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Ferr om agnet ic resonance spectra of t he La 0: 67 Ca0 : 33 Mn O3 ferromag -
netic Ùlm deposited onto the x -cut Li N bO 3 substrate w ere investigated in
a w ide temp erature range . The strain w as mechanicall y intro duced into the

Ùlm using a special holder conÙgurati on. T his leads to a shif t of resonance
Ùeld w ith respect to that of the as-grow n sample. Analysis of the magnetic
resonance shif t , induced by a mechanical stress, allow ed us to determine the

magnetostrictio n constant Ñ 1 00 . T he magnetostriction determined in this
w ay versus saturation magneti zati on could be w ell describ ed by the C allen
and Callen theory suggesting the dominati on of the single ion crystal Ùeld

interaction in the sample being in the ferromagnetic state.
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1. I n t rod uct io n

Ma ngani tes attra ct considerable scienti Ùc and pra cti cal interest due to thei r
colossal magneto resistance ẽ ect (CM R) invol ving doubl e exchange (D E) inter-
acti on [1{ 3] and can be very useful in techni cal appl icati ons of m agneti c de-
vi ces [4{ 7]. The D E intera cti on model [3] is a basic m echanism to expl ain the
paramagnet{ ferrom agnet and semiconducto r{ meta l tra nsiti ons as well as CMR .
Ho wever, i t was recentl y suggested [8] tha t the doubl e exchange intera cti on alone
is not su£ ci ent to expl ain the resisti vi ty behavi or as a f uncti on of tem perature
and tha t the strong electron{ phonon intera cti on ari sing from the Jahn{ T eller (JT)
spl itti ng can play an im porta nt ro le in the mechanism of the m agneto tra nsport.

The stro ng electro n{ crysta l latti ce intera cti on suggests tha t m angani tes
should be extrem ely sensiti ve to appl ied m echanical stresses, whi ch a˜ect the
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m agneti c system thro ugh magneto elastic intera cti ons. Exp erim ents perf orm ed on
m angani tes up to now im ply tha t there are a lot of mechanisms responsible for
m agneto elasti c phenomenon in these m ateri als. It was shown tha t the m agne-
to stri cti on below the Curi e point is stro ngly ani sotro pi c and ta kes values typi cal
of 3 d m etals. However, the magneto stri cti on of m anganites in param agneti c state
is related to the charge carri ers localizati on in appl ied m agneti c Ùeld. In many
casesthe electro nic phase separati on is responsible for unusua l properti es of these
m ateri als [9, 10].

The fact tha t mechanical deform ati on has a strong inÛuence on m agneti c
pro perti es of manganites is responsibl e for signi Ùcant di ˜erence in magneti c and
tra nsport pro perti es of thi n Ùlm s com pari ng to thei r bul k counterpa rts.

Ma gneti c properti es of manganite thi n Ùlm s are strongly dependent on a
latti ce consta nt m ismatch between a thi n Ùlm and i ts substra te. Stra in ari sing
from thi s m ismatch coul d be responsible for the m agneti c state of a m angani te
sam ple.

It is shown [11] tha t La0 : 5Ca0 :5 Mn O3 thi n Ùlms are m etal l ic and ferrom ag-
neti c, whi le bul k sam ples are anti ferrom agneti c insul ato rs. Pro babl y som e m is-
m atch and resulti ng stra in led here to the elim inati on of the cooperati ve JT e˜ect,
whi ch determ ines the ground state of the system . It was also shown tha t about
1% of latti ce misÙt resul ts in latti ce relaxati on, whi ch occurs in m angani te Ùlms
thi cker tha n 100 nm . Tha t gives a possibi l i ty to change Ùlm properti es by changing
i ts thi ckness. The experim enta l veri Ùcati on of thi s hyp othesis woul d permi t \ man-
gani te Ùlm s engineering" . Conducti vi ty measurements of manganite Ùlm s wi th
di ˜erent thi ckness [12] conÙrm the above suggestion.

Since the m agneto elastic tensor components of thi n Ùlm s di ˜er from thei r
bul k counterpa rts (b ecause of surf ace contri buti on, m ismatch stresses, as wel l as
possible texturi ng e˜ects) the m agneti c properti es and magneto stri cti on of thi n
Ùlms coul d be also di ˜erent. Hi gh m agneto stri cti on is not welcom ed for CMR
devel opm ent due to i ts di rect connecti on wi th m agneti c anisotro py and wi th the
m agneti c softness of the materi al .

It is theref ore importa nt tha t one should obta in m axi mum inf orm ati on on
m agneto elasti c pro perti es of mangani te Ùlm s in order to understa nd m acroscopic
m echani sms responsi ble for m agneto elasti c intera cti ons.

A stra in appl ied to a ferromagneti c sampl e induces a m agneto elasti c ani so-
tro py, whi ch stro ngly inÛuences spi n conÙgura ti on and can change magneti c pa-
ram eters such as resonance Ùeld, coercive force, and m agneti c susceptibi l i ty .

In thi s work we present the ferrom agneti c resonance (FMR ) inv estigatio n of
La 0 :67Ca 0 : MnO (LCMO) Ùlm under stress. The stress gives a m agneto elasti c
contri buti on to m agneti c energy of the system . The analysis of the resul ts of these
inv estigati ons can be trea ted as an indi rect metho d of m agneto stri cti on m easure-
m ent in thi n Ùlms, al lowing tem perature dependent studi es.
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2. E x per i m en t a l

Using the La 0 :67Ca0 :33MnO 3 ta rget the LCMO 3000 ¡A thi ck Ùlm wa s de-
posited onto x -cut thi ck Li NbO 3 substra te havi ng tem perature of 7 3 0 £ C by pul sed
laser depositi on wi tho ut postanneal ing. X- ray di ˜ra cti on inv estigati on showed tha t
the Ùlm is sing le pha se, epi ta xi al , (001) oriented wi th the pseudocubi c latti ce pa-
ram eter a 0 = 0 3 8 5 3 nm . The m agneti c properti es of the Ùlm were studi ed using
SQUID magneto meter.

There are m any mechanical metho ds of intro duci ng stress into Ùlm s [13{ 16].
In thi s work, the contro l led stra in was intro duced to the Ùlm usi ng the special
ho lders wi th kno wn radi i of curv ature [17]. The sam ple holders were machi ned
from a block of PTFE, whi ch wa s appro pri ate because i t di d not give any con-
tri buti on to FMR spectrum . The FMR studi es were perform ed using the X- band
spectrom eter wi th the reÛection resonance cavi ty (operati ng at the Ùxed frequency
about 9.25 GHz), equipp ed wi th a vari able temperature Ûowi ng gas cryo stat. FMR
m easurements, perform ed in the m agneti c Ùeld appl ied in the pl ane of the sampl e,
have al lowed observi ng the changesin the resonance Ùeld when the constant stress
wa s intro duced m echanica l ly into the Ùlm .

3. R esul t s an d an al ys i s

It wa s the m ost suita ble to express the stress e˜ect as a shi ft of the
resonance Ùeld at a Ùxed resonance frequency. In order to calculate m agneto elas-
ti c parameters we have used simi lar appro ach as f or stress m odul ated ferrom ag-
neti c resonance (SMFMR ) techni que [18], ta ki ng into account the analysis used in
R ef. [19]. However, one should note tha t SMFMR involv es dyna mic stress appl ied
to the Ùlm in contra st to stati c one used in thi s wo rk.

As i t could be seen in Fi g. 1, the stress results in the shift of in-plane reso-
nance Ùeld to wards higher Ùeld values correspondi ng to non-zero magneto stri cti on
in our sampl e. The shif t of the resonance line conta ins inf orm ati on on m agneto -
elastic tensor com ponents and can be estimated by evaluati ng the resonance Ùeld
for the stressed and as-grown states from wel l kno wn FMR condi ti ons [20]:

= ( sin ) (1)

where is a free energy of the sampl e evaluated for the condi ti on =

= 0 i s a f erromagneti c resonance f requency, is a gyro m agneti c rati o,
is a satura ti on m agneti zati on, and are polar and azimutha l angles repre-

senti ng the ori entati on of m agneti zati on. The intro ducti on of the dim ensionless pa-
ram eters al lows the ta sk to be sim pl iÙed. Taking = and =

the di mensionlessresonance condi ti on is obta ined [20]. The incl udes al l ki nds of
energies ta ken into account: m agneto stati c, m agneto crysta l line, and m agneto elas-
ti c, likewi se an energy of Zeeman spli tti ng, as well as of the uni axi al anisotro py.
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Fig. 1. FM R spectra of La 0: 67 Ca0 : 33 MnO 3 Ùlm in stressed and in as-grow n states at

161 K w ith in-plane magnetic Ùeld geometry .

Fig. 2. Reduced saturation magnetization and reduced shif t in resonance magnetic Ùeld

as a function of temp erature. Magnetic Ùeld is in the Ùlm plane.

Fi gure 2 shows how the reduced shift of resonance Ùeld and the reduced
satura ti on magneti zati on of the sampl e change wi th the tem perature. The mea-
surements of FMR under stress, wi th the in-pl ane dc m agneti c Ùeld, al low a Ñ1 0 0

m agneto stri cti on constant to be determ ined [20].

ñ 0 £ H = [ À 6 + (9 + 3 ˜ ) sin ' ]
2

(2)

where is the angle between and appl ied stress deÙned as = ( 1 )

[14]. Here = (2 ) = 2 5 0 ppm is the stra in induced by Ùlm bending over radius
is the thi ckness of the Ùlm and substra te, and are the Young modul us

and Poisson rati o equal to 232 GPa and 0.26, respectivel y [21]. The dim ensionless
parameter is determ ined by the fol lowi ng expression:

=
2

(3)
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where m e = 1 À 2 K u =ñ 0 M s , K u | the uni axi a l ani sotro py constant, ! =p
+ 4. In the case when = 9 0 , the corresp ondi ng di mensionless quan-

ti ti es of = 0 5 6 1 4 = 0 7 2 4 1 1 = 0 9145 give at 46 K = 0 6 3 1 4 . The
m agneto stri cti on constant is calculated to be (7 9 0 3 4 ) 1 0 at 46 K. Thi s
is com parable wi th previ ously reported data for the La Ca MnO Ùlm on
SrTi O substra te [22].

Fi gure 3 presents the m agneto stri cti on constant as a functi on of tem per-
ature. To get insight into the origin of m agneto stri cti on the reduced magneto stri c-
ti on consta nt is plotted against reduced satura ti on magneti zati on (Fi g. 4)
and one can see tha t experim enta l data are wel l described by Cal len and Cal len
theo ry [23, 24]:

( ) = (0 ) ^ [ ( )] (4)

where = ( ) ( 0) is the reduced satura ti on m agneti zati on of the Ùlm,
^ i s the reduced hyp erbol ic Bessel functi on, and | the inv erse Langevin
functi on. Equati on (4) can be well Ùtted to the experim enta l points (wi thi n the ex-
perim ental errors) using hyp erbol ic Bessel functi on of order = 2 tha t corresponds
to the dom inati on of sing le ion m agneto stri cti on m echani sm in our sam ple.

Ma ngani tes are wel l kno wn m ateri als characteri zed by a cooperati ve JT con-
tri buti on to the m agneto crysta l l ine energy associated wi th Mn (3 ) conÙgura-
ti on. The electro n of Mn- ion intera cts wi th the latti ce due to the JT distorti on
and the e˜ecti ve hoppi ng is determ ined by the nearest neighbor spin{ spin coupl ing
of electrons. It is reasonable to m ake an assumpti on about a cl ose relati on in
the ori gin of JT e˜ect in ferromagneti c m angani tes and single ion magneto stri c-
ti on reported here. Both e˜ects are determ ined by -shells of ions in the crysta l l ine
latti ce and both e˜ects are accom pani ed wi th exi stence of the orbi ta l mom ents
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Fig. 4. Reduced magnetostricti on constant Ñ 100 versus reduced saturation magnetiza-

tion of La 0 : 67 C a0 : 33 MnO 3 Ùlm (p oints ). T heoretical calculatio ns w ith l = 2 in Eq. (4)

(solid line), Î 9 = 2 ( x ) (dotted line) and [m ( T ) ]
2 (dashed line) respectively .

degeneracy. Both e˜ects also invol ve the strong electron{ phonon coupl ing as well
as elastic intera cti ons [25].

4 . Co n cl usion s

The m agnetostri cti on of the La Ca MnO Ùlm was determ ined from the
stra in dependence of ferrom agneti c resonance. Thi s techni que for measuri ng m ag-
neto elastic properti es in thi n Ùlms is stra ightf orward and highly sensiti ve. The tem -
perature dependence of the m agnetostri cti ve constant has been determ ined
over the wi de tem perature range. Sing le ion mechanism of crysta l Ùeld intera cti on
in La Ca MnO Ùlm was found to be dominating in magnetostri cti on phe-
nom enon. It is assumed tha t the Jahn{ Teller e˜ect in ferrom agneti c m angani tes
and the single ion m echanism of magnetostri cti on could be origina l ly associ ated.
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