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Electric-field-induced insulator—metal transitions in thin films
of charge-ordered rare-earth manganates
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Thin films of charge-ordered NdCa, sMnOg, Y :Ca sMNO;, and Ng St sMnO5; have been
prepared on $100) and LaAlQ;(100) substrates by the nebulized spray pyrolysis of organometallic
precursors. Small electric fields induce insulator—metal transitions in the films with the resistivity
decreasing with increasing current. The current—voltage characteristics are non-ohmic and show
some hysteresis. The current-induced negative differential resistance found in these manganate films
could have potential technological applications. 1©®99 American Institute of Physics.
[S0003-695(199)01402-3

Rare-earth manganates of the formula; LpA,MnO;
(where Ln=rare earth, Aralkaline earth exhibit important
phenomena such as colossal magnetoresistéDiR) and  this material.
charge ordering® Charge ordering in the manganates is es-  Thin films of the manganates were deposited di®)
pecially interesting because it competes with double exas well as on LaQ00 single crystal substrates by employ-
change, giving rise to interesting properties. Charge orderining nebulized spray pyrolysfs. This technique involves the
is favored in certain compositions such as those with pyrolysis of a nebulized spray of organic derivatives of the
=0.5 and is associated with insulating behavior and in cerrelevant metals. Since the nebulized spray is deposited on a
tain instances, antiferromagnetism as well. Two types ofolid substrate at relatively low temperatures, and with suf-
charge ordering can be distinguished in the mangardtes. ficient control of the rate of deposition, the oxide films ob-
manganates such as Ngr, sMnO; with a relatively large tained possess good stoichiometry. Employing acetylaceto-
average radius of thé site cations(r,), a ferromagnetic nates of Nd, Ca, and Mn and dipivaloylmethanato strontium
metallic (FMM) state [[.=250K) transforms to a charge- as the organometallic precursors, films-e1000 nm thick-
ordered(CO) state on cooling te-150 K* Manganates with

YCM with a very small(r ) exhibits this phenomenon al-
though high magnetic fields have no effect on the CO state in

a small{r,)=1.17 A, do not exist in the FMM state at any L L L B

temperature, but instead are charge ordered at relatively high
temperatures. The CO state in a manganate with a relatively
large A site ion radius (r,)=1.17 A) can be transformed to
the FMM state by the application of magnetic fields. On the
other hand, even large magnetic fiel@s40 T) have a neg-
ligible effect on the CO state of yeCa sMNnO; with a{r 4)

of 1.13 A. The CO state in single crystals of, PfCaMnO,

has been transformed to the FMM state by applying electric
fields or by laser irradiatioR® An examination of the litera-
ture shows that there has been little or no effort to prepare
thin films of the charge-ordered manganates, although thin
films of the manganates showing CMR have been prepared
by various mean5:°In this letter, we report the successful
preparation of thin films of the charge-ordered manganates,
Ndp sCa sMNO3z(NCM), Y, sCa sMnO5z(YCM), and

Ndp 5S15sMNO3(NSM) on single crystal substrates by em-
ploying nebulized spray pyrolysis of organometallic precur-
sors. More importantly, we have investigated the electric
current-induced transition from the insulating CO state to the
metallic state in these films. It is noteworthy that the
insulator—metal transition in the thin films of the CO man-
ganates is brought about by passing small currents. Even

Resistance ()

10" 3

10° 3

10* 4

0.05pA

I(mA)

160

120

80

125K ~—~

40 300K 1

0

0 2 4 6 8 10 12
vV (v)

Nd, .Ca, MnO,/Si(100)

T T 1 T
150 200 250 300

Temperature (K)

T
100

FIG. 1. Temperature variation of the resistance of a polycrystalline
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Inset showd —V characteristics at two temperatures.
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FIG. 2. Temperature variation of the resistance of an oriented 10° . T . ; . T . T .
Nd, Ca&, sMnO; film deposited on LaAIQ(100) for different values of cur- 0 25 50 75 100 125
rent. Insets show —V curves demonstratinga) hysteresis andb) non-
ohmic behavior. Temperature (K)

. . . . FIG. 4. Temperature variation of the resistance of a polycrystalline
ness were deposited at 650 K by using air as the carrier gasi, .S, MnO; film deposited on $100) for different values of current.
(1.5 7/min). The films so obtained were heated at 1000 K inInset shows data over a wide temperature range.

oxygen. These films were characterized by employing x-ray
diffraction and scanning electron microscopy. The composi

: : . : _ b EDAX lose to the stated ti Th
tions of the films as determined by energy dispersive analysi y X rays( ) were close to the stated compositions. The

'Rims deposited on $100) showed polycrystalline nature
while those deposited on LaO were oriented along(fl®)

— T T T T T direction. The orthorhombic lattice parameters of the mate-
rials agree with the literature values. Temperature-dependent
resistivity measurements were carried out by employing
close cycle refrigerator and sputtered gold electrodes.

In Fig. 1 we show the temperature variation of resistance
of a polycrystalline NCM film deposited on &00), for dif-
ferent values of the dc current passed. With a current of 0.05
MA, the film shows the known insulating behavior of NCM.
With increasing current, however, we see the definitive oc-
currence of an insulator—-metdl{M) transition. It is note-
worthy that even a current of 0,2A causes thé—M tran-
sition. It was ascertained that the observed effects were not
due to local heating. Local heating effects became apparent
only at higher current valugs=50 mA). The temperature of
thel—M transition shifts from 100 to 150 K with increase in
current. The current—voltageé{V) curves show non-ohmic
behavior with some hysteresis, as shown in the inset of Fig.
Y,:Ca, MnO,/Si | 1. Measurements on the highly oriented NCM film deposited

l on LaO also show the negative differential resistaffeig.
.| ImA 2), with the resistance decreasing markedly with increasing
10 ] o current. We do not clearly see a metal-like decrease in resis-
————— , tance at low temperatures, and the behavior is similar to that
0 50 100 150 200 250 300 in the |-M transition of laser-irradiated Pr,CaMnO;
crystals reported by Ogawet al® The oriented NCM films
also show non-ohmic behavior and hysteresis as shown in
FIG. 3. Temperature variation of the resistance of a polycrystallinethe mset_s in Fig. 2. .
Y .£Ca sMnO; film deposited on $L00) for different values of current. In Fig. 3 we show the resistance versus temperature

Inset showd —V characteristics at 100 K. curves for a YCM film on Si100 for different values of the
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current. We observe a substantial decrease in resistance with The authors thank the Indo—French Centre for the Pro-
the increase in current in YCM as well and theV behavior motion of Advanced Scientific Research, New Delhi, for
is non-ohmic. The occurrence of a current-indudeeM support of this research.
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