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Epitaxid films of Sr,RuQ, hawe been grown in situ by pulsed lase depositian on (100 LaAlO; and
(100 LaSrGaQ substratesX-ray diffraction resuls shav tha the films are single doman and grow
c-axis oriented on (100 LaAlO3 ard a-axis oriented on (100) LaSrGaQ substratesX-ray ¢ scans
indicat epitaxid alignmert of the film and substrag in-plare axes in both casesResistiviy versus
temperatue measuremesteved tha the as-grow c-axis oriented films are semiconductig and the
a-axis orienta films are metallic © 199% America Institute of Physics[S0003-695(96)03504-]

The compounl SrL,RuQ, has bean known for sone time.
It is the n=1 membe of the Ruddlesda—Poppe& homolo-
gouws series of the generd formula A, 1B,03,.1 (A=Sr,
B=Ru).}? Interes in this compounl was recenty renewed
due to its low resistivity arnd excellen lattice matd with
YBa,Cw,0;_, .2 The® propertiss make it an attractive can-
didae for use as conducti\e electrods or a normd metal
barrier layer in deviae applicatiors of high T, superconduct
ing films. Lichtenbeg et al.® synthesizd single crystab of
this materid and useal it as a substra¢ for growing
YBa,Cu;0;_ . Furthe interes in this compounl has been
stimulatel by the recen discovey of superconductivit in
single crystab of SL,RUO, (T,=0.88 K).*

SLRUG, is the only known layeral perovskie tha is
free of coppe, ard yet superconductingln fact, it is iso-
structurd with (La; _Ba),CuQ,, which was the compound
in which high transition temperatue (T.) superconductivity
was first discovered By now, it is universaly acceptd that
in orde to understad the physics of high T, superconduc-
tivity, one need to understad the physic of CuO, planes
found in all high T superconductorsard the effect of carrier
dopirg by the chage reservoi layers adjacem to the CuG,
planes It has bean emphasizé recenty tha while Sr,RuQ,
shares mary comma features with high T, superconductors,
importart difference exist In particula, the Ci?* (3d°) va-
lene stak in CuO, planes has spin 3 but Ru** (4d%) in
RuG, planes has spin 1. This, togethe with the fact that
Sr,RuQ, becoms superconductip without ary extrinsic
doping suggest tha mechanisme of superconductivity
base on doping a 2D antiferromagnet stae of ; spirs are
not relevan for the occurrene of superconductivit in this
compound Furthermore recent bard calculations® indi-
catal tha the SL,RUQ, may be amucdh less strongy corre-
lated electran system than high T. superconductorg his un-
derscore the importan@ of a strongly correlatel normal
stak in achievirg high superconductig transiticn tempera-
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tures in layeral perovskie oxides This may provide useful
insight for the seart of superconductarwith even higher
T. than those of known high T, oxide superconductors.

Compare with high T, superconductorghe properties
of SLRUQ, are muc less well characterizedFor example,
so far there hawe been no Hall measuremestdore on this
material As aresult its carrig densiy is not known Other
importart superconductig properties sud as uppe critical
field (H.,) and the relatadl Ginzbug—Landal coherence
lengh (&), critical current density J;), the anisotroyy of
thes quantities and effects of arny chemicd substitutiors are
completey unknown The absene of thes experimenthre-
sults is in patt due to the technicé difficulties involved in
preparig high quality Sr,RuQ, samples Polycrystalline
sample of this pha® are semiconducting:”8 Single crystals
with sizes sufficiently large for determinirg superconducting
ard norma stake properties are difficult to prepare Hence,
epitaxid films provide an attractive alternative for studying
superconductivit in this material In addition epitaxid films
would also pawe the way for applicatiors in superconducting
electronics e.g, use as anormd metd in superconducte-
normd metd—superconducto (SNS Josephso junctions.
An all-perovskie oxide configuration has certan advantages
in achievirg high quality junctions In this regard it is im-
portart to emphasie tha in addition to its high metallic
conductivit, SLRuUGQ, is nonmagnet (unlike SrRuG,), ade-
sirabk featuee for use in SNS junctions To our knowledge,
epitaxid films of this pha® hawe naot been grown before.
Previots attemps at the growth of SrL,RuQ, films have been
unsuccessiubecaus the SrRuQ; phag was more stabk at
the growth conditiors employed®™! In this letter, we report
the growth and characterizatio of epitaxid Sr,RuQ, thin
films on LaAlO; ard LaSrGaQ substrates.

SKRUQ, has atetragona structue of the K,NiF, type
(a=3.87 A ard c=12.74 A).}? LaAlO; (pseudocult perov-
skite with lattice constan a=3.79 A)*? and LaSrGaqQ (te-
tragond structue with lattice constaré a=3.84 A and
c=12.8 A)'3 were chos@ as substrate basel on ther lattice
parametersThe LaSrGaQ substrate were grown by the
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Czochralsk methal as describel elsewheré® The good
a-axis lattice match of SpLRuQ, with LaAlO; encourages
growth of films with their ¢ axis oriented perpendiculato
the substrag (c-axis oriented films) and the (100 Sr,RuQ,
axes aligned with the (100 axes of the substrate On the
othe hand since both the a ard ¢ axes of S,RuQ, and
LaSrGaQ are well matched a-axis oriental films can be
expecte to grow on (100 LaSrGaQ substratesThe a-axis
geomety is optimd for measurig the anisotroy of supe-
conductiry properties and would also be desirabé for mak-
ing sandwich-type Josephson junctions with-axis
YBa,Cu;0O;_, dueto the longe coherene lengh alorg the
a axis of YBa,Cuz0O;_, than alorg its ¢ axis The growth of
a-axis orientad YBa,Cu;O;_ films on (100 LaSrGaQ has
been demonstrated—1°

A Sr,RuQ, target for thin film depositio was fabricated
by solid stake processig methods Stoichiometre propa-
tions of SrCQ; (Alfa Aesa, 99%) and RuG, (Alfa Aesa,
99.9% powdes were weighed out and ballmilled in isopro-
pand for 24 h. The grourd powdea was dried ard then cal-
cined at 1000 °C for 24 hin air. After regrinding the powder
was pressd into adisk of 25 cm diamete with a uniaxial
pres (10 MPa). This pellg was then further densifiel by
pressig in a cold isostatc pres (275 MPa). The pressed
pellet was sinterel in an Al ,O5 crucible at 1350 °C for 24 h
in air. X-ray diffraction analyss indicatel that the target was
a single-phas polycrystallire SL,RuQ,.

The films were grown in situ by pulsel lase deposition
(PLD) using a KrF excime lase (248 nm, Lambda Physik
EMG103MSQ on single crystd (1000 LaAlO; [indexed
basel on the pseudocula perovskie subcell or equivalently
(012 of the rhombohedraunit cell]*? ard (100 LaSrGaQ
substratesDeposition was dore using an on-axis geomety,
with the substra¢ placed normd to the ablatal plume The
substrag was placal at a distane of 7.5 cm from the target
ard was radiatively heated Oxygen pressurs of 1-2 mTorr,
substra¢ temperature of 950-1050 °C, pulse enggies of
90-130 mJ, and lase eneagy densities of 3—4 J/cnt were the
depositimn conditiors used The films discussd her were
1500-2500 A thick. After growth the films were cooled
down to room temperatue in vacuum Films grown at sig-
nificantly lower temperature and highe oxygen pressures
containel mainly SrRuG,, consisteh with previows obse-
vations!oH

A 4-circle x-ray diffractomete, using Cu Ka radiation
ard agraphie monochromatg was usel to characterie the
films. A 6—26 scan of a SIRuQ; film on LaAlO; showetl that
the film is predominantt c-axis oriental with a c-axis length
of 12.70+0.01 A [see Fig. 1(a)]. The full width at half-
maximun (FWHM) of the 006 pek in the 6—20 scan was
0.5° The rocking curve FWHM of the 006 Srb,LRuQ, peak
was 0.4° Figure 1(b) shows a ¢ scan of the 103 SRuO,
reflection with shap peals (FWHM of 1°) at ¢=0°, 90°,
180° ard 270°, clearly indicating that the film is single do-
main with the (100 directiors of the film being aligned with
the (100 directiors of the substrateFrom the position of the
103 Sr,RuQ, peak the in-plare lattice parametewas calcu-
lated to be 3.90+0.06 A.
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FIG. 1. (a) 6-20 x-ray diffraction scan of a 2000 A thick-axis oriented
SrRuUGQ, film on a (100 LaAlO; substrateThe substrag peals are marked
(*). (b) X-ray ¢ scan of the SRuQ, 103 reflection. =0 is along the
substrag [001] direction.

The SRuQ, films grown on (100 LaSrGaQ were
a-axis oriental with an a-axis lengh of 3.90+0.01 A
[see Fig. 2(a)]. Figure 2(b) shows a ¢ scan of the 305
SKRUO, peak The 305 pe& was chose for the ¢ scan,
as the resolutio of our 4-circle diffractomete is sufficient
to distinguis betwea Sr,RuQ, and LaSrGaqQ at this reflec-
tion and to determire the in-plane orientation of the ¢ axis.
The shap peals sea at $=0° and 180° indicate that the
films are single domah with the in-plare epitaxid arrange-
mert of Sr,RuQ,[001] I LaSrGaQ[001]. From the position
of the 305 peak the c-axis lengh was calculatel to be 12.72
+0.17 A. The rocking curve FWHM of the 200 Sr,RuQ,
pe& was 0.5° The FWHM widths in —26 and ¢ were 0.3°
ard 1°, respectivel.

Resistivily measuremestof both a-axis ard c-axis ori-
ental films were mace using a4-poirt probe The film thick-
nes was determiné using a profilomete. Gold contacts
were sputteré onto the films. The resistivity of the films
were measurd as afunction of temperaturefrom room tem-
peratue to 4.2 K. Figure 3 shows the resistivity versis tem-
peratue of an a-axis oriented SL,RuQ, thin film grown on a
LaSrGaQ substrateThe measuremdrcurreri was 1 uA. It
exhibits metallic resistivity of a magnitua intermedia¢ be-
tween tha measurd along the a axis and c axis of
Sr,RUO, single crystals>* The macroscopi direction of cur-
rert transpot was not along the a or ¢ axis, but rathe in
betwee them (the sampk was too smal to conveniently
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FIG. 2. (a) #—26 x-ray scan of a 1700 A thick-axis oriented SRuQ, film
on a (100 LaSrGaQ substrateThe LaSrGaQ peals are markea (*). (b)
X-ray ¢ scan of the SRuQ, 305 reflection. =0 is along the substrate
[001] direction.

measue the anisotroy in the film resistivity along these
axes.

Resistiviyy versis temperatue measuremestof c-axis
orientad SL,RUQ, films grown on LaAlO; indicated higher
resistivities (20 m{) cm at room temperaturgand semicon-
ducting behavio at low temperaturesA minimum in the
resistivity occurrel in the range 70-160 K, dependig on
growth conditions The mechanim for the observe semi-
conducting behavia is unclea at the presen time. We note
tha SrRuG; films grown from a stoichiometre SrRuG, tar-
ge at low pressurs (e.g, 20 mTorr) also exhibit highe re-
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FIG. 3. Resistiviy vs temperatue for a 2200 A thick a-axis oriented
SrLRUQ, film on a (100 LaSrGaQ substrate.
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sistivity and semiconductig transpot behavia in contras to
SrRuQ, films grown at highe pressuré! More detailed
transpot measuremestdown to lower temperaturein both
zer and finite magnett fields are currenty underwgy.

In conclusion a-axis and c-axis oriental epitaxid films
of SLRUQ, films hawe bee prepare using PLD. X-ray dif-
fraction scars showel tha the films are single doman with
excellen epitaxid in-plare alignment Electricd transport
measuremestindicat tha the a-axis oriental films are me-
tallic while the c-axis oriented ones are semiconducting.
Measuremerst to lower temperature are neede to see if
the films ultimately becone superconductingl he success-
ful preparatia of epitaxid SLRuUGQ, filmswill likely provide
new opportunities in studyirg superconductig and normal
stak properties of this interestilg material It may also help
the effort of fabricating high quality oxide superconductor
SNS junctions.
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