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Superconducting properties of MgCNg films
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We report the magnetotransport properties of thin polycrystalline films of the recently discovered nonoxide
perovskite superconductor MgCNiCNi; precursor films were deposited onto sapphire substrates and subse-
quently exposed to Mg vapor at 700 °C. We report transition temperatliggs(d critical field values (k)
of MgCNis films ranging in thickness from 7.5 nm to 100 nm. Films thicker tka4D nm have & .~ 8 K, and
an upper critical fieldH.,(T=0)=14 T, which are both comparable to that of polycrystalline powders. Hall
measurements in the normal state give a carrier demsity: 4.2x 1072 cm 3, that is approximately 4 times
that reported for bulk samples.
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Over the last decade a broad and significant research effuttons were made with a starting stoichiometry of £Nto
fort has emerged aimed at identifying and characterizing:ompensate for some loss of nickel during the melting pro-
relatively low-T. superconductors that are exotic in their nor- cess. The CNjstructure of the pristine films was verified by
mal statg properties and/or order pargmeter symmetries. E&'—ray diffraction!! Scanning electron microscopy showed
amples include the ternary borocarbides LIBYIC, where e CNj, films to be very smooth with no discernible mor-
Ln is a lanthanide elementthe noncopper layered perov- phological features in 1@mx 10 um micrographs. The

skite SRUO,,” and the superconducting itinerate ferromag-ﬁlms were also quite adherent, and could not be pulled off
nets UGe (Ref. 3 and ZrZn.* The recently discovered in- with Scotch tape

termetallic MgCNj (Ref. 9 falls into this class in that its MgCNi; was synthesized by first sealing pristine GNi

major constituent Ni is ferromagnetic, generating Speéwatio?ilms in a quartz tube under vacuum with approximately 0.1
hat th f i . i :
that the system may be near a ferromagnetic ground state g of magnesium metalAlfa Aesar, 99.98%). The tube was

addition, MgCN} is the only known nonoxide perovskite . R . .
that superconducts, and is thus a compelling analog to thi!en Placed in a furnace at 700 °C for 20 min, after which

high-T,, perovskites. Notwithstanding the widespread interesf® entire tube was quenched-cooled to room temperature.
in MgCNis, its status as a non-BCS superconductor remain&ray powder diffraction analysis of the magnesiated films
controversiaf® Electron tunneling studies of the density of verified that MgCN was formed. Intensity data were col-
states in polycrystalline powders have yielded conflicting relected using a Bruker Advance D8 powder diffractometer at
sults as to whether or not MgCiNexhibits a BCS density of ambient temperature in the2range between 20° and 60°
states spectrut®® Tunneling into sintered powders is tech- With a step width of 0.02° aha 6 scount time. The inset of
nically difficult, and indeed, a detailed quantitative charac-Fig. 1 shows the x-ray diffraction data for a 90 nm film on a
terization of MgCNj has, in part, been hampered by the factsapphire substrate. The powder pattern shows that the film
that only polycrystalline powder samples have been availhas good crystallinity and that it can be indexed according to
able. Obviously, single crystal samples and/or polycrystallinghe Pm3m space group, witla=0.38070(2) nm. The pat-
films would be a welcome development both in terms oftern also indicates that the films grew preferentially along the
fundamental research and possible applications. In thénh00) reflections. Electrical resistivity measurements were
present paper we present magnetotransport studies of thinade by the standard four-probe ac technique at 27 Hz with
MgCNi; films. We show that the transition temperature ofan excitation current of 0.01 mA. Two-mil platinum wires
the films is only weakly dependent upon film thickness forwere attached to the films with silver epoxy, and the mea-
thicknesses greater than 10 nm, and that both the transiticsurements were performed in a 9-T Quantum Design PPMS
temperature and critical field values of films with thicknessessystem from 1.8—300 K.
greater than 40 nm are comparable to that of powder samples In the main panel of Fig. 1 we plot the resistivity of a 7.5
synthesized via standard solid state reaction processes. and a 60 nm film as function of temperature in zero magnetic
The MgCNg films were grown by first depositing thin field. The thickness values refer to that of the ¢Miyers as
films of the metastable intermetallic CN\dnto sapphire sub- determined by a quartz crystal deposition monitor. Subse-
strates by electron-beam evaporation of £tdrgets. Typical quent profilometer measurements of the magnesiated films
deposition rates were-0.1 nm/s in a 2uTorr vacuum. All  did not show any significant increase in film thickness. We
of the evaporations were made at room temperature, and thete that the resistance rati@;qq k/p10 k=3 0f the 60 nm
resulting films were handled in air. The targets consisted ofilm, is slightly better than that reported for pressed pellet
arcmelted buttons of high purity graphitdgohnson Matthey, samples:*? Indeed, the overall shape of the 60 nm curve is
99.9999%) and nicke(Johnson Matthey, 99.999%). The very similar to that of MgCNj powders, but the normal state
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o] 60 - P MgCNijz film as a function of temperature in zero
= : pomer magnetic field. The midpoint transition tempera-
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resistivity p;o k=20 wQcm, is a factor of 2—@ower than ~ The solid symbols represent a 60 nm film, and the open
polycrystalline powder values. The midpoint of the resistiveSymbols are for a polycrystalline sample from Ref. 12.
transitions in Fig. 1 are 8.2 and 3.9 K for the 60 and 7.5 nmClearly the 60 nm critical field behavior is comparable to
films, respectively. In Fig. 2 we plot the resistive transitionsthat of sintered MgCNi powders, which are known to
for a variety of film thicknessed. Note that the transition have an anomalously high critical field and excellent flux
temperatureT, is relatively insensitive tal down to about Ppinning properties’ The zero temperature critical field
d=15 nm, below whichT, is suppressed and broadened. can be estimated using the relatibn Hg,(0)=

The perpendicular critical field behavior of a 60 nm film —0.693@H,/dT)y T.. From the data in Fig. 4 we obtain
is shown in Fig. 3. As is the case with pressed pellets o(dchldT)TC: —2.3T/K, H(0)=12.8 T and a zero tem-
MgCNi; powder, the resistive critical field transition w_ujth IS perature coherence leng#0)~5 nm.
only weakly temperature dependefiive defined the critical ™ \e have also made Hall measurements of the films in the

field, Hc,, as the midpoint of the transitions in Fig. 3, and in noyma) state between 10 K and room temperature. In the
Fig. 4 we plot critical values as a function of temperature.j,set of Fig. 4 we show the Hall voltage as a function of
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FIG. 2. Resistive transitions for varying film thickness. The  FIG. 3. Resistive critical field transitions of a 60 nm film at
curves correspond from left to right to MgCNayer thicknesses of  different temperatures. The magnetic field was applied perpendicu-
7.5, 15, 30, 45, and 60 nm. lar to the film surface.
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10 — . . . . quenching of the superconducting phase with increasing Co
concentratiort? even for concentrations as little as a few
® 60 nm fim A percent. Two possible explanations for this sensitivity to Co
8 L A polycrystalline powder A - doping immediately come to mind. One is that Co behaves as
i a localized magnetic impurity and consequently produces
pair breakingt® However, susceptibility measurements of
E 6r A . MgCNi;_,Co, powders are not consistent with what would
be expected for free Co moments. Furthermore, even at dop-
T 2 — ing levels up to x0.75 no long range magnetic order is
4 2 1l in seer> A second possibility is that superconductivity in
MgCNij is very sensitive to a narrow spectral feature in the
electronic structuré’ and that at even small Co doping lev-
els the optimum band filling is compromised. Our Hall data,
« 2 YR o however, would suggest that this is not case and That
0 N T L U T not extraordinarily sensitive to the density of states. Presum-
0 0.1 0.2 0.3 0.4 0.5 ably, the enhancement we observe in the Hall carrier density
1-T/T reflects a significant modification of bands near the Fermi
c surface that is a result of disorder or perhaps substrate-
L , . induced strain.
FIG. 4. Upper critical field values of the 60 nm film of Fig. 3 In conclusion, we report the first synthesis of MgGNi

(solid symbol$ and a polycrystalline sampl@pen symbolsfrom . ) . i, .
Ref. 12 as a function of reduced temperature. Inset: Hall voltage oi!lms and find that their transition temperatures and critical

a 90 nm MgCNj film using a 0.1 mA probe current at 10 K ield behavior are very similar to that of bulk powder
(crossepand 200 K(circles. The solid lines are linear least-squares samples. The films are smooth, adherent, and show no sig-

fits to the data. The low temperature data correspond to a carridhlicant air sensitivity. A thin film geometry lends itself quite
density ofn=—4.2x 1072 cm ™. well to planar counter-electrode tunnelling measurements of

the electronic density states, thus providing a compelling al-

magnetic field at 10 and 200 K. The solid lines are linear ﬁtsternauve to scanning electron microscopy tunneling. Such a

to the data. The slopes of the lines are proportional to th%:dz;& :\ggg'\tlﬁg”;zs ;&%ﬂgu%rt?:e ggﬂgﬁg;etén{ﬁzofmmg o
Hall coefficientR,=1/en, wheren is the effective carrier b g X 9

density. Clearly the MgCNifilms have electronlike carriers pmetry will also a'.'OW access'to the spin paramagnehc I|m|.t
as is the case in the bulk material. However, the calculatel parallel magnetic field studies, as well as possible electric

carrier density at 10 Kn=—4.2x 1072 cm™3, is about 4 leld modulation of the carrier density via gating and critical

times larger than that reported in Ref. 12 for sintered powdeFurrent studies.

samples. It is somewhat surprising that the superconducting We gratefully acknowledge discussions with Dana
properties of the films are so similar to that of the bulk sys-Browne, Phil Sprunger, and Richard Kurtz. This work was
tems given the large enhancement in the density of statesupported by the National Science Foundation under Grant
suggested by the Hall data. DMR 01-03892. We also acknowledge support of the Loui-

Interestingly, recent studies of Ni-site substitution with siana Education Quality Support Fund under Grant No.
Co, which in principle hole dopes the system, show a rapi®?2001-04-RD-A-11.
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