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L0 < AMnQ; compounds. where Ln is rare carth and A is
divalent clement such as Ca. Sr. Ba and Pb. arc promising
cathode matcerials in solid oxide [ucl cclls and catalysts in the
oxidation of hyvdrocarbens or carbon monoxide.! Recently.
giant magnetoresistance effect (GMR) have been reporied in
these rarc-carth manganates.~ which not only drives great
fundamental interest 1 the mixed oxidation states of manga-
nese bul also has opencd up the possibility of their usc as
rcad heads for magnctic scnsors.?

The application of these manganalcs requires preparation
of the thin {ilms with particular physico-chemical properlics.
Cheap and versalile alternatives o physical methods based
on ¢vaporation would be the solution techniques which are
particularly suitable for large-scale production and coatings.
Some¢ methods based on the chelating ligands have been
reported but a drawback ol deposition processes is that the
rheology of (he solutions requires repeated coatings and
intcrmediale calcimations (o obtan films with a relatively
thick [ilms of 100 nm. Therefore. we here describe a new
solution method (o deposition of thicker films by spin-coal-
ing. We have vestigaled (he transport properly ol the
LaucsMnO; thin layer afier heat treatment which 1s particu-
larly sensitive (o densification of the film.,

For many applications. the abilily (o pattern films into usc-
lul device architectures 1s a key consideration. The inherent
chemical stability and refractory naturc of oxide matcnals
often present difficulty in this regard. resulting in require-
ments for several conditions Lo clieet the paticrning of the
MIms. by cither chemical ciching or ion milling. thus increas-
ing the complexity of any manulacturing process. Recently.
scllasscmbled monolavers (SAMs) have begun to be
explored for applications in microfabrication. including
microcontact printing (4-CP).*"” The patterned SAMs were
uscd as thin resists. to transfer patterns onto thin-films. cither
by sclective chemical ciching or by selective deposition. For
examplc. applications of sclective chemical ctching of the
paticrned octadecyltrichlorosilane (OTS) laver demonstrate
the lacile fabrication of clastomeric light valve* and micro-
coils on capillarics for high resolution proton nuclear mag-
nclic resonance on nanoliter volumes.® In carlier reports for
sclective deposition. it has been shown that patterned SAMs
of OTS. can be utilized as molccular resists and templates
for dirccting the deposition of thin-films, Patterned metal

thin-lilms of Cu.!™" PL.'® Pd'® have been deposited by
mctal-organic chemical vapor deposition. Patterning  of
oxide thin-films including LiNbO:.!* (Pb.La)TiO:'* and
Ta:0:.* Pb(Zr.Ti)Os' has been carricd out by sol-gel
method. Sclf-asscmbled monolaycrs are used in this work to
lunctionaliz¢ surfaces with robust hyvdrophilic thin films.
thereby influencing the strength of the interactions of the
substrale with rcagents used in the sol-gel deposition pro-
cess. We employ the y-CP to crcate micrometer scale pat-
terns ol organosilanc monolaycrs on the substratcs.

The current study extends these carlier works to develop
the utility of ¢#-CP mcthod to prepare the rarc-carth mangan-
ate with giant magnctoresistant property on the single crystal
oxidc substralc such as LaAlO:. A key challenge cxists in
the patterning of thin films of these oxide maltcerials since
both substratc and thin-films oxidcs display widcly disparate
drv and wet chemical ctch rates.!® We described here a novel
mcthod for patterning the oxide thin layers by sclective fune-
tionalization of the substratc surface with a printed organic
thin-film template.

Experimental

Sclective sol-gel deposition of oxide thin films consists of
three steps (1) microcontact printing ol hydrophobic mono-
layer patterns on a substrate. (i) solution (sol-gel) deposition
of oxide thin films on the top of patterned functionalized
substratc. and (ii) mild. non-abrasive pohshing using wet
cotton felt.

The substrate surface was patierned with SAMs of OTS
by ¢-CP. To do this. the LaAlQ; substrate had been washed
with deionized water. acctone. and 2-propanol and dricd
with a strcam of argon. A similar procedure has been used to
pattern the OTS monolayer. with dimensions from 4 gm (o
300 gm ¥

Sol-gel precursor solution was synithesized from metal
alkoxides in 2-mcthoxycthanol solution. Lanthanum mcth-
oxvethoxide. lead acclate. and mangancse acclale (La:
Pb:Mn=2:1:3) were dissolved in 2-mcthoxycthanol.
and hcated under flowmmg dry mitrogen. Volatiles were
rentoved by distillation until the condensing vapors reached
the boiling point of 2-mcthoxyethanol. The solution was
then diluted with 2-methoxycthanol. and the distillation was
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repeated twice. This procedure was necessary to remove
waler and acetic acid from the precursor solution, which
enhanced subsequently combination among Pb, La and Mn
alkoxide species. During the final distillation, the precursor
solution was concentrated to 1M, bascd Mn conient.

The precursor solution (I M of Mn) was spun atop OTS
patierned LaAlQ; for 30 seconds at 3000 rpm. After the dep-
osition sample were heated on the hot plate at 200 °C. Dur-
ing pyrolysis, regions ol amorphous layers above the OTS
lunctionalized regions were severely cracked and showed
poor adhesion. In contrast, well-bound. continuous layers
were formed above underivatized regions. The looscly
adhered layers were selectively removed by mild mechani-
cal abrasion with cotton lelt wetted with 2-propanol. We
note that this is but one method which cffectively removes
the non-adherent materials. Other methods, including hydro-
thermal treatment, are under investigation. The sample was
heated at 900 °C (or 1 hour in the oxygen atmosphere 0
cvaporate lead oxide and o obtain sintered Lag ozMnQs thin
layer.

X-ray dillraction (XRD) data was obtained with a Rigaku
D-max A diffractometer (Cu target). while the elfect ol
magnetic (ield strength on cleetrical transport was investi-
gated using a Quantum Design SQUID magnetometer in
liclds ranging up to 7T and temperatures [rom 5 to 350 K. A
standard [our-point probe technique was used to determine
the resistivity at | mA.

Results and Discussion

Sclectivity of the deposition is clearly demonstrated by the
optical microscopy and the energy dispersive line scan made
across the imaged region. Figure 1 shows selectively pat-
terned 100 pm wide Laoo:MnQs bars on LaAlOs single crys-
tal substratc by hydrophobic OTS-SAMs. The stability of
patterned self-assembled lilms of OTS formed by contact
printing has been reported.'®17 The resulting films have sig-

Figure 1. Rarc-carth manganate laycer spin coated on monolayver-
functionalized lL.aAlQ; after nonabrasive polishing o remove
nonadherent oxide above hydrophobic monolayer
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Figure 2, XR1) data recorded lor Lag 6zMnQ; thin layer crystallized
at 300 C.

nificant mechanical, thermal, and chemical stability enough
to apply the sol-gel deposition. It is generally belicved that
the adsorption ol alkytrichlorosilane and other alkylsilancs
with hydrolyzable bonds proceeds on hydrated surfaces via
the formation of silanols as intermediates. which then react
in turn laterally or with surface OIl groups to form a net-
work polymer which is covalently bound to the surface in
some degree.® 1 In this work. the adsorption of OTS on sin-
gle erystal oxide substrate ol LaAlO; has been suceessfully
obtained (or the patterning of perovskile manganate thin
laver.

Thin films of (Lai«Pb)MnQ; have been deposited using
2-mecthoxycthanol solution. The detailed chemical analysis
for the precursor solution is now under investigation. [n the
preliminary analysis ol infrared speetroscopy. acctate group
remains in the final precursor solution and is considered to
help the adhesion ol thin layer on the substrates. The nomi-
nal composition of prepared thin film alter heat tecatment at
900 °C could be writien as Lago:MnOs confirmed by semi-
quantitative cnergy dispersive spectra. The residual lead
content has been observed as the value less than 1% com-
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Figure 3. ‘Temperature variation of the magnetoresistance off
LaiorMnO; thin layer crystallized at 900 »C.
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parcd to the initial composition. Phasc development of the
Lays7MnO;s layer. after annecaling at 900 in oxy gen. was con-
firmed by cxamining the X-ray diffraction of the
Lays7MnOs/LaAlO: (Figure 2). No evidence of secondary
phases. such as La:O; and MnzO; was scen. It is noted that
LaAlO; (100) substrates vicld polyervstalline films with a
very strong cpitaxial character. The thickness of the depos-
ited oxide layers was obtained as 0.1 gm mcasured by sur-
face profilometry scan.

The chemical composition of starting matcrials (La : Pb :
Mn =2 1:3) was sclecied by the following synthetic strat-
cgy. It has been reported that both Lasq7Pby :sMnOs™ and

20010 300 K. 1t is noted that the deposition of oxide thin lay-
crs depends on the intemal stress duc to the volume changes
duning the calcination and the crystallization sieps. The
cvaporation of Icad oxide at high temperature (900 °C)
reduces the stress during the high tcmperature treatments
and cnhances the sintering of the perovskite oxide thin laver
on the substraic. In the present study. conductive (ilms have
been obtained at the temperature as low as 700 °C, Low tem-
perature synthesis allows a higher Icad content (o give diller-
ent chemical composition of La)PbMnQO; with low quality
contact between the polyverystallines in the thin film (o give
higher resistivily.

The resistivily versus temperature al zero ficld and 7T in
the temperature range from 350 K 1o 5 K for the deposited
(ilm is shown m Figurc 3. The application of a magnctic
ficld of 7T causcs a significant decrcase in the resistivily of
La,szMnOs thin {ilm. particularly around room (cmperaturc,
The curve shows a maximum at 275 K and below that the
temperature cocllicient of resistivity is positive indicating
the metallic nature of the film. This 1s comparable with the
resistivily vs, temperature behavior of the bulk LajMnOs
samples.”! AL 300 K. the resistivily of the film was about 60
£ - ¢m and the magnclorcsistance ratio (Ap/Ag,) was aboul
30%. respectively,

In conclusion. microcontact printing ol alkylsiloxanc
monolavers combined with sol-gel processing was found to
be effective in producing patterned oxide thin lavers on
oxide substrate. Continuous oxide thin laver were selectively
deposited on area not modified by u-CP of SAMs. Potential
applications were explored by fabrication of Lags7MnOs
magnetoresistant materials. Applications as active catalytic
membrane and magnetic sensor are envisioned.
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