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Detection of new superconductors using phase-spread alloy films
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We describe an effective method for discovery of new superconductors, which combines
phase-spread alloy thin film preparation with a magnetic field moduléW#eM) microwave
absorption technigue. The MFM technique can detect superconductivity inC(B@; _ s volumes

as small as % 10 cm®. As an illustration, RiGd, _,Ba,Cu;O5_ 5 thin films with varyingx were
simultaneously grown on the same substrate using a phase-spread alloy technique. The onset
temperature determined from the microwave absorption agrees with resistivity, Auger spectroscopy,
and energy-dispersive x-ray microanalysis data. When phase-spregtliBja_,N, films
(0<x<1) were grown at several different N partial pressures and temperatures, no
superconductivity was detected except that of pure La. In contrast, superconductivity was detected
in Y,(NiB);Cy films grown on MgO. ©1995 American Institute of Physics.

The discovery of high-temperature superconductivity bypreliminary measurements of iNiB);_,C, films grown on
Bednorz and Mlier! resulted in a renewed search for high- MgO.
temperature superconducting materials. Since then, numer- The method of PrGdBCO PSATF growth has been de-
ous compounds, such as RBayO; ; (R=rare earths scribed elsewhereBriefly, the samples were grown by sput-
La through Lu and Y, except Pr, Ce, and)TiBSCCO, tering from two stoichiometric targets of pure PrBCO and
TI2223, and HgBCCO, have been discovered. More recentlycdBCO on MgO or SrTi@_,[ 100] substrates. The targets
compounds without copper, such as(N¥B),C and were sputtered simultaneously, and the substrate positioned
Lag(NiB),N3,%% were found to have critical temperatures for fixed amounts of time to the side of each target. A con-
greater than 10 K. However, finding the right stoichiometrycentration gradient of Pr on a single substrate was obtained
for these materials is usually difficult because many differenPy varying the relative deposition times and the substrate
combinations need to be tested. It is also known that somBosition. The films were= 150 nm thick as determined from
superconductors, such as Bi, Be, or Tabhly exist in thin ~ contact profilometer measurements.
film form. Another complication is that the detection of small ~ Theé MFM microwave absorption detection used a super-
superconducting regions in a normal host is nontrivial. Al-heterodyne electron-spin-resonar(&sR) spectrometer op-

though electrical resistivity and magnetic measurements réfating at a frequency of 9.2 GHz. For optimal signal ampli-
main the most popular techniques, small fractions of thé“de the samples were placed in the center of a TE102 cavity

measured sample which may be superconducting could ea\g/_ith the rf magnetic field lines perpendicular to the film
plane. An external dc magnetic field ef 20 Oe was applied

ily go undetected. S
In the present work, we demonstrate an effective alo_parallel to the rf magnetic field and modulated at 260 Hz,

. : with a peak-to-peak amplitude of 10 Oe. The superconduc-
proach for the discovery of new superconducting SyStems['|vit onset temperatur@ ., was defined as the temperature
We utilize phase-spread alloy thin film@SATP® com- y b Cu ’

bined with magnetic field modulateMFM) microwave at which the MFM absorption signal was reduced to the

. ) : background noise level. With the MFM microwave absorp-
absorptiorf. The PSATF technique was used to grow differ- tion technique YBCO superconducting volumes as small as

ent stoichiometries in a single film. We tested this approach;o->< 10~ cn can be detecteliThe sensitivity was deter-
on PrGd,,Ba,C0O;-; (PrGABCO, B<x<0.5) phase- mined by comparing peak signal amplitudes from YBCO
spread alloy thin films, and found that at any location thein films of known thickness with the spectrometer’s noise
superconductivity onset temperature, determined from MFMeyel. In comparison, for a SQUID magnetometer operating
microwave absorption, was consistent with electrical resisat 100 Oe, the superconducting diamagnetic signal corre-
tivity measurements, Auger spectroscopy, and energysponding to 510 cm® is 3.98< 10" ° emu, a signal sev-
dispersive x-rayfEDX) chemical microanalysis. When this eral orders of magnitude smaller than the usual sensitivity of
technique was applied to |@iB);_,N,, 0.13<x<1.0 commercial SQUID magnetometers. Furthermore, the
phase-spread alloy thin films, no superconductivity was deSQUID is also sensitive to other substantial magnetic signals
tected except for that of pure La. We can only conclude thatrising from the film or substrate, while the MFM technique
for our preparation conditions the LaNiBN compoundsis insensitive to them.

present in our samples are not superconducting in thin film The PrGdBCO samples were chemically analyzed by

form. On the other hand, superconductivity was detected ifeEDX and Auger microanalysis. The EDX measurements
were carried out with an electron microscope set to 20 keV

a N and 500< magnification. The Auger spectroscopy was car-
Electronic mail: dlederman@ucsd.edu K R é .

bpermanent address: Instituto de Investigaciones en Materiales, Universiddéed out as described e_lseWh réhe Pr concentration was
Nacional Aufmoma de Mgico. Coyoaca, D. F. 04510, Mgico. determined by comparing the results to pure PrBCO and
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FIG. 1. Normalized resistivity(T)/p(300 K) and MFM microwave absorp- ® A
tion signal as functions of temperature for a PrGdBCO fita5% Pp). The 40 | ® PY 4
superconductivity onset temperatuiigg, andT¢,, corresponding to the two A
techniques are indicated. 20 © 4
c
0 1 1 1
GdBCO standard thin films. Then the samples were photo- 0 2 d (4 ) 6 8
mm

lithographically patterned into five strips, each with four
electrical contact points, such that the Pr gradient was per-
pendicular to the length of the strips. Their electrical resisFIG. 2. T, onset as a function of sample position using electrical resistivity
tivities as functions of temperature were measured in &) 3nd MFM microwave absorption®). Sample (@ was grown on
. . . gO(100 and samplegb) and (c) on SrTiO;_, . All samples were nomi-
closed-cycle helium refrigerator in the temperature rang@qy ~150 nm thick.
10 K<T<300 K. The superconductivity onset temperatures
Tc, were defined by the intersection of straight lines drawn . . -
from the resistivity just abov@&, and the resistivity near the different techniques as a function of sample position for
center of the transitiofiFig. 1). The Pr concentrations were samples grown on MgO and SrTO,. For the sample
inferred from these measurements by assuming a linear dérown on MgO[Fig. 3@)], the resistivity and microwave
pendence ofl. on Pr concentratioh(50% corresponds to measurements imply slightly larger Pr concentratitower
T.=0 K and 0% corresponds fB,=90 K). T.'s) than the EDX and Auger measurements. This might be
Finally, after spinning photoresist on the samfitepro-  due to a degradation of the saméxygen loss, et¢.which
tect it from the external environmenthe individual strips may have occurred during sample preparation. For the
were cut with a diamond-wheel. Their superconducting onsesamples grown on SrTiQ, the agreement is better. In any
temperatures were individually determined using MFM mi-case, the different techniques agree with each other to within
crowave absorption. The Pr concentrations were calculatedle experimental uncertainties.
from the T, onset as discussed for the resistivity measure- Motivated by the PrGdBCO results, we next attempted
ments. to measure LANiB); yN, thin films. The compound
Figure 1 compares the MFM and resistivity data of alLagNi,B,N3 has been reported to be superconducting in bulk
PrGdBCO sample near the superconducting transition tenform® with Tc=12-13 K. The films were sputtered from
perature. WhileT¢,, is well defined to within a few tenths of separate L&dc) and NiB(rf) targets on Mg@LOO) substrates.
a degree,T¢, is not well defined. Using the definition of The amount of N was controlled by introducing 99.999%
Tc, mentioned above, we fin@ic,<T¢,. For most of our pure N, gas into the chamber during deposition and varying
samples this was the case, which is expected from the defits partial pressure as described below. After growth, samples
nition of T¢,,, although this could also be due to the greaterwith the highest La concentrations reacted strongly with air,
sensitivity of the MFM technique to superconducting transi-as was deduced from their color change and increased elec-
tions in small volumes. However, if the experimental error oftrical resistance as a function of exposure time. In order to
Tc, is defined as the transition width, the two measurementavoid this problem as much as possible, samples were stored
agree with each other. in an evacuated desiccator. Whenever possible, samples were
In Fig. 2 we compare the onset temperatures determinegheasured immediately after growth. Measurements were car-
from the electrical resistivity along the film plane and theried out in the temperature range between 2.0 and 300 K.
MFM microwave absorption techniques for three samplesThe following combinations of Ar and Nwere used(i) 25
The two results agree within the experimental uncertaintiesnTorr Ar/5 mTorr Ny, (ii) 29 mTorr Ar/1 mTorr N, and(iii )
In order to compare these results with the EDX and Auge80 mTorr Ar/0.1 mTorr N.
data, in Fig. 3 we plot the Pr concentration deduced from the  For casdi), the power of the NiB gun was fixed at 67 W,
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, ' r We note that although we were unable to quantify B or N
@ l‘%{ concentrations, we detected their presence using Auger spec-
- troscopy. The possibility remains that we did not have the
o correct concentrations for these elements. However, in the
b % | case of B we expect the Ni:B relative concentration to be

2wk (@

1:1, because that is the sputtering target concentration. As for
B the N concentration, the Noartial pressure was varied over
} = two orders of magnitudes. In addition, we did not find con-
30 k & ® | clusive evidence in our films of the @iB),N3 structuré
(b) A - ° from x-ray ® —20 scans compared to Rietveld x-ray simu-

20 T lations. The observetl: signals corresponded either to pure
La or another as yet unidentified compound.
10 _ﬁ @ 5 i In contrast, superconductivity was detected in

Y4(NiB);«C, films grown on MgO, with a maximum criti-
cal temperature of 12.6 K. The details of this experiment will
- be published elsewhefe.

: 9
20 ©) }_§_I—§_‘ ﬁ In conclusion, superconducting regions in PrGdBCO

@_L_@ phase-spread alloy films were easily detected using MFM

Pr%

0 i i

30 ] microwave absorption. The MFM and electrical transport
E [u] measurements agree well with the EDX and Auger chemical
20 1 0# 7 probes. Given the extreme sensitivity of the MFM technique
10 L L ) and the correlation of th&; onset with the other techniques
0 2 4 6 8 discussed, we suggest that, in combination with phase-spread
d (mm) alloy sample preparation, one has a general approach to aid

the discovery of new high-temperature superconducting ma-
FIG. 3. Pr concentration as a function of sample position determined fromerials. Using this approach, no traces of superconductivity

Auger spectroscopy @), EDX microanalysis [d), electrical resistivity in L&Ni . _
(A), and MFM microwave absorption®). Sample(a) was grown on were observed in IB)l_xNY films grown on MgO, de

MgO(100) and samplegb) and (c) on SITiO, , . All samples were nomi- spi.te using a wide. range of growth temperatures, stoichiqm-
nally ~150 nm thick. Error bars result from uncertainties in sample positionetries, and annealing treatments. However, superconductivity
and numerical analysis of raw data. was detected in XNiB),_,C, films grown on MgO.
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