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Josephson junctions have been realized in which two superconducting magnesium-diboridg¢ (MgB
layers are separated by a thin MgO barrier layer, using the ramp-type configuration. Their current—
voltage characteristics follow the behavior described by the resistively shunted junction model, with
an excess current of about 30% of the critical curtgntA suppression of 70% df, was achieved

in applied magnetic fields. Shapiro steps were observed by irradiating the junctions with 10.0 GHz
microwaves, and the dependence of the step height on applied rf current is well described by a
current—source model. Reference samples prepared without the MgO layer showed strong-link
behavior with largd . values. © 2002 American Institute of Physic$DOI: 10.1063/1.1462869

The remarkably high superconducting transition tem-Then, a beveled edgeamp was defined by photolithogra-
peratureT, of 39 K that was discoverédor the noncuprate phy and argon ion beam milling, under an angle of 45°. With
intermetallic compound MgB the correspondingly large a beam voltage of 500 V the etching rate of the bilayer is
energy gap® as well as the large carrier densitynake this  about 8 nm/min. Due to the difference in etching rate with
material attractive for use in superconducting electronic dethe photoresist a slope of the ramp of about 20° is obtaifed.
vices, possibly cooled by cryocoolers. To this end, the availAfter removing the photoresist, a 12 nm MgO barrier layer
ability of high-quality thin films and Josephson junctions arewas deposited by ablating Mg rf6 s at 10 Hzwith an
essential, which triggered an intensive research in thesenergy density of 4 J/chnin 0.5 mbar @ at 200 °C. Subse-
areas2° quently, a 200 nm MgB counterelectrode was deposited in

The realization of various Josephson devices in MgB the same way as the base electrode. The sample was then
has been reported, based on, e.g., thin fim nanobritfges,patterned by photolithography and ion milling to define the
localized ion damag¥, point contacts® and thin film het- junctions, with an overlap of the counterelectrode qu8.
erostructures with one MgBelectrodet®?°To optimally ex-  After sample preparation, the transition temperatures of the
ploit the beneficial properties of MgBand to be able to tune MgB; layers were typically 23 K. This reduced critical tem-
the junction characteristics by choosing the barrier paramperature as compared to the bulk value is discussed in pre-
eters, the next challenging step is to realize and investigatdious articles and is attributed to the small Mg@rain size
MgB./artificial-barrier/MgB, thin film Josephson junctions. in thesein situ fabricated films and to impurities, such as

In this letter the fabrication and characteristics of MgO inclusionsi®*®
multilayer Josephson junctions with Mg®lectrodes and a  Figure 1 displays the current-voltage-{V) character-
dielectric barrier is presented. The proper operation of thdStic of @ 7,um wide junction aff =4 K. This characteristic
junctions is evidenced by a clear modulation of the supercurfollows the behavior expected from the resistively shunted
rent by applied magnetic fields and the occurrence of Shapirl!nction (RSJ model, with an additional excess current of
steps under microwave irradiation. about 30% of the crmpal purrgmg. At this .temp_eratu.re th_e

The junctions were prepared according to the ramp-typéc value is 130uA, which implies that the junction width is
configuratioR® (Fig. 1). First, a bilayer of MgB (200 nm)

and MgO (100 nm was depositedn situ by pulsed laser T=4K
deposition(PLD) on a MgO substrate. The MgHilm was
prepared from a Mg-enriched MgRarget, using the proce- 600
dure described in Refs. 10 and 15. In short, the deposition
took place at 200 °C in 0.17 mbar Ar pressure for 6 min at 10 - 200
Hz, using a laser density of 4 J/énBubsequently, the MgB §
layer was annealed at 600°C for 5 min in a Mg plasma, g or
generated by ablation from a Mg target in 0.22 mbar Ar. -300|
After cooling down to 200 °C, the MgO insulation layer was
formed by ablating from a Mg target in an oxygen pressure 6001
of 0.5 mbar for 50 s at 10 Hz, using an energy density of 4 . : "
Jlent. Subsequently, the film was cooled down to room tem- -600  -300 0 300 600
perature keeping the pressure in the chamber unchanged. V (uV)
FIG. 1. Schematic of a Mg MgO/MgB, ramp-type junction, and a mea-
¥Electronic mail: h.hilgenKamp@tn.utwente.nl sured current—voltage characteristic of am wide junction at 4 K.
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FIG. 2. Modulation of the critical current by a magnetic field applied per- . ‘ b o‘oo
pendicular to the current direction and parallel to the substrate, measured at %_0 01 02 03 04 05

34K
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much smaller than the Josephson penetration depth. The nd#G. 4. Amplitude of the supercurrent and the first three Shapiro steps vs
mal state resistancB. is almost temperature independent applied rf curreni{10.0 GH3 at T=4.2 K. The solid line shows a fit using
n . the current—source model.
and has a value of abouf)l The | R, product is 130uV.
Systematic studies of the temperature dependendg afd

IR, are in progress and will be reported elsewhere. the Josephson element was found to be 0.35.

The application of a magnetic field perpendicular to To determine the effects of the interfaces between the
the current direction and parallel to the substrate resulted in MQO barrier and the e|ectrodes on the junction transport
modulation of the critical currertFig. 2). A suppression of properties, reference samples were prepared following the
the critical current by up to 70% was observed. TheH)  same fabrication procedure, except for the deposition of the
dependence differs from the Fraunhofer dependence that fsgrrier layer. It has been shown, e.g., in hifjhdosephson
expected for a small junction with a uniform current distri- junction technologs that a barrier is formed at the interface
bution, with the large amplitude of the side peaks and theyetween the electrodes, due to structural damage invoked by
incomplete suppression of the critical current being signajgn milling. In contrast, for our MgB ramp-type contacts
tures of a nonhomogeneity of the barrier. this ion-milling procedure did not lead to weak link behavior.

A complete suppression of the supercurrent and the foreritical currents up to 31 mA were obtained fondn wide
mation of Shapiro steps at multiples ¥¥=20.7uV were  contacts aff = 4.2 K, which corresponds to a critical current
observed by irl’adiating the junction with 10.0 GHz micro- density of 3x 1@ Alcmz_ This |mp||es that the interface re-
wave fields aff=4.2 K (Fig. 3). The voltages at which the gjon has good superconducting properties and will not affect
current steps appear are as expected from the frequency @fe transport characteristics of the Josephson junctions. Fur-
the applied radiationv,: V,=(h/i2e)v,n, with 2e/h  thermore, it indicates that the ramp-type contact presents a
=483.6 MHz/uV. The modulation of the height of the Sha- yseful configuration for via contacts in future multilayer cir-
piro steps as a function of applied rf current is presented irgits.

Flg 4. To describe the jUnCtion under microwave irradiation, The nonhysteretic character bV curves of the junc-

the RSJ model is extended with a rf current—source ternfions results from the low normal state resistance and the low
with a large source impedan€&With this current-source capacitance. The capacitance can be estimated from the junc-
model a good fit to the experimental data was obtained. It i$jgn geometry, yieldingC=40 fF for the junction displayed
noted that the fitting parameters were the same for all the, Fig. 1. This leads to a value for the Stewart—McCumber
Shapiro steps. The parame®@y describing the ratio of the parameters, of the order of 102, which is in the nonhys-
teretic regime. Thd . R, product of 130V at T=4K is
considerably below the expectations following from the val-

fractions of rf current passing through the resistive shunt and

200+ non-irradiated ues of the energy gap in the MgB This is attributed pri-
marily to barrier inhomogeneity and to the reduced critical
100 temperatures of these situ grown MgB, films. It is antici-
< ?radiated pated that highet.R,, products are attainable by improving
Z o film smoothness and enhancing thg
~ In conclusion, all-MgB ramp-type Josephson junctions
-100 with a 12 nm MgO barrier layer were realized, showing RSJ-
like current—voltage characteristics. Both, dc and ac Joseph-
-200 son effects were demonstrated by the modulation of the Jo-

sephson current by applied magnetic fields and the
appearance of Shapiro steps under applied microwave irra-
diation. The establishment of an all-MgBosephson junc-

FIG. 3. Current—voltage characteristics of au wide junction with and tion technology, employing an artificial barrier layer of

without 10.0 GHz microwave irradiation at=4.2 K. which the composition and thickness can be selected, is a
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