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Electron-beam irradiation has been used to induce controllable variations in the properties,6ix®a ,
biepitaxial grain-boundary Josephson junctions. A correlation between the transport properties and the micro-
structure was obtained by determining the ratio of a barrier thickness to the dielectric constant of the junctions
with different barriers. These results give evidence of the role of the oxygen content and the dielectric constant
of the interface region in transport phenomena. The experiment also demonstrates frequency tunability in a
resonant soliton oscillatofS0163-182¢08)51322-2

The correlation between grain-boundary interfaces andlefects; at higher irradiation enerdy 300 keV) Cu defects
the Josephson effect gained considerable interest since theay be created as well. In our system the situation is further
discovery of the high-critical-temperature superconductoreomplicated by the presence of a grain boundary which acts
(HTS’s).! The properties of grain boundarié&B’s) are  as a sink for the migration of defects, affecting the kinetics of
critical for several applications, especially in order to de-their accumulatiot® Our biepitaxial YBaCusO;_, junc-
velop Josephson junctions for superconducting electrdnicgions employ an MgO film oriented along ti&10) direction
and for fundamental experiments on the symmetry of the paias a seed layer to modify the crystal orientation of YBCO on
wave function in HTS'S. Some correspondence betweena (110 oriented SrTiQ substrate. YBCO grows predomi-
transport regimes and the GB microstructures has also bearantly along the(103 direction on SrTiQ substrate and
established. Nevertheless there is no conclusive evidence 301 on the MgO layer, respectively, resulting in highly
the actual role of grain boundaries in the conduction mechareproducible structures. We focused an electron beam of the
nisms, due to either the concomitance of different effects oscanning electron microscog8EM) Philips CM-12 with an
their structural complexity. Their presence seems to influenergy of 120 keV on the grain-boundary region of the
ence the properties of the adjacent superconducting regiognction!?**Electron irradiation changes the current-voltage
due to the oxygen exchange, which occurs in the vicinity of(1-V) characteristics, and presumably the barrier as well as
the grain boundaries. The barrier region, therefore, extendde microstructure of the grain boundary by modifying the
into the electrodes, i.e., into the regions that are nominallyoxygen content in the vicinity of such interfaces. These
superconducting. In terms of transport properties a graichanges can be controlled by varying the electron dose and
boundary has been represented as a filament structure of uartially restored by isothermal annealing of the junctions,
perconducting channels separated by insulating or normahus offering a unique opportunity to characterize the barrier.
metal layer$or as a continuous insulating barrier with a high The presence of resonance steps in lthé characteristics
density of localized statesMore recently studies have been and their voltage shift induced by irradiation and modified by
focused on the effects of intrinsic faceting combined with thea subsequent annealing give important additional informa-
role of the symmetry of the order parametén the classical tion on the grain boundary structure. From the position of the
scenario it would be desirable to evaluate the actual role ofesonance steps it is possible to self-consistently determine
the proximity effect® on quasiparticle and Cooper pair con- the ratio of the barrier thicknedsto the relative dielectric
duction. constante, as well as the surface resistariRg.'*~1° This

In this paper we present a measurement of the GB Josephepresents a way to correlate the microstructure and the
son junctions whose properties are modified by focusedransport properties, thus giving direct evidence that a barrier
electron-beam irradiation. The nature of local order paramean be controllably adjustea posteriori
eter suppression resulting from electron irradiation of Details of the fabrication procedure for the biepitaxial
YBa,Cu;0;_, (YBCO) thin films and single crystals is fairly junction, their Josephson and normal-state properties, and the
well understood:!° The effect is due to the generation of effects of irradiation on(001) and (103 YBCO films have
displacement defects which act as strong scattering centers ireen given elsewhef&:!>*3The electron beam wita 5 nm
the Cu-O planes. In this work they are primarily oxygennominal spot size was focused on the grain-boundary region
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and scanned once all the way across the microbridgmg
the grain boundapy with a linear fluence of 1.810'%

irradiation are shown at different temperatures in Fig).1

served before in HTS GB Josephson junctfdifand asso-
junction that acts as a long parallel plate resondfoske

nance wheri,=nc/2L=2eV, /h, wheren is the order of the

resonance at a frequen€y andL is the junction length. The

Swihart velocity is given b= cq(t/e,d)*? wherec, is the

free space speed of light anb=t+ 2\ , respectively. The

London penetration depth, at T=0 K has been taken 140
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FIG. 1. (a) Typical I vsV curves of the junc-
tion biep No. 36 before irradiation are shown as a
function of temperature. In the inset the curve at
T=10 K, obtained by subtracting the “ohmic”
currentV/Ry from the total current, is com-
pared with the expected Lorentzian. From this fit
we estimated Qsy=0.8 and Rg=140 ).

(b) Typicall vsV curves of the junction biep No.
36 after irradiation are shown as a function of
temperature. In the inset, using the same proce-
dure as in(a) for the data aff=8.5 K, we ob-
tainedQg y=0.27 andRs=240 m().

nm in agreement with the experimental observatiGrub-
tracting the “ohmic” currentV/Ry (Ry is the normal-state
e/lcm* In order to study the time variation of junction resistancefrom the total current, a typical resonance pro-
parameters, the samples were measured after a series of idibe is obtainedinset of Fig. 1a)]. By fitting this curve with
thermal annealings in the He atmosphere of the cryostat. the expected Lorentzian, an estimate of the total (@$s the
The typicall -V curves of the biepitaxial junctions before system can be extracte@ consists mainly of losses from
the quasiparticle conductance-L/Qg), the surface resis-
At voltages on the order of I¢ V steps can be clearly tance (~1/Qgy) and radiation ¢1/Q,9; the latter has
identified. These resonance steps have been frequently opractically no contribution in our geometry, soQ,
=1/Qqpt+ L/Qsn - SinceQq, can be evaluated, we can esti-
ciated with the propagation of the electromagnetic waves in aate Qg and hence the surface resistariRgy= 7 uo(t
+2N)/Qsn . For the data aT =10 K we estimated for the
modes. The ac Josephson effect can cause self-induced resfirst-order resistanc&sy=0.8 and Rs=140 m(). Figure
1(b) shows thel-V curves of the same junction at different

temperatures after irradiation. In this case the critical current

decreases approximately by a factor of §&t9 K, while the
maximum working temperature of the junctidp decreases

approximately from 73 to 45 K. We also observed a signifi-
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FIG. 2. | vsV curves, measured dt=8 K,
before irradiation(open triangles after irradia-
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cant increase oRy from 20 to 65(). More importantly, as a semiconductorlike barrieicConsequently, both and
irradiation induces a shift in the position of the first Fiske Ry would be linked toe;, .
resonance from 240 to 15@V. This corresponds to a de- Additional evidence of the possibility of this type of a
crease of the Swihart velocity from 40° to 1.5x10° barrier is given by the same experiment on a similar junction
m/sec and thé/e, value from 0.18 to 0.07 A, respectively. where an irradiation dose 0P210?* e/cn? was used. In this
AL has been assumed weakly dependent on irradiation archse an electron beam was scanned within a rectangular re-
aging effects according to experimental evidetttE.Using  gion containing the grain boundary, aboutuin in width.
the same procedure as in Fidallfor the data af=8.5Kin  The junction resistanc&k before and after irradiation is
the inset of Fig. b) we obtainedQgn=0.27 andRs=240  shown in Fig. 3 as a function of temperatufe The resis-
m{2. Hence the surface resistance noticeably increases afteanceR after irradiation increases at temperatures below 50
irradiation. K as in semiconducting contacR.after irradiation ar =4.2

The original properties of the junctions can be partly re-K is 10° times higher than the normal-state resistance of the
stored by annealing, as shown in Fig. 2. In the ins@tof  Josephson junction before irradiation. The Josephson current
Fig. 2 the resonance profiles and their voltage shifts are presbserved before irradiatiofinset (a) of Fig. 3] was com-
sented. Annealing tends to shift the position of the Fiskepletely suppressed. However, afte 6 month annealing at
steps to higher voltages, thus increasing the ratit of. In room temperature the junction exhibited metalliclike behav-
the inset(b) the dependence of the principal junction param-ior of R in the entire temperature range from 300 to 4.2 K.
eters, normalized to the values before irradiation, is plottedcor temperatures lower than 10 K, the nonlinear behavior in
as a function of the annealing time. All the parameters hav¢ vs V characteristics at low voltages, visible in the iné®t
been measured a&=4.2 K. Ic, Tc, andt/e, increased Fig. 3, is associated with the reappearance of the Josephson
in the course of annealing, whiRs andRy decreased, with current. These results can also be explained by assuming a
the most rapid change observed in the first hour of annealingarrier with semiconductorlike properties. A uniform irradia-

The simultaneous change of the junction parameters agon enhances the oxygen exchange between the barrier and
well as their dependence on the annealing time suggests thide adjacent regions, providing more favorable conditions to
the effects due to the electron irradiation, being linked to theobserve the carrier deficiency close to the grain-boundary
junction configuration, can reveal basic information on theregion due to disordered or deficient oxygen.
grain-boundary microstructure. Within a framework of a Oxygen exchange induced by irradiation would, therefore,
simple tunnelling theory, a transmission coeffici@nexpo-  modify both the barrier structure, affecting its dielectric con-
nentially depends on the barrier thicknésand on the wave stant and transparency, and the superconducting regions
vector within the barrier. An increase ¢fand the barrier close to the interface. The fact that the original properties of
height would explain a dramatic decreasd @fand increase the GB junction do not completely recover allows us to
of Ry. The experimental evidence, that the changesof speculate that the defects migrate to the grain boundary and
andRy induced by irradiation and their dependencies on theget trapped in the adjacent region.
annealing time are different, suggests that Cooper pairs and Finally the observed dependence of the, ratio on irra-
guasiparticle conduction processes are governed by differendiation and annealing time has important implications for the
effective barriers. This situation can occur, for instance, in gundamental issues of the Josephson effect, providing the
defect-assisted tunnellifig. On the other hand, the decrease tunability of the phase velocity for the electromagnetic wave
of thet/e, ratio after irradiation would indicate that the di- and vortex propagation in the YBCO GB junctions. In par-
electric constant, increases faster than the barrier thick- ticular our experiment shows that it is possible to tune the
ness. This effect could be explained by assuming a certaiffequency of a resonant soliton oscillator, which is usually
type of barrier, that depends on the dielectric constant, sucfixed once the structure is fabricated. Moreover, it can be
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FIG. 3. Resistanc® of junction biep No. 37
is shown as a function of temperatufebefore
irradiation (open squargsand after high dose ir-
radiation(full circles). In the inset(a) thel vsV
characteristic before irradiation is reported at
T=4.2 K, exhibiting a typical Josephson behav-
ior. In the inset(b ) | vsV characteristics of biep
No. 37 afte a 6 month annealing at room tem-
perature are shown as a functionTof The junc-
tion exhibited metalliclike behavior oR in the
entire temperature range from 300 to 4.2 K.
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done locally and even only within a selected part of the barthe consistency of our results that we have given evidence of
rier, thus providing a versatile tool to introduce inhomoge-modification of the barrier and the grain-boundary micro-
neities and to modify the boundary conditions for solitonstructure. This is likely to be due to the change in the oxygen
propagation’* content in the vicinity of the junction and the dielectric con-
In summary, we have demonstrated that electron-beamstant of the grain boundary.
irradiation induces a shift in the position of the Fiske steps
and changes the ratio of the barrier thickness to the relative The authors would like to thank Professor Antonio Bar-
dielectric constant. After a uniform “blanket” irradiation the one for valuable comments. This work was partially sup-
junction resistance increases at lower temperatures. Althougtorted by the project PRA-INFM “HTS Devices.” Many
the possibility of ad-wave nature of the HTS electrodes may thanks to Maria Chiara for her help during the preparation of
influence some aspects of our interpretation, we argue frorthis paper.
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