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Epit axial , t ext ured, and polycry stal li ne La 0: 7 Ca0: 3 Mn O 3 Ùlms, ha vin g

about 150 nm thic kness, w ere prepared by pulsed laser depositi on techni ques
onto (110 ) N dGaO 3 , MgO and lucalox substrates and investigated using
10 ns duration, 0.5 ns rise time electrical pulses having amplitud e up to

500 V . Electroresistance of the Ùlms [R ( E ) À R ( 0) ] =R (0) w as investigated up
to 80 kV /cm electric Ùeld strengths in temp eratures ranging from 300 K to
4.2 K . Strong (up to 93%) negative electroresistan ce w as obtained in p oly-
crystalli ne La 0 : 7 C a0: 3 MnO 3 Ùlms prepared on MgO and lucalox substrates.

T he epitaxia l Ùlms grow n on N dGaO 3 substrate demonstrated only a small
resistance change due to Joule heating induced by a current pulse. I t w as
concluded that electroresistan ce manif ests itself in strongly inhomogeneou s

manganites Ùlms exhibi ting a large numb er of structural imp erfections pro-
ducing ferromagnetic tunnel j unction nets.

PACS numb ers: 73.50.Gr, 73.50.Lw , 73.63.Bd

1. I n t rod uct io n

It has been observed tha t m anganites exhi bi ti ng colossal m agneto resistance
(CM R ) phenom enon are also sensiti ve to electri c Ùelds tha t induce stro ng de-
creases in the electri cal resistance of these m ateri als. Thi s e˜ect was named elec-
tro resistance (ER ) and wa s studi ed in Pr : Ca : Mn O 1 3], Nd : Sr : MnO
[4], and La x Cax MnO system. The ER was detecte d in bul k polycrysta l l ine
La : Ca : MnO [5], single crysta ls of La : Ca : MnO [6], and epi ta xi al
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La 0 :7Ca 0 :3MnO 3 Ùlms [7]. The e˜ect of short pul sed electri c Ùelds on the resis-
ta nce of thi n La0 :67 Ca0 : 33MnO 3 Ùlm s was investi gated in [8, 9]. As a result, a fast
faul t current l im iter wi th subna nosecond ti me turn on ti m e was suggested [10, 11].
Ho wever, the reasons for the ori gin of ER are sti l l uncl ear, thus maki ng di £ cul t the
further developm ent of thi s devi ce and wi der appl icati on of the ER phenomenon
for other Ùeld e˜ect devi ces. Mo reover, i t seems tha t the nature of ER is di ˜erent
in bulk ceram ics, sing le crysta ls, and thi n Ùlm s of m anganites. Accordi ng to [5],
the stro ng decrease in resistance tha t occurs wi th the increase of electri c Ùeld is
due to the Frenkel { Poole e˜ect in the interf aci al regions of the manganite ceram ic.
The ER in sing le crysta l sam ples was expl ained as electri c Ùeld induced CMR [6]
whi ch ta kes place in narro w channels of the crysta l because of current percolati on
in m edium consisting of two phases wi th di ˜erent electroni c densiti es. The expl a-
nati on of ER in epi ta xi al Ùlms was also based on a two -pha se system conta ini ng
hi gh conducti vi ty ferrom agneti c reg ions (FM) and low conducti vi ty charge order-
ing (CO) regions [7]. However, in thi s case, i t was suggested tha t the electri c Ùeld
m odi Ùesthe volume fracti ons of the FM and CO com ponents. It has to be noted
tha t the e˜ect of experim ental condi ti ons, i .e. dc or pul sed current at whi ch ER
app ears, was not ta ken into considerati on.

In thi s paper, we report on an experim enta l study of short electri cal pul se
induced ER in La0 : 67Ca0 : MnO Ùlm s conta ini ng di ˜erent im perf ection densiti es
and demonstra ti ng tha t the very large (up to 93%) ER e˜ect is caused by e˜ects
of strong electri c Ùelds on the resistance of these im perfecti ons.

The Ùlm s were grown onto (110) NdG aO (NG O), Mg O (MG O), and lucalox
substra tes by on-axi s pul sed laser depositi on using La : Ca : MnO ta rget syn-
thesi zed by a sol id state reacti on techni que. A Nd :YAG laser, operated in a
doubl ed frequency mode ( nm ), was used f or thi s depositi on. Laser pul se
energy was chosen to be 50 m J. D uri ng the depositi on, the tem perature of the
substra te was kept at C. The growth was fol lowed by anneal ing in 1 atm .
pressure oxygen at C for 30 m in. Af ter thi s, the Ùlm was cooled down to room
tem perature for 3 hours. The thi ckness of the La : Ca : MnO Ùlms wa s about
140 nm . NdG aO and Mg O substra tes were single crysta ls wi th ortho rhom bic and
cubi c uni t cell structures , respecti vely. The di ˜erence between the plane latti ce
constants of the NdG aO and Mg O substra tes and the bul k La : Ca : MnO
were 1% and 9%, respectively. Luca lox substra te was a polycrysta l l ine structure .

The sampl es, havi ng a length of 5 mm , were designed in a co-planar shape
wi th the wi dth ranging from 1.5 mm to 3 m m. Four Ag ta pes havi ng 1 m m wi dth
and spaced by 50 m gap were deposited onto the Ùlm by therm al evaporati on at
200 C. Af ter thi s, the Ùlms were annealed for 1 hour at 1 atm . pressure in argon
gas at 400 C. The resistance of the sampl esfor low value dc currents wa s measured
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by a standard four-pro be metho d. In order to investigate the ER of the sampl es
exp osed to stro ng pul sed electri c Ùelds, the sam ples were connected in series to a
5 0 ¨ im pedance high frequency (18 GHz) tra nsmission l ine and pul sed by 5{ 10 ns
dura ti on, 0.5 ns rise ti me recta ngular shape electri cal pul ses[9]. The am pl i tude of
these pul seswas changed from 10 V to 500 V. Mea surements of dc resistivi ty and
ER were perform ed at tem peratures ranging from 4.2 K to 300 K, using a closed
cycl e hel ium gas cryo cooler.

3. R esul t s

3. 1. DC resist ivi ty measurement s

Fi gure 1 shows a typi cal electri cal resistivi ty (£ ) vs. tem perature (T ) depen-
dence for La 0 :67Ca 0 :33MnO 3 Ùlms prepared on di ˜erent substra tes. Fi lm s deposited
on NG O substra te was inv estigated using a 0.86 m A exci ta ti on current. In the case
of Ùlm s deposited on MG O and lucalox substra tes, thi s current was 0.1 m A. It is
evi dent tha t £ = f ( for al l the inv estigated Ùlm s exhi bi ts a m axi mum at a
certa in cri ti cal tem peratures . For Ùlm s grown on NG O, MG O, and lucalox

substra tes, thi s tem perature is 265 K, 135 K, and 100 K, respecti vely. At tem per-
atures below , the resisti vi ty of the Ùlm s deposited on NG O and MG O sub-
stra tes decreases wi th tem perature, whi le for Ùlm s prepared on lucalox substra te,
the dependence has a m inimum at K. At thi s tem perature,
the m etal l ic-l ike resistivi ty behavi or changes to a semiconducto r state. Fi gure 1
also demonstra tes tha t an increase in is always accom pani ed wi th a signi Ùcant
decrease in the resisti vi ty of the Ùlm . The largest resisti vi ty ( cm)
corresponds to the lowest 100 K obta ined for Ùlms prepared on lucalox sub-
stra te. In the case of MG O and NG O, the was cm and 50 m cm,
respect ively.
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3.2. Elect roresistance induced by pulsed elect r ic Ùeld

The ER usi ng short electri c pul seswa s inv estigated at temperatures ranging
from 4.2 K to 300 K. W edeÙned the value of the electro resistance (E R ) as fol lows:

E R =
R ( E ) À R (0 )

R (0 )
È 1 0 0 % (1)

where is the resistance of the sampl e e˜ecte d by pul sed stro ng electri c Ùelds
and is the resistance of the sam ple e˜ecte d by pul sed electri c Ùelds, the value
of whi ch does not exceed 0.5 kV / cm. It was found tha t is the same as tha t
m easured using dc current.

Fi gure 2 depicts the e˜ect in La Ca MnO Ùlms deposited on NG O
substra te. The resistance change wa s m easured 2 ns after the start of the pul se.
As can be seen below, i f the tem perature is approxi matel y equal to 260 K, the
is positi ve i f electri c Ùeld strength does not exceed 25 kV/ cm, however at higher
tem peratures it is very smal l (l ess tha n 10%) and negati ve. The positi ve vs.

dependence increase is higher at low tem peratures and becom es less abrupt
at tem peratures close to . At these tem peratures, thi s dependence exhi bi ts a
m axi mum at electri c Ùeld strengths of 20 kV/ cm.

The vs. electri c Ùeld streng th behavi or of Ùlm s grown on MG O sub-
stra tes strongly di ˜ers from tha t obta ined for Ùlms on NG O substra te. The hi gh-
est negati ve was obta ined at tem peratures around . Decrease or increase
in tem perature f rom has a smal ler e˜ect on the . A typi cal vs. de-
pendence of negati ve e˜ects slightl y below dem onstra tes the decrease in

wi th an increase in . Thi s increase at hi gh electri c Ùeld streng th tends to
satura te. The satura ti on becom es m ore noti ceable at lower temperatures and at
cri ti cal Ùelds at whi ch the satura ti on starts to decrease as the tem perature de-
creases. Sta rti ng from tem peratures at around 80 K, the vs. dependence
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exhi bi ts a m inimum. In thi s case, the E R value increasesonly up to a certa in cri t-
ical electri c Ùeld; for higher Ùelds the E R value decreases wi th an increase in E .
Thi s increase becom es so stro ng at 60 K tha t the E R changes i ts sign from nega-
ti ve to positi ve (see Fi g. 3a). The increase in temperature above T m also makes the
E R vs. E dependence lessabrupt. However, in thi s case, the satura ti on of the E R

vs. E dependence at higher electri c Ùelds di sappears. At hi gh tem peratures, thi s
dependence is very sim i lar to tha t obta ined in Ùlm s prepared on NG O substra tes
(see Fi g. 3b).

Fig. 3. (a, b) Electroresistance vs. electric Ùeld strength dep endence for

La 0: 67 Ca0: 33 MnO 3 Ùlms dep osited on MgO substrate.

Fig. 4. Electroresis tance vs. electric Ùeld strength dep endence for La 0: 67 C a0: 33 MnO 3

Ùlms dep osited on lucalox substrate.

The results of ER e˜ect inv estigati on in Ùlm s grown on lucalox substra te
is presented in Fi g. 4. It is evident tha t only negati ve electroresistance app ears
in thi s case over the enti re investi gated temperature range. The value of
increases wi th the increase in electri c Ùeld strength and wi th the decrease in Ùlm
tem perature. The hi ghest v alue of (93%) was obta ined at 5 K. In thi s case,
the shape of the vs. curve is simi lar to tha t obta ined in Ùlms prepa red on
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MG O substra te and kept at temperatures around T m . The changes in the shape
of the E R vs. E curves wi th the increase in tem perature are also simi lar to Ùlms
deposited on MG O substra te, i f the tem perature increases above Tm .

4 . D iscu ssio n

Bef ore di scussing possible reasons for the origin of electroresistance in the
inv estigated Ùlm s, i t is necessary to discuss the results of the resistance vs. tem -
perature dependence inv estigated for the dc current reg im e. It was found tha t
Ùlms prepa red on NG O substra te had low resistance and a hi gh cri ti cal tempera-
ture Tm = 265 K. Such behavi or is typi cal of epi ta xi al Ùlm grown on a substra te
wi th a small m ismatch of latti ce param eters between substra te and Ùlm (a latti ce
parameter di ˜erence between bul k LCMO and NG O is only 1%). In the case of
the MG O substra te, thi s m ismatch is signiÙcant (9%) and a large num ber of di s-
locati ons pro duci ng gra in bounda ries (G Bs) necessary to absorb the m isÙts are
form ed [12]. The Ùlm grown on polycrysta l line lucalox substra te has to conta in
m ore im perfections tha n tha t prepared on MG O substra te, because in addi ti on
to the latti ce m ismatch, the lucalox substra te is of granular structure. Thus, i f
the latti ce m ismatch generates GB in the sam e di recti on as the ori enta ted crysta l -
l i tes, l ike in the MG O case, the lucalox substra te creates addi ti onal GBs between
the di sorienta ted crysta l li tes [13]. A higher resisti vi ty and strong di ˜erences be-
tween the R ( T ) dependence for the Ùlm s prepared on lucalox and MG O substra tes
conÙrm thi s assumpti on.

Smal l values of and vs. dependence in Ùlms grown on NG O
substra te can be expl ained by current induced heati ng of the Ùlm due to a stro ng
electri c Ùeld pul se acti on. Positi ve and negati ve obta ined below and above ,
respect ively, show tha t Joule heati ng could be the m ain reason of thi s e˜ect. Let
us suppose tha t is the same for all electri c Ùeld strength values, heati ng is
adi abati c and the Ùlm resistance dependence on tem perature is l inear. It is almost
true for relati vely narro w tem perature ranges and short electri cal pul se dura ti ons.
In thi s case, the tem perature increase of the Ùlm duri ng the electri cal pul se acti on
can be obta ined from the fol lowi ng form ula :

(2)

where is the vo l tage, is the ti m e of current Ûow, and and are the heat
capacity and m ass of the Ùlm, respectivel y. is the average resistance of the
sam ple. Fi gure 5 (tri angular dots) shows the tem perature increase calcul ated when

ns and when the electri c Ùeld strength was 20 kV/ cm. The circul ar dots are
exp erimenta l data points (see Fi g. 1) and demonstra te how m uch the tem perature
has to increase in order to get a correspondi ng electri c Ùeld induced resistance
change (see Fi g. 2). As can be seen, exp erimenta l data and calcul ati ons are in
relati vel y good agreement at tem peratures below . However, the di ˜erence at

dem onstra tes tha t in addi ti on to Joul e heati ng, there is a non- therm al
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Fig. 5. Calculated (solid dots) electric pulse induced temp erature increase of

La 0: 67 Ca0: 33 MnO 3 Ùlm dep osited on N dGaO 3 substrate (applied electric Ùeld

20 kV /cm). C ircular dots show temp erature increase obtained from the resistance vs.

temp erature dependence.

ori gin of the stro ng electri c Ùeld e˜ect, such as Ùeld assisted hoppi ng [14], whi ch
m ani f ests i tsel f when the Ùlm is tra nsform ed to semiconducto r- like behavi or.

As i t is shown in Fi g. 1, Ùlms prepared on MG O substra tes have a signiÙ-
cantl y lower T m = 135 K and 50 ti m es higher resisti vi ty tha n Ùlms deposited on
NG O. In thi s case, the m ain reason for the electroresistance phenomenon (negati ve
and positi ve) at T ƒ T m and T § i s also Joul e heati ng, whi le a large negati ve
electroresistanc e nearby is of pure electronic origin and pro babl y is determ ined
by charge carri ers tunnel ing across high resisti vi ty gra in boundari es [13]. Mo st
pro babl y, the sam e or sim ilar e˜ect is responsibl e for ER phenom enon in high re-
sisti vi ty Ùlm s fabri cated using polycrysta l l ine lucalox substra te. In thi s case grain
bounda ries f orm ed between disori ented mangani te crysta ls could play a signi Ùcant
ro le in determ ini ng the Ùlm 's electri cal properti es. The m ain vol ta ge dro p in thi s
case is concentra ted at these im perfections, where the resistivi ty is less sensiti ve to
m agneti c orderi ng. For thi s reason, only a stro ng negati ve electro resistance phe-
nom enon was observed for the inv estigated tem perature range from 5 K to 300 K.

The electroresistance e˜ect caused by nanosecond dura ti on electri cal pul ses
in high qual i t y La Ca MnO Ùlms grown onto (110) NG O substra te and
havi ng a smal l num ber of im perfections for the inv estigated tem perature range is
m ostl y due to Joule heati ng. However, the resistance changescl oseto and above
is the resul t of both Joule heati ng and non- therm al strong electri c Ùeld e˜ects.
The Ùlms prepared on MG O substra tes have signiÙcantl y lower 135 K
and 50 ti mes hi gher resistivi ty tha n Ùlm s deposited on NG O. Mo st probably, thi s
is caused by gra in bounda ri es form ed due to the misÙt between the Ùlm and
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substra te latti ce constants. In thi s case, the m ain reason for the ER phenomenon
(negati ve and positi ve) at T ƒ T m and T § T m i s also Joule heati ng, whi le
large negati ve E R values near T m i s of pure electroni c ori gin and probably is
determ ined by charge carri er tunnel l ing acro ss hi gh resisti vi ty grain bounda ri es.
The ER phenom enon in Ùlms fabri cated using polycrysta l l ine lucalox substra te
is also associated wi th strong electri c Ùelds on the GB, whi ch, most pro babl y,
are form ed between disori ented m anganite crysta ls. For thi s reason, only a stro ng
negati ve ER phenom enon was observed over the investigated temperature range
from 5 K to 300 K.
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