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Giant magnetoresistive structures based on CrO  , with epitaxial RuO
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Epitaxial ruthenium dioxidéRuO,)/chromium dioxidéCrO,) thin film heterostructures have been
grown on (100-TiO, substrates by chemical vapor deposition. Both current-in-p(@iE) and
current-perpendicular-to-plaf€PP giant magnetoresistive stacks were fabricated with either Co
or another epitaxial Crlayer as the top electrode. The,Og barrier, which forms naturally on

CrO, surfaces, is no longer present after the Rud@position, resulting in a highly conductive
interface that has a resistance at least four orders of magnitude lower. However, only very limited
magnetoresistand®R) was observed. Such low MR is due to the appearance of a chemically and
magnetically disordered layer at the Gr&hd RuQ interfaces when GO is transformed into rutile
structures during its intermixing with RyO®© 2005 American Institute of Physics
[DOI: 10.1063/1.1855532

I. INTRODUCTION of tris(2,2,6,6-tetramethyl-3,5-heptanedionatauthenium
éRu(TMHD)3, 99%, STREM Chemicals, Intand chromium
oxide [CrOs, 98%+, Alfa Aesal under atmospheric condi-

ions in a 1 in. diameter quartz chemical vapor deposition

Half metals constitute a class of ferromagnetic material
with only one spin channel near the Fermi level. As a result

they have 100% spin polarization at the Fermi level and ar cVD be placed insid p Detail
supposed to be the ideal choice for spintronics. Chromiu ) reactor tube placed inside a two-zone furnace. Details

dioxide (CrO,) is one of the few experimentally proven half of Cr0, deposition were qulished.elsewhélﬁince er is
metals and possesses the largest spin polarization so fgrm_etastable phase and it irreversibly decompqses |r1t’(?_03(3r
reported-? Much effort has been devoted recently to TMR in ar high temperatures, I_OW temperature deposition of 8O
CrO, containing structure®.> On the other hand, ruthenium fa_vored. we have fachleved epitaxial growth of Bulims,
dioxide (RuG,) is a metallic oxide(p~35 uQ cm at RT) with good uniformity, at substrate temperatures as low as
with a tetragonal rutile structure(a=b=4.499 A ¢ 300 °C, while the source temperature was maintained at
=3.107 A, and is closely lattice matched with .qu)a:b 130 °C. CIP transport measurements were performed on
24'421 A’c=2 916 A In the area of microelectronics sandwich samples patterned into Hall bars by ion milling,

RuG, has been proposed for use as an interdiffusion barriei?‘nd CPP. measurements were performed on samples fabri-
between Si and Al and also as a precision resistor elefmént. cated as in Ref. 14, the standard four probe method was used

Recent studies have also demonstrated its utility as a contagt all tests. In the case of the CPP configuration, the connec-

electrode material in ferroelectric random access memory dé'—on resistances turns out to _be a; least one order of magni-

vices that offer superior polarization fatigue properties withtUde larger than that of the junctions, S0 our measurement

very low leakage currertf2 Band structure calculations a_ctually only showed a lower limit for the giant magnetore-

suggest that heterostructures fabricated with ZrO sistance(GMR).

RuG,/CrO, can possibly exhibit significantly enhanced

magnetoresistancéMR) resulting from the near complete !ll. RESULTS AND DISCUSSION

spin polarizations of Cr@™ In addition, our results demon- TEM images (Fig. 1) show that CrQ and RuQ can

féﬁ:)evéza:hteqijlibisni%lf:t?r:gRékjgrar?eorSItrfSnUr:ir;;)i?\ (;f ﬁ;%ly grow epitaxially on top of each other, enabling us to make
> . v ifferent combinations with these two materials. The as-

conductive interface. This makes Ru@n ideal contact ma- grown RuQ films have a resistivity of 4.0 cm at room

terial for the half-metallic oxide Crp temperature. The detailed transport properties and surface
morphology of as-grown RuQfilms will be published
elsewheré? It is commonly known that a natural £ bar-
Epitaxial RuGQ and CrQ films are grown on(100)- rier will occur on the Cr@ surface immediately after the film
oriented TiGQ substrates by the thermal decompositiongrowth because this is a much more stable phase thap. CrO

Il. EXPERIMENTAL DETAILS
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FIG. 1. Cross-section TEM images of an 80 nm GfCs nm 1.000 o= .
RuG,/50 nm CrQ heterostructure. -800 -400 0 400 800

H (Oe)

This parrier is. insulating, and was Sligcessfully used as R1G. 3. Magnetoresistance in the CIP configurations at 78 K (@r

tunneling barrier between Cgland Co.” We have found 10 nm CrG/3 nm RuG/10 nm CrQ/TiO, (substratg (b) 5 nm Co/

that this natural barrier is eliminated during the deposition of2 "m RuQ/10 nm CrGQ/TiO, (substrat inset shows a typical hysteresis

R CrO, surface. which is evidenced by the veryv low loops at room temperature for a sandwich of 40 nm and 30 nm, Gy@rs
U_Q on O ! ] Yy 0 Yy separated by 2 nm RuyQayer. The applied field is along thedirection.

resistance observed across the Rb@rrier. In two similarly

fabricated junctions, the one with a 2 nm Ru€andwiched

between Cr@Qand Co has an RA value about four orders offrom_trt]e tr;]exagt_c:naltcortundgmos/tlr:\l)th(@r?Cig natural bar-

magnitude lower than that without the Ru@yer (Fig. 2). rler)vl\r; Oh \? “fJ Ib?is rtuc(; udreéz rn 2 fuozﬂgglx u/rg)r. nd

Because of the low resistance of these junctions, the standard ¢ have tabricated dozens o G qu O sand-

. wiches and studied their magnetic properties. A typical hys-
four probe measurements are no longer V.a“d’ most of th(?eresis loop is shown in Fig. 3, inset. About 2 nm is the
MR signals observed are contributions coming from the COMinimum RuQ@ thickness needed in order to magnetically
tact electrodesFig. 2 inse}. Therefore, the resistance we decouple the top and bottom Cs@Ims. This is partially due
recorded on CPP GMR junctions only defines an upper limity, yhe tact that Ru@can only form a continuous layer after
of the actual junction resistance. On the other hand, thg,ssing the intermixed region. The different strain anisotropy
HRTEM and the electron diffraction at and around thejnquced by TiQ and RuQ, or both, determines the different
CrO,/RuG; interface showed a 2 nm highly intermixed re- syitching fields for each individual top and bottom GrO
gion with its lattice parameters between those of Cadd  |ayers.

RuG,. Such a region is a direct result of the transforming ~ The CIP transport measurements on these spin valve
stacks only showed very low MR signalfig. 3). There

exists some plateaulike part between the two switching fields
of the top and bottom layers. However, the expected aniso-

0.3460
tropic magneto resistand®dMR) signals from the top and
03455 bottom magnetic layers are about the same magnitude at the
applied fields, and this makes it hard to determine whether
0.3450 our observed signals are real GMR or only artifacts from
_ AMR. But the results provide an upper linf@.2% at 1 kOg
S o) for GMR in such structures. This is much lower than we
(4 would expect from a spintronic device containing two half-

metallic electrodes. We believe that the reason for the low

observed MR is the occurrence of the intermixed layer,

which is not only magnetic but also disordered. If there are

loose Cf* spins in the mixed layer they may introduce

strong spin-flip scatterings.

) ) We believe that at least part of the reason for the low
<1600 500 0 800 1600 observed MR may lie in the presence of noncollinear spins in

H (Oe) the intermixed region that separates the Ra@d the CrQ.
Preliminary first-principles calculations were performed for

FIG. 2. Magnetoresistance at 78 K for a 100 nm ¢@®nm RuQ/50 nm Superce”s of Composition QRUZOS with the Cr and Ru oc-

Co junction in the CPP configuration. The result of a similarly made junc‘cupying alternate layers along tH&00) direction of the

tion but without the Ru@layer is also shown for comparison. Both junction . . . .

areas are 1282.5 um?. Inset shows the AMR signal measured on the FUtile structure. In this configuration each oxygen atom coor-

CrO, bottom electrode. dinates three nearest neighbor cations. In all cases one is Cr
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