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L a1 À x M nO 3 Ùl ms gr ow n by metal organ ic chemical vapor depositio n
techni que on r -plane cut A l2 O 3 substrates were investigated . T he change of

the optical resp onse over the La 1 À x MnO = A l O sample surf ace was investi-
gated along w ith the temp erature dependence of magneti zatio n. T he mostly
pronounced di˜erence in the spectra of dielectri c function occurred in the

region of the d d transition s of Mn- ions. T he changes in the optical spectra
and magnetic prop erties w ere correlated to the structural features of thin
Ùlm.

PAC S numb ers: 78.66.Li , 75. 70.A k

1. I n t rod uct io n

The colossal m agneto resistance in R x A x Mn O (R = La, Pr, Nd, A = Ca,
Sr, Ba) aroused an interest f or wi de inv estigati ons of physi cal properti es of m an-
gani tes [1]. The ẽ ect was interpreted as a doubl e-exchange m echanism between
local ized and i ti nerant electrons ta ki ng into account the Jahn{ T eller e˜ect.

General regul ari ti es of the opti cal spectra of m angani tes were interpreted [1]
as an analogy wi th the other tra nsiti on m etal oxi des. An increase in low-frequency
opti cal conducti vi ty at low tem peratures [2] wa s expl ained by enhancement of the
D rude- like contri buti on of f ree carri ers indi cati ng a tra nsfer of oscil lato r strength
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to lower photo n energies. The 2 p ( O ) ! 3 d ( M n ) charge tra nsfer tra nsiti ons as well
as intra - and inter- ato m ic d À d tra nsiti ons in Mn- ions were found to be responsible
for the Ùne structure of the opti cal spectra .

The giant m agneto resistance (Â 550% at 210 K, T) was
also observed [3] in parent compound La MnO ). The m ag-
neto resistance wa s dependent on the Mn Mn rati o, whi ch can be vari ed by
ei ther La- or O-deÙciency both resul ti ng in the interna l dopi ng. From thi s point
of vi ew, the opti cal studi es present an actua l experim ental investigatio n pro vi ding
the inf orm ati on about the electro nic energy levels.

Thi n Ùlm sam ples of La MnO were grown m ostly on SrTi O substra tes.
Ho wever, for pra cti cal use, thi n Ùlms of m anganites grown on Al O are mostly per-
spective. Previ ous inv estigati ons of La MnO thi n Ùlm s on SrTi O and Al O
substra tes have shown [4, 5] tha t the sam ples are characteri zed by a di ˜erent de-
gree of Ùlm epi ta xy. D ue to a large mismatch between the latti ce consta nts of cubi c
La MnO and tri gonal Al O the La MnO Al O Ùlms possessa lower degree
of epi ta xy and are lesshom ogeneous as com pared to La MnO SrTi O Ùlm s.
In thi s work the vari atio n of the opti cal response over the La MnO Al O
Ùlm is studi ed in m ore deta i l and correl ated to the structura l data and the resul ts
of magneti c m easurements.

Thi n Ùlms of La MnO wi th m m in size were grown by
m etal organic chemical vapor depositi on on Al O -plane cut) substra te [5]. The
La -deÙciency wa s determ ined by inducti vely coupl ed pl asma assisted
emission spectroscopy . The m agneto resistance of the sam ples was % at 190 K
in m agneti c Ùeld 0.5 T. D etai led inf orm ati on on the growth, structure and m ag-
neto resistance of La MnO Al O Ùlm s is presented elsewhere [5].

As noted in [4], the La MnO Al O Ùlms were not homogeneous, pre-
sumabl y due to slightl y di ˜erent techno logical condi ti ons duri ng the growth. Two
vari ously colored sampl esMR 112-7-1 ( \ green" ) and MR 112-7-2 (\ brown" ) present-
ing the m ost disti ncti ve parts were cut f rom one La MnO Al O sampl e.

The scanni ng electron m icro scope (SEM) im ages(Fi g. 1) obta ined by m eans
of the electron microscope BS-300 show typi cal structura l features of the sam ples.
The sam ple im ages obta ined at m agniÙcati on of revealed the defects of
order 0.5 m, the concentra ti on of whi ch was larger in the sam ple MR 112-7-2.
In addi ti on, in the sampl eMR 112-7-1 relati vel y largeareas of recrysta l l izati on were
noti ced.

Fi gure 2 presents the X- ray di ˜ra cti on (XR D) pattern of La MnO
Al O sampl es. In thi s series of structura l studi es the sam ples were al igned wi th re-
spect of reÛections due to substra te. Ana lysis of the structura l data has shown tha t
as com pared to the sam ple MR 112-7-2, the LaMnO Ùlm in the sam ple MR 112-7-1
is better crysta l l ized and conta ins a larger numb er of [110]-ori ented crysta ll i tes.
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Fig. 1. SEM images of La x MnO 3 À £ A l O samples M R11 2-7-1 (a) and MR112- 7-2 (b).

Fig. 2. X RD (C u ˜ ) of La x MnO À £ A l O samples MR112- 7-1 and MR112- 7-2.

Thi ckness hom ogeneity of the sampl es was checked by el lipsometri c mea-
surements tha t have been carri ed out m aki ng use of a nul l -el lipso meter LEF- 3M
equipp ed wi th He{ Ne laser (633 nm ) wi th l ight spot diam eter mm . The ex-
perim ental dependence of ell ipsom etri c parameters and on the angle of l ight
inci dence was wel l described (Fi g. 3) by a three- media (a i r{ Ùlm { substra te) m odel
[6]. The opti cal constants for Al O were ta ken from reference data [7] whi le the
di electri c functi on and thi ckness of La MnO Ùlm were accepted as adj ustable pa-
ram eters.

As fol lows from the data at 633 nm presented in Fi g. 3, the di electri c functi on
equals to i2 165 and i2 304 at two points of the sampl es
MR 112-7-1 and MR 112-7-2 wi th Ùlm thi ckness 368 and 372 nm , respecti vely. The
-values at di ˜erent surface points of the sampl es vari ed in the range 2.2{ 2.4 and

2.1{ 2.5 for rea l and im aginary parts of the dielectri c functi on, respectivel y. The Ùlm
thi ckness values obta ined from the Ùtti ng procedure were in the range 340{ 380 nm
wi th an avera ge value equal to 375 nm .
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Fig. 3. Dep endence of ellipsometri c parameters on angle of light incidence.

The opti cal response of the La 1 À x MnO 3 À £ =Al 2O3 sam pl es was studi ed at
300 K by spectroscopi c ell ipsom etry in the range 0.5{ 5.5 eV maki ng use of a pho-
to m etri c ell ipsometer wi th rota ti ng analyzer. The ell ipsom etri c param eters ˆ and
Â , whi ch describe the compl ex reÛectivi ty as the rati o of the reÛection am pl i tudes
r i for the components para l lel (i p) and perpendicular ( s) to the plane of
l ight inci dence

exp i ta n exp i (1)

were determ ined from the measurement resul ts. The pseudodi electri c functi on

ta n sin (2)

whi ch characteri zesthe sam ple as a hom ogeneous isotro pi c medium , was calcul ated
at the angle of l ight inci dence .

The inverse probl em wi th respect to was solved by ta ki ng the experi -
m enta l values of ell ipsom etri c parameters and and varyi ng the LaMnO Ùlm

Fig. 4. Mo deli ng of the pseudodiel ectri c function spectra at various Ùlm thickness,

.
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thi ckness (Fi g. 4). As can be seen, the observed opti cal response of the sampl e
MR 112-7-2 as well as tha t of MR 112-7-1 is contri buted m ainl y by LaMnO 3 for
Ùlm thi ckness larger tha n ¤ 3 5 0 nm . It shoul d be emphasized tha t the Ùne struc-
ture of the opti cal spectra is weakl y dependent on the Ùlm thi ckness. Taki ng into
account the Ùlm thi ckness determ ined by nul l -elli psom eter, i t is reasonable to con-
cl ude tha t the Ùne structure of the opti cal spectra is caused by intri nsic physi cal
pro perti es of LaMnO 3 Ùlm . However, a slight dependence of the h -spectra on the
angle of l ight incidence indi cated tha t the LaMnO Ùlms were not isotro pi c.

Ma gneti c pro perti es of La x MnO £ Al O sam ples were studi ed usi ng a
comm ercial SQUID m agneto meter (MPMS- 5, Quantum D esign). The m agneti za-
ti on was m easured in the tem perature range 2{ 300 K in magneti c Ùelds up to
1000 Oe. The m agneti c Ùeld was ori ented in the plane of the LaMnO Ùlm.

The opti cal spectra in m anganites and the m echanism of the corresp ondi ng
electronic exci ta ti ons were wi dely studi ed [1]. The charge-tra nsfer character of the
opti cal tra nsiti ons near the gap [8] as well as the inÛuence of the intra -ato mi c
tra nsiti ons in Mn ions [9] were indi cated in the region 1{ 3 eV. However, the
m icroscopi c model of the Ùne structure in the opti cal response of mangani tes is
sti l l under discussion.

As noti ced in [4], the opti cal response ori ginati ng from various surface points
of the sam ple La x MnO £ Al O was di ˜erent in the vi cini ty of the peak at

eV corresp ondi ng to the charge tra nsfer tra nsiti ons , where
is a hole in the l igand orbi ta l . In thi s case the attenti on is paid to the opti cal fea-
tures in the region 2{ 3 eV, whi ch most probably are due to intra - and inter- atom ic

tra nsiti ons in Mn- ions. As can be seen from Fi g. 5, the Ùne structure of the
opti cal spectra di ˜ers signiÙcantl y for MR 112-7-1 and MR 112-7-2 but i t changes
smoothl y passing from one sampl e to another (curves 1 to 5 in Fi g. 5b). It should
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be noted tha t in the spectra l region 2{ 4 eV the opti cal anisotro py wi th respect
to the c-axi s (in P bn m setti ng) was observed earl ier in detwi nned LaMnO 3 sin-
gle crysta ls [8] and Bi 1 À x Ca x MnO 3 [10]. The orbi ta l and charge orderi ng were
predi cted to be responsible for the temperature changes in the opti cal spectra .

The di ˜erence of La 1 À x MnO 3 À £ =Al 2O3 sam ples was also noti ced in thei r
m agneti c properti es (Fi g. 6). As can be seen from Fi g. 6, the m agneti zati on
at low tem peratures as wel l as the satura ti on m agneti zati on in the hysteresi s
loop (at 140 K) are larger f or MR 112-7-2. In addi ti on, from the data of
som e di ˜erence in the tem perature of tra nsiti on to the magneti cal ly ordered state
can be observed for two parts of the La x MnO £ Al O sam ple. It should be
noti ced tha t the tra nsi ti on to the magneti cal ly ordered phase is less steep for
La x MnO £ Al O tha n for La x MnO Û SrTi O sam ples.

The experim enta l data on the opti cal and m agneti c properti es of
La x MnO £ Al O can be correl ated to the structura l features of the sam -
pl es under considerati on. The di ˜erence in m agneti zati on of the sampl es is most
pro babl y due to the local variati on of the structure and chemical com positi on of
the Ùlm s.

The di ˜erence in the opti cal response of vari ous La x MnO £ Al O sam -
pl es can be interpreted as a larger concentra ti on of the -ori ented crysta l l i tes
in MR 112-7-1 as was indi cated by XR D studi es. Theref ore, the polari zati on de-
pendence of the opti cal tra nsiti ons in MnO -octahedra coul d m ani fest i tsel f in the
opti cal anisotro py in the vi cini ty of the features due to tra nsiti ons of Mn- ions.
The presence of a large numb er of the (110)- oriented crysta l l i tes in the sampl e
MR 112-7-1 can be correl ated to the changes of the opti cal spectra in the region
2{ 3 eV. Prel iminary inv estigatio ns of the opti cal properti es of LnMnO -typ esing le
crysta ls stro ngly support thi s opti on. In addi ti on, the presence of di ˜erent peaks in
thi s spectra l region can be also correl ated to the vari ati on of dopi ng and a possible
phase separati on as noti ced in pure and Sr-doped La MnO and La : MnO [11].

Sum mari zing, the investi gatio n of the opti cal response of La x MnO £

Al O sampl es al lowed us to reveal the non-hom ogeneity of LaMnO Ùlm s whi ch
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wa s caused by the local variati on of intri nsic Ùlm properti es. The La 1 À x MnO 3 À £ =

Al O sam ples were characteri zed by di ˜erent opti cal features in parti cul ar in the
region of 2{ 3 eV. The vari atio n of the opti cal response in La x MnO £ Al O
sam ples can be interpreted by the opti cal ani sotro py of the tra nsiti ons due
to non-cubi c local symm etry of the MnO octa hedron and mani festati on of di ˜er-
ent orbi tal and charge orderi ng. The changes in the opti cal response and m ag-
neti c properti es were correl ated to the structura l features of the investigated
La x MnO £ Al O sampl es.
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