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Observation of Tomasch oscillations and tunneling-like behavior
in oxygen-deficient edge junctions
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Properties of oxygen-deficient edge junctions made of XBgOs s as the superconductor and
YBa,Cu;_,Fe0, as the barrier are reported. These junctions show weak-link characteristics when
the edge angle is 50°, while tunneling-like behavior is observed when the edge angle is 36°. In all
junctions strong peaks in the conductivity are found, which depend on the specific junction
geometry. Some series of peaks were identified as due to Tomasch oscillations in the cover
electrode, which yieldA=1.4+0.2meV anduvj=(4.4+0.2)x10’cm/s. © 1999 American
Institute of Physicg.S0003-695(199)04522-2

One of the goals since the discovery of the highsu- YBa,Cu;_,FeO, with x=0.3, 0.45, or 0.6 as a barrier
perconductors has been to obtain superconductor—insulato’¥BCFeO), since these materials are less heavily doped but
superconductor(SIS) tunneling junctions. Such junctions still have a sizable resistivity. The various Fe-doped YBCO
could be useful for basic research as well as for potentiafilms were investigated for compatibility with pure YBCO
practical applications. Unfortunately, prefabricated tunnelingand SrTiQ (STO) and found to grow on one another fully
junctions are not available yet, and most of the tunnelingepitaxially.” Figure Xa) shows the resistivity of thin films of
experiments have been done using point-contact scanningBCFe O on STO, withx values of 0.3, 0.45, and 0.6. All
tunneling microscopy, break junctions, and grain-boundaryhese films were deposited by laser ablation deposition under
(GB) junctions'~3 All these experiments are difficult to re- the same conditions as for YBCO. They showed good crys-
produce, there is almost no control of the barrier, and thdallinity and epitaxial growth withrc-axis orientation normal
geometry is not well defined. SIS junctions made of thinto the wafer. Next, we prepared oxygen-deficient YBIFe
films of the highT, superconductors are clearly very desir- films under the same conditions as the oxygen-deficient
able since they should allow us to control the geometry andBCO is made(YBa;CusOg 6, Tc=60K). These films were
the barrier of the junction. However, such junctions made cooled down immediately after deposition under 40 mTorr of
for instance, with YBsCw,0,_ 5 (YBCO) electrodes, are dif- 0xygen flow, at a rate of 0.25°C/s. Figurébl shows the
ficult to make. This is due to the short coherence length of

YBCO of about 1.5—-2 nm, which leads to a large depression T T T T

of the order parameter at the Sl interf4o& possible way to 6 2 YBa,Cu, Fe O, ]

overcome this problem is to use oxygen-deficient films with s o Fg-i 1
o x=0.45 -

a reducedT., which therefore, have a longer coherence
length® We have already found in the past that YBCO-based
junctions with YBaCu,CoQ, as the barrier show a transition
from weak-link to tunneling-like behavior, when their oxy-
gen content is reducédThese junctions, however, had a
poorly defined wedge-edge geometry and we, therefore, de-
cided to use in the present study the standard edge junction
geometry, which is well defined. This time, we observed a
transition from weak-link to tunneling-like behavior as a
function of the edge angle, as well as resonances in the dy-
namic conductance which are attributed to Tomasch oscilla-
tions.

Barrier materials in YBCO-based junctions should be
compatible with YBCO, and if tunneling is expected, they
should also have high resistivity. Such materials can be
found in the YBCO derivative family, which was intensively

& x=0.6

Resistivity (mQ cm)

investigated in the past. Heavily doped YBCO yields better 1 T
insulators, which generally suffer from lattice-mismatch 0 50 100 150 200 250 300
problems with YBCO, or do not grow witb-axis orientation Temperature (K)

normal to the substrate. In the present study we choose
FIG. 1. Resistivity of 150 nm thick films of YB&u; ,Fg0, which were

cooled down right after the deposition process in eitagd.5 atm Q or (b)
¥Electronic mail: onesher@physics.technion.ac.il 40 mTorr Q.
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FI_G. 2. Resist_ance and critical current of an oxygen-deficient edge junctior@Nhich allowed us to proceed and make oxygen-deficient
without a barrier(a shor} as a function of temperature. Insg) shows a . . . .
schematic diagram of an edge junction. In@Btshows the critical current edge junctions with the YBCFeO barriers.
J. as a function of reduced temperatdig- T on a log—log scale. These junctions were prepared with different values of
the parameterdg, dc, dgar, dstep, @ndea, which are de-
o o . fined in inset(a) of Fig. 2. All the junctions with an edge
resistivity of these thin films witbk=0.3 and 0.45. One can angle ofa=50° showed a weak-link behavior, as seen in the
see that these films are insulating at temperatures lower thflﬂ/namic conductance in Fig(@. NearV=0 one can see a
90 K, which makes them appropriate barriers for the 0xygenzerg-pias anomaly, which can be related to bound states in
deficient junctions. The oxygen-deficient film with=0.6 . \yave pairing? At higher voltages, the conductance de-
had microcracks due to strain between the film and the subseases with the bias voltage, which is typical of flux flow in
strate, and thus, its resistivity versus temperature is Noje weak link. As opposed to this, junctions with=36°
shown in Fig. 1b). showed SIS-type behavidtunneling like, since their dy-
The geometry of an edge junction is described schematingmic conductance increases with the bias voltage up to
cally in inset(a) of Fig. 2. Such junctions were prepared ghout 20 mV, as can be seen in Figb3 We, therefore,
using our standard multistep process. First, the base elegientify a crossover from weak-link to tunneling-like behav-
trode and insulator films were prepariedsitu by laser abla- jor as a function of the edge angle of the junctions. Previ-
tion deposition on a X 1 cn? (100 STO wafer. Then, the ously, such a crossover was observed in wedge-edge junc-
sample was patterned usingvaterlessprocess with PMMA  tions as a function of their oxygen conténtAll the
resist and deep UV photolithography. Etching was done byunctions, with the following parameterst.=100 nm, dg
Ar-ion milling that produced an edge angie Next, the bar-  =70nm, dgag=20 nm, anddsrgs=0 nm had typical con-
rier, the cover electrode, and a gold film for the contactsductances as seen in Fig. 3. However, the resonance peaks
were deposited, and the sample was patterned into ggm 5 superposed on the dynamic conductance in Fig. 3 varied
wide junctions. To test the reliability of our process we alsofrom junction to junction even among the ten junctions on
prepared well-oxygenated “shorts,” which are edge junc-the same wafer.
tions without a barrier. TheT.'s of these shorts were found Previously, we found ordered resonances in the cover
to be in the range between 87 and 88 K, and the aveiage electrode in the wedge-edge junctidrio be able to detect
at 77 K was 2.5 10° A/cm? with one standard deviation a similar effect in the present study, we decided to increase
spread of 20% for ten shorts on the same wafer. These results
indicate that the contacts between the two electrodes were
clean and quite reproducible in all ten shorts. These results
where obtained withw=50°. With a=236°, however, the
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averagel. was only 0.5<10° Alcm? at 77 K. — ? 1 ;
The next step was to check shorts made of oxygen- £ %% '

deficient YBCO. In Fig. 2, typical transport results of these z 0sol

shorts are shown. One can see that the transition of the £ ? |

YBCO electrodes is at about 55 K, while the contact area > o8sp

between the electrodes has a broad transition between 50 ands < 300

) L " . 0.80 £

30 K. We attribute this wide transition range to a nonuniform o 200

> 100

oxygen distribution in the contact cross sectioh.possible
reason for this behavior is that the contact area loses oxygen
far more easily than the bare YBCO film. Ing&} in Fig. 2
shows thatl, of this “short” is proportional to ,—T)%?

with T.(R=0)=30K. This is consistent with the Ginzburg—
Landau theory for thin superconducting films n&ar More- _ .

.  FIG. 4. Dynamic conductanced(/dV) of an oxygen-deficient YBCO/
pve:r, thel -V curves of t_hese shorts _are rounded, Whl(_:hYBCFeO/YBCO edge junction with an edge angleaof 50°. A schematic
indicates flux—flow behavior that is typical of the bare thin giagram of this edge junction is shown in inget. In inset(b) V2 of the
films. Thus, our shorts seem to be of fairly good quality,peaks are plotted as a function rof.
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dsrep, @s shown in insefa) of Fig. 4. We thus prepared Miller, and Ting'® in a NINS structure where S is either a
junctions with the following parametersic=60nm, dg  Jx2-y2 Or ans-wave superconductor. However, they found
=70nm, dgar=20nm, dgre=65nm, anda=50°. This these peaks for th€l10 interface orientation, while in our
yielded a series of strong resonant peaks in the conductan€@se the interfaces are oriented always at(1l0€) direction.
of all junctions, which were independent of the barrier thick-Moreover, the spacing between their peaks is proportional to
ness (lgar), and a typical result is shown in Fig. 4. We 1/dy, wheredy is the thickness of the normal metal, while
attribute these resonances to an interference effect in th&e find no such dependence in our results. Therefore, the
cover electrode of quasiparticles moving perpendicular to théesonances that we observed do not originate in the normal
edge, as shown by the double arrows in inggtof Fig. 4. metal as Xuet al. have discussed.
These peaks, known as Tomasch oscillati’é’nsr,iginate in In summary, we observed a crossover from weak-link to
Andreev scattering in which an electron-like quasiparticle istunneling-like behavior versus the edge angle in our oxygen-
reflected as a hole-like quasiparticle from an interface of aleficient junctions. Strong resonant peaks were observed in
superconductor. We fitted our results to the Tomasch oscilthe conductivity and some series of peaks were attributed to
lation formula, which is given by Tomasch oscillations in the cover electrode. Analysis of
— these series yielded A=1.21-1.58meV, and v
B , [nhug
eV, = \/(ZA) +< 74,

2
) (1) =(4.3-4.6)< 10" cm/s, which are in general agreement with
whereA is the gappr is the renormalized Fermi velocity,

previous results. Currently, we look for the scaling of these

series of peaks with the thickness of the cover electrode, to
is the peak number, ard}, is the thickness of the supercon- further support our interpretation of these peaks as due to
ductor (see Fig. 4. Equation(1) predicts that\/ﬁ is propor- Tomasch oscillations.
tional ton?, wheren=0 represents the peak of the gap. The  The authors wish to thank E. Polturak for useful discus-
graph in insetb) of Fig. 4 shows thaV/; is actually propor-  sjons, and S. Hoida and M. Ayalon for technical assistance.
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