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Epitaxial SERuQ, thin films grown by pulsed-laser deposition from high-pur®®.98% Sr,RuO,
targets on001) LaAlO; were found to be not superconducting down to 0.4 K. Structural disorder
is believed to be responsible. A correlation was observed between higher resistivity ratios in
electrical transport measurements and narrower x-ray diffraction rocking curve widths of the
SrRuQ, films. High-resolution transmission electron microscopy revealed that the dominant
structural defects, i.e., the defects leading to the observed variation in rocking curve widths in the
films, are {011} planar defects, with a spacing comparable to the in-plane superconducting
coherence length of FRuQ,. These results imply that minimizing structural disorder is the key
remaining challenge to achieving superconductingR80, films. © 2001 American Institute of
Physics. [DOI: 10.1063/1.1364659

SrRuG, is the only known Cu-free layered perovskite tural defects in SRuQ, single crystals and films. Conse-
superconductot Recently, the issue of the pairing-state sym-quently, the particular type of structural defects that suppress
metry of SpRUO, has attracted considerable attentfdRice  superconductivity in SRuQ, is not established. Inouet al.
and Sigrist predicted that the pairing state ofR&rO, is  investigated the microstructure of FZ,BuQ, single crys-
odd-parity, possiblyp-wave® and this possibility has re- tals by transmission electron microsco@EM) and electron
ceived wide experimental support from nuclear magnetignicrodiffraction. They observed striations in low-
resonance, muon spin relaxation, and tunneling measurenagnification bright-field images, and streaking in electron
ments, among othefs'~® Other relevant parameters of the microdiffraction patterns indicative of planar faults, but these
Sr,RuQ, superconducting state, notably the superconductinglefects were not further characterized. No TEM study of the
energy gap, are still unknown, and thus the exact pairinglefects present in §RuQ, films has been reported.
state of SfRuQ, remains unresolved. In this letter, we present the results of high-resolution

Phase-sensitive measurements similar to those carriettEM (HRTEM) imaging, electronic transport studies, and
out on highT, cuprate$® would help to identify the super- X-ray diffraction (XRD) analysis of high-purity, but nonsu-
conducting pairing state, but are lacking for,RuQ,. To  perconducting,c-axis-oriented SRuO, films grown by
facilitate such experiments, an important step is the growttpulsed-laser depositiofPLD). Although superconductivity
of superconducting epitaxial films. Although epitaxial was not found in the series of films grown, it appears that the
SKL,RuUOQ, films have been preparéd'?superconductivity has transport properties of our films are dominated by disorder
not been achieved in RuQ, films. rather than by impurities.

Both impurities and structural disorder can quench su-  All of the epitaxial SgRuQ, films reported have been
perconductivity in SJRuQ,. For example, 300 ppm of alu- synthesized by PLB*? Impurities introduced during tradi-
minum impurity are sufficient to destroy superconductivity. tional target preparation metho@s., from the grinding me-
The suppression of superconductivity in,®Bu0, by struc- dia) are of great concern considering the low concentration
tural disorder has been established using the same higlf impurities that can destroy superconductivity inRarG, .
purity source materials and floating-zoff) crystal growth While such impurities have likely been sufficient to com-
method used to make SRuO, single crystals with the high- Pletely suppress superconductivity in prior epitaxigR&rO,
estT, reported® A correlation of T, with the residual resis- films made by PLD, the high-purity §RuC, target used in
tivity (po), @ measure of disorder in equivalent-purity crys-the prgsent work was made without the use of grinding
tals, was observed. Thus, in order to grow superconductingl€dia-" A lower-purity PLD target, fabricated by conven-
Sr,RUQ, films, it is important to minimize both impurities tonal solid-state grinding methodsyas also used for com-

and structural disorder. parison. . _
To date, there has been little characterization of struc- 1€ ~200-nm-thick SRuQ, films were grown or{001)
LaAlO5 substrates at 1000 °C in a radiatively heated sample

_ _ o chambet® by PLD. A KrF excimer laser was used for
30n leave at the Institute of Physics, Augsburg University, D-86159 Augs'growth with  the following parameters: 10 pulses
burg, Germany. ) ’
YOn leave from Qingdao University, People’s Republic of China. 160 mJ/pulse, 2.7 ‘_]/C%T‘ﬂuence: 2 Hz pulse rate, and a
®Electronic mail: schlom@ems.psu.edu target-to-substrate distance of 7.5 cm. Background pressures
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FIG. 1. 6-20 x-ray di_ffrac_tion scan of a h_igh-purity PLD-grown BuQ, 0% 30 AAI(')O o 00— 3;)0
film. This 210-nm-thick film was grown in a background oxygen partial
pressure of 3.uTorr. The substrate peaks are marked with an astéfisk K
0-5 T L} ‘ T I-‘ . L}
(b) W g ]
from 0.8 to 5.0 uTorr oxygen were maintained during 0.45 I-!b 4° G
growth and post-growth cooling. .A‘o R
Film thicknesses were computed from the number of la- 2 ok o Y7 R
ser pulses during film growth, calibrated by measuring the é’ ' v a
thickness of a representative film using TEM. The in-plane £ v v A
resistivity (p,p) of the SpRuQO, films was measured as a Q_ﬁ 02 Y 4 ]
function of temperature with a dip probe from 300 to 4.2 K, v v, *
or to 0.4 K in a®He evaporation refrigerator, using the four- Orp "'AA A ]
wire dc current bias method. ;"A
_ The 6-26 _XRD scan of a SIRuQ, f|I.m is shown in T O T T
Fig. 1. Peaks in th&-26 scan are sharp, indicating that the T(®)

film is single phase and is oriented with itsaxis perpen-
dicular to the plane of the substrate. The full width at half-FlG-b3I-3 ReSdiSftiVityl versus tt?;]nrilefature Elolt; for Sevefnl high-Pl(fi“fS

: ; : o symbolg and five low-purity (hollow symbol$ Sr,RuQ, films grown by
.maXImum(FWHM) of the 0(3,6 peak I§ approxmately 0.23 PLD at oxygen partial pressures from 0.8 to xUorr. As all of the high-
in the 29 d_'rec_t'on’ and 0.33° in the direction.(Instrumen- ity samples have lower resistivities than the low-purity samples, only two
tal resolution is~0.20°) A ¢-scan of the 103 SRuQ, peak  of the high-purity samples are shown (@ to allow comparison yet avoid
(not shown indicated that the film is epitaxial with th@00) an overlap of data points. The vertical scalébihis expanded by a factor of

. - - . . . . five compared tda). Triangles indicate two pairs of high- and low-purity

directions o_f the film ghgned with th€100 directions of the fims grown under oxygen partial pressures of 3dorr (AA) and
pseudocubic perovskite subcell of the substrate. TEM examb 5 ,Torr (¥V), and show the effect of impurities on resistivity in
nation (Fig. 2) revealed a well-ordered film with a sharp SrRuQ,. The solid squares correspond to the same film characterized in
substrate interface. These structural characteristics are corfigs- 1 and Zd O”edf"m fek:n?'”ed metallic gOW“ to ?]-4.*(' exhibiting*a
parable to those of high-quality epitaxial films of cuprate '€MPerature dependence below 15 K, as shown in the ingal.in
superconductors.

All but one of the films on which electrical measure- tals. Figure 3 shows the temperature dependence of the in-
ments were made showed metallig,(T) behavior, but plane resistivity for several §RuQ, films grown from high-
crossed over to semiconducting behavior at low temperapurity (filled symbolg and low-purity (hollow symbol$

tures, a behavior which is not seen inu0, single crys-  targets at oxygen partial pressures from 0.3 to @T®rr.'®
Films grown from the low-purity target exhibited

semiconductor-type,,(T) behavior at low temperature due
to impurities. The fully metallic film exhibited & tempera-
ture dependence below 15 K, shown in the inset in Fig. 3.
This behavior is also seen in the in-plane conduction of su-
perconducting single-crystalline JRuQ,.

None of our S§RuQ, films, however, showed signs of
superconductivity. The fully metallic film had a residual re-
sistivity of pap0=32 wf)cm, while the maximum residual
resistivity for observing superconductivity in ;RuQ, is
about 10 cm?®® Likewise, the fully metallic fim had a
resistivity ratio[ p,p(300 K)/pap min]~10, while the resis-
tivity ratios of superconducting SRuQ, single crystals are
at least 1232 The films grown from the high-purity target
_ clearly are superior to the films grown under similar condi-

- tions from the low-purity target. Given the qualitative simi-
FIG. 2. A HRTEM image of the same high-purityraxis SeRuQ, film Iarit.y ir? pab(.T) of .t.he high-purity films to that of the IOW.-
whose XRD analysis is shown in Fig. 1. The inset shows a diffractionPUrity films, impurities may not be the only factor destroying
pattern of the SRuQ, film viewed along thd100] Sr,RuUO, zone axis. superconductivity in these films.
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FIG. 4. The resistivity ratiofp,p(300K)/pap minl of the high-purity films
shown in Fig. 3, plotted vs the rocking curve FWHM of the 006 peak. FIG. 5. A[100] TEM image of a different region of the same,BuQ;, film
High-purity, but crystallographically less-perfect, films exhibit lower resis- shown in Fig. 2. A high density of planar defects, some indicated by arrows,
tivity ratios. Symbols correspond to those in Fig. 3. is observed in this region of the film. Re-examination of all images of the
SKRuQ, film revealed at least one of these defdetg., the arrowed region
in Fig. 2 over any interval of the in-plane superconducting coherence
The degree of crystalline imperfection also affects thelength, £,,(0), of SERUQ,, indicating that they are present in a density

resistivity of SERuQ, films. In Fig. 4, the resistivity ratios of sufficient to quench superconductivity in the films. The magnitudg;¢(f0)

the high-purity SsRu0, films are plotted versus the FWHMs 'S indicated by the scale bar.
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