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Eu,CuQ, (ECO) has been used as a buffer layer for growing of

YBa,Cu;0,_5 (YBCO) thin films on SrTiQ(100) and Y-stabilized Zrg§100)

substrates. The epitaxy, crystallinity, and surface of YBCO thin films have been
significantly improved by using ECO buffer layer as investigated by x-ray diffraction,
rocking curves, scanning electron microscope, surface step profiler, and x-ray
small-angle reflection. The best value of the full width at half-maximum of

the YBCO(005) peak can be greatly reduced down to less than 0.1°. The
scanning-electron-microscope photos indicate a very smooth surface for the YBCO thin
films. The average roughness is less than 5 nm over a wide scanning region of
2000wm. The results of x-ray small-angle reflection indicate a very clear and flat
interface between YBCO and ECO layers. Meanwhile, the resistivity of ECO is about
20 times higher than that of PrBau;0, at the boiling point of liquid nitrogen. Our
results suggest that ECO should be a good barrier candidate for fabricating_high-
superconductor junctions.

[. INTRODUCTION just between those of LSCO and NCO. Thus, we can

Compared with 123-phase compounds, the 214-phag@®mpare the stress effects coming from different buffer
compounds show higher stability in crystal structure and@Yers on the superconducting properties of YBCO thin
have no structural phase transition below the depositiof]/™ms: The lattice mismatch between ECO and YBCO is

temperature or when the oxygen content changes. On t8€ Smallest among the above-mentioned three 214 com-
other hand, the thin films of 214-phase compounds alP0unds, so the ECO could be a better buffer layer for the
ways show excellent crystallinity and very smooth growth of highT, superconduc_:tlng thnj films. Be_SIdes,_

surface. By using LagsSr, 1:CUO, (LSCO) with because ECO shows a semiconducting behavior, with

214-T-phase structure as a buffer layer, the growth ohigh value of resistivity at low temperature, it could also
YBa,Cu:0,_; (YBCO) thin films on yttrium-stabilized be a good barrier for fabricating high:Josephson junc-

ZrO, (YSZ) substrates can change from island-growtht'ons with highl . R, value. _In this work, ECO thin films

mode to the layer-by-layer orteNd,CuO, (NCO) with have been grown on SITKASTO) (100) §ubstrates by

214-T-phase structure had also been proved to signifit® magnetron radio-frequency (rf) sputtering method. The

cantly improve the initial epitaxy of YBCO thin film&. films were mvgstlgated by x-ray diffraction (XRD), rocking

The in-plane lattice parameter of LSCO 4s13.79 A,  CUrves, scanning electron microscope (SEM), efc.

and that of NCO isa[13.94 A. A compressive or an

expansive stress could be arisen when YBCO thin film is

grown on the LSCO or NCO buffer layer. The in-plane ll. EXPERIMENTAL

lattice parameter of EXCUO, (ECO) @[13.89 A) lies YBCO thin films and ECO buffer layers were depos-
ited on STO(100) and YSZ(100) substrates by an off-axis
rf sputtering system. The deposition temperature, re-

Saddress all correspondence to this author. ferred hereafter to as the substrate temperafyrevas

e-mail: whtang@hku.hk measured by a k-type thermocouple inserted into the
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stainless substrate heater. The substrate was stuck &nom the XRD patterns, only (00peaks for YBCO thin
the heater by silver glue. The substrate temperaturélm and (002l peaks for the ECO buffer layer were
was 7300750 °C. The deposition gas was a mixtureobserved. It is suggested that the YBCO thin film and
of argon and oxygen with different pressure ratiosECO buffer layer were grown along tleeaxis orienta-
(Pa/Po, 03 to 4). The YBCO thin film and ECO buf- tion. The rocking curves of the (005) peak for the YBCO
fer layer were grown by using the same depositionthin film and the (006) peak for the ECO buffer layer
conditions. The XRD was performed on the Siemensvere measured respectively. Both rocking curves indi-
D5000 x-ray diffractometer with Cu K radiation cate very small values of the FWHM, smaller than 0.10°
(A = 1.5405 A). The crystallinities of YBCO and ECO thin for both YBCO thin film and ECO buffer layer on
films were examined by measuring their rocking curves ofSTO and YSZ substrates. Small FWHM values result
(005) and (006) diffraction peaks respectively. The surfacérom excellent crystallinities of YBCO thin film and the
of YBCO thin films was characterized by a Dektak3ST ECO buffer layer. For the sake of comparison, we show
surface step profiler and a Cambridge 440 SEM. the rocking curves for the YBCO thin films with ECO
The temperature dependence of resistance was medasiffer layer on STO and YSZ substrates in Fig. 3. It is
ured by a standard direct-current four-probe method usfound that the FWHM value for the YBCO thin film on
ing a closed-cycled cryogenerator. A platinum resistanc&'SZ is slightly smaller than that on STO, indicating
thermometer was used to measure the temperature. The
cooling rate was well controlled to be less than 1 K/min.
A well-defined microbridge step (5@m in width,
100pm in length) was patterned by using the photo- 400F
lithography technique for determining the superconduct
ing critical current of YBCO thin films. A 54V criterion 300 |
was used to define the superconducting critical curkent ECO

Ill. RESULTS AND DISCUSSION 200

The XRD pattern for single ECO layer indicates &
highly c-axis oriented and excellent crystallinity. Only 100
(00 (I=2n) diffraction peaks for ECO were observed. i
The rocking curves indicate very small value of the full PBco
width at half-maximum (FWHM), typically smaller than
0.15°. This value even is smaller than that of (005) with R
lower 20 value (approximately 38.5°) for YBCO. Unlike 50 100 Te1n§|geratu$g?}() 250 300
123-phase thin films, ECO thin film exhibits a very
smooth surface without outgrowth. That could be attrib-
uted to its high structural stability.

The ECO thin film exhibits a semiconducting behav-
ior. Figure 1 shows the temperature dependences of tf
resistivities of ECO and PrB&€u,O, (PBCO) thin films.

It is seen that the resistivity of ECO is much higher than
that of PBCO, especially at lower temperature. For ex:
ample, at 77 K, the resistivities for ECO and PBCO are
140 and 7 Ml cm, respectively. Besides, the increasing
rate of the resistivity with temperature for ECO thin film
is also remarkably larger than that of PBCO. PBCO ha:
been widely used as a buffer layer and a barrier materie
for high-T. junctions. However, it has several drawbacks,
such as poor surface, structural instability, chemical in-
terdiffusion, and relatively low resisitivity. ECO could be —JL

mQ.cm)

FIG. 1. Temperature dependences of the resistivities of ECO and
PBCO thin films.

YBCO/ECONYSZ

YSZ(002)
ECO(008)
YBOO(006)

BCD(D}OQ]
Em
=
—
L YBCO(007)

— ECO008)

ECO(004)
YBCO(004)
YBOO(005)
ECO(008)
YBCO[00BYSTO(200)
YBOO|
- g
{ 2

YBOO(D0S)/STO{100)

superior to PBCO for the applications as a buffer layer ol
a barrier material.

By using ECO as a buffer layer, YBCO thin films have 1o 20 2 © 5 ) 7
been grown on STO and YSZ substrates. Figure 2 show 20 (degrees)
the XRD pattern for two typical YBCO thin films with an  gig. 2. XRD patterns for two typical YBCO thin films with ECO
ECO buffer layer on STO(100) and YSZ(100) substratesbuffer layer on STO(100) and YSZ(100) substrates.
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that by using ECO buffer layer, improvement of thebe seen that YBCO thin film grown directly on YSZ
crystallinity of YBCO thin film on YSZ is better than that substrate shows poor surface morphology. Many small
on STO. That is consistent with the results of the x-rayoutgrowths were observed, which are typical surface fea-
small-angle reflection experiment. tures for 123-phase thin films. By using the ECO buffer
The surface roughness and morphology of YBCO thinlayer, the outgrowth was totally eliminated. The YBCO
films was characterized by a surface step profiler and athin film with ECO buffer layer has an extremely smooth
SEM. The best vertical resolutions of the surface stepurface. The average roughness is less than 5 nm meas-
profiler are 1 A for the measuring range of 65 kA. Con-ured by a surface step profiler. Such a smooth surface
sidering the flatness of the substrate, we first measuredould result from the layer-by-layer growth mechanism.
the average roughness of the YBCO thin film on thelt has been reported that the growth of YBCO thin film
STO or YSZ substrate for ten times at random placespn YSZ substrates can change from island formation to
and got a mean value of the average roughness fdayer-by-layer growth by using LasSrt, ,CuQ, as a
the YBCO thin film on the STO or YSZ substrate, and buffer layer:
then removed the YBCO thin film and ECO buffer layer We have studied three compounds with 214-phase
from the STO or YSZ substrate by acid etching andstructure, i.e., LagsSr, ,eCuQ,,* Nd,CuQ,,?> and
cleaned the substrate to get another mean value of tHeu,CuQ, as buffer layers for the growth of YBCO thin
average roughness for the raw substrate. The used acidfisns. All of them show good surface and crystallinity,
phosphoric acid (EPO,). It does little damage to STO or and greatly improve the film quality of YBCO thin films.
YSZ substrate. In fact, most of the substrates were useldowever, the currently used buffer layers of the doped
repeatedly. Thus, we just ignored the effect of acid etch123-phase compounds, such as Ca-doped p@@y“
ing on the surface of substrates. The difference of theand Nb-doped YB§Cu3Oy5 often cause poor surface
mean values of the average roughnesses for the YBCO
thin film on the substrate and for the raw STO or YSZ
substrate was defined as the average roughness of t
YBCO thin film. The average roughness of YBCO thin
films on both STO and YSZ over a wide scanning regio
of 2000pm is less than 5 nm.
The YBCO thin films on STO and YSZ substrates
both show excellent surface morphologies. Figure 4
shows the SEM surface morphology photos for the
YBCO thin films without [Fig. 4(a)] and with [Fig. 4(b)]
ECO buffer layer on YSZ substrate. The thickness o
YBCO thin film is approximately 160 nm, and the thick-
ness of ECO buffer layer is approximately 40 nm. It can

| —— YBCO/ECO/STO
[ ............... YBCO/ECO/YSZ

160 164 168 :)gkzdegre“egét; 200 24 28 FIG. 4. The SEM surface morphology photos for the YBCO thin films

(a) without and (b) with ECO buffer layer. The thickness of YBCO
FIG. 3. Rocking curves for (005) peaks of YBCO thin films with ECO thin film is approximately 160 nm, and the thickness of the ECO
buffer layer on STO and YSZ substrates. buffer layer is approximately 40 nm.
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morphology and crystallinity. This is because the out-conclude that the 214-phase compounds are good buf-
growths are easily formed for the 123-phase compoundger materials for growing high-. superconducting
In general, a good buffer layer for growing high-su-  thin films.
perconducting thin films should have a stable crystal The interfaces of ECO/STO(YSZ) and YBCO/ECO
having good lattice matching with the superconductingwere investigated by the x-ray small-angle reflection ex-
material. The buffer layer will not react with the grown periment. Table | gives the fitting results of the x-ray
superconducting thin films and has no significantsmall-angle reflection profiles for YBCO thin films with
interdiffusion. Also a good buffer layer should present aand without ECO buffer layer on STO and YSZ sub-
very smooth surface without outgrowths or other surfacestrates. Detailed results will be reported elsewhere.
structures. Combining all above requirements, we caifror the thin film of YBCO growth directly on YSZ,
an intermediate layer of BaZrQwas found. This
BaZrQ, layer normally causes poor crystallinity and de-
grades the superconductivity of YBCO thin film in the
TABLE I. FiFting resu!ts of the'x-ray small-angle reflection profiles early growing stage. By using the ECO buffer layer,
:(ogg I:ucb(gt:gntgsﬁllms with and without ECO buffer layer on STO and BazrQ intermediate layer was avoided. The inter-
faces of ECO/YSZ and YBCO/ECO are very clear and
Root mean square  smooth. The values of the mean roughness are 3 and 6 A,
Atomic  Thickness  of roughness  ragpectively. For YBCO thin film with ECO buffer on

Samplé Sublayer density (A% (2 A) @2 A) STO substrate, the mean roughness for the ECO/STO

A YBCO 0.072 295 sanveco =29 and the YBCO/ECO interfaces are 3 and 10 A, respec-
§$8 8-82‘2‘ 345 Ovecoreco - ;O tively. Detailed interface characterizations by the trans-

5 YBCO 0.075 290 UEC/‘::CT(‘:: 1 Mission electron microscope and x-ray small-angle
YBCO 0.060 15 ovsconeco = 4 reflection are currently under study.
STO 0.082 OvecoisTo = 5 The YBCO thin films with the ECO buffer layers

c YBCO 0.075 255 canveco = 23 exhibit the higher zero-resistance superconducting
Ysgg %—%77; 4%% “YBCO/YBCsz transition temperaturd@,, normally higher than 87 K.
vSZ 0.088 ";BECC‘ZIEYCS‘; 3 The highesfT,, was 92 K for YBCO thin film (2000 A)

D YBCO 0.075 400 caveco = 53 With ECO buffer layer (1000 A) on YSZ substrate. (See
BazrQ, 0.070 65 ovecomzo = 21 Fig. 5). The superconducting critical current density was
YSZ 0.087 Oszorvsz = O measured across a bridge with a width of 5. The

aSsample A, YBCO(500 A)/ECO(500 A)/STO; Sample B, YBCO(500 A)/ critical c(grrentzdensllty.at 77 K under zero field is
STO: Sample C, YBCO(500 A)ECO(750 A)/YSz; Sample D, 2 04 % 10° Alem®, which is close to the reported value

YBCO(500 A)/YSZ. for YBCO thin films on STO substrates with L@uO, as
buffer layers® For YBCO thin films thicker than 1000 A,
we did not observe different effects of STO and

12 YSZ substrates on the superconducting properties of

I > YBCO thin film.
10}
. 81 IV. CONCLUSIONS
E I ECO has been used as a buffer layer for growing
§ 6 P YBCO thin films on STO and YSZ substrates. The epi-
o h/'? taxy, crystallinity, and surface of YBCO thin films have
@ 4F & been significantly improved by using an ECO buffer
r layer as shown by the results as investigated by XRD,
2L rocking curves, SEM, surface step profiler, and x-ray
small-angle reflection. The best value of the FWHM of
o) I— the YBCO(005) peak can be greatly reduced down to less
L than 0.1°. The average roughness is less than 5 nm in the
50 100 150 200 250 300 region of 200Qum. The results of x-ray small-angle re-

Temperature (K) flection indicate a very clear and flat interface between

FIG. 5. The temperature dependence of the resistance for YBCO thixBCO and ECO layers. Our results suggest that ECO

film (2000 A) with ECO buffer layer (1000 A) on YSZ substrate. Its ShOUId be a good barrier 'Candidate for fabricating
zero-resistance transition temperatufg) is 92 K. high-T, superconductor junctions.
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