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Ramp-type Josephson junctions with highly doped R@Bia_,Ga0,_ 5 barrier layergx=0.7, 1.0

have been investigated by high-resolution electron microscopy. A Ga-rich intergrowth and Ga
diffusion in the ion-milled SrTiQ substrate are observed. The Ga segregation is responsible for the
deviating electrical behavior as expected from extrapolation of low doping l1éxvel8.1-0.4. The

Ga diffusion in the ion-milled substrate, and possibly in the base electrode, may hamper Josephson
junction fabrication using substituted RERaKO, s materials (RE=rare earth © 1997
American Institute of Physic§S0003-695(97)02009-3

The ramp-type Josephson junctio@kls geometry al- crease in the resistivity up to an order of magnitude, whereas
lows adjustment of the junction properties by changing thehe influence onl; is negligible. However, this trend is not
barrier thickness and/or the barrier material itself. Thiscontinued for the higher substitution levels. Figure 1 shows
choice is of great importance to ensure good quality JJghe critical current density, versus theR,A product(A, the
where the interface resistance should not dominate over therea of the junctionfor ramp-type junctions with Ga-doped
barrier properties. The substitution of Cu in the chain layePrBCO barriers up tx=1.0. For all doping levels). is
by Ga, Co, and Nd in PrB&u;O,_s (PrBCO results in an  basically unaffected, wherB,, decreases for doping levels
increase in the bulk resistivity3 x>0.4 resulting in a reduction ih.R,, product with respect

PrBaCu;_,Ga0;_5 (PrBCGaQ as a barrier layer is to x=0.4. This unexpectedly lowR, value was the principal
expected to produce junctions with a higher normal stateeason for investigating possible Ga segregation at high dop-
resistancdy,, than nonsubstituted PrBCO. The substitution ofing levels. Hence, the structure, interfaces, and microstruc-
Cu by Ga in ceramic PrBCO was reported by Xu and Guantural defects of these ramp-type JJs were studied by HREM
for substitution levels 0.0£x<0.9. The maximum substitu- and ED%°In this letter we concentrate on the particularities
tion level is certainly higher than in the case of Ga substituin the PrBCGaO barrier layer. The junction, discussed here
tion for Cu in YBaCuwO;_5 (123) and depends strongly on have a ramp angle of 20°-28° and a barrier layer thickness
the rare eartRE) used? of 10-30 nm. All layers grow withc-axis orientation per-

Targets of PrBCGaO witlk=0.10, 0.40, 0.70, and 1.00 pendicular to the substrate. All interfaces in the nonetched
have been prepared either with citrate syntiesisstandard  part and in the etched part are sharp and flat. The interfaces
solid-state reactions. All layers of the JJs have been deposetween barrier and superconducting layers at the ramp edge
ited with off-axis rf magnetron sputtering d®01) SrTiO;  are well defined and free of secondary phases or amorphous
substrate§.” The base electrod®yBCO) and the insulating  layers.
layer (PrBCO have been deposited situ. The ramps are X-ray diffraction (XRD) shows that the bulk PrBCGaO
structured by an Ar ion-beam sour@ender an angle of 43° samples have a structure identical to tetragonal 123. No Ga-
using a photoresist mask. After stripping the photoresist, the
ramp surface is cleaned by ion milling. Without breaking the
vacuum, the sample is transported into the sputtering cham-
ber and heated at 790 °Crft h in 10 Paoxygen pressure to 166
achieve reoxygenation of the surfaces. Subsequently, the bar-
rier layer (PrBCGaQ and the top electrod€DyBCO) are

Ox=0 v x=0.10 ¢ x=0.40
¢ x=0.70 A x=1.00

deposited. The Ga content of the barrier layer is nhominally & 10

taken from the target composition. High-resolution electron g

microscopy(HREM) and electron diffractioED) investiga- < 0
= 2

tions on cross-section samples are performed with a Jeol 1074
4000 EX and a Philips CM 20 microscope.
Electrical measurements of ramp-type JJs with
PrBCGaO barriergx=0.1 and 0.4 have been reported pre- 10 . . . -
viously®® The effect of Ga substitution in the 10 10”7 310
: 0T ) . R4 [Qcm
PrBCO barrier layer on the junction parameters is an in-

FIG. 1. The critical current density, versus the product of normal-state

3E|ectronic mail: karen_verbist@ruca.ua.ac.be resistance R, and junction areaA, for ramp-type junctions with

Y0n leave from Institute of Crystallography, Leninsky pr. 59, 117333 Mos- PrBaCu;_,Ga0;_ ; barriers withx=0.01, 0.4, 0.7, and 1.0. No increase in
cow, Russia. resistivity forx=0.7 and 1.0 compared t0=0.4 was observed.
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FIG. 2. Bulk target PrBiu, ;Ga, ;O;_5 (@) monophase XRD plot(b)
large defect-free domains of the tetragonal 123 structure imaged [l66p
and (c) corresponding ED pattern.

3. (a) Overview of a 30 nm PrB&u, ;Ga, ;O,_ barrier layer with
containing impurity phases are present in PrBCGaO W|th10n 123 unit cells indicated by double arrows. These arrange locally in a
x=0.7 [Fig. 2@]. The unit cell parameterg=0.392886) stacking sequende;,3l5[¢i11. (b) Model of the Ga-intergrowth cell based

nm andc=1.17565) nm, are in good agreement with Xu on the structure of PrSrGaCgO
and Guarl. ED experiments show no extra spots nor streaks.
HREM along thg/100] direction[Fig. 2(b)] and correspond- presence of Ga seems to enhance the formation of inter-
ing ED pattern[Fig. 2(c)] revealed a perfect 123 structure growths. The observed lattice parameters could not be iden-
over large areas without inclusions or intergrowths and contified as oxides containing Ga, Pr, Ba, and Cu given in pow-
firm the c/a ratio of 2.99. There is no modulation or struc- der diffraction files. The contrast of the intergrowth strongly
tural change of the 123 structure, as detectable by EM, due t@sembles a double perovskite with an inequivalent lattice
the Ga substitution in the @i) chain. plane in the middle of the cell. This, together with the fre-
The HREM image of Fig. @& shows part of a 30 nm quency of the intergrowth slab as a function of the substitu-
thick PrBCGaO barrier layefx=0.7) grown on the ion- tion level, is interpreted as the occurrence of a full Ga plane.
milled substrate. The barrier layer contains isolated unit cellSubsequently, a model for the Ga containing intergrowth
with c-axis lengths different front,,3~1.17 nm, indicated layer is proposed. This model is based on PrSrGaCmih
by double arrows, throughout its complete thickness. Theskattice parametersa=1.63358 nm, b=0.55002 nm and
unit cells, with lattice constart;=~0.8 nm, are not known as ¢=0.53534 nm(spacegrougma2).!! The tetrahedral oxy-
common defects in 123. They are perfectly intergrown andyen coordination of Ga induces shifts of the Ga and O atoms
often occur periodically within the 123 structure. Such aaway from the ideal perovskite positions. The contrast of the
regular stacking sequence consists of three unit cells of 12®itergrowth cell can be matched with simulations of the
with spacingc,3 and one intergrowth with spacirgg. The  model of Fig. 3b) for various defocus and thickness values.
periodicity of this[cq,3]3[Ci]1 sequence is 4.3 nm. The in- Figure 4 shows the interface region between the barrier
tergrowth occurs only in the PrBCGaO barrier layer, not inlayer and the ion-milled SrTiQsubstrate. In the upper most
the DyBCO bottom or top layer nor in the PrBCO insulating 10 nm of the substrate, pronounced black patches, indicated
layer. The regular stacking sequen@gos]s[ ci]; occurs for by arrows, are observed. The SrTifattice in the dark con-
x=0.7. If the Ga content is increaséd=1.0) the frequency trast areas is distorted. This is clearly visible under grazing
of the ¢; slabs in the stacking is increased and sequencesngle, see the inset of Fig. 4. However, no dislocations can
such as[cq,3lo[Ci]1 Or [Ci3]4[Ci]1 can be observed. The be observed. This specific contrast exists in all parts of the

FIG. 4. [001] HREM micrograph of the interface between PsBg, ;Ga, ;O;_sand ion-milled SrTiQ. Dark contrast areas in the substrate are indicated by
arrows. The inset shows the distorted lattice image at a higher magpnification.
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; tions. This can be understood if we assume that lattice im-
st ik perfections, such as oxygen vacancies or point defects, cre-
PrBCGaO : ated during ion-milling, facilitate the diffusion of Ga in the
(x=0.7) interface region of the substrate. Because the Ga diffusion is
detected in the ramp area as well, the use of ion-beam mill-
ing together with highly substituted barrier layers can ham-
per future JJ fabrication. Diffusion of the Ga in the base
electrode could not be observed but cannot be excluded as

well.

The behavior of the junction parameters at high
Ga-substitution levels is better understood due to the
HREM  characterization. = The  microstructure  of
PrBaCu;_,Ga0;_5s (x=0.7,1.0) thin barrier layers is
clearly different from the one in bulk material. A Ga-rich
intergrowth was detected in the barrier layers together with
the diffusion of Ga in the ion-milled substrate. Thus, two
distinct mechanisms of Ga segregation in thin barrier layers
are operative and render high Ga-substitution levels ineffec-
tive to enhance the normal-state resistivity.
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