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YBaCuO thin tilms were dcposited ifl sitll on LaAI03 single-crystal sllbslrates by spuLtering 01' a stoichiomelric y I Ba2Cu307 target. These
lilms were studied combining ion bC"l'll analysis (IBA) tcchniqlles with X-ray diffractinn measurements at room tcmperature. Depcnding
on the sample cooling conditions (cooling rateo oxygen prcssure). the ",-,')000 A thick YBaCuO lllms can exhibit either an orthorhombic
lv/in phase or a quasi-tetragonal structure. The former is obtained by low cooling rates at high oxygen pressure (0.2-1 bar). whereas the
latter needs a rapid quenching Loroom temperature, even at lo\\' oxygen pressures. Our IBA oxyg:en content mcasurements show that bolh
kind ofsamplcs are flllly oxygenated (",-,07) YBaCuO compolllll.ls with '1:, onset of91 K. rvlorcover. ,tlle+ channeling: stlldies show thatthe
minimum yield \:min(Ba) for the quasi-tetragonal lilms increases \,>'ilhthe bcam energy. ,(,his rcsull seems to indicare tbat the crystal lnttice
nf these qucnched films is subject lo somc kind 01' internal strains. Prom lhese ohscrvatiolls and following: thermodynamieal consideratiolls.
we considcr that the formation of YBaCuO thin fllms with ful1y oxyg.enated ( O~) tetragonal structurc takcs place indeed during the high
temperaturc ill s;tlt growth by cathodic spultering and these features can he preservcd hy mean s 01' a rupid qllcnching lO room temperature.

Key",ords: Supcrconductors. YBaCuO, structure. thin film

Se depositaron películas delgadas superconductoras del tipo YBaCuO sohre monocristales de LaAlO:3 por pulverización catódica de un
blanco estequiométrico y lBa2Cu307. La composición y la estructura de estas películas se estudiaron a temperatura ambiente utilizando
técnicas de amílisis por haces de iones (ion beam analysis) y difracción de rayos X. Dependiendo de las condiciones de enfriamiento (vc-
locidml de enfriamiento, presión de oxígeno), películas de YBaCuO de 5000 A de espesor pueden presentar una fase ortorrómbica o una
estructura pseudo-cuadrútica. Ln primera estructura se puede obtener combinando hajas velocidades de enfriamiento con altas presiones de
oxígeno (0.2-1 bar). En cambio. el segundo tipo de estructura requiere un rápido templado hasta temperatura ambiente. aún a bajas presiones
de oxígeno. Ambos tipos de muestras tienen una temperatura crítica Te del orden de 91 K Yest<Íncompletamenle oxigenadas (07). Adem<Ís.
estudios por canalización de iones muestran que el valor del cociente \mi,,(!3a) aumenta en función de la energía del haz de'l He+ en el caso
de películas con estlUctura pseudo-cuadrática. Este resultado parecería indicar que la estructura cristalina de estas películas est<Ísujeta a algún
tipo de tensión interna. A partir de estas observaciones y de al:uerdo a consideraciones de tipo tennodimímico. consideramos que la formaciún
de películas de YBaCuO con una esllUctura cuadrática y completamente ox.igenadas (O.•.) tiene lugar efectivamenle durante el crecimiento in
s;tll por pulverización catódica y que estas características se pueden cOllservar mediante un nípido enfriamienlO hasta temperatura amhiente.

Descriptores: Superconductores. YBaCuO. estructura. películas delgadas

PACS: 74.72.Bk: R1.15.CeI: 68.35.Dv: 29.30.Ep

1. Introduction

The physical and structural properties 01" lhe superconducting
YBaCuO compound depend not only on the oxygcn cOlltcnt.
but al so on the oxygen ordering in lhe Cu.O chain-planes [1].
Moreover. for hulk samples kepl on thermodynamic equilib-
rium conditions, lwo empirical relationships have heen estah-
lishcd: namely. the wcll known two-platcaus relalionship of
lhe critical tempcrature Tr as a function ofthe oxygcn contcnt
O.r [21. and that betwccn 0.1; ami the e-axis lattice paramctcr,
which shows that lhe latter grows when the oxygen contenl

decreases 131. Howcvcr, in the case of thin fIIms, the phys-
ical properties are also affected spccit1cally hy somc other
factors. such as lhe suhstrate material and the sample prcpa-
ration conditions (suhslratc lemperature and oxygen parlial
pressure). hccause thin fllms are nol prepared in thennody-
niJmic equilihrium conditions. On lhe other hand. plenty of
cryslalline defects lllay he introduccd during the film deposi-
tion, inllucllcing once again the 'llm properties.

Hcncc. it was ohscrved that in lhe case of YBaCuO thin
films, the e-axis lattice paramcter c1epends not on1y on lhe
oxygell content, as in bulk material. hut al so on lhe growth
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l"OlldiliollS amI tauicc dCfl'L'IS I-tl. \Vc !lave recellll)' dL'[Cr-
lIIincd lhal lhe cxpansion ()f Ihe ('-axis latlil:c paramclcr inlhc
L";¡"L'or thin IIlms wil!l l1igh niticallCIIlIK'raturcs (T" > 80 K)
i:-. no! allrihulahlt., lo <In ()xygcn dellcicm:y 1,-),61. Jndccd. Ollr
tlxygcn ('unten! Il1casurCJ1Icnls hy ROS (Ruthcrford hacKscal-
[('rillg spcctrolllctry) and NRA (nuclear rC;¡l,;tioll analysis)
sho\\'cd lhal ¡bese flIms, llL'posilcd hy illvcrtcd cylindrical
magnclron spultcring. \\'crc full.y oxygcnalcd (06.8-0, ,11 l. in-
dependen!l)' uf [he anomalolls (-axis 1aHiL'C paramctcr cxpall-

"ioll ami lhe oxygcn prcsslIn.' during c()oling IGJ. ThcrcfoJ"t:.
whilc IhL' splltlL'rcd lilms are nol prcparcd lindel" thcrmody-
nalllic cljuilihriulll conditions, il seellls ralher lhat they gro\\'
\\ ilh <Inoxygen conten( highcr IhJn thal e.xpected hy Illercly
IIll'rrnol!ynalllical consil!l'raliolls 17]. hccallse orIhe prcsellcc
(11'~lIolllic (lxygen during the 1¡lm deposilion hy magnclron
splIllcring 1(l l.

YBaCu() compounds are supcrconducting in Ihe or-
thorhomhic phase amI inslllaling in Ihe tetragonal one. IlIlhe
ca..;c 01' Illl' ordered orthorhomhic slruclure. (he ClI-O chains
;tiong Ihe f¡~<lxis directioll are eleclron rcservoirs for the
charge transrcr rrom lhe ClIO:! plancs. lIence, (hese chains
;lcl as dop<lnls for Ihe ClIO:! planes :lIld this l~lCt is essell-
tial ror Ihe OCl'UITence 01' the superconduclivily. 011 Ihe olher
Iiand. whel1 Ihe dislrihlltion 01' oxygen alollls in Ihe plalle 01'
Ihe chains is completel)' r:lIldoJll. the overall cr)'slal symlllc-
Iry is tetragonal. Thc tetragonal slruclurc is lIsualIy associalL'd
lo Ihe disonkr 01' o.xygen alolJls in the eu-o chain-plancs and
lo Ihc cljual occupalion (11'oxygcl1 siles alollg hoth (l and h
,I\es. In Ihis casc. the onkred orthorhomhic slructure con-
",is(ing nr Cll~O chains along lhe ú-:lXis disappcars and lhe
compolllld 11Irns illto inslllalOr.

It is gcnl'rally acccpled lhal Ihe YBaCuO compound
grows as an oxygen deflcienl pha5e wilh a tetragonal slruc-
Iun.". Indced. :Iccnrding lo the Ihcrmodynalllic slability dia-
gralll IJo"2 I'S, T 1'11. Ihe growlh condiliolls cOllllllonly llscd
ror YBaClI() Ihin tIIm deposilion (ahollt 7!ínoC al n.) mhar)
corrL'spond lo an oxygen delkicn( rhase. around OIi.I, wilh
a IClragonal slruclure. SlIhseqllclllly, in order to ohlain fully
¡nygenatcd supcrconducting films wilh <In orthorlHlIllhic
slruclure. Ihe oxygen lIptakc should Ol'Cur. according lo 1I1l'
Iherlllodynalllil' slahilily' diagram. during 111l's:unple cooling
al high oxygcll pressure (1 har).

\Ve ha\'c recentl)' ohser\'cd thal depending on thc samllll:
cooling condiliolls (cooling ralc, oxygcll pressure). '" ;-)(}()()A
IlIiek YBaCuO lilms call exhibil cilhcr an orthorholllhic 01
a quasi.letragonaI slruclurL": [G. S]. The formcr is obtained
hy lo\\' cooling rales al high oxygen pressure (0.2-1 har).
whcreas Ihe laller !leed s high cooling rates (higher Il1an
I()()C'C/min l. e\'t:n at low oxygen pressures, ()ur oxygell COII-
ll'nl llleasurclIlcnls sho\\' l!lal holh kinds 01' samples are flllly
oxygenalt:d (,....,Oi) YBaClIO thin lilms wilh 1:, ol1sel ofY I K.
In thc prcscnl parer we descrihe a syslclllatic investigatioll
1'00lL'crning Ihc cooling prol'cdurc elTecls on the 1Jlticc pa-
rarnclers. cryslal slruclure. ami supcrcondueling properties ()f
'" [¡(lOO A Ihil'k YBaCuO lilms deposited 011LaAIO:1 single-

cryslal suhslrales. ;\Iso. lhc possihilil)' uf lhe cxislence uf
fully oxygenated ()i) sllpcrconduc(ing YBaCuO Iilms \vilh
a IClragonal slrucllIre is discussed.

2. Thill film prcparatioll

YBaCuO lhin 1¡lm"i \\'ere prcrarcd in S¡111 hy ill\'crtcd cylin-
drica! magnelron sJ1ulll'l"in~ nf il sil lichiomelric Y I Ba ..!Cu:{0-;-
targl'l. The nOlllin;11 (>-;- tI\ygcll cOlllpnsilion of lhe l:tr~et \Vas
chccked by RBS ¡¡nd NRA II1CaSlll"el1ll'nls, TIlc ¡¡Ims were
¡xl'pared according lo a lwo-slep procedul"c \\.'ilh a Ihick-
ncss tlf ahoul SO()O A. In lhe Iirsl ",lep. lhe liIJns \\'ere dc-
pnsited on LaAIO¡ sill~k-cryslal sllhslr;ilcs kepl al '¡,jf)ee.
¡\. mixlurc nf Al' ;Ind ():! \Vas lIscd \\'ilh partial pressures 01
¡Jo",!= I',\r = U.J,-) IIlbar. In lhese condilions. il is ~cllerall)'
asslllllcd l!lal (he fillllS gnm' in thc oxygen dclicicnl telrag-
onal phasc and 111<11;¡ sccolld slep is necessary for Ihe ox)'-
gen uplake. which leads 10 the orlhorhomhic strueturc (7J.
AlIlhe Illms were cnoled fmm lhe deposilion temreraturc lo
;j()()OC very quickly. in ahoLll:2 minules. In ordcr lo study thc
elrecl nI" Ihe secnl1d slep on Ihe physical prorerties. \Ve per-
formcd Ihree kinds 01' coolillg pmccdurcs I'mm ;")(){)0c. In lhe
f]rst casc, lhc samplcs rcfcrrcd lo hcre after as A-films \Vcre
eookd al high o.\y~eJl prcssUl"e (1 har). This kind nI' films
usually silo\\' gonl! physical properties ancllherefore we will
use l!lelll as a rcl'ercllCL' when cOlllparing lo lhe ollle!" salll-
pies. Thc olher films were coolcd al the dcposi(ion oxygcn
prcssure ((l.3S mhar). hUI whereas rol' lhe B-f1lms Ihe coolinc
rate \Vas vcr)' slow (:~ C/min). lhe C-lIIms followed a rapid
quellclling lo room IClllperaturc (!J(}°C/Illin). \Ve are inlcr-
csled on lhe hehavior 01' Ihe physical amI slructural propcrties
01' (he 1¡ll1ls as a fUllClioll 01"lhe oxygcn c()oling kinelics,

3. Expcrimcntal

J.1. X-ray diffr:H.'tioll

The f1, {J. ('-axis 1aUil'C paramClers 01' Ihe supcrcondllcling
YBaCuO lhin l1Ims \.•..erc delerlllincd a( room lemperature liS.
ing a high-perl"orlll:lIlce X-ray dillraclioll setur wilh a K(l
copper radiatioll (/\ = 1,;").lO;) A), \Vhile in (he slanuard
Bragg-Brcnlano (fJ-:2fJ) gl'olllelry only IatticC' planes parallel
10 the surf:lee sllhslrale can he t1clecled. \Ve used an origi-
nal configuration in ordcr to measure hOlh s)'IIlIlll'lrical ami
aSYIIIlllelric:l1 reflcctiolls, T!lis !lCW IIlclhod. \.l,.'hich \ViII he
discussed in a i'orlhcOllling papcr. allows us lo dell'rminc
Ihe u.h. ('-;L\is la((ice p"rameters silllllltaneollsly olllhe S:lllle
kind of YI~aClJO grains. whosc ('-axis is perpemlicll!ar 10 Ihe
sampll' sllrfal'e. Assllming an Orlhorhumhie llnit-cell, a soft-
ware pmgram for ea1rlllaling: lauiee parame(ers delermines
Ihe set 01' (I./J, (' vallles which :lccomplish (he hesl lil he.
Iween calclllaled and experimelllal (hU) dilTraction values
(2H). Henee. fmm lhcse parallleters we can delermine Ihe
crystal slructure of lhe YBaCuO unil-eell ami relale il lo Ihe
oxygell contelll ami the physical properlies. For lhe lhrec se-
ries nI' salllples. a complele (H-2fJ) sYlllllletrical sean, show-
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ing ((lO/) ref1eclions up to I = U, and three asymmc(rical re-
lIeet;ons (108). (1010). (128), was rccorded. Tile ".I",..ax;s
lallice parameters were calclllated from experimcntal '2(}\'al-
nes 01' (007), (008), (009). ( 108). ( 101O), ami ( 128) peak po.
silions. dctermined automatically hy lhe centroid of thcir scc-
ond derivalive. The ahsolllle error on Ihe a. {J, (' experimenlal
\'alllcs was less lhan 10-3 Á. The main purposc for using lhe
aS)'l11l11ctriealrelleel;ons (108), (1010), (128). was lo caleu.
lale (he u,lJ, e-axis laltice p~uallleters simullaneollsly 011Ihe
:-.aJ1lCYBaCuO grain .

.'\.2. Thín film composition

TAHLE l. CharaCleristics nI"the S(XX) Á thick YBaCuO tilms de-
posited (lll l.aAIO:\ substratc:-..

sampk '/: (U = O) 'l:,(ollset) /:),7:. p(300K) Ir"
IK) IK) IK) (mSlcrn) (l1lSl)

A 91.0 91.7 07 218 0.5

B X1.-1 91.2 7. I -170

e XX.O 91.5 2.7 638 .1.2

The cOlllposilion and the microstruclure of (he YBaCllO thin
1iI1llswere studied using IBA techniques 161. Hencc, RUlhcr-
ford hackscaltering speclrometry (RBS). with a 2.2 McV
IHe heam in randolll incidence. allows liS lo determine lhe
catioll (Y,Ba.Cu) stoichioTllclry. For the oxygen measure-
lI1ents,we used Ihe elastic 1fiO(o 10:) 1GO scatlering resonance
al 3.045 MeV [6]. Moreover, information on Ihe qllality orthe
cryslalline slructure 01' lhe IIIms was ohtained using RBS in
channeling geometry. The minimum yicld\ mill' which is Ihe
ralio of the yield for perfccl alignment (channeling) 10 that
nI' random incidence. is a mensure of lhe quality of lhe crys-
tallinc slructure. On the other hand. addilional informal ion
conccrning the kind of crystalline defects in lhe IiIm slructure
can he oblained studying the variation of \l1lill as a rUllClion
01"Ihe hcam cncrgy squarc rool.
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4. Results

".1. Electrical properties

Tahle I shows the electrical properties for lhe ¡hree kinds 01'
salllplcs. The resistivity llleasurell1cnls (J(T) wcre perrormed
hy Ihe standard four-point method. AH Ihe lIIms prcscnted
very high critical transition temperatures Te (onscl). Take no-
tice of the exccllent properties 01'the A-film (cooled al I har,
acconJing to the c1assical mcthod), in particular Ihe surface
resislancc Rs• I11casuredat 77 K and 10GHz, which is among
the lowcst valucs reponed 10 Jate. This film will play rOl"liS
the role of a referencc. COlllpared wilh thc other Iilllls, lhe
transition widlh ~Te 01'the B-film is quile hroad and rOl"thal
reason the Te at zcro resistan ce is low. Morcovcr. the 1,(T)
curvc (Fig. 1) for this llhn prcsents a shoulder (hroader :::'T(')
<lmlalso Rs is too high for hcing mcasured. This indicales
(hal lhe oxygenation wilhin lhe film is 110lhincolllpiete ami
nol hOlllogcneous. i.e.. evcn if the main parl of the B.lillll is
sllpcrconducting wilh a transition near 91 K. therc is a small
fraclion wilh a Te around 81 K. Indeed. the wl10le shape nf
the rcsistivily curves may he related In Ihe YBaCuO crys-
tallinc slructure ami it is generally assumcd that a linear tem-
jll'ralurc depcndence ol' p(T), with zcro inlercept. is a Iypi-
cal hcha\'ior ol' a conduclion along perfeclly ordered chains
allll an indication of Ihe high qualily oí"the crystalline slruc-
Ime I!JI. This can he the case ror the A-film.

FJ(iURJ: l. I{csistivily cur\'es ,,(T) as a funetion of lhe lcrnpcraturc
for lhe' A. B. C-lilms deposiled on LaAIO:l. l"otice thal in thc case
01' Ihe r\-lilm lhe p(T) curvc ha•• a linear depcndencc whi •...h C'(.
lrapolales to !ero intercept. £:\'CI1for lhe slowly cooled B-lIIm it is
rossihlc to lit (he p(T) cur\'e a••a slraight line rassing also through
Ihe ori!!in. 110\'.-'c\'el".thc qucnched e-111m shows a linear hehavior
Ih,lt intcrsccls lhe resistivilY axis al a 1,lrgc rOSilive valuc.

011 lhe olher hand. lhe quenchcd C~fiIm presents a T('
unexrecledly higher than that of lhe slowly cooled B-film.
Furlhermorc. lhe lalter lilm shows a general degradation on
their e1ectrical properties compared with Ihose of lhe quickly
cooled e-lilm. Thus, it reslllts that lhe film qllality is nega-
tively alleCled hy the qui(e slow cooling rate at low oxygen
prcssure. In olher words. accordingly to our oxygcn contenl
1Tleasurelllenls (see beIO\••...). it scems thal during lhe in silll

lhin film deposilion hy calhodic spultcring. the oxygcll COI1-

lenl is actually higher than lhat expcctcd from merely ther-
modynalllical consideralions Ii'J. Thcreforc, if this is the
case, Ihe '{BaCuO 111mgrows flllly oxygcnated amI. in prin-
cipie, the oxygcn content musl he rather relained by means 01'
a rarid quellching, antl il seems Il1at Ihe second preparatioll
sler is !lot cOlllpletely nccessary rOl'the oxygcn uptakc.

~.2. Strlll'lural pro(lertics

Thc X-ray patlerns exhihil mainly (OOf) peaks. pro\'ing lhat
alllhe films were oriented with Ihe ('-axis perpendicular lo the

Ne'I'. Ider. Fú, 4..t(2){199X) In-l7X
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TABl.E 11. Thc (J.b.('.axis 1:Jllice paramctcrs IIlcasurcd al room
Il'mpl:f,ltllfC amI lhe h-fl di ITcn:lllT rO[ Ihe 5000 Á lhick YBaCuO
tilms ul'positcu 011LaAIO:1 suhstrates anu prcparcd foll(l\ving lhe
thn:e kinds of cOílling prnccdufCS dcscriheJ in lhe texl. The cm-
rcsponding valllcs for lhe orthorhombic YBaCuO¡ 1101 anu lhe
tetragonal YBaCuO(; Ill]compoullus are prcscnlcd for rompari-
"llll

salllplc 110.., II-axis u-axis ('-axi •.• l/-o

(Á) (Á) (A) (A)

A 1 har (J°C/Illin) 3.R54 3.R7R [ I.()l.) 1 0.024

B 0.35 rnhar (J°C/min) 3.R28 3.RR5 11.721 0057

e O.J5mbar (l)()OC/min) U56 3J';59 IIH)-t ()(X)3

0, 3.X2J 3.RRR 11.6RI 0.065

01; 3.857 3.R57 IUW) O.lXlO

lhe ....uhstratc surfacc and thal extra phascs \vcrc no! prcscnt.
A quite a small fractioll « 5%) al' YBaCuO grains \Vere
oril'lllcd following lhe (/-axis dircction. This value \Vas cal-
eulale" (rom the inlensities o( the (005) amI (200) tlillrae-
lion peaks taking inln considcration thar 1(200) = :11(00;3).
Tahle 11shows the (/. b, ('-axis lattice paramelers correspond-
ing lo Ihe 5000 Á thick YBaCuO films preparcd acconling
10 [he lhree kinds nf cooling procedures descrihcd hel"orc.
I:()r cOlllparison, lhe corn:sponding values for llw orthorholll-
hie Y,lla,Cu;¡O, 11O¡ antl Ihe tetragonal Y,lla,Cu;¡O¡; 1111
compolll1ds are inclllocd. First that all, we IllUS! nnlice thal
lhe ('-axis lauice parameler is essenlially lhe same for hoth
the ¡\-lillll cooled at I bar and the rapid quenched C-IIIm. In
this case. as \\'e \ViII silo\\' helo\V, lhe oxygen contelll is prac-
lical!)' [he sallle for hOlh lilms. On Ihe olher hand, Ihe B-film.
slowly cooleo al 0 ..35 mhar, shows a e-axis latlice para me-
ter [unger lhan [hose n/" lhe olher lillllS, This facl prohahly
means that Ihe ox)'gell contcnt of lhe B-IIIm is s!iglltly lesser
lhan lhose 01"lhe A and C-l1Illls and may explaill also lheir
roor clcctrical prorerties,

Our XRD lllcasurClllcnts show thal Ihe 510wly cooled B-
1¡lm has an onhorhomhic twinned Slructurc. ami lhe valucs
of Ihe a and b-axis lattice paramelers are in ¡¡greclIlenl wilh
those l11easurcd on fully oxygenaled Y ¡Ba2Cu:~ O, single-
nystals, Ho\\'evcr, lhe B-film prescnts not only lhe longest
('-axis Iauice parameter, hut lheir c!cclrical properties are de-
graded. On lhe other ham!. for the qucnchcd C-lilm Ihe (l

ano b-axis lauicc parametcrs would correspond lo an uncx-
pL'L'letl quasi-tctragonal slruclure. ~'toreover. the ('-axis Ial-
tice paramclcr is praclkally Ihe samc for this lilm and lhe
¡\-film, which prescnls Ihe hest propcrties. As we estahlisheJ
bL'forL', Ihe lauice parametcrs were dctermined as Ihe set of
/1, (" (' vallles which :Iccomplish the hesl lit bCl\vecn calcll-
lalcd and cxperimental (!Jkf) dilTraction values (28), In Ihis
case, according lo our results, il seems lhal \Ve are dealing
wilh a fully oxygenaled (O,) superconducling film with a
qllasi-tclragonal slructure.

One explanation ma)' he that (his quasi.lclragonal slruc-
turL' can he ouc lo the formation 01' ver)' Jiule orlhorhomhic
dOlllains (of abollt several hlllldreds of Á). \\'hicll can nol be
disccrncd by our X}{D sclllp and are aligned along Ihe o-axis
directioll as well as along IhL' "-axis tlirectiol1. \Vhile orienlcd
along b()lh Ihe tI and b axes. Ihe average symI11etry ()f the sys-
[cm lila)' he m<lcroscopically telragonal. hUI the local s)'lTl-
Ille!r)' rcmaills onhorhombic hccause ordercd Cu-O chaíns
stil! exisl 011 a local sitc. Anothcr possihility is lhe exislencc
ol";¡ fully ordcred microscopic telragonal slructure. as found
f(lr lhc l.aIJ;¡(Ca,Sr)Cll:~(),_.1' l"l)lllpollnd [12]. TIlis slrllclure
consist.s nI" ti rllll~efllply-/"ull sL'quence 01' Cu-O chains nJll-
ning alollg both lhe (f and f¡ axes, \vhich leads to an oxygcn
conlent Oj'. Recently. thcorelical eJcclronic-structllrc calcu-
IaliollS showcd lhat lhe hoJe tlellsity in this microscopically
onlcred lelragonal s[ruclurc is praclically idenlital 10 lhat
found in Ihe orthorholllhic phase 11:q. In this case. Ihe l'fili-
cal tcmperalurc T(, \\'ollld he Ihe same for ooth orthorhomhic
and tclrag(Hlal onlcrcd structures, Tlw question is 10 cstahlish
wIJether lile microsll'lIClurc oi" this kind of fIlms is aClually
tetragonal at the scale ofthe YBaCuO lInit-cell or it is a quasi-
tClragonal one, composed of slllall dOlllains having locall)'
an onl1orholllhic symmetry. 1'0 ans\Ver 10 Ihis qucstion. \I,.'e
llave perl"ormcd a quite complete Iransmission clcclron mi-
croscopy (TE~1) sludy concerning the cryslallographic slruc-
lme nf Ihe samples as a fllnclion of the cooling condilions.
Hcrc, only a short sUllllTlary of the main results is prescntcd
bccausc lhe n:lalcd papel' \Vas recenlly plIhlished 11.11. Ilencc,
lile- rapid coolt:d sJmples showed lhe prcscnce 01"a super-
c(lnl!tll'ting (O,) tetragonal pIJasc. which is not ordered alltl
where- unrela.xe-d lallicc slrains wcrc re\'calcd hy rhe cur\'a-
lure nf [he laltice planes. It lI1eans IIlal this kind of IJIms show
a mixed phasc structUfC (orthorllombic + tetragonal), where
the tetragonal slructure is dominan!. 011 the other hand. lhe
s!owly cooled lilms exhihit a dominant orthorholllhic slruc-
lure 11,11.

Moreo\'er, the rcsistivity curve of lhe quenched
C-film (Fig. 1) sIJows sOll1e parlicular fcalures lhal
are similar to those observcd in lhe case of lhe
(CaO.SLI(l,;,)( Ba¡.r ..Lao.,:> )CU;IO,_.r compound. which he-
longs lo lile 1-2-3 famil)' and presents a letragonal slruc-
tme ¡q], Illtlced .. in huth c¡¡ses the resislivity is highcr than
lhat ohserved in Ihe onhorl1olllbic YHaCuO cnmpollnd ami
the ¡J(T) curve has a linear dcpendence, cxtrapolating to a
nlHl~ZCro inlercept. AH these featUfes suggest thal the 1"1I11y
oxygenaled qllasi-tctragonal slruclure would be prcserved hy
a rapid quenching 10 room temperaturc at lo\\' oxygen prcs-
sure.

~LtOX)'gl'n l'mnposition and channcling studil'S

1'he cOlllpositioll nI' Ihe thrce series nf films was deler-
rnined by RBS wilh a 2.2 McV 1He heam and hy Ihe e1as-
lic 1(;0(0, (I)!hO scaltering resonancc al 3.0-1-5 Me\' 101. Our
results show thal the oxygen conlenl is practically the S¡¡llle
for bOlh lhe ¡\-lilm, slnwly cooled at an oxygen pressurc 01'

Re,' . .11<'.1.Fú. 44 (2)(199R) t73-17R
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FJ(;UI<E 2. \ ,,"u([b) curve'" as a funclion of lhe -lile hcam en-
ergy ~quarc rool rOl" tlle ¡hree kind of 5000 A thick YBaCuO lllms
tkpositcLl on Lal\[()¡ suh~lrates.

stal1t, independelllly 01' Ihe heam cnergy. for both the A-film
l:ooled I bar al1lllhe slowly cooleo B-film. both ofthelll pre-
scnling a dominanl orthorhomhic structure. In contrast. in Ihe
case 01' Ihe (jllellched C-lilm, having a <.)lIi.lSi-lelragonal slruc-
turco the \mill(lb) inLTeases linearly wilh the beam ellergy
square mol.

A heam energy inllepcnocnl \ mili value indicales Ihal the
lilm contains SOllll.' small polycryslalline fraClions or stack-
ing falllt derCCh. whereas a linear dependcnce of \lllin with
Ihe beam energy rcvcals lhe preselll"e of extended dcfccls.
such as dislocaliolls [171. 011 the other hand. in contrast wilh
single-crystals 01" polycryslallinc material. thin lIIms are dc-
posiled 011Sllbslra[Cs ando in Ihis l:i.lSC,lhcre is alwavs a lal-
licc mismalch hetwccn Ihe YBaCuO film and the subslratc.
This lllisrnalcl1 IIsually indul:es SOlllC iatlice slrains hct\veen
tlle 111manl! the subSlrate and musl he takcn inlo cOllsider-
alion. 1\10st nI' Ihe lihns grow in heller crystallinity wilh the
incrca..;e 01' the lilm Ihil:kncss. retlecling the relaxalion of lhe
lalticc rnismatch with Ihe subslrale. II should he noted Ihallhe
\ lllill determinalioll corrcsponds jusI lo the tirsl hllndreds of
angslroms fromlhe lilm sllrface. This suggest that Ihe 5000 Á
lhid: A and B.tilms prohahly contain, !leal" Ihe lilm surface,
SOllle micro-slrllclural dcfccts such as stilcking faults, poly-
cryslalline prccipilales or an extremel)' low dislocation den-
sily. According lo l!lis. we considcr Ihal. likcly owing to an
C.\Il"l'l11elyhigh dislm:alion dcnsity nc¡¡r lhe tillll-sllhstrate in-
lerfacc. these films cOllld relcase thl'ir inlernal strains. There-
rore. the)' grow wilholll slrains ami the hulk of Ihe tilm is re-
Iaxed. leading syslemalically lo Ihe orthorhornbic structure .

In contrasl wilh ¡hese samples. Ihe quasi-tetragonal C-
lilm. quenched al {)..35 mbar. systcmatieally contains dis-
locations \Vilhin Ihe Iilm, even in lile near surface region.
This means Ihal whilc [he dislocalioll density near Ihe film-
Sllh~';(l"ateinterface is loo lo\\' rOl' rcleasc the internal strains, il
is l'l1ough 1'01"increasing the ion dechanneling with the heam
ellergy. The origin 01' this JCl:hanneling may he explained hy
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I har and lhe C-lilm, qucnchcd al n.35 mhar. This rcslI1t is in
agrccmenl with Ihe faet that 110111lilms have also lhe sal1lc r-
axis lattice rar~lIl1ctcr. On lhe otiler hand. according lo lhe
prccision 01' our I11casuremenls. \Ve can nOl conlirlll ir lhe
oxygcn conlcnt 01' Ihe B-film. slowly cooled al n.35 mhar.
is Icsscr than ¡hose 01' A and C-films. Howcvcr, lhe roor
physical propcrtics nI' lhe B-liIm, togcthcr with its cnlargcd
('-axis lattice paramctcr. sccm lo indicare ll1al its oxygcn con-
tenl is slighlly Icsscr than ,hose nI' A ami C-films. t\..1orcovcr.
lhe presence 01"a shouldcr around S5 K in lhe p(T) curve in-
dicalcs lhal lhe oxygcnation of lhe B-fIIm is 1101completel)'
l10111ogcncous (Fig. J). In any case, the ahsolulC oxygcn COItl-
position corresponding to lhe 1-2-3 phase is Or,,!l:iO.1 ror Ihe
Ihree flIms.

For cxplaining the full oxygenation (O,;,,)01' the qucnched
e-l1Im and the delerioration 01' the physical properties of [he
sl()wly coolcd B-tiIm. one Itlay to admit Ihat tlle wholc oxy-
gcnation (O,;,,) occurs indeed during the in sitll liIm gw\vth.
The high oxygenation obtained during lhe film deposilioll
is not far from lhe O,;" oxygen composition ami is proha-
hly due 10 lhe presence 01' atomic oxygen in the sputter-
ing plasma 181. On the other hand, our XRD amI TEI\1
slructural sludies show that the quenched e-l1Im presents
1l1ainly a qu;¡si-Ielragonal stlllclurc. Thcrcfore, according lo
our results. we can assume that the YBaClIO Ihin Illms
grmv with a letragonal structure and with an oxygen con-
tent (07) higller Ihan tllat cxpectcd from merely thel"lnody-
namical consideralions (06.1) 171. These fcatures can he pre~
ser ved ir the film is rapidly quenched to room lemperalme
at Imv oxygen prcssure. leading to Ihe rormation 01"a nol
ordered quasi-telragonal phase with a high critical IClllper-
<lIme (Tr •...••!JO K), comparable \\'ilh that ohservcd in lhe
case o" fully oxygenated films wilh an orthorhombi<; slruc-
lure. Hmvever. il seems that Ihe classical second prcparalion
slep. ¡.e.. Ihe slow cooling al high oxygen pressure. is il1l-
ponant for increasing the ordcr in the oxygcn suhlallicc 1151.
Moreover, we have <1lsoobtaincd supcrconducting '"BaCuO
lilms afler a fasl cooling in a pure Al' atmosphcrc U.c., \\.'ilh-
oul post-oxygenation). Thesc films \verc \\/cll oxygenatcd
and presellled 7:. > 85 K, Our rcsllIls will be puhlished in a
forthcoming papeL hut similar rcsults were reported hy olh-
crs groups cooling lheir samples in nitrogen [IG].

In order 10 sllldy the s[rllctural qualily 01' our lilms using
IBA techniques. we have determined the \míll(lla) value with
a 2.2 !\1eV "He hcam in channeling geometry. It \\'as found
Ihat Ihe \lllíll(Ba) value wcre 3.2t;L 18% and l5t7t, ror tlle A.
B anJ C-fIIm. respel:tively. Thesc reslllts sho\\' thal wllereas
the A-film cryslallinily is very high,thc B ami C-lilms presenl
...•omc struc[ural disordcr in Ihe Ha lattice. t\1oreovcr. addi-
lional informal ion ahoul the crystalline defects in Ihe lilms
was ohtained hy performing the channeling studies al thrcc
dilTcrent cnergics: 0.55. 1,1 and 2.2 tv1cV. Figure 2 shows lhe
\ lllill(Ba) curves as a fUllction 01' the.1 He hCí1menergy sljllarc
rool for the Ihrec 5000 Á thick YBaCuO Iilms deposilcd
011LaAIOJ suhstrales. Acconling lo lhese reslllls. two \\"ell
delllled behaviors are observed. The \ IlJin(Ba) remains con-
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lhe faet tha! lhe path nI' an cncrgctic ion will he pcrturhcd
by crossing over !lear a Jislocation dcfcc( or by a slraincd
lalticc 1171. h1orcovcr. thcsc unrclaxcJ slrains \Vcrc actuall)'
n:,\'call~d hy lhe curvaturc of lhe latlicc planes 11,11. Thcrc-
fore. WL' i..'ollsidcr thal these syslcmalic trcnds, such as the
cryslal slruclurc (sludicd hy XRD and TEl\'1l. ami lhe rcsis-
(¡vil)' /1(7') and \lIlill(lJa) behaviors, providc more insights
about lhe possihlc cx¡stenec 01' ful]y oxygcnatcd (Oi) supcr-
conl!ucling YBaCuO 1111115wilh a qUilsi-tctragonal structurc.

5. Conc!nsions

\Ve ha\'c shown tha! YBaCuO films <.:oolc<.lal low oXygCll

prcssurc llave almos! 111(:sallle oxygcn conlcnt Ihan ¡hose
coolcd al high pressurc. !\'lorcovcr, \Ve found lhal Ihe cool-
ing rate alTects lhe physical properties and Ihe oxygen (,Oll-
lent of Ihe films cooled al lo\\' pressure. Hence, ir filllls are
('ooled al Imv oxygen prcssurcs. lhe hest properties are oh~
servco in Ihe 1iI1lls quickly cooleo lo room tempcralure. Gur
re~lIlts <lllo\\' us 10 conclude, in opposition 10 Ihe well admil-
tcd Ihennodynamical model, that lhe full oxigellation ol' lhe
YBaCuO IiIllls takes place during lhe in siw high tcmpera~
lure growlh hy cathodic sputtcring and nol during lhe cooling
proccdllre. \Ve explain this effeel hy lhe presencc uf oxygcn
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¡¡C(iValed ~pL'cies U.e.. a[omic oXygCll l. \\'hich cnhance lhe
film oxygcnalion during lhe growlh by spultcring deposilion.
This means Ihal Ihin IiIm growing JIlcL"hanislll does nol occur
in therlllodynamic equilihriulll L"onditions.

011 lhe oliler hand. Ihc lilrns quiL"kly L"ooled al low oxygell
prcssurc are supcn.:undllcting and presenl a (jllasi-Iclragonal
nyslal sYlllll1elry. Thercfore. il sccms that Ihe YBaClIO films
;IL"tual1y grmv wilh a high oxygen (,:ontcnt. near 01' 0" and
willl a lelragonal sll"llL"1urc all(llhesc fealurcs can hc prcservcd
hy mcans of a rapid qllcnching lo room lemperaturc al lo\\'
oxygen pressllre. \Ve showed hy TEt\III.-l] Ihal 00111 lhe or-
IhorhomhiL" and lhe [etragonal rhases (oexist inlhe samc film
:lIld. in lhis casc, lhe relalivc ahllntianL"c nI' each phase de-
pcnds on Ihe L"oolin~ rale. While a I"apitl (jucnching to room
Icmperalurc seellls lo preserve Ihe IClragonal slruclure. a slo\\"
cooling rale promolcs the transilioll 10 Ihe orthorhomhic one.

Acknowlcdgmcnts

This \\'ork was supp0rlcd by lhe Centre National oe la
Recl1cn:he SL"icntif1qllc (CiDR86). Fr:lIlcc. Also. lhis papel"
is a reslIlt of Ihe collaboration bctwecn J\'1cxieo and Franee.
Ihrough Ihe CONACyT-CNRS agreelllclll.

!l. D. (iolJsl..'hmidl anJ Y. Ed,stl'in. I)},ysim e 2UU (]t)1)1) 99.
10. f\.1.A.Ikllo ('/ al .. /1/'/,/. 1'11.\".\'.L('l1. 51 (19g7) 57.

11. 1D. Jorgcllscn el al.. I'},r.\'. Ri'\'. H ..tI (1990) 1X63.

l~. \\'.T. Fu ('/al .. 1 L('.n lOmmO/l A1i'tah 151 (19X9) 21J.

13. R.P. Gupta ami ~1. (iurla. }Jhn. Rn'. H -n (199.1) 27tJ5.

}.1. i\1.G. Blanchin ('/ l// .• 1'///1. Mag A 7..J (1 t)tJ6) 151.

1'-,. 1.D. j(lrgcnsen ('t lIl.. I'hy,\';m e 167 ( 1(90) 571.

!G. H. Teshilll;l, 11. Shimada. ~1. Illlal"u"u. ;lIlJ K. TanaK;!. PltyJim
e 20fJ (l'NJ) 10J .

1i. Y. Qlléré./'ltnú'(/ Sftll/I.\' So/uli JU (l9(lX) 71 J.

Ni'I'. ,\-fe.\'. FÍ.\' . ..J4(2) (1998) 1TJ-17X


