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Retention characteristics in Bi 3 ,5Lag 75Ti3015 thin films prepared
by the polymeric precursor method
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Ferroelectric Bj »d-a, 75Ti301, (BLT) thin films were deposited on Pt/ Ti/ Sj{Si substrates by the
polymeric precursor method. The films presenéxis preferred orientation after annealing at
700 °C for 2 h in conventional furnace. All the capacitors showed good polarization fatigue
characteristics at least up tox110° bipolar pulse cycles and excellent retention properties up to
1x10*s. We found that the polarization loss is insignificant with five write/read voltages at a
waiting time of 10000 S. Independently of the applied electric field the retained switchable
polarization approached a nearly steady-state value after a retention time of 122085@merican
Institute of Physic§ DOI: 10.1063/1.1886893

Ferroelectric materials have attracted much attention dueat Technology: In this work, an excess of 5% wt of Bi was
to their potential use for nonvolatile memory devices, suchadded to the solution aiming to minimize the bismuth loss
as ferroelectric random access mem@RAM). There have during the thermal treatment. Without this additional bismuth
been many reports on the electrical properties of candidatthe pure (g)hase could not be obtained as was reported in
materials, such as SrHia,0y (SBT) and PlZr,Ti)O, literature’® The thin films were annealed at 700 °C for 2 h
(PZT).l One property required for ferroelectric memories isin the conventional furnace. Through this process, we have
long term stability. The application of ferroelectric thin films obtained thickness values of about 400 nm for BLT, reached

to the microelectronic industry is currently limited by the by repeating the spin coating and heating treatment cycles.
degradation of the polarization state. Device reliability, in- The thickness of the annealed films was studied using scan-
cluding factors such as fatigue, imprint and retention, havdling electron microscopyTopcom SM-300 by looking at
constituted the main obstacle to commercialization of FRAMLNe transversal section. In this case back scattering electrons
devices. Recently, ferroelectric Bidag 7TizO;, (BLT) was ~ Were used. Phase anaIyS|s_ of the films was performed at
found to be a new candidate material for FRAM applications’©0m temperature by x-ray diffractidiXRD) using a Bragg—

due to its high resistance to fatigue and low processingreéntano diffractometetRigaku 2000 and Cuka radiation.
temperaturd. However, the retention characteristics of BLT 'n€ morphology of the thin films were examined using
films have so far not been reported by the polymeric precur@tomic force microscopyAFM) (Digital Instruments, Nano-

sor method. In a memory element, a data(bior 0) should scope llla. A 0.5 mm diameter top Au electrode for the elec-

be stored and made available for query at some later timérical measurements were prepared by evaporati_on throug_h a
shadow mask at room temperature. The electric properties

Retention is the ability of a memory element to maintain a e .
given data state as time elapses. In most retention studieSer® measured by an Au/BLT/PU/TI/Sifi (100 capaci-

ferroelectric capacitors exhibited a significant loss in retaineédr structure. Ferroelec_trlc properties of the capagitor were
S S . " measured on a Radiant Technology RT6000 A tester
polarization within the first 1 s after writing and then a rela-

. . - ! equipped with a micrometer probe station in a virtual ground
tively slight decay thereaftér’ Retention loss causes a re- . .

> TS . . . mode. For the fatigue measurements, internally generated
duction in the difference between switchéd ) and non- 9 y 9

; . A i P < 8.6 us wide square pulses or externally generated square
switched(P) polarizations, i.e.AP=(P)~(P) and leads to 1, ;ses were used. The retention characteristics of the films

an inability to distinguish between the two logic states.,ere measured by observing the time-dependent changes of
Therefore, it is quite important to have good retention propp* andpP” independently. FoP", the capacitor was switched
erties for any ferroelectric material to be utilized for FRAM ith a negative write pulse and read by a positive read pulse
applications. In this letter, we report systematic studies omyfter retention time. For P, positive pulses were used for
the retention characteristics of BLT thin films obtained by thepoth writing and reading.

polymeric precursor method. We have also investigated the  Figure 1 presents the XRD of Bjd-ag7:li30;, (BLT)
influence of the applied electric field on the retention prop-thin films deposited on Pt/Ti/SidSi substrates by a
erties of the BLT thin films. The BLT thin films were pre- chemical-soft method. Only peaks of the main phase were
pared by the polymeric precursor method, as describedetected suggesting that substitution of Bi by La does not
elsewherd:® The BLT thin films were spin coated on lead to formation of secondary phases. The split of the
Pt/Ti/SiO,/Si substrates by a commercial spinner operating0010 and(200) peaks into two duplets indicates the change
at 5000 revolutions/min for 30 &pin coater KW-4B, Che- of crystal structure from the orthorhombic to the tetragonal
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FIG. 1. X-ray diffraction of Bj_,LaTizO;, films (x=0.75 deposited on FIG. 3. Fati N g P— "
I ? . . 3. Fatigue as a function of polarization cycles foj_RBia, Ti;O,, films
Pt/Ti/SiO,/Si substrates at 700 °C for 2 h by the soft chemical method. =0.79 d ited on Pt/Ti/SigSi substrat t 700 °C for 2 h
Inset of AFM image obtained in the contact mode foj_RBia, Ti;O;, films (x=0.79 deposited on I/SIgSi substrates a or=n.
(x=0.75 deposited on Pt/Ti/SigSi substrates at 700 °C for 2 h by the

soft chemical method. larization of 21.C/cn? and coercive field 44 kV/cm. The

remanent polarization of the BLT film obtained by the soft
system. Besides the BLT peaks, the characteristic peak fathemical method is larger than those of other reported in the
(111) platinum coated silicon substrates #=20° was iden- literature”
tified. It can be observed that the addition of lanthanm When a ferroelectric material is repeatedly cycled from
=0.75 results in ac-axis preferred orientation. Such a well- one polarization state to another, its dielectric and ferroelec-
developedc orientation in the La-doped films was also re- tric properties are observed to change. This phenomenon,
ported by other methods*2 The inset in Fig. 1 shows the known as ferroelectric fatigue, is a limiting factor for the
AFM surface morphology obtained in the contact mode ofPerformance of the ferroelectric random access memory
the film deposited on Pt/Ti/SiSi substrate. A homoge- (FRAM) devices. The fatigue endurance of BLT thin films
neous surface, smooth and crack free was observed indicatere tested at 1 MHz as a function of switching cycles by
ing that the chemical soft method allows the preparation ofiPPlying 8.6us wide bipolar pulses with maximum ampli-
films with controlled morphology. The surface morphology tudes of +5 V.(Fig. 3. P" is the switched polarization be-
of the BLT films shows grains in the form of platelets, astween two opposite polarity pulses arRl is the non-
expected from the preference for therientation observed Switched polarization between the same two polarity pulses.
in XRD. The grains are evenly distributed with an averagelhe P"=P" or =P"—(~P") denote the switchable polariza-
grain size of 140 nm and surface roughness equal to 8.0 nrion, which is an important variable for nonvolatile memory

Figure 2 shows the hysteresis loops acquired before an@Pplication. Fatigue resistance was observed upd.@'°

after waiting time of 10 000 s with 5 V write/read voltages, cycles suggesting that BLT has good potential for applica-
respectively. The switchable polarization exhibits almost ndions in memories. The substitution of La for Bi can change
loss with 5V write/read voltage after 10000 s retentionthe chemical environment of the perovskite layers and solve
time. This suggests that there no pinning of domain walls irthe fatigue problem of pure BIT thin films. Since a*-aon
BLT thin film at 5 \ write/read voltage. Similar results were has no outer electron, in contrast to &'Bion, which has a
observed for SBT thin films deposited on platinum coatedone pair of & electrons, less hybridization with pZhould
silicon substrates where the switchable polarization preserad to less structural distortion favoring the improvement of
no loss with 9 V write/read voltage, while it exhibited polar- its ferroelectric propertie¥.
ization loss with 3 V write/read voltage after a waiting pe- ~ Retention, which is the time dependent change of the
riod of 30 000 s2 Ferroelectricity of the lanthanum doped Polarization state of the ferroelectric film, is another factor

bismuth titanate thin films was observed with remanent poWhICh limits the life of a ferroelectric memory device. Ferro-
electric retention properties were measured at room tempera-

ture using a Radiant Radiant Technology RT6000 A test sys-
tem (Fig. 4). The test pulse sequence used for retention
measurement is as follows: At first, a triangular pulse of
-5V was applied to write a known logic state, then, after a
predetermined time, the logic state was sequentially read by
applying two triangular pulses of +5 V and -5 V. The pulse
width for all triangular pulses is 1.0 ms. Time delay between
100 200 30 the right pulse and the first read pulse is called the retention
§ Coercive Fleld (kviem) time. The capacitor poled with a negative voltage pulse cor-
responds to the binary digit “1.” Similarly the state “0” was
—a— Before Retention written by poling the capacitor by applying a positive pulse
—o— After Retention and read after a predetermined time intenvalith a positive
pulse. Figure @) shows the retention characteristics of the
FIG. 2. P—E hysteresis loops before and after 10 000 S waiting time forBLT* films, where the retained svyltchable po_larlz_atmrP

Bi, . Ll.a,Ti;0;, films (x=0.75 deposited on P/Ti/Si€Si substrates at =(P )_(PED was plotted as a function of retention time from
700 °C for 2 h by the soft chemical method. 1to1Xx10*s at various appiied eiectric fields from

P, (xClem’)
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T 75 cviem @ between the digits “1" and “0.” Retention, like fatigue, is
45 —a— 150 kViem also dependent on the thickness of the film, nature of the
40 {—+—225 kviem electrodes, microstructure of the film, temperature, and the
o~ 357300 kViem details of the test conditions. The understanding and im-
§ 304 provement of the degradation behavior of ferroelectric thin
3 5 {v—— —r—v—y v v films will have an essential impact on the future success of
& zo-}.*___._._._.:..d_.__‘>_ these films for device applications. Detailed fatigue and re-
15 - tention measurements in close correlation with process con-
104 * ditions are being done to evaluate the merits of lanthanum
5] bismuth titanate thin films for memory applications. In con-
0 . . . . clusion,c-axis preferred orientation BLT thin films were ob-
10° 10' 10? 10° 10°* tained on Pt/TiQ/SiO,/Si substrates by using the soft
Retention Time (s) chemical method through the spin coating technique. High
50 fatigue resistance was observed which proves that our films
s]—F (b) possess enough quality to be used in nonvolatile random
40_—°—P“ access memories. The polarization retention characteristics
~g 25 of ferroelectric BLT thin films deposited on
g 0] ™™ . ————a—— Pt/T|02/S|O?/S| §ubstrates by the .soft ghemlcal method
E ) have been investigated. The retention failure tests showed
5 20 that t_he_ BLT films_have quite good long-time retention char-
3 5] acteristics, retalnlr)g 94% c_)f t.he values measuredrat_
o 10 X 10* s for an applied electric field of 150 kV/cm. Polariza-
tion charge compensation by the redistribution of defect
:' charges should be considered to explain the retention loss in

. lanthanum doped bismuth titanate thin films for memory ap-
plications. The results of these studies are very promising
and suggest that BLT thin films are attractive for use as stor-

FIG. 4. (a) Retention time dependence of the retained polarization of theage element in nonvolatile ferroelectric random access
BLT film with various applied electric field§75—300 kV/cm and (b) P* memories.

and P of the BLT film for retention time up to X 10* s and applied electric
field of 150 kV/cm.

Retention Time (s)
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