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Charge disordering induced by electron irradiation in colossal magnetoresistant manganites
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The electron microscopy investigation ofyRCa ;MnO; shows that a complete charge disordering is in-
duced in this phase by electron irradiation at 92 K, the disordered state remaining stable at this temperature,
even in the absence of irradiation. A model is proposed for this transition, according to which an electron
jumping into the manganite matrix creates a local charge disordered state and extends to the whole matrix
through a chain mechanism, leading to a ferromagnetic metallic state. This model is supported by the fact that
the charge ordered statevidenced by the doubling of thee parameteris restored by heating the material
above 120 K (Tc) and then disappears above 150 K-Tcg). Similar results are obtained for
Nd, Ca MnO3, whereas RrsCa sMnO; is not sensitive to electron exposure, in agreement with the larger
stability of its 1:1 M#*/Mn** charge ordering.S0163-182809)50626-7

The discovery of negative giant magnetoresistance irstate remains perfectly stable at this temperature in the ab-
manganites with the perovskite structusee, for instance, sence of irradiation, and that the charge ordered state is re-
Refs. 1-7 has resuscitated a renewed interest in this clasmarkably restored by heating abovel20 K (T¢) and de-
of materials. Some of those oxides are insulators and exhibftnitively redisappears abovE.g (~180 K).

a decrease of resistance by several orders of magnitude by The ceramic Ry;{Ca, 3gMnO5 was prepared from the ad-
applying a magnetic field and are called for this reasorequate mixture of RO;;, CaO, and Mn@ heated up to
colossal magnetoresistafCMR).>™*° This CMR effect, 1500 °C according to the experiment previously described
which appears by applying a magnetic field to such insulatfor this compound. The phase purity and its cationic com-
ing perovskites, originates from a competition between ferysition were checked by x-ray powder diffraction and x-ray
romagnetismFM) and antiferromagnetistAFM). In those  energy.-dispersive spectroscopy, respectively. Electron dif-
Ln; - xAMnO; oxides(A being an alkaline-earth ionferro-  5ction investigation was carried out as a function of the

magnetism coincides with a carrier delocalization leading tc{emperature with a JEOL 2010 electron microscope equipped
a metallic state in agreement with the double exchanggvith a LINK analyzer

mechanisnt! whereas antiferromagnetism is closely related The electron-diffractior(ED) patterns of this perovskite

to charge orderingCO) phenomend? It has been shown rp@ase registered at room temperature, confirm that the
that the transport and magnetic properties of these oxides a ' o T .
b 9 prop le exhibits the expectdthma orthorhombic cell with

especially the magnetoresistance are controlled by the do;?—amp 13
ing level (hole or electron concentratipand the size of the a~a,\2, b~2a,, andc~a,\2. _ .
A-site cation, providing the cation radius is beyond a certain The sample was then cooled down to 92 K=#80 min
size’"1° For smallA-cations, the carrier delocalization tends Without any electron beam. The ED patterns were recorded at
to disappear, and for a particular doping level, charge orderthis temperature, with a constant current dengétstimated
ing is observed. This is the case of the manganitegt80 PA cni? at the level of the crystallije In these condi-
Pr,_,CaMnOj;, which are insulating whateverand exhibit tions, additional reflections at 1/2 00 are observed in the
1:1 Mr**/Mn** charge ordering combined to a CE type [010] ED patterns[Fig. 1(@)], and the reconstruction of
AFM structure forx=0.5013 the reciprocal space confirms the supercedi%“Zap\/Zb

In fact, the magnetotransport properties of these materials2a,,c=a,\2,” previously established from neutron
are greatly influenced by the high metastability of thepowder diffraction (NPD) data at low temperature for
charge ordered state. This property is exemplified byPr_,CaMnO; with 0.30=<x<0.501 The doubling of thea
Pr, -CaysMnO;, which shows three transition temperaturesparameter is correlated to 4: ordering, namely
Te, Ty, and Teo at ~120, ~140, and ~180 K, re-  [Mn**][Mn®",Mn*"]. The corresponding lattice images re-
spectively** In this oxide, melting of the charge ordered corded at 92 K[Fig. 2(@] confirm the doubling of thea
state by application either of high magnétar high electric ~ parameter, showing a system of gray and bright fringes, al-
fields'> has been demonstrated, so that an insulator to met&rnating with a periodicity of 11 A throughout the whole
(I-M) transition was obtained. Recently, a similar I-M tran- crystallite. Thus for these experimental conditions, the
sition was induced in the same compound via photoabsorgRl :Ca sMnO; phase is 1-1 type charge ordered, and its
tion of visible-infrared light® and of x-ray!” This excep- ideal structure can be described as the alternation adasfy
tional behavior of Ry,Ca,,MnO; suggests that a similar Mn®* stripes with mixed MA"/Mn** stripes, containing
effect should be obtained with other radiations. In this paper40% of Mr#* speciegFig. 3(@]. However, the brightness of
we show that complete charge disordering is induced in thighe fringes is not regular along sometimes varying strongly
oxide via electron irradiation at 92 K in an electron micro- over a few tens A distanciFig. 2(a)]. This suggests that,
scope. We also demonstrate that the so obtained disorderéubugh the “Qap\/_” periodicity alonga is respected, there
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(b)

FIG. 2. [010] lattice image, recorded at 92 Ka) Just after
cooling [ED pattern in Fig. 1a)]: charge ordered staté) After a
30 min exposur¢ED pattern in Fig. (b)]: charge disordered state.

lattice image[Fig. 2(b)] confirms a periodicity of 5.5 A in
agreement with the loss of charge ordering. This experiment,
carried out several times and for different crystallites, is re-
producible. More importantly, this transition from a charge
ordered to a charge disordered state is very sensitive to the
current density of the electron beam: a density of 80
nAcm 2 allows the transition to be reached in a much
shorter time of few seconds. Moreover, after cutting off the
electron beam during several hours, electron-diffraction ob-
servation of the previously characterized crystallites shows
that the extra reflections have not reappeared, proving that
FIG. 1. [010] ED pattern of Py,Ca, MnOs. (a) At 92 K, just the trans_ition to the so-formed disor(_jere(_j s_tate is stable at 92
. : : . K, even in the absence of electron irradiation.
after cooling. The extra reflections which attest of the doubling of a The fact that the t t fth lei intained
parameter are indicated by white arrovif®. At 92 K, after a 30 min e fac a e .empera_ ure of the sample IS maintane
at 92 K all during this experiment strongly suggests that the

exposure, keeping constafitand the electron current density. The o o
extra reflections have disappearéd. After warming up to 125 K, transition is not due to the Joule effect, but is induced by

. . . . 7 . .
the extra reflections have reappeared and are still observed up&i€ctron irradiation. Different from x-réy" or from visible

. . 16 . oy e . .
cooling back to 92 K. The cycle has been carried out several timetR rad_'at'oni this transition is not photqmqluced, but can be
on the same crystallite. described by an extra electron at a Mrsite in the matrix of

Pry Ca sMnO;3, creating locally a distortion of the lattice.
exists short-range ordering along within the “Mn3* The latter is then relaxed, as the electron jumps to the next
—Mn*""" stripes. The sample at this temperature is insulat-Mn site. It results in a complete disordering of the Mrand
ing and weakly FM as shown from thedependent resistiv- Mn** species, due to a kind of chain mechanism. Most prob-
ity and magnetization curvd$&ig. 3(b)], and can be consid- ably, the so-formed charge disordered state is ferromagnetic
ered as biphasic, i.e., consists of FM clusters embedded in aand metallic, but unfortunately measurements cannot be car-
AFM matrix as described from NPD studi¥s. ried out in the present conditions.

Keeping the sample at 92 K under the same constant elec- In this model, the electron induced FM metallic charge
tron current density(80 pA cmi ?) leads to a progressive disordered state should only be stable belw(120 K). In
weakening of the satellites which disappear a#80 min  order to check this point, the complete charge disordered
exposure[Fig. 1(b)]. In the same way, the corresponding sample(observed after prolongated exposure at 92was

(c)
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density. This last transition corresponds to the disappearance
m Mn (D of the charge ordering abovE-q, leading to the paramag-
netic insulating disordered state. Note tfigt, deduced from
the ED investigationTco=150 K) is smaller than the value
obtained from the NPD datalt,=180 K)* This differ-
ence may be due to the fact that closeTtg,, the electron
irradiation also contributes, together with the temperature in-
! crease, to the destruction of the metastable charge ordered
(a) state, so thal oo may be artificially lowered with respect to
other methods of observation.
0.10 : o In this oxide, the electron induced charge disordering at
I low temperature is only made possible because of the great
1 metastability of the charge ordered state. Lattice images re-
. corded at 92 K(Fig. 2), before and after electron-beam ex-
] posure, support this viewpoint.
In contrast, all attempts to destroy the charge ordered state
of Pry sCa sMnO; by electron exposure beloW:g (250 K),
varying the intensity of the beam, were unsuccessful. This
different behavior is easily explained by the fact that the 1:1
Mn3*/Mn** charge ordering in this phase is more stable than
that of Pg-CaMnO3,*2 which implies the alternation of
] Mn®* and disordered Mt /Mn*" stripes.
This electron induced charge disordering is not specific to
[ Pry Ca sMnO3, but should appear each time the charge or-
SR wm Zm p— 200  dered state is at the border of the instability. This explains
T(K) why we observe a similar effect in NeCa, ;MnO;. The ED
patterns of this oxide exhibit at 92 K the extra reflections
characteristic of a 1:1 Mii/Mn*" charge orderingT ¢, Ty,
FIG. 3. (@ Ideal structure of a 1-1 type ordered structure for 54 Tco Were obtained from the NPD da]t%\However, the
Pty 1C3 MnO;. (b) T-dependent magnetization curves registered ingpy patterns registered at 92 K, keeping the same conditions
#? depzn[g2;‘1’?2;!28&;?5'6;]”04'e'd'COO"ng: ZFC, and zero-field g those described for the praseodymium phase, clearly show
' that the extra reflections characteristic of charge ordering
have disappeared and are restored by warming the crystals at
heated progressively, keeping the electron-beam current dei40 K due to a similar mechanism.
sity at 80 pA cm2. One indeed observes that at about 125 K In conclusion, we have shown that a complete charge
the set of extra reflections, characteristic of charge orderinglisordering is induced in R#¥Ca, sMnO; by electron irradia-
is restored, as shown from tfi610] ED pattern[Fig. 1(c)].  tion. The destruction of the charge ordered state of this man-
Note that an identical result is obtained by heating theganite by electron injection may be of great interest for ap-
sample in the absence of an electron beam up to 125 Klications since, most probably, it allows a ferromagnetic
confirming that the appearance of extra reflections is, in thametallic state to be induced in insulating materials which
case, only due to the temperature increase effect, leading inovolve a strong competition between FM and AFM interac-
the charge ordered AFM insulating state. The phenomenon isons. There is no doubt that such an effect will appear in
perfectly reproducible: by decreasing again the temperaturexides whose charge ordered states are very metastable, i.e.,
down to 92 K, the extra reflections are still observed, butin oxides that are on the border of the charge ordered and
keeping the electron bea(B0 pA cm ?) at this temperature charge disordered states. In this respect, this effect is very
for 30 min leads again to a disappearance of the extra satetimilar to the chemical pressure induced by fhsite sub-
lites. stitution. For instance, RrCa 2651 04aMNO;3 is an insulator
Finally, starting from the charge ordered sample obtainedvhereas Ry;Ca, Sk (dMnO; exhibits an |-M transitior.
at 125 K, one observes that by heating above 150 K in th&inally these results show that particular attention will have
presence of or without an electron beam, the extra reflection® be paid to the electron microscopy observations of these
disappear again, and do not reappear at 160 K after prolonmanganites, in order to avoid errors, due to a possible sensi-
gated exposure to the electron beam whatever the curretivity of the charge-ordered states to an electron beam.
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