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We report on the integration of epitaxial colossal magnetoresistiygBa, :MnO films on S{100)
semiconductor using SrTiQemplate layer by pulsed-laser deposition. X-ray diffraction reveals the
superior quality of the manganite film that grows epitaxially on heteroepitaxially grown $rTiO
template layer on Si substrate. The epitaxial films demonstrate remarkable surface morphology,
magnetic transition and hysteresis, magnetoresistance, and ferromagnetic resonance, illustrating the
ferromagnetic nature of the film and possible device applications at room temperat@@)50
American Institute of Physic§DOI: 10.1063/1.1842852

There has been a considerable research interest recentiiminated. Although Si does not comply with all these re-
to integrate perovskite-type oxide thin films onto Si, not onlyquirements, introducing a template layer can accommodate
to meet the ever-shrinking size of the metal-oxide-mechanical and chemical disaccords. Furthermore, the biax-
semiconductor field-effect transistofSETS for application ial strain due to lattice mismatch between film and substrate
as alternative higlk- gate dielectrics, devices such as dy-that plays a dominant role for the electronic phase separation
namic random access memories, ferroelectric nonvolatiland it modifies the charged ordered state in CMR
memories, but also a template layer to integrate other pematerials’® This lattice strain induced by the substrate in
ovskites, such as lanthanum-based colossal magnetoresistigpitaxial films of these materials can be used as a good pa-
(CMR) oxides onto Si for application in FETs for spintronic, rameter for tuning the physical properties through the mutual
high-density magnetic memory, sensors, and infrare¢oupling of the lattice degree of freedom to the charge, spin,
bolometer§™® at ambient temperature. Among all reportedand orbital degrees of freedom-2 However, integrating the
highk materials, perovskite-type SrTiQGSTO) lends itself  manganites onto the semiconducting materials such as Si,
one of the most potential materials for an alternative gatesaAs, and GaN remains a challenging task for potential de-
dielectric if high-quality epitaxial STO films are grown on vice applications that utilize both information processing and
Si. STO has a simple cubic structure wik300 at room  data storage in the same device. Recent progress on direct
temperature and the lattice mismatch between SB® integratiofi®of STO on Si has opened a possibility to inte-
=3.905A and Si (a,=5.431A is reasonably small grate both STO and RB,MnO; onto this technologically
(~1.7%) with STO unit cell rotated 45° around Si surface important semiconductor. In this letter, we report fabrication
normal to[00]] axis. STO films of very high structural qual- of superior-quality LggBay 3qVinO [(LBMO)/STO/S{001)]
ity are deposited by molecular-beam epitiand the avail-  heterostructures, using pulsed-laser depositRirD), which
ability of such high-quality [001]] perovskite-terminated demonstrate remarkable structural, microscopic, and mag-
Si[100] substrates provides numerous opportunities for intenetic properties in the vicinity of room temperature. We have
gration of other technologically important perovskites, suchdemonstrated highly epitaxial growth of LBMO on Si using
as CMR, on a surface of high crystalline quality. a heteroepitaxially grown STO template layer.

While  perovskite  lanthanum-based  manganite = LBMO/STO/S{100) epitaxial films were grown by a
(R1xBxMnO3; where R and B are rare-earth and alkali met-multitarget PLD technique<rF excimer,\ =248 nm) with a
als, respectively films have been successfully grown on pulse energy density of 1—2 J/érand utilizing both target
single-crystal oxide substrates, such as STO, LaAlihd  rotation and rastering, and substrate rotation facilities. Single
NdGaQ, the growth on Si is very limitel.It is also of a  crystalline STO and high-density LBMO targets were used.
great importance to integrate an IR detector array with. BMO calcined powders were isostatically pressed at
complementary metal-oxide-semiconductor readout as wel00 MPa and sintered at 1450 °C in order to make a high-
as FET architecture on the same Si wafer. However, the redensity target. The films were deposited on clear(190)
sults achieved on Si are very limited. In order to grow ansubstrates with a substrate temperature 700—800 °C, keep-
epitaxial quality manganite film, the film—substrate latticeing oxygen partial pressure of 200 to 400 mTorr. The sub-
mismatch needs to be minimized, the film—substrate thermatrate was loaded to the chamber using load-lock facility at-
expansion coefficients have to be matched, and the chemicgiched to the chamber, and heated in the chamber just after
reaction between the substrate and deposited film should hfe ultimate base pressured x 1078 Torr to avoid the oxi-
dation of the substrate. For STO/Si growth, the initial
3author to whom all correspondence should be addressed; electronic maig-NM-thick growth of STO film was carried out without us-

apradhan@nsu.edu ing oxygen gas, and subsequently 18-nm-thick film of STO
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FIG. 2. AFM images ofa) and(b) STO/Si, andc) and(d) LBMO/STO/Si

FIG. 1. XRD patterns of STO/Gi00) (top) and LBMO/STO/Si(bottom) heterostructures. All images areg@n 2 um in size.

heterostructures. The insgdottom) shows the rocking curve XRD pattern
of LBMO/STO/Si heterostructures, showing growth of LBMO on STO tem-

late | Si. . . . . .
plate Tayer gown on =1 is shown in the inset of Fig. 1. The full widths at half-

maximum of ST@110) and LBMQ(110) are about 0.3° and
on Si was deposited with oxygen partial pressure of 1 mTor0.1°, respectively, which illustrate the highly crystalline na-
with laser repetition rate of 3 Hz. Several batches of STO/Sture of the film.
films were grown in order to optimize the best condition to In order to compare the surface morphology of STO/Si
obtain good-quality epitaxial film. LBMO film of 50 nm was and LBMO/STO/Si films, atomic force microscopidFM)
immediately deposited in oxygen partial pressure on STO/Simages are shown in Figs(é@-2(d). The atomically flat and
using a laser repetition rate of 5 Hz. The film was cooled indefect-free surface morphology with rms surface roughness
1 Torr of oxygen partial pressure to room temperature. Thef less than 2 nm was seen in STO/Si film. Surprisingly,
x-ray diffraction (XRD) of the films was done in a Rigaku closer inspection of the AFM images of STO/Si reveals het-
x-ray diffractometer using Cu Kradiation. The zero-field- eroepitaxial growth on the surface. However, LBMO/STO/Si
cooled magnetizatiotM) and hysteresis measurements werefiim shows very uniform and epitaxial surface morphology
carried out down to 5 K using a superconducting quantunwith similar surface roughness and crystallite siz20 nm.

interference device magnetomet@uantum Design and  These studies suggest good crystallinity and epitaxy in all
the resistivity measurements were done with a four-probgims.

technique. 'I_'he ferromagnetic resonafE®R) experi_ments In Fig. 3a), the zero-field-cooled temperature depen-
were done in a Bruker EMS spectrometer operating at 9.@ence of magnetization is shown for LBMO/STO/S:i film in a
GHz microwave frequency. field of 0.1 T. The magnetic transitions are fairly sharp with

Figure 1 shows the XRD patterns of STO/Si and LBMO/ T_ onset at 320 K, as shown in the top inset of Fig)3The
STO/Si films. The XRD of the STO/Si heterostructure re-fiims demonstrate ferromagnetic hysteresis at 300 K with a

veals strongl00) orientations. However, a strong STA0)  ferromagnetic saturation field of about 4 KOe, as shown in
orientation was also observed. The orientation relationshighe inset of Fig. 3. The temperature and magnetic field de-
between the STO thin film and the(801) substrate in the pendence of resistivity show a remarkably sharp jump at
STO/Si heterostructure is describéd as(00Dsro//(00Ds;  the metal-insulator transition temperat(g,) as shown in
and (100st0//(110s;, which means the STO lattice is ro- Fig. 3b), which is consistent with the magnetic transition.
tated by 45° around thg001] axis of the Si lattice on the The T,, is remarkably sharp, and the calculated value of
Si(001) surface. The lattice misfit parameter betweedB)  temperature coefficient of resistivitfTCR=1/p dp/dT
(3.82 A) and STO(3.905 A) is about 1.67%, which is rea- =20% atTMh as shown in the inset of Fig_(m] is very
sonably smalf* between the parallel interfaces and could in-much relevant for the required value for the bolometric ap-
duce very small strain. The observation of a strong @10 plications. The resistivity is significantly reduced at the tran-
orientation is favored for the growth of STO/Si heterostruc-sition with the magnetic field due to spin alignment. How-
ture due to similar lattice matching. A strong satellite reflec-ever, the onset of is slightly higher compared to the films
tion of (011)sro was seen in the selected area electron difgrown directly on STO substraté$® The T, value for x
fraction patterﬁ4 taken from an interface region, illustrating =0.33 film is about 305 K compared to that of its bulk, with
the orientation relationship dfl00)sto//(110g;. In LBMO/ T.=345 K. The difference ifT. in films compared to their
STO/Si heterostructures, LBMO preferred energetically tobulk counterpart is certainly attributed to the type of strain
grow epitaxially only in(110) orientation on(110)so direc-  developed between the films and the substrates. The role of
tion due to reduced strain as shown in the bottom of Fig. 1the strain-induced modification of thegz_y2 orbital stability

The rocking curve of epitaxial growth of LBMO dii10)s7o  resulting from in-plane Mn-O distance determines Theof
Downloaded 14 Nov 2006 to 129.93.16.206. Redistribution subject to AIP license or copyright, see http://apl.aip.org/apl/copyright.jsp
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! Si using several buffer layers. However, the present LBMO/
. 15T . STO/Si heterostructures are unique in the sense that both
20061074 2E 210 B manganites and STO could lead to multifunctionalities for
LBMOSTENS) £ various technological applications.
s £04 In summary, we have demonstrated the fabrication and
o L. high performance of epitaxial manganite films grown on Si

substrates using SrTi&s a template layer with &, tuned to
room temperature. The epitaxial films demonstrate remark-
able surface morphology, magnetic hysteresis, magnetic tran-
sition, and ferromagnetic resonance at room temperature, il-
Ll l v l k ' —-T——- . . .
lustrating the ferromagnetic nature of the film. Our results
100 200 300 . . L
Temperature (K) demonstrate the scope of the integration of epitaxial manga-
i nite films on semiconducting substrates, such as Si, and can
be extended to other potential semiconductors, such as GaN
and GaAs, using appropriate template/buffer layers. This will
produce many generic approaches to the integration of mul-
ticomponent oxide thin films on semiconducting surfaces,
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i (c)' which can impact a variety of technologies.
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