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Tunnel ing conduc t ance spect ra of point -contact junctions formed by a

sharp A g tip and t wo optimall y doped manganites La 0 : 67 Sr0 : 33 Mn O3 and
N d0 : 67 Sr 0: 33 MnO 3 are measured and analy zed . I t was found that the analyt-
ical dep endence of the di ˜erential conductance on voltage strongly dep ends
on the bias sign and dramaticall y changes after voltage treatments. The data

obtained are explained in terms of the Glasman {Ma tveev model for tunnel-
ing across tw o lo cali zed states settled in the barrier near the manganite bul k.

E˜ective functions of electron{b oson interaction extracted from self-energy
contributions to the experimental characteristics contain signs of phonon and
magnon excitations , higher- energy satellites as a result of possibl e orbital or-
dering and a hallmark of localized states in the near- barrier region in the

form of strong not- w ell repro duced peaks.

PACS numb ers: 75.47.Gk, 75.47.Lx

1. I n t rod uct io n

Mi xed- valence perovski te m anganites of the form R1 À x A x Mn O 3 wi th R, a
rare-earth ion, and A, a di valent ion, belong to a class of stro ngly correl ated elec-
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tro n system near a m etal { insulato r tra nsi ti on. In the compounds, the com peti ti on
between di ˜erent orderi ng tendenci es leads to com plexi ty: thei r pro perti es change
dra mati cal ly up on the appl icati on of relati vel y smal l perturba ti ons [1]. In parti c-
ul ar, i t concerns electri c-Ùeld e˜ects tha t m ani fest i tsel f in a stro ng dependence of
di ˜erenti al conducta nce on appl ied current bias and abrupt current- enforced resis-
ti vi ty j um ps. W hat we want to emphasize here is tha t the resistance-versus-vo l tage
curves often ta ke a non-analyti cal form tha t was successf ul ly described by a
Glasman{ Matv eev (G M) m odel of an indi rect tunnel ing [2] in a variety of lan-
tha num -based m angani te systems: bul k ceram ic sampl es [3], thi n polycrysta l l ine
Ùlms [4], and low-doped sing le crysta ls [5]. In al l cases the unusua l conducta nce
behavi or was attri buted to the app earance of intri nsic tunnel juncti ons wi th lo-
cal ized states inside an insul ati ng barri er. On the non-analyti cal background the
phenom ena of current- induced insta bi l i ti es and conducta nce jum ps [6, 7] as well
as resisti vi ty swi tchi ng [5] ha ve been observed. In our previ ous publ icati on [8] we
reported sim i lar e˜ects f or juncti ons form ed by a silver counter- electrode wi th m an-
gani te ceram ics and related them to inhomogeneiti esin the barri er and near-barri er
reg ions of the materi al under study . Below we shal l conti nue the analysis of the
tunnel ing characteri sti cs of opti m ally doped mangani tes (R = La and Nd, A = Sr)
in a bro ad range of bias vol ta ges. Because, in contra st to the cited works, we
are deal ing wi th an asym metri cal structure, we Ùnd som e signiÙcant di ˜erences,
in parti cul ar, in the inÛuence of di ˜erent vol ta ge polari ti es tha t pro vi de us wi th
an opp ortuni ty to know about the locati on of local ized states. W e also present
the data f or an e˜ecti ve functi on of electron{ boson intera cti on in the m angani tes
m easured tha t conÙrm the presence of the states near the manganite surf ace.

2. E x per i m en t a l

Thi n Ùlm s of La0 :6 7Sr0 :3 3MnO 3 and Nd 0 : 67Sr0 : 33MnO 3 were f abri cated on
(100)-oriented La Al O 3 substra tes (heated at 760À 7 7 0 £ C in 3 m bar oxygen pres-
sure) by a hi gh-pressure dc sputteri ng m etho d. Thei r electri cal, m agneti c, and
m icrowave pro perti es were characteri zed in the paper [9]. The system studi ed
exp erimenta l ly was a point- conta ct juncti on form ed wi th a sharp Ag ti p pressed
against the sam plewi th a force tha t coul d be regul ated by an adj usti ng m echanism.
The deri vati ves of the current ( I )-versus-vol ta ge (V ) curves were measured by a
standard modul atio n techni que in the Ùxed-vo l tage regime. The second deri vati ve
d 2 I ( V ) / dV 2 , whi ch was used f or the extra cti on of the e˜ecti ve spectra l functi on of
electron{ boson intera cti on accordi ng to the metho d described in deta i l in R ef. [10],
wa s obta ined by num erical di ˜erenti ati on of the exp erimenta l ly measured and nu-
m erical ly smoothed di ˜erenti al conducta nce d / d . Juncti on resistance j um ps
were ini ti ated by appl yi ng vol ta ge bi asesgreater tha n 1 V as i t wa s expl ained in
our previ ous work [8].
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3. R esul t s an d d iscu ssio n

Fi gure 1 i l lustra tes the evoluti on of d I ( V ) / dV characteri sti cs for a juncti on
wi th the neodym ium m anganite Ùlm af ter two successive positi ve-volta ge trea t-
m ents caused a decrease in the juncti on resistance in com parison wi th the di ˜er-
enti al conducta nce of La0 :67 Sr0 :33 MnO 3 . Two m ain features should be stressed: (i )
there is no sym m etry wi th respect to the bi as vol ta ge; (i i ) the character of the
conducta nce spectrum radi cal ly changes af ter several appl icati ons of hi gh vol t-
ages; (i i i ) there is an apparent di ˜erence between tunnel ing characteri sti cs for
lantha num - and neodym ium -based m angani tes. The last Ùnding rem inds the cor-
relati on between the slope of tunnel ing spectra of copper oxi de-based juncti ons and
the norm al -sta te properti es of high-tem perature superconducti ng perovski tes [11].
Below we shal l dwel l on the f orm er tw o observati ons. Let us try to describe
d I ( V ) / dV curves from Fi g. 1 separatel y for both polari ti es by a sim ple form ula

£

wi th , a dim ensionl ess vol ta ge , and varyi ng from
(tunnel ing thro ugh 2 local ized states [2]) to (conventi onal di rect tunnel ing
acro ss a rectangular potenti al barri er). The last sta tem ent m eans tha t we assume
the presence of a sym m etri c barri er (an asym metry reveals i tself in an o˜set of
a conducta nce m inimum f rom tha t in our case was negl igibly smal l) wi th
som e states inside i t. The latter ones m ay be local ized at any part of the barri er
and, as wi l l be pro ved below, i t is a source of a strong asym m etry of our curves.
As we believe, the vol ta ge trea tm ent changes the num ber of the centers inside the
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forbi dden space and thei r locati on tha t mani fests itsel f in radical modiÙcati ons of
¥ ( V ) observabl e in Fi g. 1.

Fi gures 2 and 3 show the dependence of ln [ ( ¥ (V ) À ¥ 0 ) = ˜ upon ln for
Nd Sr MnO and La Sr MnO , respectivel y. It is evident tha t f or ni tro -
gen tem peratures, in general , the behavi or of two branches of the sam e conduc-
ta nce spectrum greatl y di ˜ers from each other. If tha t for positi ve bi ases m ore
resembl es the GM m odel predi cti on wi th [2], the corresp ondi ng charac-
teri sti c calcul ated for negati ve vol ta ges more f ollows an analyti c quadrati c ( )
vo l tage dependence tha n i t fol lows f rom the standard tunnel ing theory . But af-
ter two successive positi ve-volta ge appl icati ons to a neodym ium -based m angani te
juncti on both curves are dra wi ng to gether. The sam e tendency is observed when
the temperature is lowered to several K (Fi g. 3). T o expl ain the observati ons, we
note tha t in our case the barri er structure is strongly asymm etri c (in contra st wi th
a sym metri c GM m odel [2]) and the local izati on centers, if they are, shoul d be set-
tl ed near the m anganite bul k. W hen electro ns are inj ected from a counter- electrode
into the bul k (i t is the caseof negati ve vo l ta ges), the m ain contri buti on com esf rom
tunnel ing pro cesses.In the opp osite situa ti on, the conducta nce spectrum is form ed
greatl y by tra nsferri ng acro ssthe local ized states, as i t can be seen in Fi g. 2. W ith
increasing tem perature more and m ore the states are inv olved in the tra nsport
tha t should mani fest i tsel f in an enhancement of the parameter . Because of
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Fig. 3. Barrier characteristics of A g/La 0: 67 Sr 0: 33 MnO 3 j unctions at 77 K (solid curves )

and 4. 2 K (dashed curves) for b oth p olaritie s indica ted by signs \ + " and \{". T hin dotted

straight lines represent a conventional voltage dependence of the tunnel conductance

( £ = 2) and that predicted by a GM model [2] for an indirect tunnelin g ( £ = 4 =3 ). T he

inset show s an e˜ective spectral function of electron À b oson interaction reconstructed

from the data for T = 4 K .

thi s, we expect tha t for lower tem peratures the e˜ect wi l l becom e m ore
pro nounced tha t is conÙrm ed by measurements shown in Fi g. 3.

Earl ier, we proposed a m etho d of extra cti ng the e˜ecti ve functi on of the
electron{ boson intera cti on from self-energy e˜ects in norm al tunnel ing
data tha t was described and appl ied to mangani tes in our previ ous paper [12].
The appro ach uses an odd part of the di ˜erenti al conducta nce and, to avo id
undesi rable contri buti ons, i t is necessary to deal wi th m ore sym metri cal exper-
im enta l data . Tha t is why we have used for thi s purp ose the spectrum mea-
sured for an Ag/ Nd Sr MnO juncti on wi th and tha t for the
Ag / La Sr MnO devi ce at 4.2 K. The obta ined are shown in the in-
sets in Fi gs. 2 and 3. As i t was argued in Ref. [12], below 80 m eV we bel ieve to
observe the bosoni c excita ti on spectrum of a mangani te incl udi ng phonons and
m agnons. A structure in the vo l tage region between 80 and 170 m eV coul d be
expl ained ei ther as harm onics of latti ce vi bra ti on energies or as m ixed m odes of
both orbi ta l and phonon ori gin [12]. Badly repro duci bl e peaks above 180 meV may
be caused by the m etastable states studi ed in R efs. [5] and [7].

In summ ary, we have found stro ngly di ˜erent behavi or of tw o branches
of mangani te tunnel ing conducta nce spectra and expl ained i t in term s of the
Glasman{ Matv eev m odel [2 ] for tunnel ing across two local ized states settl ed near
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the materi al bul k. E˜ecti ve spectra l functi ons of electron{ boson intera cti on have
been extra cted from the experim ental data for lantha num - and neodym ium-based
m angani te Ùlms. A structure between 80 and 170 meV m ay be attri buted to orbi ta l
orderi ng in the upp er layers of the com pounds studi ed whereas hi gh-energy fea-
tures whi ch are not well repro duced are believed to reÛect the presence of local ized
states in the near- barri er reg ion.
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