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Thin films of solid-solution material 0.7SrBia,0q—0.3B5TaTiOy (0.7SBT-0.3BT) were
fabricated onn™-polycrystalline " -poly) Si substrates by a metalorganic solution deposition
technique at a low processing temperature of 650 °C using a Pt—Rh/PtxRHedcxode-barrier
structure. The Pt—Rh/Pt—Rh®tructure was deposited using ensitu reactive radio frequency
sputtering process. The electrodes had a smooth and fine-grained microstructure and were excellent
diffusion barriers between the 0.7SBT-0.3BTT thin film and Si substrate. The ferroelectric
(0.7SBT-0.3BTY) test capacitors using these electrode-barrier grown directly on Si showed good
ferroelectric hysteresis properties, measured thraugipoly Si substrate, with R, andE, values

of 11.5 uClent and 80 kV/cm, respectively, at an applied electric field of 200 kV/cm. The films
exhibited good fatigue characteristics 10% decay under bipolar stressing up to #0switching
cycles and the leakage current density was lower’#cm? at an applied electric field of 200
kVicm. The good ferroelectric properties of 0.7SBT—0.3BTT solid-solution thin films at a low
processing temperature of 650°C and excellent electrode-diffusion barrier properties of a
Pt—Rh/Pt—Rh—-Q structure are encouraging for the realization of high-density nonvolatile
ferroelectric random access memories on silicon substrated999 American Institute of Physics.
[S0003-695(99)01240-1

Layered perovskite materials are being intensively invesoxidation of TiN, which is the industry standard diffusion
tigated for ferroelectric random access mem@RAM) de-  barrier between metals and Si, results in large volume expan-
vices. Ferroelectric nonvolatile memories have the potentiasion and degradation of the electrical contacts and makes it
to replace current state-of-the-art nonvolatile memories suchnsuitable for ferroelectric materials which require process-
as floating and flash erasable programmable read onling temperatures greater than 500 °C. Several metal/metal
memories because of their low writing voltages, faster writ-oxide structures are being investigated to find a suitable
ing speeds, better endurance, and potentially fewer processtectrode/diffusion barrier combination with low resistivity,
ing steps: SrBi,Ta,0g (SBT), which is one of the bismuth good adhesion, excellent diffusion barrier properties, good
layered-structure compounds, is the most promising candihermal stability, and high chemical corrosion resistaté.
date for FRAMs with high fatigue endurance and goodHowever, these electrode or electrode/barrier materials are
memory retention. In terms of integration, a one transistorreported to be stable up to 700 °C which is lower than the
one capacitof1T-10Q memory cell structure has been sug- commonly reported processing temperature of SB50—
gested for the realization of high-density ferroelectric800 °C) and, for that reason, fewer studies have been focused
memory deviced.The basic structure of the 1T—1C cell re- on the effects of electrode/diffusion barrier materials on the
quires the bottom electrode of the ferroelectric capacitor tgroperties of SBT thin films for the realization of high-
be in direct electrical contact with the source/drain of thedensity memories.
transistor. The interface reactions between ferroelectric oxide |n this letter, we report on the properties of a low tem-
materials and silicon make it difficult to obtain a good perature processed 0.7S5Ba,0g—0.3B5TaTiOy (0.7SBT—
ferroelectric/Si interface. For 1T/1C cell designs, electrodey 3BTT) solid-solution thin films fabricated directly on
materials, such as TiN, which are Compatible with both Sin+_po|ycrysta”ine (‘]+_po|y) Si substrates with Pt_RﬂiO%
and the underlying capacitor electrode must be used. HOWRp) and Pt—-Rh—Q as the electrode and diffusion barrier
ever, the realization of a commercially viable nonvolatile |ayers, respectively. Pt—Rh~@Pt—Rh/Pt—Rh—Qelectrode-
FRAM technology based on SBT has been hampered Dyarrier structure was reported to show good electrical con-
problems related to a high processing temperaturgyctivity, high temperature stability, excellent diffusion bar-
(>750°Q, low P, and low Curie temperature. The rapid rigr yp to high processing temperatutes700 °O, and good
adhesion with the ferroelectric thin film and Si substfate.
3Electronic mail: joshipc@aol.com Here, Pt—Rh is the electrode layer, the bottom Pt—RhisO
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FIG. 1. XRD pattern of 0.7SrBTla,0,—0.3B5TaTiOq thin films deposited 0.25
on electrode-barrien/ -poly Si structure and annealed at 650 °C for 60 min.
the diffusion barrier layer, and the top Pt—Rh@yer is the
fatigue reduction layer. This electrode-barrier structure be- ¢ - 0
comes even simpler for layered perovskite materials due to © 0:25 d=50 -5 100

their excellent fatigue endurance characteristics. The L
electrode-diffusion barrier layers were depositechdrpoly F:'g- 2. Qﬂg&ﬁtoggag of 0-7|Sr55_fa§09;0-35i3TdaTi09 thlindfilT 6dseoloogf

H . H : : _ Itea on - —Ph=n  -poly oSl structure and annealed a ° or
Si _substrates by aim §|tu reactlye radio frequ_eno@rf) sput 60 min.
tering process, details of which are described elsewhere.
The ferroelectric 0.7SBT—0.3BTT layer was deposited by

. . . ) Y &hown in Fig. 2, a dense microstructure and fine grain size.
metalorganic  solution  deposition technique usin

9YThe average surface roughness of the films was found to be
carboxylate-alcoxide precursot$rior to the deposition of g g

. . less than 20 nm. The surface morphology of the films depos-
the electrode-barrier layers, the S|I|coq substra}tes WeTfted on Pt—Rh electrodes showed more uniform grain growth
cleaned by a room-temperature technique entitied SPidg compared to films deposited on Pt-coated Si substrates

etching® to remove the native silicon oxide and make th?where large elongated grains were observed along with small

substrate surface hydrogen terminated. The post-deposmod}amsg The average grain size was about 130 nm, which is

annealing of the films was ca_rrled outat 650 °_®Id1 Inan comparable to average grain size observed for films depos-
oxygen atmosphere. The thickness of the films, as deter

) . . ited on Pt-coated Si wafers under similar annealing tempera-
mined by spectroscopic ellipsometry, was about 2400 A. Th?ure conditions 9 P

structure and surface morphology of the films were deter- The dielectric properties of 0.7SBT—0.3BTT thin films

mined :glv)l( —ra1yhd|ffrla Ctthn()fRD) and atomtlc force mm(rjos—t (¥/ere measured with a HP 4192A impedance analyzer at
copy ( ). The electrical measurements were conducte oom temperature. The dielectric measurements were con-

on films in Pt—Rh/0.7SBT-0.3BTT/Pt—Rh[metal— ) ; - -
. ducted on films in MFM and MFMOS configurations to ana-
LerroReA?I;:tn%—hm?til(MIIZM)]S. and Ptl_?h/O'ZSBT_O'BBTIT/ lyze the diffusion barrieri-poly Si interfacial characteris-
- t-Rh@/n"-poly Si [metal—ferroelectric—metal— ;. Figure 3 shows the dielectric constast, and loss

oxide—silicon (MFMOS)] configurzitions. Top Pt=Rh elec- factor, tans, of MFM and MFMOS capacitors, processed at
trodes (10% RN, area=3.0<10"“cn, were deposned 650 °C, as a function of frequency. The measured small sig-
through a shadow mask by rf sputtering. The fllms. Wer€hal dielectric constant values for MFM and MFMOS capaci-
annealed at 600 °C for 2 min after top electrode deposition to
get good electrical contact. The bottom metal electrode of 200 010
MFM capacitors was accessed by etching the 0.7SBT- '
0.3BTT thin films while a conducting silver adhesive paint
was applied to the back surface of the silicon substrate after
etching to make electrical contact on MFMOS capacitors.
The structure of the films was analyzed by XRD. The
XRD patterns were recorded on a Scintag XDS 2000 diffrac-
tometer using CK, radiation at 40 kV. Figure 1 shows the
XRD pattern of a 0.7SBT-0.3BTT thin film annealed at
650°C for 60 min. It was possible to obtain a well- B
crystallized perovskite phase at an annealing temperature of
650 °C. The intensity and sharpness of the peaks in the XRD MQ:
pattern of present films was comparable to those deposited oL , , 1 0.00
on Pt-coated Si wafers indicating a similar order of 100 10° 102 102
crystallization’ The surface morphology of the 0.7SBT- Frequency (kHz)
0.3BTT thin films on a Pt—Rh electrode was analyzed by . . Liectic properties  of (@  Pt—Rh/0.7SrBiTa,0p
Digital Instrument’s Dimension 3000 AFM using the tapping ¢ 3gi,TaTio, /Pt—Rh and(b) Pt—Rh/0.7SrBiTa,0,—0.3BiTaTiO, /Pt—Rh/
mode with ampiitude modulation. The films exhibited, asPt-Ph—Q/n"-poly Si capacitors.
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FIG. 4. Ferroelectric hysteresis properties ofa) Pt—Rh/  FIG. 5. Fatigue behavior ¢&) Pt—Rh/0.7SrBiTa,0,—0.3B;TaTiOy /Pt—Rh
0.7SrBiTa,0,—0.3B,TaTiOy /Pt—Rh and (b) Pt—Rh/0.7SrBiTa,0,~  and(b) Pt—Rh/0.7SrBiTa;0,—0.3Bi,TaTiOy /Pt—Rh/Pt—Ph—Q'n* -poly Si
0.3Bi;TaTiOy /Pt—Rh/Pt—Ph—Q'n*-poly Si capacitors. capacitors.

tors were 159 and 158, respectively, at a frequency of 10@t—Rh/Pt—Rh—Qelectrode-barrier for the fabrication of re-
KHz. The dielectric constant was found to be slightly smallerjiable high-density nonvolatile memories.

for MEMOS capacitors indicating the presence of an oxide |n conclusion, polycrystalline 0.7SBT—0.3BTT thin

layer at the diffusion barrien"-poly Si interface. However, films were successfully produced afi-poly Si substrates at
the thickness of the oxide layer was found to be about 1.6 nm low processing temperature of 650 °C by a metalorganic
indicating that the combination of spin etching and thesoplution deposition technique using Pt—Rh/Pt—-Rh—O
Pt—Rh-Q diffusion barrier were effective in minimizing the electrode-barrier layers. The ferroelectric test capacitors
oxide growth at the interface. Such a thin oxide layer shouldshowed excellent dielectric, insulating, and ferroelectric
not screen the electrical response of the ferroelectric thin filnproperties. The dielectric values did not show any appre-

through then™-poly Si substrate. The dissipation factor of ciable dispersion with frequency up to about 1 MHz indicat-
both MFM and MFMOS capacitors was found to be abouting good ferroelectric/electrode-barrief/-Si  interfacial

1.7% at 100 kHz. However, the dielectric loss for the MF-characteristics. The typical measured,2and E, values

MOS capacitors was found to increase more rapidly withwere 11.5.C/cnt and 80 kV/cm, respectively, at an applied
frequency than that of MFM capacitors at frequencies higheglectric field of 200 kV/cm. At this bias, the leakage current
than 100 kHz indicating an increase in series resistance afensity was lower than 10 A/cm?. The switching degrada-
the capacitors as a result of oxide growth at the interface. tion of the polarization state was found to be less than 10%
Ferroelectric hysteresis measurements were conductegtter about 18" polarization reversing switching cycles. The
on 0.24um-thick 0.7SBT-0.3BTT films in both MFM and |ow processing temperature of 650 °C and good structural,
MFMOS configurations at room temperature using a staninsulating, and ferroelectric properties of 0.7SBT—0.3BTT
dardized RT66A ferroelectric test system. Figure 4 showshin films, and excellent barrier properties of the multilayer
typical hysteresis loops of films annealed at 650 °C. Theelectrode structure show promise for the integration of ferro-
measured remanent polarizationR;2 values for MFM and  electric capacitors in the very large scale integrated nonvola-
MFMOS capacitors were 12.6 and 118/cnt, respec- tile random access memory cell structures.
tively, at an applied electric field of 200 kV/cm. The coer-
cive field (E.) values for both configurations were about 80 *S. Sinharoy, H. Buhay, D. R. Lampe, and M. H. Francombe, J. Vac. Sci.
kV/em. The high value oP, on Pt=Rh/Pt-Rh—(electrode- del\:(r(])rl](ct))l.:\rig isii(lI(Q??Hihara K. Hamada, S. Ohnishi, J. Kudo, and K
barrier stru_cture, comparak_nle_to the value ob_talned on Pt- Sékiyarr)lla, Jp’n_ 3 A'pp]_ Phys., Parga, 767(i995. o ’ '
coated Si substrates, indicated good film/electrode-2r. Ramesh, H. Gilchrist, T. Sands, V. G. Keramidas, R. Hakenaasen, and
barrierh*-poly Si interfacial characteristicsThe leakage D. K. Fork, Appl. Phys. Lett61, 1537(1992.
current density of 0.7SBT—0.3BTT thin films was lower than 4;-h ’iakg’:rlt”%é Ygzz'?'ffé’éf' Kamisawa, and H. Takasu, Jpn. J. Appl.
10" Alem® at an applied electric field of 200 kv/cm, indi- 5T. I)-Iiir-lai, K. Terémoto, K. Na@ashima, H. Koike, S. Matsuno, S. Tanimoto,
cating good insulating characteristics. The polarization and Y. Tarui, Jpn. J. Appl. Phys., Par5, 4016(1996.
switching endurance tests were performed using an exter‘fH-cl}I\l-M Alfhsrze_f, B-A-ATutfleF,)xV- L-L W;;rezr;ZD-lgémosyM-V- Raymond,
nally generated square wave Wlth amplituderf00 kv/em 7$r.] Okédé, I.OKI;?VS;ZVK. Tshikaéz, aend K Ka(ifu, I%EE Trans. Electron
and a frequency of 500 kHz. Figure 5 shows the decay of the peicessi, 560(1998.
remanent polarization as a function of polarization reversing®H. D. Bhatt, S. B. Desu, D. P. Vijay, Y. S. Hwang, X. Zhang, and M.
switching cycles. Both MFM and MFMOS capacitors exhib- gNagata, Appl. Phys. Letf1, 719 (1997.
ited similar fatigue characteristics with less than 10% decay fdfi ('fges%' P. C. Joshi, X. Zhang, and S. O. Ryu, Appl. Phys. Zéft
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