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(BaCuQ),/(CaCuQ), superconducting superlattices have been grown by pulsed laser depositian for
ranging from 1 to 6. The critical temperature was found to depend strongly on the growth conditions. A
maximum T value of about 80 K(zero resistance temperatuneas found for superlattices grown at high
oxygen pressureF(OZ:O.S mbar) and relatively high temperatuii, 600 °C). The dependence ©f on the
numbern of CaCuQ layers (for superlattices grown exactly in the same conditjowss investigatedT .
versusn showed the expected behavior with a maximtignvalue of 80 K forn=2-3. However, such value
is somewhat lower than that expected for a cuprate structure containing 3—4 pflar@s and having an
optimum carrier concentration. Two possible explanations for this effect can be envisaged. The first one deals
with the chemistry of the “charge reservoir” block, the second one with the special role of interelectron
interaction in these highly disordered artificial structures. Finally, it is shown that, taking into account the
degree of disorder, a shift df. of about 20 K relative to théulk vaIueTcO, consistent with the microscopic
parameters of these materials, can be foredé&M63-182008)51334-3

Layer by layer growth techniques of epitaxial thin flms (RHEED) diagnostic. Therefore a structural analysis of the
have opened new perspectives for the atomic engineering sluperlattice can be obtained only afterward by x-ray diffrac-
artificially layered cuprate superconductérsSuch man- tion.
tailored materials allow us to study the dependence of the Superlattices witm varying from 1 to 6 were grown by
superconducting properties on some specific structural fegpulsed laser depositiofPLD). Details on the growth tech-
tures. In this paper we report on the study of the criticalnique and on the procedure used to calibrate the growth rate

temperature dependence on the thickness of the Ca-Cu-0 the individual Iayers were given in Ref. 10. Superlattices
layer in (BaCuQ),/(CaCuQ),, superlattices. with different values o, were grown exactly at the same

Starting from epitaxial films of the “infinite layers(IL)  conditions. The transition temperature of these superlattices

(Ca, Sr, BaCuO, compound$? several superlattices have Was studied as a function of the thickness of the Ca-Cu-O
been obtained by stacking in a sequence IL layers havin{fyer-

different compositions. Most interesting, from the point of Ir(1: Fig. }Cthg diﬁractionl spectra ofhfour _Ifjri]fferent
view of the superconducting properties, is the case of supe|(» aCuQy, 5),/(CaCuQ)y, superlattices are shown. The spec-

lattices containing BaCuQayers. tra refer to superlattices grown Iegving unchanged the thick-
The Ba-based IL structure is very unstablécan easily ~Ness of the BaCug; layer and increasing gradually the

include excess oxygen (BaCwQ), thereby acting as a thickness of the CaCuQayer. Peaks are indexed using the

charge reservoifCR) block for the second constituent L Standard convention for superlattices. The perfodf the

layer (Ca_Sr,)CuO,. Superconductivity has been reported (BaCuQy,/(CaCuQ, superlgttice[A=2(?1+n2c2, wherg
by several authors for the BaCwQ/(Ca, S)CuO, C1 and c, represent respectively the thickness of a single
superlattice3® with transition temperatures as high as about(BaCuQ. ;) layer in the CR block, and the thickness of a
70 K (zero resistance temperatufé single (CaCu@ layer in the IL blocK can be calculated

In Refs. 8 and 9 it was shown that high quality from the angular distance between the zeroth order peak
(BaCuQ), /(CaCuQ),, superlattices can be grown for (SLo) and the first order satellite peakSL_, and SL, ;)
n,=2 andn, ranging from 1 to Gsee, for instance, Fig. 1 of YS"9 the fc;rmutlﬁz\; 7\}22'5'” g(i%.)_S'.n ﬁgl]' where Its the
Ref. 9. It was also shown that these superlattices have %:ray Wa(;/%eng (Cu at' ral Iatlf:ond'lf? t('e preseln Caffh
superconducting transition when grown at relatively high_ (=1) and v, aré respectively tne diriraction angles of the
pressure of molecular oxygei®.2 mbay and that the best first order satellite pealg and of the zeroth order peak. The
results are obtained for molecular oxygen pressures of abo@verage lattice parameter[ = (2c,+n,C,)/(2+n;)] can be
0.8 mbar and high growth temperaturedout 600 °q. Un-  estimated from the angular position of the zeroth order peaks
fortunately, the high oxygen pressure required for the growthSLo(001) andSLy(002)]. In the case of thea) and (d)
of superconducting superlattices makes impossible thénuse spectra the ratid\/c yields an integer number, respectively,
situ of the reflection high energy electron diffraction 4 and 5. This result indicates that these superlattices consist
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FIG. 1. X-ray diffraction spectra for four superlattices grown - 1
increasingly steadily fronta) to (d) the thickness of the Ca-Cu-O 0r T
block. Peaks are indexed using the standard convention for super- 2wk l -
lattices:SL, indicatg the zeroth order diffraction peaks, witle. - l. o
the Nth order satellite peaks. 0 0 50 100 150 200 250 300
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of an exact integer number of individual layers and contain, G, 2. Resistance vs temperature for three superlattices with
respectively, two and three CaCp@ayers. On the other ifferentn (number of CaCu@layers in the IL block
hand, the spectréb) and(c) refer to intermediate situations
where the thickness of the IL block does not correspond to
an integer number of CaCyQayers. Namely, using the ) .
above formulas, one obtains respectively=2.4 and 2.7. numbern of CaCuQ layers, and recalling that the optimal
Such incommensurability between the chemical period angoncentration of carriers in superconducting cuprates is
the crystallographic structure is, to some degree, unavoidab®bout 0.15-0.20 hole per Cy@lane(see, for instance, Ref.
when dealing with superlattices grown by pulsed laser depol2), one can find that the maximum, should be reached for
sition withoutin situ RHEED diagnostic for the layer by n=3 (m=4) and thatT. should decrease both far>3
layer growth. The incommensurability between chemical andqunderdoped samplesind n<3 (overdoped samplgsThe
crystallographic structures possibly gives rise to a unit cell obehavior of resistance versus temperature was measured for a
mixed composition (Ca,—,Ba)CuG,, 5] at the interface |arge number of superlattices grown in the identical experi-
between the (BaCuQ; and (CaCu@) crystallographic mental conditions but having IL layers of different thickness.
cells. Both commensurate and incommensurate structures were
The occurrence of superconductivity in these superlatticegrown. In Fig. 2 are reported the resistance versus tempera-
is associated with the inclusion of extra oxygen ions in the, e curves for three relevant samples, namely, withl,
[BaCuQy;, block (CR block due to the relatively high oxy- n=2.5, andn=4.85. Then=2.5 and 4.85 superlattices have

lgen preissEre during gr((z\_/v(bbgl;(t 0.8 mbzlirtltn thlshcang tt?e a metallic behavior with comparable values of the resistance
ayer stacking sequendn a 2Xn superlatticg should be and aT lower in the case of tha=4.85 superlattice; on the

...-BaQ-CuG,_,-BaQ-CuO,-[Ca-CuQ |,-... (2x-y _ : .
>0), so that the total number of Cy@lanes in the IL block ot_her han_d, ther=1 curve shows a nonr_netalhc behawo_r
with a resistance about one order of magnitude larger relative

would bem=n+1. Moreover, since the growth conditions t0 then=2.5 and 4.85 latti In Eiq. 3 t th
are left unchanged when increasing(number of CaCu@ 0 then=2.5 and .05 superiatlices. n Fig. > we report the
results for a large number of superlattices grown in the same

layers in the superlatti¢ewe do not expect any variation of 2 : X

the total excess oxygen content in the CR block. Howeverconditions. No difference can be noticed between the com-
because of the increase of the number of Cylnes, a me_nsurate and the mcomme_nsurate structures: within the ex-
decrease of the average content of charge carriers per singl€rimental error all; values lie on the same curve. Accord-
CuO, plane ¢, is expected:c,cl/m. In Ref. 11 it was Ing to Fig. 3, T, versusn indeed follows qualitatively the
shown, by means of Hall effect measurements, that the corgxpected behavior with a maximuii, occurring forn be-
centration of electrical carriers in a=2.4 superlattice tween 2 and 3. Moreover, the decreaseTgffor n=3 (un-
grown at the optimum conditions is about 0.6 hole per suderdoped regioncan be explained qualitatively by the de-
perlattice cell. Supposing that the hole content depends onlgrease of carrier concentration per Guidane: in Fig. 3 the

on the nature of the CR block and is not affected by thedashed line indicates the expected decreage(of) (T, was
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- - - r T Nb/Cu superlattices is strongly reducé@tbwn to 2.8 K for
80 - }_%.Hh-l - individual layer thicknesses smaller than 10 A. Such a strong
| N ] decrease of the transition temperature was ascribed to a de-
= Fﬁg‘ crease of the mean free path caused by the disorder at the
60 —— N 1 interfaces in superlattices consisting of ultrathin individual
layers.
ok S | A theoretical approach to the problem of the supercon-
i~ ducting transition temperature in highly disordered or even
=" S.. 1 amorphous films has been proposed*r®In the analysis of
20k ~. ] our data we followed the approach by Finkel'sht&inve
= have estimated the surface resistiviRy;=3 k() of an=2
] superlattice asp/t, where p is the bulk resistivity forT
—0 K andt is the thickness of an individual superconduct-
ing [CaCuQ], layer in this superlatticet&6 A) (we have
CaCuO, Layers assumed no interaction among differé@aCuQ], layers.
From this value and supposing a decrease of the transition
FIG. 3. Behavior oflc vsn (number of CaCu@layersinthe IL  temperature of the superlattide, relative to the bulk value

block). The dashed line fon larger than 3 shows the expected T.., of about 20% T./T,,=0.8), we could estimate a value
decrease of ;. caused by the decrease of the effective concentratioQ)f Othe relaxation timer of about 2—3< 10" °s. Such a

of electrical carriers per Cugplane. value of 7 is about one order of magnitude smaller than that
. _ found in bulk highT, superconductot$ and corresponds to
supposed to decrease linearly with and to reach zero for er7~3 [for a realistic value ofex~0.5 eV (Ref. 18], i.e.,

cph=0.06 hole per Cupplang. o close to the metal-insulator transition. Decreasing the num-
However, two major experimental findings cannot be exern of CaCcuq unit in the IL block from 2 to 1 the role of

plained according to the simple model proposed above: e disorder at the interfaces becomes overwhelming and the
(@ The maximum value off ;=80 K, which occurs for  a|axation timer is expected to decrease further, driving the

n=2,3, is noticeably lower than that expected on the basis 0fystem toward the insulating regime. Such an effect could
the crystallographic structure of these superlattices. Namelypep, explain the high nonmetallic resistivity of the=1 su-
such structures contain 3—4 Cuflanes in the IL block and perlattices.

the expected transition temperature, for an optimized carrier |, this paper we have reported on the behaviofgfin

concentration, should be above 100 K. artificially layered cuprates where the thickness of the IL
(b) Forn=1, overdoped region, the resistivity of the su- p|ock was varied over a wide rangk, versusn followed the
perlattice is no longer metallic, with an absolute value alexpected behavior with a maximum value between 2 and 3.
room temperature about one order of magnitude larger thajoyever, the maximum value , was lower than expected
that of then=2.5 superlattice(see Fig. 2 This effect is g the behavior of resistivity versus temperature in super-
completely unexpected because tire 1 sample should be |5ttices having the thinnest Ca-Cu-O bloak=1) was non-
strongly overdoped and then highly metallic. metallic, despite the highest carrier concentration. All these

The former feature could be readily explained if we sup-features could be explained considering the high degree of
pose that the chemistry of the CR block is not yet optimized gisorder in these artificial structures. Of course the not yet

However, this effect fails to explain the latter feature. On theoptimized chemistry of the CR layer could also play a role in
other hand, a decrease of the transition temperature in SUP&fausing a lowering of the critical temperature.

lattices with very thin constituent layers is not unexpectd

least in the case of conventional superconducting superlat- This work was partially supported by the project HTSS of
tices. For instance, in Ref. 13 it was shown that fFig of INFM and by the INTAS Grant No. 96-0452.
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