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Large resistance decrease around 94160 K in sputtered Xe-doped Y-Ba-Cu-O thin films
on Si substrates
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A resistance decrease of about five orders of magnitude around 90-160 K has been observed in Xe-doped
YBa; sCug 0, , Xe-doped YBa:Cu; /O, , and Xe-doped YBaCu, ;0 thin films. These films were deposited
on unheated100Si substrates by Xe ion-beam sputtering and annealed in an oxygen flow at 100—500 °C for
24 h. The resistance decrease was measured reproducibly for all samples except 500 °C-annealed films even
after exposure to atmosphere for two years. The x-ray diffraction pattern study revealed that the films mainly
contain YBaCu;Og g lattices having compresseddb lattice planes and an expandedhxis bond length and
YBa,Cu;O;4 lattices. The presence of xenon-oxygen bonds in the films was determined by x-ray photoelectron
spectroscopy. The resistivities first increased with decreasing temperature, exhibited a maximum value at
200-260 K, then exponentially decreased and reached very low resistivities at 95—130 K.
[S0163-18297)00833-3

I. INTRODUCTION chemically cleaned100Si substrates. The deposition sys-
tem consists of a stainless-steel chamber, pumped to high

Anomalous resistance behavior has been reported foracuum using a 300's turbo-molecular pump. The attain-

YBa,Cu;0, (Y-Ba-Cu-O materials:—2immediately after the able background pressufeithout a system bake-outs in

discovery of the 90 K phase by Wat al* A sharp resistance the low 107 Torr range. The Xe ion beam is incident at 45°
decrease at 164 K in low-oxygen content Y-Ba-Cu-O bulkfrom the target normal. The substrate is positioned such that
samples has been reported by Naragal® A resistance its center is at a 40° angle with respect to the target normal.
decrease at 240 K in thesBa,Cuy,0, film has been reported The jon source-to-target distance is about 5 cm and the
by Chenetal” The resistance decreases may lead t0 thearget-to-substrate distance is nearly 7 cm. A low-power

possibility of a higherT, in Y-Ba-Cu-O superconductors. (1600 eV, 11 mA Xe ion-beam is focused against 6 cm
The materials with higher resistance transition temperaturegyiameter Y-Ba-Cu-O targets. Under these beam conditions
however, are reported to exhibit a higher degree of instability;,, deposition rate is lo@d2 nm/min. The sputtering power ’

‘(’jvl'mnpr%ﬁeisr'ggngﬁgg\tl)iltes’m%aagﬁgranrgmtsm?ﬁéa;u;n %(;“na%used is fairly low (16 W), so excessive target heating is

g sup y : ' P oided(the target is not water coolgdThe substrate tem-
prepared by a long oxygenation process at low temperature’erature reaches about 70 °C due to radiative heating from
in addition to the conventionally applied high-temperaturep 9

: the ion source and target. A xenon gas flow of 1 SCCM
oxygen anneal. Ma&t al® reported an anomalous resistance . . .
transition between 160—200 K insBasCu,; 5,0, films formed (SSCM denotes cubic centimeter per minute at 5 aHded

. . to the ion source during deposition, results in a pressure of
by rapid thermal annealin@RTA) of the Cu/BaO/¥0; lay- 2x10° 2 Torr in the ch%mbgr The chamber is IObackfilled
ered structures. The films mainly contain the Y8850, )

. o with 1 atm of oxygen after deposition. The films then are left
(Y133 phase and were polycrystals with grain sizes of a fEEWn the chamber for 24 h. Transformation to the superconduct-

m. The resistance decrease was stable and reproducible for - s
#]e resistance measurements that could be rgpeated m INg phase requires a post-deposition anneal treatment. The

(o] . . . .
than ten times without reoxygenation. i gggll_nSQOsoclfCtr}ﬁrﬁlzjshare performed in flowing oxygen gas

We report an observed resistance decrease of about five
orders of magnitude around 90-160 K in Xe-doped
YBa; sCu, O, (Xe-Y2), Xe-doped YBa:Cu; O, (Xe-Y4),

The preparation of the target used was as follows. We
used high-purity powders of yttrium oxalate, barium carbon-

> ! ate, and copper carbonate and mixed them in the proper pro-
and Xe-doped YBa:Cus {0, (Xe-Y6) thin films. The films portions. The mixture was calcified in oxygen gas flow at

were formed or(100Si substrates by Xe ion-beam SPULr o5 o for 2 h. Six cm diameter and 3 mm thickness pressed
ing and annealed at low temperature for 24 h. The resustangh

decrease was stable and reproducible even for the films e ellets were formed and sintered in oxygen at 950 °C for 2 h.
was stabl product v ' Vhe composition of the target disks is shown in Table I.
after exposure in air at room temperature for two years. The

fil tion is diff tf tional thin fil Analysis of the film composition was performed using
lim preparation Is aitierent from conventional thin 1M g e g backscattering spectrome(RBS). A 1.5 MeV
preparation that requires high-temperature oxygen anne

and high substrate temperature deposition e ion-beam energy was used, with _the Qetector positigned

' at a 165° scattering angle. Uncertainty in the determined

compositions cannot be smaller than about 5%. Structural

characterization of the post-deposition-annealed films was
A single-target ion-beam sputtering technique is used tgerformed using x-ray diffraction. The diffraction angle was
deposit a series of about 110 nm thick films on unheate@ccurately measured withifs°. The chemical-bond state of

Il. EXPERIMENT
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TABLE I. The cation composition in as-deposited Xe-doped Y-Ba-Cu-O films.

Film composition

Target comp.

Name Y:Ba:Cu Y Ba Cu Xe (@]

Xe-Y2 1:3:3 1+0.05 1.5-0.08 2.2:0.1 0.18:0.04 9.0:0.5
Xe-Y4 1:3:5 1+0.05 1.5-0.08 3.7#0.2 0.15-0.03 9.70.5
Xe-Y4 1:3:5 1+0.05 1.5-0.08 6.3-0.3 0.16:0.03 11-0.6

each element was analyzed in vacuum using x-ray photoeletdre. The amplitude of the ac field was 0.7 Oe. The box was
tron spectroscopyXPS). For high-resolution XPS, mono- evaluated and immersed into a Dewar filled with liquid ni-
chromatic Mgka (1353.6 eV radiations were used as the trogen. The sample temperature attained equilibrium at 86.6
X-ray source. Sputtering using an argon ion etching gun i« because of heat loss due to the thermal conduction of
necessary to investigate the inner side of the films. The erexhausting pipes. The box was then left in the Dewar boiled
ergy resolution is estimated te 1 eV. out liquid nitrogen. The sample temperature increased at
The resistivity was measured for thin films with dimen- much smaller rates. We failed to precisely control the sample
sions of 105X 0.00011 mm on Si substrates using a four- temperature using a computer because the electromagnetic
point technique and for thin films with dimensions ok7  shield box had a larger heat capacity.
% 0.00011 mm using the van der Pauw technique. During
the measurements, the sample was kept in a vacuum
(107° Torr). Thin Au films were deposited on both ends of
the film through a mask with an area of &5 mnt to make A. Composition and structure

ohmic conftaé)ctzs f?z; electr:jc curr_?notl. tTWO tl?m ﬁu pads \;V'tr: A typical RBS spectrum of an as-deposited Xe-Y6 on Si
an area ot 1.2 mmwere deposited 1o make onmic contact o, i 505 js shown in Fig. 1. Compositions in the as-

Ioreé)r?t;rgl?l Odgirc?rnocdeesme::us)reé]nmentT.hZhs rsrgﬁta;at'olg deadeposited films are determined using a RBS simulation fit-
W W w ) u pplied 1 ng and the film thickness measured using an interference

the measurement was 0.2 mA, and voltage was read with al[ﬂicroscope. The compositions in the as-deposited films are

;‘(”fgf&ag'y Oé i|1.3,uv, corlredspondlng tt(: it?] shown in Table I. The stoichiometric cation transfer from the
tm. Ssamples wereé cooled In a cryostat, wi re'target to the film was unsuccessful. A cation compositional

sstanpe anq temperaturte datatolﬁte:jmed tdurlngrhcooh?g ifference between the target and the film arises because the
¥varm|ngt using a computer-controfie S¥516T(') K/e_ra flz_ho eposition rate was higher than 3 nm/min, required for the
emperaturé warming was in a range ot 1-— min. "€ oichiometric transfet? The copper composition in the
sample temperature was measured using a copper-constanig,¢ proportion to that in the target: it was about 70% of
thermocouple, welded to the dummy sample adjoining th‘%he copper composition in the targets. The barium composi-

samp:le. The temperatures were calibrated W.'th an accuraGy,, iy the films was half that in the targets, independent of
of 2 °C. The measured samples were kept in convention

lasti ) dosk | laborat h that e copper composition. Yttrium transferred from the target
Eas _g:_tcases z|1r(]) %0 g/s '2 :)hur ta ora otry room ;V §£e°C %o the film was more than the other cations. The xenon com-
umiaity was 29— 0 and e lemperature was c-— " position was approximately the same on all the films within

. The ?Clgigonegcoggjiep%)”ity %f. thebfiltm.:, with dimebn— the uncertainty of the measurement. The oxygen composition
slons o X0, mm on S Substratés was 0b- i reased slightly with increasing the copper composition in

%he target. However, the analysis of the oxygen composition

with 1 007 111.6 Hz due to the transition from a normal statemay have an uncertainty more than that of cation composi-
to a superconducting state. The frequency chaxfjés pro-

portional to the inductance change of an air core copper coil

(210uH):® AL=—2L(Af/f0). The sample film was located T T T T T T T T T T T I

in the center of the air core copper coil. The inductance " as-deposited Xe-Y6 .
change due to setting the film in the air core copper coil can | 4
be calculated as follows: AL/L=11+(d/l)/[1
+(s/S)x]}, whered is the film thickness|, is the heigh{2.5

cm) of the air core copper coik is the surface area of the
film, Sis the cross section (1.77 &nof the air core copper
coil, andy is the real part of the ac magnetic susceptibility of
the film. The ac magnetic susceptibility of the films, thus,
can be calculated as followg:=(S/s)[(1/2)(d/1)(fo/Af )
—1], sinceAf/fo<1. The oscillator containing the air core
copper coil was located in an electromagnetic shield box ‘ i
surrounded by copper plates of 20 mm thickness. The fre- L '
guency stability of the oscillator was below?2 Hz/10 h at 200 400 Channel 600 800
300+ 0.1 K. The frequency changes were recorded using a

high-resolution nine digit counter as a function of tempera- FIG. 1. The RBS spectrum of an as-deposited Xe-Y6 film on Si.

IIl. EXPERIMENTAL RESULTS AND DISCUSSION

Yield




5650 KAZUHIRO HATANAKA AND KATSUHIRO YOKOTA 56

TABLE Il. Oxygen and xenon compositions normalized by Y in

Xe-doped Y-Ba-Cu-O films annealed in oxygen flow for 24 h. _' T 'X'e_'Y:" AR 'A' RN
annealing: 100°C, 24h § &
Anneal & g 8 .
temp. Species Xe-Y2 Xe-Y4 Xe-Y6 _8,§ Q) & A
© ~ 3 [}
@) S ©Q >
100 °C o) 9.2:0.5 13+0.7 15+0.8 N EE &8 Ua ]
Xe 0.16+0.03  0.14-0.03  0.14-0.03 £ -3;“0; g 3> ele 4
L% o & P
150 °C 0 9.2:05 13-0.7 15-0.8 £ 8 % 2 %
Xe 0.16-0.03  0.13-0.02  0.12-0.02 B QN QT
- ] a |
200 °C 0] 8.7#0.4 12+0.6 14+0.7 > >
Xe 0.15-0.03 0.14-0.03 0.14-0.02 T
T N O T 1 I o O I A I O Y |
tions because oxygen has scattering cross section small 20 .30 40 50 60

than the substrate element, silicon, and the oxygen signal Diffraction angle 26 (deg)

located in a large background produced by silicon. The scat-
tering cross section of the element with an atomic number of ) . ]
FIG. 2. The x-ray-diffraction patterns of Xe-Y4 film annealed at

8 is only 7 [obtained from &)?] of that of silicon. Table II 100°C for 24 h
shows the oxygen and xenon compositions in annealed films.

The oxygenlgomposition increasgd with increasiqg the COPglightly smaller than the ASTM values for YB@u,Og 5 and
per composition. The_ _anneale;]d f|_Imshhad a(ljpprox_|m3tfe_lly Méhe c lattice parameter is slightly larger. The absolute values
sar%? c?ltmn comp05||t|on af Itl at m_tthe as- e_posnef 0'213:;, of da and sb decrease with increasing annealing temperature

€ ims were polycrystallin€ with grain SIzes of .93 4 the value ofic decreases. The films without xenon have
mm ob_tamed by scanning electron microscopy and an AV€lhe same lattice parameter as the ASTM file. Thus the com-
age thlpkness Of. 11(.) nm. The x-ray Q|ﬁract|on pattern .forpression of thea-b lattice planes and the expansion of the
Xe-Y4 is shown in Fig. 2. The diffraction patterns were in- . .."\0 04 length were a result of doping xenon into
dexed on the basis of the known Y-Ba-Cu-O structures. Th%(Ba CuOss The lattice parameters for YBawO, in the

2 6.8 6

films were composed of semiconducting Y,Ba;0¢ and su- - films, however, are the same as that in the ASTM
perconducting YBgCu,Ogg The diffraction patterns for

other annealed films were similar to that for Xe-Y4 as shown
in Fig. 2. The lattice parameters of Y-Ba-Cu-O were calcu-
lated by fitting the x-ray diffraction peak positions. Table IlI
shows the value 08L=(Lyx—La/Ly) for the YBgCu;Og g The chemical properties of the bonds were studied using
phase. Herel.y is the measured lattice parameter dndis ~ XPS each time a layer of about 14 nm was removed from the
the lattice parameter in the American Society for Testingsample surface by argon ion-beam sputtering in the spec-
Materials(ASTM) data. The value ofd{—a), as a parameter trometer chamber. Figure 3 shows the XPS results for copper
exhibiting the orthorhombic distortion, is represented in thisand oxygen in annealed Xe-Y2, Xe-Y4, and Xe-Y6 films.
table for later discussion. Theeandb lattice parameters are The annealed films exhibit the gypeak and its satellite

B. Chemical bonds

TABLE IIl. Values of (Ly,—Lastm)/Ly for YBa,Cu;Og g in Xe-doped Y-Ba-Cu-O films annealed in
oxygen flow for 24 h, wheré, is the lattice parameter for YBEu;Og g andL o5ty is the ASTM standard:
a=3.8214 A,b=3.8877 A, andc=11.693 A.

Anneal
temp. parameter Xe-Y2 Xe-Y4 Xe-Y6
100 °C a (%) —0.410+0.0001 —0.397+0.0003 —0.277+0.0004
b (%) —2.98+0.001 —2.83£0.002 —1.82+0.001
c (%) 0.561+0.0002 0.434:0.0002 0.342:0.0001
(b—a) (R) —0.03+0.002 —0.03+0.005 0.010.002
150 °C a (%) —0.408£0.0001 —0.357+0.0002 —0.199+0.0003
b (%) —2.89-0.001 —2.45+0.003 —1.67+0.002
c (%) 0.352+0.0003 0.558:0.0002 0.352:0.0002
(b—a) (A) —0.03+0.002 —0.01=0.003 0.010.001
200 °C a (%) —0.377£0.0002 —0.356+0.0003 —0.189+0.0002
b (%) —1.92+0.001 —1.83+0.001 —1.67=0.003
c (%) 0.382+0.0003 0.3520.0004 0.362:0.0002

(b—a) () —0.01+0.003 —0.01+0.002 0.01-0.001
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FIG. 3. X-ray photoelectron spectrum for copper and oxygen in

the Xe-Y2, Xe-Y4, and Xe-Y6 films. FIG. 4. The Xe &, spectra vs photon energy graphs of the

) o ) . . Xe-Y4 films annealed at 100-500 °C for 24 h. The dashed lines
peak having binding energies with centroids at 933.2 andhows components separated by curve fitting with a combination of
942.3 eV, respectively. The presence of the satellite peak iGaussian and Lorenzian distributions.

the Cy, spectrum shows that the oxidation state of copper is
Cw?*. This is an indication of the formation of superconduct-0.8 eV which differs between the Gseak energy at 529.5
ing Y-Ba-Cu-O or CuO in the films. eV for oxygen in the superconducting Y-Ba-Cu-O lattices
The superconducting Y-Ba-Cu-O bulk shows the ® 1 and the O % peak energy at 530.3 eV arising due to the
spectra consisting of two distinct peaks, having binding enpresence of xenon. This indicates that one xenon chemically
ergies with centroids at 529.5 and 531.1 ®\h degraded combines with four oxygens XeQ(Ref. 10 as a xenon-
samples exposed to air for a long time, the major peak i®xygen compound was formed in the Xe-doped Y-Ba-Cu-O
usually the higher binding energy peak at 531 eV. The lowefilms. Xenon started to liberate from the films into the air
binding energy component at 529.5 eV arises from the oxyeuring annealing at temperatures above 200 °C. The distri-
gen in the superconducting Y-Ba-Cu-O lattfcélowever,  bution of xenon become shallower with increasing annealing
the Xe-doped Y-Ba-Cu-O film&Xe-Y2, Xe-Y4, and Xe-Y®  temperature. A large amount of xenon still remains in the
can be fitted to distinct Od peaks, having binding energies surface region in the film annealed at 500 °C.
with centroids at 528.5, 529.3, 530.3, 531.1, and 533 eV as
shown by the dashed lines in Fig. 3. These components are

separated by curve fitting with a combination of Gaussian h hs of th L btained
and Lorenzian distributions. The three @ fieaks at 528.5, . '€ graphs of the resistivity vs temperature, obtained us-

530.3, and 531.1 eV systematically depended on the filning the four-point technique, for the Xe-Y6 films annealed at

preparation parameters. The & peak having a binding 100_500_0(: for 24 h are ShO.W” in Fig. 5. The resistiviti_es
energy with a centroid at 530.3 eV is obtained only in theagreed with those obtained using the van der Pauw technique

Xe-doped Y-Ba-Cu-O films; this peak arose as a result opvithin £4%. The inset in this figure shows a linear scale
oxygen reacting with xenon doped into the films. The c)Xy_resistivity vs temperature graph for the 200 °C-annealed

gen composition dependence of the intensity of the © 1

C. Resistivity and susceptibility

peak at 529.5 eV was opposite of those of the 530.3 e\6O 1 0'"r—tT—TrrrrTTT1TTr7r
peak intensity. Thus there is an optimum annealing tempera- Xe-Y6 annealing time 24 h 002032400
ture and an optimum copper composition in the target to 100 | anneans oooo°°:‘:°lfsﬂﬂ"“% e -
increase the amount of the superconducting Y-Ba-Cu-O hav- * 1509C 83::'1‘“:52:;;:@58&%
ing compressea-b lattice planes and expandex lattice R 101 ° 2°°§g _.'5'. g . ]
planes. In the Xe-Y4 films the intensity of the G peak at g , S00°C u%o B e R yems
528.5 eV increased with increasing annealing temperature. A g 105 &% " * B e X oars |
similar annealing temperature dependence of XPS spectra >, 14 .5} jatfee & o G 7
was exhibited for the Xe-Y2 and Xe-Y6 films. The Xe-Y2, 3 B e s LELE
Xe-Y4, and Xe-Y6 films exhibit a Y spectra, splitting into 2 104k °° foow - “:15_
two peaks related to the Yd3,, and Y 3dsj, spin orbit hav- & L 1
ing binding energies at 156.6 and 159.9 eV and the 8,3 10 5 frooo° s . 124
peak having a binding energy with a centroid at 779.10 eV. o s 18
Figure 4 shows the Xe &, spectra vs annealing tem- 10 -6 prone & 1
perature graph for the Xe-Y4 films annealed at 100-500 °C I ""';;)0 L %0
for 24 h. A similar graph could be obtained for the other 107 ——=G— = 300

films. The Xe 35, peak is measured at a binding energy of
669 eV. The binding energy is lower than the well-known
value of 672 eV for xenon. The difference of 3 eV in the Xe

Temperature (K)

3ds,, peak energy is about four times larger than the value ofiims annealed at 100-500 °C for 24 h.

FIG. 5. The resistivity vs temperature graphs for the Xe-Y6
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TABLE IV. The magnetic susceptibility at 86.6 K for Xe-Y6 D. A consideration for electrical conduction

annealed in oxygen at 100-500 °C for 24 h. The superconducting Y-Ba-Cu-O lattice in the Xe-doped

Y-Ba-Cu-O films have been compressed alongadhand b

Anneal Af(=Afg—Afy) Ay 2 ..

temp. (H2) (emu/cr) axes _and have been expa_nded along ¢haxis; positive
uniaxial pressures perpendicular to theand b axes were

100 °C 9.7+2 —0.26+0.26 simultaneously applied. The increase in tbeaxis bond

150 °C 12.82 0.63+0.15 lengths can be expected to lead to an increase in the separa-

tion between the Cu-O chains. The increase in the Cu-O
200 °C 14.1-2 -0.73+0.11 distance decreases the degree of the molecular orbital over-
lap and decreases the degree of charge transfer into the CuO
planes. As a result, the superconducting transition tempera-
ture decreasetf.

On the other hand, Boolchamd al* have claimed that in
Xe-Y6 films. The resistivities first increased with decreasingy-Ba-Cu-O. The transition temperatufe to superconduct-
temperatures, exhibited a maximum value at 200—-260 King state is strongly coupled to the orthorhombic distortion
decreased exponentially, and reached very low residual r§b-a). Substituting Gd for Y in the Y_,GdBa,CuO;
sistivities at 95-130 K. The resistivity decrease was abousystem increases the cell volume, decreadesa)( and
five orders of magnitude around 90-200 K. The very lowslightly increased . .'® The system Y-Ba-Cu-O exhibits op-
residual resistivity, however, was higher thart5 posite  signs of dT./dp, and dT./dp, and
X107 Q) cm, corresponding to the detection limit of the dT./d(b—a)=-104 K/A using the uniaxial strain
measurement. The films were further tested at lower temderivatives*!®a large increase i, should be obtained by
peratures, and the zero resistance of the films were found imultaneously applying a positive and negative uniaxial-
occur at 30—70 K. The zero resistance was confirmed by thgressure along thb anda axes, respectively. However, in
fact that the potential difference between the two eIectrodeRBaQ(;lMO8 (R=Sm, Eu, Gd, Dy, Ho, and Ematerials,
was not changed when the electric current was changed. Thghich have a double chain running along theaxis, Ty is
films were tested over more than six thermal CyCIingS. Th%]so correlated tot(_ a)’ but the dependence is of the op-
resistance transition was reproducibly measured on all thgosite sign:dT./d(b—a)>0." These results demonstrate
films. The crosses and triangles in this figure show the resighe complexity of these systems.
tivity vs temperature graph for the 200 °C- and 500 °C-  Here, we propose the following superconduction mecha-
annealed Xe-Y6 films, respectively, that were exposed to aifism. The Xe-doped Y-Ba-Cu-O films had xenon reacting
for two years. The long period exposed 200 °C-annealegith four oxygens in the superconducting Y-Ba-Cu-O lat-
Xe-Y6 film exhibited the same resistivity vs temperaturetices. The YBaCu,Oy lattices were not disturbed by doping
graph as the as-prepared film. However, the long period exhe xenon. Orthorhombic Y-Ba-Cu-O differs from tetragonal
posed 500 °C-annealed Xe-Y6 film exhibited a degraded rey_ga-Cu-O on whether oxygen substitutes on the atomic po-

sistivity vs temperature graph, compared with the as-_... 1 . .
prepared film. These films had approximately the same XPéltIon of (3,0,0). The xenon can possibly substitute at the

spectra as the as-prepared films; we could not determine gFomic position of §,0,0) in the orthorhombic Y-Ba-Cu-O
XPS signal peak energy shift due to the electrical degradaattices. Thus, xenon on the atomic position §fQ,0) reacts
tion of the films because the energy resolution of the XPSyith O(1) atoms and @) atoms in the superconducting
apparatus used was lower, as described already. Y-Ba-Cu-O lattices. The Qd) atoms, that have a broken
Table IV showsAf(=Afs—Afx) and 4ry at 86.6 K, chemical bond with the neighbor oxygen atoms by doping
whereAfx is the frequency change when the film depositedxenon, would act as an electron trap. This results in an in-
silicon was located in the center of the air core copper coiktrease in the degree of chargmle) transfer from the chains
andAfs is the frequency change when only silicon with the to the planes. The charge transfer relieves the decrease in the
same weight was located in the center of the coil. Collected¢harge transfer due to the increase in the separation between
temperature vs frequency change curves could not be meghe Cu-O chains.
sured since a dummy sample cannot be located in the vicin-
ity of the sample to monitor the film temperature during the
ac magnetic susceptibility measurement. For the Xe-Y®6 films
annealed at 100-500 °C for 24 h, the smaller the resistivity
at 100 K becomes, the larger the valuexoHowever, they Xe-doped YBa:Cus; :0,, Xe-doped YBa:Cu; O,, and
values of all the films do not approach its limiting diamag- Xe-doped YBasCuw, 5O, thin films were deposited on un-
netic value of 1/4 as the small sample volume attains aheated(100Si substrates by Xe ion-beam sputtering and
superconducting state. The similar relationship between thevere annealed in flowing oxygen at 100-500 °C for 24 h.
resistivity at 100 K and the value gfwas measured on other The samples exhibited a resistance decrease of about five
Xe-doped Y-Ba-Cu-O films. The 200 °C-annealed Xe-Y6orders of magnitude around 90—160 K. The resistive transi-
films, having a larger value of, had a larger amount of tion was reproducibly measured on all samples. The resis-
oxygen in the superconducting Y-Ba-Cu-O lattice, whichtance transition was stable and reproducible on all the films
was obtained using the XPS simulation fitting. This is similarexcept the 500 °C-annealed films even after being exposed in
to other experimental results th@t increases with increas- air at room temperature for two years. The superconducting
ing oxygen compositioricharge carrier densint**? Y-Ba-Cu-O lattices in the Xe-doped Y-Ba-Cu-O films were

500 °C 10.3-2 —0.35+0.23

IV. CONCLUSIONS
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