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We report the dielectric response ofiL81, sNiO,, a system that experiences charge ordering above
room temperatur€T-5=480 K) and a rearrangement of its charge-order pattern in the temperature
region 160—200 K. A careful analysis of the role of the electrical contacts used, sample thickness,
and grain size on the experimental data allows us to determine that this material exhibits a high
intrinsic dielectric constant. In addition, the temperature dependence of the dielectric constant, that
shows a maximum in the region of the rearrangement of the charge-order pattern, points to a link
between the two phenomena. 2004 American Institute of PhysidDOI: 10.1063/1.1834998

Ferroelectrics are the standard solution to obtain devicemetric amounts of dry L#;, SrCG;, and NiO, that were
that make use of notable dielectric properties. In them, thehoroughly mixed and grinded together, pressed into pellets
ferroelectric state arises because the centers of positivend fired at 1373, 1473, and 1573 K with intermediate grind-
charges in the crystalline lattice do not coincide with those oings. The sample was then cooled to room temperature at the
negative charges; i.e., the ultimate origin of the ferroelectriaate of 1 K/min. On the other hand, the same compound was
state is structural. Among the alternative strategies to fingynthesized by the Pechini method using@g SrCQ; and
materials with high dielectric constant are those that involveNi(NO,),-6H,0 as starting materials. The procedure was as
conde_nsation of eIectro_nic charges. The interest on these gbllows: La,0; was first converted into the corresponding
ternatives has grown since the report by Horeesl.” of a pitrate by dissolution in 30% nitric acid. This product was
high-dielectric constant of about-810" in CaCuTi,O12 at  then added to a 1 M citric acid agueous solution, in which
temperatures as high as 250 K and frequencies up to 1 MHzgqichiometric amounts of SrGand NiNO,),- 6H,0 were
The origin of this finding has been discussed by Lunkeny g, gissolved. After diluting the so-obtained solution, we
heimeret al,“” who attribute it to extrinsic effects. Basically, carefully added ethyleneglycol in a proportion of 10% v/v.
they argue that the temperature independent dielectric CORrhe resulting solution was heated at 473 K until we obtained
stant in a broad temperature range found by queal. a brown resin, whose organic matter was subsequently de-
caAnnot stem from pesrmanent Q|poles or off.-ce.nter lonsetie composed at 673 K. The obtained ashes were given accumu-
al.” and Coheret al” also attribute to extrinsic effects the lative heating treatments at 873, 973, 1073, and 1173 K fol-

dielectric response of CaGli,O,,, after a first-principles . . - .
study of its structural and lattice dielectric response. In thelowed by intermediate grindings, and the pelletized sample

same line, Sinclaiet al® stress the apparent character of thiswasé'c;ﬁnga"mng aslede?; 102h7a:ialf:.ter' ed by x-rav powder dif-
colossal dielectric constant and explain it by Maxwell— pies w 12 y X-ray pow :

Wagner-type contributions of depletion layers at the interfacéracnon’ that showed that they a.re single P hase_, with a struc-
between sample and contacts and at grain boundaries. ture 'related' to the perovskite: 1__§.8r0.5l\.l|04 Q|Splays a

Despite this controversy, it seems admissible to thinkdu@si-two-dimensional structur;NiF,) in which perov-
about a correlation between the dielectric properties and thekite blocks, that are one-octahedra thick, are separated from
electronic state. In this context, we have focused on systenf1€ another by the presence of rock-salt typa-Sr/Q
with charge condensation, starting with charge-ordered marl@yers along the ¢ axis. Also, the obtained polycrystalline
ganese perovskites. Our report on the finding of a high cahaterials have an averaged particle diameter ofu in
pacitive behavior in BysCay,sMnOj; that appears just below the case of the Pechini sample and several micrometers in the
its charge ordering temperatuii;o=250 K (Refs. 7 and 8 case of the ceramic sample, as seen by scanning electron
is evident demonstration of the link between the electronidnicroscopy. The complex dielectric permittivity was mea-
state and the increase of the dielectric response. sured with a parallel-plate capacitor coupled to a precision

In this letter we are focusing on a system with chargeLCR meter Agilent 4284 A, capable to measure in frequen-
ordering temperature above room temperature, the mixed oxies ranging from 20 to f0Hz. The capacitor was mounted
ide Lay Sy sNiO,, with Tco=480 K (Ref. 9, with the aim  in an aluminum box refrigerated with liquid nitrogen, and
of getting a high dielectric constant at ambient conditions. Inncorporating a mechanism to control the temperature. The
order to test the role of intrinsic and extrinsic factors, and orsamples were prepared to fit in the capacitor, and alterna-
the basis of Refs. 2—6, the sample contacts were changed, thieely gold or silver were sputtered on their surfaces to en-
sample thickness was modified, and two kinds of samplesure good electrical contact with the electrodes of the capaci-
were synthesized by two routes giving different grain sizestor. The system was tested using a commercial S§TiO
On one hand, a LaSr, sNiO, ceramic sample was prepared sample, and gave values similar to those reported in the
by a conventional solid-state reaction, starting from stoichioditerature®
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FIG. 1. Real part of the complex relative dielectric permittivigy, of

La; sSrpsNiO, vs frequency at selected temperature®: comparison be-
tween samples with different grain size. Data taken in a commercial $rTiO
sample are included as reference. Results obtained in the ceramic sample,
using two different types of contacty) and two different sample thick-
nessegc).
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The complex relative dielectric permittivity —of o/2n (Hz)
R . _45 1 1 1 1 1 1 1 1 1 1 1 1
La; sS15sNiOy;
50 1,~88 ns
! N/ - -5 =
gr(w) = g/(w) —igf(w), (1) ' U~51meV
(e,=€leg, Wwhereg=8.85x 10712 F/m is the permittivity of v 55 5
free space and is the angular frequengyvas measured as cg” ]
a function of frequency and temperature. In Figa)lwe 6.0 . i
show the real part of the relative permittiviggtielectric con- | a
stant,s!) of the ceramic sample with sputtered gold contacts, 65l X 7,~33 ns
~0-27(d) U~ 73 meV i

in the frequency range from 20 Hz to 1 MHz at several tem-
peratures. It is higher than 4.t very low frequencies, keeps
well above 16 at room temperature up to 100 kHz, and de-
creases to ¥ 10* at 1 MHz.

The same measurement was done in the sample of
smaller grain size, and the values chandfeid. 1(a)], indi-

cating a dependence on the grain size. Additionally, it was U~44 meV
observed that sample contacts play also a certain role as can - Soay

be seen in Fig. (b). Finally, the thickness of the sample was -0.9- S%\Q i
changed and it was observed that it altered the dielectric (©) 160<T(K)<110 =
responsgFig. 1(c)]. It is therefore clear that extrinsic factors 2 " :'3 i "1 " é " é i % " é " é

are contributing to the measurement of the dielectric constant
of Lay 5515 sNiO,.
The frequency dependence of the imaginary pgrivas
also measurefFig. 2a)]. In order to study frequency depen- 1G. 2. Resuls for the LaSi, NiO | thesized by the Pechini
: P . 2. Results for the LaSr sNiO, sample synthesized by the Pechini
dent or purely ac relaxation effects, it is better to substrac ethod:(a) imaginary part of the complex relative dielectric permittivity,

the dc contribution from the observed value, taking into &', vs frequency at selected temperatures, measured with gold contacts;
account thaﬁl (b) conductivity vs frequency at diverse temperatures. Extrapolation of
the curves to zero frequency gives; (c) frequency dependence of the
, Ogc imaginary part of the complex relative dielectric permittivity after substrac-
&f giw) =g/ (w) — — (2) tion of the contribution from free charge carriers. The maxima define the

1000/T (K™

Eow characteristic frequenciesd) logarithm of the characteristic times vs the
"o f d diel . -d inverse of temperature. From linear fits we obtain two activation energies,
(Sr,die_ oss factor due to a true dielectric responsg,=dc with a boundary around 200 K(e) logarithm of oy, vs the inverse of

electric conductivity. In this context, we have substracted temperature.
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- PR stant is almost the same in all the samfle the contacts
.5581»2325 O 1164 Hz zone and grain boundaries the conductivity of the material
12001 & 075" A T changes, but the dielectric constant should not be altered too
< e " 625010 Hz | much), then it can be demonstratédhat thes/ measured at
2 go0d - J— . e low frequencies is strongly enhanced by extrinsic contribu-
I A - . & 1x10° Hz tions that multiply the intrinsiqtrue) dielectric constant of
2 2 . I the compound. The intrinsie;, would directly correspond to
-&; a00] o nﬂn Q@.@ﬁ - g, at its optical value(w— ), &.. Although this optical
s R = value is out of the limits of our experimental device, by
04 aaag'g'nunnn gppc A i extrapolation at higher frequencies we have. es_timated a
: . i : i i value arounc:, =40 at room temperature for this nickelate.
100 150 200 250 300 350 The role of the intrinsic part can be clearly seen from the
T(K) variation of ] with temperature, that goes through a maxi-

o . mum in the interval 160—200 KFig. 3). Given that the con-
FIG. 3. ¢/ vs temperature at selected frequencies in the Pechini sample. Th& tivity i tonicall ith t B
maxima separate two different behaviors in the dielectric response o uctivity increases monotonically wi emperatufieig.

Lay St NiO,. 2(b)], the extrinsic contribution also changes monotonically
with temperaturé,2 and therefore the temperature depen-

from the data of Fig. @) the contribution from migrating dence ofe; must be sh’aped by the intrinsic term. Th_e maxi-
charge carriersgg/(eqw), where the dc conductivitygy, ~ Mum of the measureg, found around 160—-200 Kindicat-
has been obtained from the extrapolation at low frequencie®!d that the intrinsic term should peak in a similar
of the conductivity,o(w), shown in Fig. 20). The obtained temperature rangefalls_m a temperature region where, as
results, corresponding to the Pechini sample, are presented ipted before, LasS, NiO, undergoes a spontaneous rear-
Fig. 2c), and enable us to observe the evolution with fre-rangement of its charge ordering pattér'lﬁherefore, there
quency and temperature of the dielectric relaxation, and t§€€ms t0 be a I_|nk betyveen the electronic state of the material
obtain the characteristic frequency of the relaxation with in-2nd its dielectric function.

creasing temperature. There is a noticeable increase in the [N summary, we believe that this work is of general in-
characteristic relaxation times=1/w, with decreasing tem- terest due to(i) it reports rather high values of the dielectric
peratures. A logarithmic fit of the characteristic times versugonstant in LasSr sNiOy; (ii) this dielectric response shows
the inverse of temperature shows two different regimes witi correlation with the charge-order pattern of the material,
Arrhenius behaviory=7, exdU/(KgT)], whereU is the ac- indicating a link of both phenomendii) from the applied
tivation energy andsg the Boltzmann constarfFig. 2d)]:  point of view, it proposes new work to be done in other
one at high temperaturgs>200 K) with activation energy charge-ordered compounds, more suitable to minimize the
U~73 meV and another at lower temperatures with dielectric losses, while keeping as high as possible.

~51 meV.

On the other hand, if we examine the temperature depen- The autho.rs. are gratef.ul for the financial support of the
dence ofoy, we observe a thermal activated behavior, with PG! ©Of the Ministry of Science and Technology of Spain
activation energy~72 meV, in the high temperature regime Under Project No. FEDER MAT2001-3749. We also ac-
[Fig. 2(€)]. This behavior changes in the region 160—200 K,knowledge Dr. Franmspp R|vaquKaJn|verS|ty of Sanpago
to another with activation energy ef44 meV. This situation d€ Compostelafor a critical reading of this manuscript.
correlates well with that of characteristic timgsig. 2(d)], L _ _ ’
establishing a link between its dielectric relaxation and its géi?ﬁc????fz?;(z\(/)o(% M. Shapiro, S. Wakimoto, and A. P. Ramirez,
conductivity. What IS th_e reason for t_hls change at ?p, Lunkenheimer, V. Bobnar, A. V. Pronin, A. I. Ritus, A. A. Volkov, and
160-200 K? We think that it could be found in a recent work A oidl, Phys. Rev. B66, 052105(2002).
by Kajimoto et al.® who have studied in detail the charge . Lunkenheimer, R. Fichtl, S. G. Ebbinghaus, and A. Loidl, Phys. Rev. B
ordering of LaSrpsNiO, by neutron diffraction: they , 70, 172102(2004, .
found, at 180 K, a spontaneous rearrangement of such chargé- He: J. B. Neaton, M. H. Cohen, D. Vanderbilt, and C. C. Homes, Phys.
ordering, from a checkerboard pattern to a stripe-type charggse‘:_" Bciieznl‘gllé(z,\?gzbn L. He, and D. Vanderbilt, J. Appl. P94
order. This rearrangement does not only affect the activationzogg o003, T ' A
energies commented before, but also the high dielectric con®p. s. sinclair, T. B. Adams, F. D. Morrison, and A. R. West, Appl. Phys.
stant itself, that falls below this temperatufég. 3). Lett. 80, 2153(2002.

From the results of Fig. 1 we observe the influence of ’C. Jardén, F. Rivadulla, L. E. Hueso, A. Fondado, J. Rivas, M. A. Lépez
extrinsic factors, such as sample contacts, thickness, and?uintela R. Zysler, M. T. Causa, and P. Sande, J. Magn. Magn. Mater.
grain size. The dielectric spectra reveal a quasi-Debye r9|aXBSQSR/]‘,ﬁ‘zﬁ;i(AlgigL'épez Quintela, L. E. Hueso, C. Jarden, A. Fondado
ation which can be explained satisfactorily with the help of @ ; griyas M. T. Causa, and R. D. Sanchez, Solid State ComtL®179
two- or trilayer Maxwell-Wagner capacitorin this line, the (1999.
dispersion ofe; can be modeled taking into account the in- °R. Kajimoto, K. Ishizaka, H. Yoshizawa, and Y. Tokura, Phys. Re®B
terfacial polarization due to the existence of depletion layers 014511(2003. _ )
near the Au/Ag contacts, and considering the polycrystalline g'éBEi‘;%%h:;ma' R. Wang, N. Kasai, and A. Shoji, Appl. Phys. LG,
E(())ILIJ?‘I(:?E;Srlgg(T;;/Setll’ggO]co];O(\:/(\?grdEggggcglzlallg}?Ir?e'{f‘)lga;ﬁgn?)%gram'a‘ K. JonscherDielectric Relaxation in Solid¢éChelsea Dielectric, Lon-

. B don,, 198
enological model, if we assume that the true dielectric con?a. von HigpeI,Dielectrics and WavegArtech House, London, 1954

Downloaded 15 Dec 2004 to 193.144.85.121. Redistribution subject to AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp



