Insulating boundary layer and magnetic scattering in YBa >Cu30,_5/Ag
interfaces over a contact resistivity range of 10  ~8-1073 Q cm?

S. C. Sanders, S. E. Russek, C. C. Clickner, and J. W. Ekin
Electromagnetic Technology Division, National Institute of Standards and Technology,
Boulder, Colorado 80303

(Received 11 May 1994; accepted for publication 16 August 1994

We have measured interface transport in thin-film ¥YB&0,_ s/Ag interfaces having resistivities
ranging from 108 to 103 Q cn?. Analysis of the interfacé-V data indicates that tunneling is the
predominant transport mechanism even for thesitu interfaces having contact resistivities of
1-7x1078 Q cn?. Zero-bias conductance peaks are also observed for the entire range of interface
resistivity. The similarity of the zero-bias conductance peaks among these widely varying interfaces
suggests that the low-temperature interface transport is governed by the same mechanism in each
case. These conductance peaks are analyzed in the framework of the Appelbaum—Anderson model
for tunneling assisted by magnetic scattering from isolated magnetic spins in the interfak@94©
American Institute of Physics.

We report interface transport results for planaaxis- There are a number of papers on interface transport and
oriented YB3Cu0;_s (YBCO)/normal-metal interfaces in tunneling measurements between highsuperconductors
which the interface resistivities vary from 1 to 10°°  and normal metals in the literature. Many report zero-bias
Q cn?. This wide range of resistivities was obtained by sys-peaks in the conductance versus volté4GeV) characteris-
tematically exposing the YBCO films to various surfacetics, often called zero-bias anomaligZBAs). Recent
treatments, such as subjecting to ais, Nr CO,, or etching  paper8~1°have reported more detailed studies of ZBAs, and
with Br-methanol or an Ar-ion beam, prior to depositing anseveral explanations for the origin of ZBAs in YBCO/
Ag overlayer.In situ interfaces(in which the Ag overlayer normal-metal interfaces have been offered. The most fre-
was deposited immediately after fabricating the YBCO filmquently invoked explanation for conductance ZBAs is that of
and without breaking vacuumgave the lowest contact tunneling assisted by scattering from isolai@ninteract-
resistivity} while ex situinterface$ formed after ion etching ing) magnetic impuritiesping in the interface. This was
the YBCO surface gave the largest contact resistivity. Theoriginally modeled for metal-insulator-metal junctions by
central result of this letter is that tunneling through an insu-Appelbaunt! and Andersort? Most of the samples in the
lating layer between the YBCO and Ag appears to be th&BA studies reported to date have had large interface resis-
dominant interface transport mechanism, at low temperatances due to “natural barriers” formed by air exposure be-
tures, even for then situ interfaces. Moreover, zero-bias fore counterelectrode deposition, and often the geometry of
conductance peaks having similar character are observdtle contact areas was not well defined. These sample char-
over the entire range of interface resistivities. These conduacteristics limit to some degree the information that can be
tance peaks suggest that magnetic scattering contributes sigbtained from these transport experiments, the origin of the
nificantly to the interface transport in these samples. Al-isolated magnetic spins being an example.
though we have not yet identified the particular magnetic  For this study, YBCO films 200 nm thick were fabricated
scatterers, the similar peak characteristics over the largen polished100 MgO or (100 LaAlO substrates by pulsed
range of contact resistivities suggest that the magnetic scalaser depositioR.The chamber base pressure with the sub-
terers giving rise to the peaks are present at the “intrinsic’strate at deposition temperature wasl0 °-10“ Pa
degraded YBCO surface. (~10"'-10"°® Torr. Following YBCO deposition, films

Understanding, predicting, and controlling electrical were cooled to room temperature in an oxygen ambient of
transport at thin-film YBCO/normal-metal interfaces is re-26.7 kPa (200 Torp. The resultingc-axis-oriented films
quired for advances in superconductive devices based dmvhich had full width at half-maximuntFWHM) <0.5° for
proximity or Josephson effects, as well as superconductinthe 005 rocking curvdshadT,'s ranging from 86—91 K and
microcircuit transmission line applications. Many groupsJ.'s of ~3-5x10° A/lcm? at T=77 K. Scanning tunneling
have fabricated SN and SNS devices based on Mjghu-  microscopy data taken on separate films prepared under
perconductors, and progress has been st&ddyor applica- identical conditions show spiral growth for YBCO on MgO
tions that use a large numberp to thousandsof junctions  and island growth for YBCO on LaAlQ) with the area of the
or contact interfaces on a single chip, however, uniformityYBCO a-b edges about 5% of the-axis ared?3 After cool
and reproducibility of junction critical currents and resistiv- down, the YBCO films were either coated immediately with
ities are crucial requirements which have yet to be ada 200 nm overlayer of evaporated Atp study interfaces
equately obtained, and the interface resistivity often domiformedin situ)! or subjected to a selected surface treatmient.
nates the device resistivity. A deeper understanding of th&@he YBCO surface treatments included air, £LOr N, ex-
transport mechanisms across YBCO/normal-metal interfacgsosures, or Br-methanol or Ar-ion etches. The Br-methanol
is required to control or minimize interface resistivity. and 200 V Ar-ion etches were calibrated to remove the top
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FIG. 2. Summary plot illustrating the character of the normalized peak-to-

FIG. 1. G-V for a planarc-axis YBCO/Ag interface formed after exposing peak zero-bias conductance for planar YBCO/Ag interfaces.

the YBCO surface to Ngas for 1000 min at room temperature. Inset:
interiaces having neary four orcers of magnitude diference in ther resie V. Mi0€ and had - normalized - peak-to-peak _heights
Itir:/i(iires. The topgdata s{et is for a gmx4 p,?n in situ interface, and the (AGPP/GO) of 4%-22%, as ShOWI_ﬂ In Flg' 2. .
bottom data set is for an 8mX8 um ex situinterface. Whereas we observe zero-bias conductance peaks in our
c-axis YBCO/Ag interfaces, Lesuewt al® observed such
) ~ peaks only in(100 or (103 YBCO/Pb interfaces, with
1-3 nm of YBCO. Following the Ag overlayer evaporation, ¢_axis YBCO/Pb interfaces producing zero-bias dips. The
the samples were photolithographically patterned to deﬁ”%iscrepancy might be due to the fact that our nominally
planar interface¢square contact areas having 2, 4, 8, and 1&-axis samples could have a more significant conductance
wm sides between the YBCO and the Ag overlayer. A 500- contribution from thea-b edges, which constitute about 5%
nm-thick Ag top electrode was used to contact the devicesof the total interface area in our samples having spiral or
Conductance curves were obtained by differentiating e island growth morpholog}? Also in the case of the YBCO/
data using a sliding three-point fit. barrier/Pb samples, it is likely that any exposed edges
Several features of the conductance data for there oxygen reduced at a relatively rapid rate due to the prox-
YBCO/Ag interfaces indicate that tunneling is the dominantimity of the Pb, which would diminish the conductance from
transport mechanism at low temperatures. Figure 1 showde a-b edges. This is in contrast to our situation, in which
G-V data for a YBCO/Ag interface in which the YBCO film the counterelectrode is a noble metal with low oxygen affin-
was exposed to Ngas prior to Ag deposition. A nearly para- ity.
bolic background at high biases is clearly evident. Parabolic ~ The three features illustrated in Fig. 1, the parabolic
conductance backgrounds are indicative of tunneling in th&ackground, gaplike feature, and ZBA, indicate that interface
normal staté and are observed in all of our samples wherelransport is occurring by tunnellng._ The_ contact re5|st|V|_ty
backgrounds are measurat8ufficient contact resistance is results reported in Ref. 2 also con.tam evidence for tunneling
needed to reach the required bias voltages before exceediltly thes_e !n.terfaces_,. An expongnﬂal dependgnce of the con-
the critical current of the superconducting material adjacenE ct .reS'S“V'ty on air exposure t|n’1d=:ranslates mtq an expo-
. . . nential dependence of the effectiveunne) barrier layer
to the interface. The conductance deviates negatively from

. 5 . _
parabolic behavior near 20 mV. This has been attributed ir%thkneSSl' A relatively weak temperature dependence be

h tt like featufd Perhans the Most Conspicuo low T, was also observetTaken together, these features
€ past 1o a gaplike fealure. ps s SPICUOUS 1y 5/ de strong evidence for tunneling as the dominant low

feature of the data reported here Is the zero-bias peak in t Smperature interface transport mechanism in these samples,
G-V curves. These peaks were observed for nearly all of theyh,,,gh conduction through microchanflat thein situ
YBCO/Ag interfaces measured, mcluij;mg Situ interfaces  jnterfaces has not been conclusively ruled out. None of the
havingT=4 K contact resistivityp,~10"° € cn?. The inset  samples investigated thus far have shown signs of Andreev
of Fig. 1 compare$s-V for an interface formeth situwith  reflectionst’” which are expected in the clean interface I#hit

a YBCO/Ag interface formed after the YBCO surface wasand have been observed in some point-contact tunneling
exposed to air for 110 days, photolithographically processecstudies of YBCO2°

and then etched with 200 V Ar ions for 6 min. The peak  The ZBA can be qualitatively explained in terms of the
shapes are similar in the two cases even thqugtiiffers by ~ Appelbaum modét*? for magnetic scattering off isolated
nearly four orders of magnitude. Throughout the range okpins located at the interface region in a metal-insulator-
interfaces studied, the character of these zero-bias condumetal tunnel junction. The model consists of three terms for
tance peaks remained similar: the peaks were typically 3—#he conductance: direct tunnelin@G{), tunneling with spin
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FIG. 3. Temperature dependence of the conductance ofim*#4 um in

situ YBCO/Ag interface. The zero-bias conductance peak diminishes withFIG. 4. Magnetic field dependence of the zero-bias conductance for an

increasing temperature and disappear§-a#i2 K. Inset: Peak-to-peak con- situ YBCO/Ag interface. Upper inset: Subtracting the zero-field conduc-

ductance vsI' on log scale for then situ interface sample. tance reveals a splitting of the zero-bias Kondo peak and the formation of a
zero-bias gap due to Zeeman splitting of the isolated magnetic spin energy
levels. Lower inset: Peak-to-peak splitting of the zero-bias Kondo peak.

flip (G,), and tunneling and reflection with spin fligg).

The latter term is responsible for the ZBA, and it has a logayith the isolated magnetic spins originating at the YBCO

rithmic temperature and voltage dependence. surface, since the ZBA characteristics are independent of the
Figure 3 shows the temperature dependence of the CORygrrier thickness.

ductance for arin situ interface. The zero-bias conductance  Thjs work was supported by ARPA under Contract No.

peak diminishes as temperature is increased from 4 to 55 Kz975.01 and the NIST Higff. program. We also acknowl-

The inset indicates a logarithmic temperature dependence @lge support from F. Fickett.
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