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High TC supcrconducring Ihin films of ~~@I@7.~ (YBCO) were deposited on sapphire
subsumes with buffer Iaycrs of vtrna-stabilized zirconia and ccrium oxide by using pulsed laser deposition
(PLD) fechniquc. The cpitaxial relationship between [he substmtc and buffer Iaycm as WCI1as the buffer
layer and hc superconducting film was csmblishcd. Furthermore, using the same thin film tcchniquc,
YBCO superconducting thin films wem deposited on both sides of subsuatcs of up to 5 :m irt diameter.
T& superconducting properties of the films on bmh the sapphire with buffer layers and lzwgc-area
substrateswere comparable to the ones of the best YRCO films.

1. ~umm

The fmt application of the high tcmpcraturc superconductors would bc passive mimowavc dcviccs
such :.s fi.ltcrs. delay lines, phase shifters, monatom nnd so cm. Since all the high TC superconductors
have to bc in tbc aystalline phases in order to k superconducting, the best supazcmhwting thin films can
bc obtained only on fcw crysmllinc oxide subsumes. Sapphlrc is a pcrfcrcd subsuatc for high frcqucncv
applications whcm a small diclecrnc constant and low-loss tanpem an required. Unfortunately, mpphirc
is no[ chemically compaablc wi[h the supcrconducmm at the processing tcmpcranxc required to obtain a
good superconducting phase. Thcrctotw, an appropriate buffer Iaycr on sapphire is required In this paper,
wc present our rmdts on prcparwion of YBCO thin films on sctpphimwi[h cpimxial buffer Iaycrs of yttriu-

s[ablizcd zirconia (Y@3)m(ZJ@) 1.m(’.”SZ) and CcQ.

In parallel to developing buffer layer rnawrkds for supphirc, wc hnvc also deposited Iargc-area

YBCO films. The motivation behind [his research is that for complex micmwave dcvicc applications fdms
of few cmz arc rcquimd. A[ prcscn[, the high TC sl]pcrconducting thin films, deposited by a number of thin
film methods, arc limited to the sir.cof typically I cmz, More mccntly, off-axis sputtering 1-~nnd PLD 3
were used to deposit one-sided Y13C0 films on 5 cm diarnetcr substrates. f-k, wc report, to our
knowledge, the first succc..sful deposition of double-sided YBCO films on 5 cr , diameter substrates,

The properties of YSZ and CC02 hnvc been described in two previous pllblicmions 415, Both YS2
and Ce02 have a fluorite suucture with n lattice constan[ of 5, I 1A (m=0,09 for Y2(J,) mu 5.41 A,
rcspcctivclv. We hnvc vscd the ( 1102) snpphirc (nlsn called R-cut snpphirc) m the substrate. TIIC~sz ~n~i

.



Cc@ will match with sapphire along the [1011 1 and [12101 directions of the sapphire. Both YSZ and
Ce02 buffer layem were prepared by the PLD technique. Puked excimer lasers were employed. The laser
energy densiry was about 1.5-2 J/cmz for both YSZ and CeQ. The typical deposition rate is 0.1-0.4
A./pulse for a substrate-target distance of -5-7 cm. The thickness for the buffer Iayem was typically 1000

A.Thesubstrate temperature was held at - 800 ‘C. The typical oxygen pressure during deposition was
150 mTon. YSZ (m=0,09) single cyxals were used as target. For CeOz films, high tcmpcrmm sintcrcd
disks were used.

The oxygen pressure is a very critical parameter for obtaining fdm.s with the desired orientation.
Fig 1 shows the X+ay difficuon scan over r-heregionof(111) and (200) diffraction peaks of YSZ As
evident fmrn the fi~ the YSZ oticntarion can be rotated from (111) to (~) by simply increasing the
oxygen pressure from below 0.1 mTorr 10 over 50 mTorr. Similar behavior has been observed for C@

films. orientation. Fi~ 2 show a full 9-26 scan for a Ce02 film on samhk dcwsiti und~ he SWIM
pmeessing conditio~ In addition [he substrate peaks, on~ (200) and {~) dikction peaks of the
were observed, indicating the a-ax is oft he CCOZ film is perpendicular to the substrate surface. The
orientauon of the YSZ or Cc@ fi]ms was not dependent of the oxygen pressure during cooling.
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Fig. I X-my diffraction SCM over the refion of(111 ) md (200) diffraction pewksCJfYSZ for II YSZ film
dcposimd on sapphire at IWO C under vnrious oxygen pressures.
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Fig. 2 A full ()-2(3 X-ray for a CC02 film on sapphire.

The Ctysudii.nity of the films was exnmincd by Rutherford backscaueting spcctrometry (RBS) in
the channeling mode. The He ion energies in RBS wem either 2.2 MeV or 2.8 MeV, In Fig. 3, RIIS
random and aligned speccra(2.2 MtIV) arc shown for a Cc@ film on sapphire. The minimum yield is 7%
for Cc near [he surface. A similar minimum yield was obmincd for Zr for a YS’Z film on sapphire 4. The
channeling spctra for bch the films have the same tendency: the dtxhannhng inmoses as bk He ions
approach [he substmte-film interfaces, which is bclimcd to be the result of the in-plane anisouopic lattice
mismatch between YSZ or Cc@ and sappli!~. As fie can set tin] Fig. 3, a hick film on sapphire may
yield a small minimum yield in the film surface,

The interface bmween the YSZ rind snpphim wm sIwJiK! by n cross-section transmission electron
microscopy (TEM) 4, From the lattice imnge as well as the sclectcd area d.iffiaction smdies of the interface,
dtc growth orientations of the film with respect to the substmte were established. The epltaxial relationship
was obtained as following: ( I(M)) YSZ//( 1102) snpphirc. and (110) YSZ// (0112) s~pphire. Thcmgh TEM
study has not been performed on CeQjsapphirc. the epitaxial relationship for Co and s[lpphirc just as
YSZ and sapphire wus obtained from tie in-plane X-rdy scan,

UxKQUIU&lWWURmE

YBCO films were dcposiwd by PLD. The detailed processing parumetcrs were reported in a

previous pubiicmion 6. The Y13C() films were either deposited in the same or diffewnt vucuurn system for
the buffer layers. No differences were obsctwd for the Y13C0 film properties.

. .
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Fig. 3 RBS spectra ( 2.2 McV) for a CeQ film on sapphire

The YBCO films were superconducting after cooling down from [he deposition mnpcraturc to

mom temperature within 20 min. Fig. 4 shows X-my dif!%tctimt 2(3-0 scan for n YTICO film on
YSZ/stipphirc. This figure Indicates the c-axis oriented natureof the YBCO film, and YDCO (ml ~/mSZ
( 1~) relationship, The major in-plane oticntatimt Ixtwccn YBCO and YSZ was YBCO ( 100)/flSZ (01 1).
The 45° rotation in the basal planes between YSZ and YBCO gives the best lattice match Iwtwecn the two

systems. LnFig. 5, X-ray m-plane O-scan for a YBCO film on CeO#sapphim is shown for YFICO (102)

peakand Cc@ (202) peak, A rotation of 45~ is again observed just like the Y13C0/YS7htpphim sywcrn.
“IIM result is cxpcctcd since [hc lattice constant o!’ 5.41 Aof CdlZ is very close to tic a-uis and b-il~ls
constants of YBCO multiplied by ~2. RBS channeling study also showed that the YBCO films were
epitaxially grown,

The bcs[ YTICOon ci[hcr YS~sapphirc m c~sapphirc had a zcm msism.ncetcmpcmturc of -90
K, ami n Cririct.dcutmm density of over I x I(F A/cm2 at 77 K.
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Fig. 4 A full 9-20 x-ray SCM for a YBC() film on YSUsapphirc.
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Fig. 5 X-my in-plane O-scan for a Y~CO film on Cc@/mpphk.
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2,3 J ~a YBCO fi]m~

The major problem Involved in deposition of large-area superconducting films is how to hem the
large substrate unifctlnly. A radiative heater wilh [hu qu~z ]amps hhind the substtate was used The
design of the heater was de.scrib~ in a @OUS pubticaaonT.inthisexperiment a slight mndificanon
was made to heat the substrate radiatively wit hour any silver or nickcl paste 8.

5 cm m diameter LaA103 and NdGa03 subs-s were used We have used PLD method for the
experimerm A 1” YBCO tmger was US~. Both the subs~te and target were rotatai during the experiment
to ensure the thickness uniformity. 5 cm wafers can be coated with ~ ~ YBCO fdm Wilhin 20 mitt by
usi.r’tga laser repetition rare of 10 Hz. The depxition time is significantly shofier than ones by using off-
axis sputtering method. The substra~s WCIICrotated to deposit the second side after finishing the first side.
More detailed description of this ex~ment can be found in another publication 8.

Using the experiment setup, film thickness uniformity of better than IO% can be routinely obtained
over 5 cm. Thc fi~ com~sirion is v~ C1OSCto [he “123” stolchi~cw over the cndre 5 cm WafeIS.

Supconduting tzamtion tem~mms mea.s@ by an inductivemcthti arc OVCT90 K for center ~d

edge of the both sides. Critical c~nt densities of few IN A/cm2 at 77 K were ob[aind for hmh sides 8,

The surface resistances of the films were measd by a numkr of methods 8. k Fig. 6, the
sutfacc resistance of a 3.8 cm YBC() film mc~ured by ,md-well replacement in an 18 GHz Cu cavity is

shown. The surface msis[ancc dropped below [hc msoiution of the caviLy(1 W ) about 80 K. Using a 10
GHz pamliel-plate resonator, SUtiaCCresistances of two pairs of 1 cm,2~~plcscut from a 5 cm diartwer

YBCO films were measured. Values of 40-60 @ were obtained at 4 K

Microwave devices arc c~ndy under fabrication fTOMdycdouble-side YBCO fl.lms.At thes
hmc, Iargc-area YBCO films arEbeingdepositedon sapp~ with the buffer Iaycrs describer above.
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We have shown that high quality YB~ films can be made cm sapphire with the right buffer
layers. Large-area and double-sided YBCO films were obtained by using pulsed laser deposition
technique.

We would like to thank the suppcm from the Ion Beam Materials M at Los Alamos National
Labcnroty. The work at Los A1amos wa: ,mtially supported by the D.O.E. Los Alamos
!lt.qxrconductivity Pilot Center.
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