SrBIra,Oq; a leading candidate material for memory applications. For
example, the films with 0.7 SrBia,0Oy— 0.3BkTiTaOg composition and annealed in the temperature
range 650—750 °C exhibited®? andE_, values in the range 12.4—27&/cn? and 68—80 kV/cm,
respectively. The leakage current density was lower tharf 18/cm? at an applied electric field of

200 kVv/cm. The films exhibited good fatigue characteristics under bipolar stressind.99®
American Institute of Physic§S0003-695(197)03034-9

SrBi,Ta,0y is one of the leading candidate material for processing temperature as well as to improve theRpwand
ferroelectric random access memoffRAM) devices: 2  low T, characteristics of SrBTa,0,. The solid solution (1
However, the realization of a commercially viable nonvola- —X) SrBi,Ta,0Oq— XBi3Ti(Ta, - yNb,) Oy was selected for the
tile FRAM technology based on SrfHia,0Oy has been ham- present studies as SEBB,0q has a Curie temperature of
pered by problems related to high processing temperaturd10 °C while B§Ti(Ta; -, Nby)Og has a Curie temperature in
(>750 °0, low P, , and low Curie temperature which make the range of 870-950 °& Both of these materials belong to
the direct integration into high density CMOS devices ex-the layered perovskite family. So the solid solution of these
tremely difficult’ The high crystallization temperature posestwo materials is expected to exhibit a higher Curie tempera-
a problem for the selection of a suitable barrier layer, andure and improved ferroelectric properties compared to
low P, and low T, make these films unsuitable for high SrBi,TaOq. Initial studies were conducted on bulk (1
density memories and high temperature operation. In this-Xx)SrBi,Ta,0g— xBizTiNbOy material which exhibited
letter, we report on the thin films of a new solid solution of much larger grain size and higher Curie temperature com-
layered  perovskite  materials,  {IX)SrBi,Ta,0y  pared to SrBiTa,0q under similar annealing conditio$So
—xBigTi(Ta;— Nb,)Og, with much improved properties the thin films of the solid solution fabricated by the modified
compared to SrBTa,Oq thin films at a low annealing tem- MOSD technique are expected to show pyrochlore-free crys-

perature of 650 °C. talline phase and larger grain sizes at lower annealing tem-
In general, it has been difficult to reduce the post-peratures compared to SgBB,Oq.
deposition annealing temperature of SBL,04 thin films The thin films of (1=x)SrBi, Ta,0Oq

mainly due to poor ferroelectric properties at lower anneal-—xBi3Ti(Ta; - Nb,) O were prepared by the modified met-
ing temperatures. Additionally, pyrochlore phase formationalorganic solution deposition technique, similar to that re-
has also been reported for SgBa,O, thin films at annealing ported for SrBjTa,Oq thin films, using room temperature
temperatures lower than 700 ®Qt has been established that processed alkoxide—carboxylate precursor solutiBor the
a critical grain size is required to get good ferroelectric proppreparation  of (% x)SrBi,Ta,09— XxBiTi(Tay - yNby)Oq
erties on SrBiTa,Oq thin films and annealing at higher tem- thin films; strontium acetate, bismuth 2-ethylhexanoate, tita-
peratures is necessary to achieve the critical grain®ssy-  nium isopropoxide, tantalum ethoxide, and niobium ethoxide
eral attempts have been made to improve the filmwere selected as precursors, and acetic acid, 2-ethylhexanoic
microstructure and, hence, the ferroelectric properties aacid, and 2-methoxyethanol were selected as solvents. In the
lower annealing temperatures by either making the Sr/Bi/Ta@xperiment, bismuth 2-ethylhexanoate and strontium acetate
atomic ratio slightly off-stoichiometric or annealing the films were initially dissolved in 2-ethylhaxanoic acid and acetic
under low oxygen pressure condition$The problem of py-  acid, respectively, under room temperature conditions. These
rochlore phase formation was eliminated by using the modisolutions were then added to the solution of tantalum ethox-
fied metalorganic solution depositiotMOSD) technique ide, niobium ethoxide, and titanium isopropoxide in
which provided pyrochlore free crystalline SgBa,Og thin  2-methoxyethanol to prepare a stoichiometric, clear, and
films even at a low annealing temperature of 600 ¥ow-  stable (1-x)SrBi,Ta,0q— xBiTi(Tay _yNby)Oy precursor
ever, no well-defined approach has been established to solgelution. The precursor films were coated on to Pt-coated Si
the problems of high processing temperature, Bw and  substrates by spin coating using a photoresist spinner. The
low T.. thickness of the films was controlled by adjusting the viscos-
One of the approaches we have taken to enhance thty of the solution and the spin speed. In this letter, we report
grain growth at lower annealing temperatures is to use solithe structural, dielectric, and ferroelectric properties of
solution. The solid solution method was used to lower the(1—x)SrBi,Ta;0q— xBi3Ti(Ta, — Nb,)Oqg thin films
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FIG. 1. X-ray diffraction patterns of 0.7 SrHia,0y—0.3 BisTiTaOy thin
films annealed at various temperatures for 60 min. ™

. L . FIG. 2. AFM photograph of 0.7 SrBia0y—0.3 BisTiTaOy thin films an-
for 0.7 SrBpTa,0y—0.3 BigTiTaOy and 0.8 SrBiTa,Og  nealed at 750 °C for 60 min.

—0.2 BizTiNbOg compositions belonging to end members

(1=X)SrBi;Ta,09—XBisTiTaly and (1-X)SrBLTa,0p SrBi,Ta,Oq thin films as expectedTable .

—XBigTINDO,,  respectively. The  properties — of The dielectric properties of 0.7 SrHia,0y— 0.3
0.7 SrBbTa,0,-0.3 BisTiTa, thin films are described in - p; rit50, thin films were measured in terms of the dielec-
detail and a comparison has been made with 30, and tric constante, and loss factor ta@. The dielectric measure-

0.8 SrBpT8,0—0.2 BisTINDO, thin films. The film micro- ments were conducted on metal—ferroelectric—m@tHdM)

ztructudre and elﬁctrlcal propggrt|eshwere founcjr;[]o bt? Strongliéapacitors with an HP 4192A impedance analyzer at room
ependent on the excess bismuth content. The best resu perature. Several platinum electrodeg@rea=3.1

were obtained for about 20% excess bismuth content. So thl§ 10~* cm?) were sputter deposited through a mask on the

letter focuses on the structural and electrical characteristic %p surface of the films to form MFM capacitors. The films

the films with 20% excess bismuth. were annealed at 600 °C for 20 min after top electrode depo-

. The structrl]Jre of the films was analyze((jj bg x-ray diﬁ_crac'sition to get good electrical contact. For 0.2&-thick films
tion (XRD). The XRD patterns were recorded on a Scintag nnealed at 750 °C, the small signal dielectric constant and

XDS 2000 diffractometer using CyKradiation at 40 kv. dissipation factor at a frequency of 100 kHz were 200 and

Th? post-deposition annfealigg of Fhe _films was carried out at5.025, respectively. The dielectric constant for both the com-
various temperatures for min in an oxygen atmos-positions, 0.7 StBTa0,—0.3 BiTiTa0, and 0.8

phere. 'Figure 1 _Sh_OWS ht'heﬂ XRdD p.attéams OfSrBizTaZOg—O.Z Bi;TiNbOg was found to be smaller than
0.7 SrBpTa,0,—-0.3 BiTiTal, thin films, deposited on Pt- that of SrBpTa,0g thin films (Table ). The permittivity

coated Si substrates, as a function of annealing temperaturg, J\ved no dispersion with frequency up to about 1 MHz

It was possible to obtain a perovskite phase at an annealiq dicating that the values were not masked by any surface

temperatur_e of 60(.) C.A 'O”Q?T annealing time was require yer effects or electrode barrier effects in the measured fre-
for the solid solution compositions to get well crystallized quency range

phase as compared t_o SsB&,0, thin films. '_A‘S the anneal- Ferroelectric hysteresis measurements were conducted
ing temperature was increased, the peaks in the XRD patteryy, 25um-thick 0.7 SrBjTa,0s—0.3 Bi,TiTaO, thin

became dsharper dan%_ th? fl;)“ width at”. h,alf'mz)(imquilms in MFM configuration at room temperature using stan-
(FWHM) decreased indicating better crystallinity and an IN"Jardized RT66A ferroelectric test system. Figure 3 shows the

crease in grain size with increasing gnnealing temperatur(?yloic‘,:1I hysteresis loops of films annealed at 650 and 750 °C.
The XRD patterns also revealed that films were polycrystal-l-he measured remanent polarizatid® ) and the coercive
line in nature with no evidence of preferred orientation or '

secondary phases. . TABLE |. Comparison of the properties of SiBB,0q,
~ The surface morphology of the films was analyzed byy 7 sigTa,0,-0.3 BiLTiTa0, and 0.8 SiBiTa,05-0.2 BTINDO,
Digital Instrument’s Dimension 3000 atomic force micro- thin films annealed at 750 °C.

scope(AFM) using tapping mode with amplitude modula-

tion. The scan area was<lL um. The surface morphology of . Gr?ri]'r‘n)Size ns ¢ élpcr ) (kVE/cC:m)

0.7 SrBpTa0Oy—0.3 Bi;TiTaO, thin films was smooth with P bl ”

no cracks and defects, as shown in Fig. 2, and the average SrBiTa0q 165 330 0.023 17.2 23

surface roughness was less than 10 nm for films annealed 91(7) ffsgf’i%oa 240 200  0.025 27.8 68
_ o ; ; = 0. LTiTa

the temperature range 600-750 °C. The grain size of botf SIBiTa,0, 200 245  0.030 26.9 75

0.7 SrBpTa0y—0.3 BiTiTaO; and 0.8 SrBiTa0y g2 BiTiNbO,
—0.2 BigTiNbQOq thin films was found to be larger than that

1042 Appl. Phys. Lett., Vol. 71, No. 8, 25 August 1997 Desu et al.
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£ 30 L , ; , , nealing temperature of 650 °C, were successfully fabricated
-200-100 0 100 200 on Pt-coated Si substrates by the modified MOSD technique
Electric Field (kV/cm) using room temperature processed alkoxide—carboxylate pre-

cursor solution. It was possible to obtain a complete perov-
FIG. 3. Hysteresis loop of 0.2fm-thick 0.7 SrBjTa,0—0.3 Bi,TiTaO, skite phase at an annealing temperatgre of 600 °C. The ferro-
film annealed ata) 650 °C and(b) 750 °C for 60 min. electric properties for the solid solution were found to be
much improved compared to SeEBia,0O,. For example, the
films with 0.7 SrByTaOy—0.3 BihTiTaOy composition
and annealed in the temperature range 650—750 °C exhibited
2P, and E. values in the range 12.4-27,8C/cn? and
Bs8-80 kV/cm, respectively. The leakage current density was
lower than 108 A/cm? at an applied electric field of 200

field (E.) values at an applied electric field of amplitude 200
kV/ecm were 13.9uC/cnt and 68 kV/cm, respectively, for
films annealed at 750 °C. The remanent polarization valu
was found to be improved compared to SBLOq thin
films, however, the value of coercive field was found to be ) - ) I
larger (Table ). The films annealed at 650 °C also showedkwcm' The films exhibited good fatigue characteristics un-

) . e - der bipolar stressing up to 1®switching cycles. The struc-
much improved ferroelectric characteristics, as shown in Fig . . : :
.o g tural, dielectric, and ferroelectric measurements on the films
3(a), compared to SrBTa,Oq thin films.” The 2P, and the suggest that (2 x)SrBi,Ta,0g—xBi;Ti(Ta,_\Nb)O, has
E. values were measured to be 12:@/cn? and 80 kV/cm, uggt tential tox ol elzmgz'org r)(()bll:;nI] 1&1 v/ S for
respectively. The much improved ferroelectric properties ahr pl' t'l f SOV i JI P dS\.N' [?!Bazt i i’j wudi
650 °C show the possibility of further decreasing the pro- € realization ot a practical memory device. Detalled studies

cessing temperature by optimizing the composition and poslf'ere being done to optlmlze the composition and analyze_ t_he
deposition annealing treatment. Low leakage current densit ffects'of excess bismuth content and the post-dgposnmn
is an important consideration for memory device nneallng_ treatment on the structural, d|elgctr|c, and
applications. The leakage current density of theferrogle_ctrlc properties of (£X) SrBizT2,00
0.7 SrByTa0y—0.3 BisTiTaOy thin films was found to be —XBi3Ti(Ta,-yNb,) O, thin films.
lower than 108 A/cm? at an applied electric field of 200
kV/cm, indicating good insulating characteristics.

The switching endurance of a 0.2Bn-thick
0.7 SrBpTa,04—0.3 BizTiTaOg capacitor as a function of | , _ _
switching cycles was studied. This was done by applying (F: SA'C;f‘ZNd;u'?;?_‘gga36%73“22'7""&;5D' McMillan, M. €. Scott, and J.
8.6-us-wide bipolar pulsesfé V amplitude. Figure 4 Shows 25 g pesu and D. P. Vijay, Mater. Sci. Erg32, 83 (1995.
the decay of the remanent polarization as a function of po-*T. Li, Y. Zhu, S. B. Desu, C. Peng, and M. Nagata, Appl. Phys. 168t.
larization reversing switching cycles. During initial cycles no 616(1996.

. . . e e 4 i -
rapid fall off in P, was observed. There was an initial long ‘r]r;aFn‘ ?Acgg' |'3:Q|'|\A2'1Rggs('1§§@A' Paz de Araujo, M. C. Scott, and M. Huff

period (up to about 19 cycles over whichP, was nearly st . Boyle, C. D. Buchheit, M. A. Rodriguez, H. N. Al-Shareef, B. A.
constant which was then followed by a final decay period. Hernandez, B. Scott, and J. W. Ziller, J. Mater. Rkk.2274(1996.
Even after 1&° cycles, the decay i, was observed to be 67'\/'5- Z%%aata' D. Vijay, X. Zhang, and S. B. Desu, Phys. Status SolitibA
less th.an 5% O.f .the initial  value, SUggeStmg. (1 "T. Noguchi, T. Hase, and Y. Miyasaka, Jpn. J. Appl. P85, 4900
—X)SrBi; Ta,;0g— xBi3Ti(Ta,_yNby)Og to be an attractive (1996

material for memory devices with operating voltage levels of 8y. Ito, M. Ushikubo, S. Yokoyama, H. Matsunaga, T. Atsuki, T. Yon-
3-5V. ezawa, and K. Ogi, Jpn. J. Appl. Phy5, 4925(1996.

. . . 9 .
In  conclusion, polycrystalllne (% X)SrBIzTaQOQ To&dgzr; S. O. Ryu, X. Zhang, and S. B. Desu, Appl. Phys. [6tt.

—XBi3Ti(Ta,_yNby)Oq thin films, with much improved g ¢ subbarao, J. Phys. Chem. Solis 665 (1962.
ferroelectric properties compared to SfBkOg at an an-  !X. Zhang, P. Gu, and S. B. Desu, Phys. Status Solidi68, 35 (1997).
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