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A nev process using DC arc discharge evaporation is presented for preparing
as-deposited superconducting films of Yb-Ba-Cu-0 on insulating substrates. In
the arc discharge method, it is necessary to alter the applied bias direction
periodical ly during fi ln deposi tion, in order to obtain stoichiometric composi-
tion. It vas found fron SIMS analysis that a periodic conposition change cor-
responding to the alternation of bias voltage existed in the film and this
layered structure did not diffuse out even after annealing at 800"C for 2h.
Based on these results, the alternatiqn period was shortened and the deposited
layer thickness per cycle vas decreased to lnn, which flas close to a monolayer.
The resultant filrn deposited on SrTi03(100) at ?00"C showed zero resistivity at
62K without any further heat treatnent.

1- n|TR0DUCTIolf

lfith the discovery of superconductivity
above I 0K (Ln-Ba-Cu-0: Ln=rare earth ; Y, Yb,

Er, Ho, etc. )1) has come extensive research on

th i n f i lrns. Recent I y, importance of as-
deposited superconducting filns has been in-
creas i ng. So far, several deposi t ion methods,

including sputtering2), nolecular beant

epitaxy3), vacuum evaporation (electron bean

or resistive heating evaporation)4), and laser

abl at i on5) , have been reported. Previously ye

reported a new rnethod of preparing Yb-Ba-Cu-0

superconducting films, in which DC arc dis-
charge evaporat ion fron bulk cerami c sources

is used.6) Superconductive and related
ceramics shov netallic or semiconductive
properties in electrical conductivity near or

above room tenperature. Thus, they can be used

as el ect rodes through rhich current

heating flows and arc discharge due

for joule

to ther-
rnionic electrons can be expected. In this
paper we present that as-deposited supercon-

ducting films have been grown on SrTi03(100)

at substrate temperature of ?00"C by an arc

discharge evaporation.
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2. EXPBRIXBT{TS

The apparatus for the DC arc discharge
evaporation method is shown in Fig. 1. It is a

vacuum evaporation systen with a base pressure

of about 1 x 10-5 Pa, in vhi ch an ordinary
electron bean gun or a resistive heater is re-
placed by an arc discharge source. The vacuun
pressure during filn deposition vas kept
around 1.3- 2.6 Pa by introducing 02 gas in
the chanber, so that the arc discharge yas

stabilized and oxygen atons rere incorporated
in the deposited filnrs. The electrode for arc

discharge was made of
hand, €Vaporation
Y1BayCu307 (X=1- 2. 5, Y=2-2.5) ceranics. They

had been fabricated fron 1n203, Ba(N03)2, and

Cu0 powders by mi x ing, cal c i n i ng, reduc i ng

them into povder, 2nd calcining, pressing the

calcined powders into pel lets ( d =15mm; t=5mn),

and sintering them. The substrates used for
fi lm deposi tion rere SrTi03 (100), MgO(100),

and A1203(tI02). They were heated at tenpera-

ture ranging fron R. T. to ?00'C dur ing the
deposition. The discharge vas perforned under

a DC constant current of I-2 A, whi le the ap-
plied voltage between the electrode and source

Yb-netal. 0n the other
sources Iere nade of
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vas changed f ron 10 to 80 V. lYe used a DC

pover supply in which the output polarity vas

changed and the current was independently ad-
justed for each polarity.

Final ly, the crystalline quality of the

filns vas characterized by X-ray diffraction
analysis and Butherford Backscattering
Spectroscopy (RBS), and thei r compos i t ion
ratio was exanined by RBS and Electron Probe

Microanalysis (EPMA). The neasurenent error
between RBS and EPMA yas the order of 10%. The

depth profile was neasured by Secondary Ion

Mass Spectroneter (SIMS). The tenperature de-
pendence of the electrical resistivity was

also measured for the annealed samples using a

DC four-point probe method.

3. NBSULTS AI{D DISCUSSIOil

It was found fron the preliminary experi-
nents that the f i lm conposi t ion depended

strongly on such parameters as the source com-

position, metal electrode naterials, and

polarity of the applied DC voltage, and that
the f raction of Yb in the f i lrn was much larger
in the case vhen the positive voltage was ap-
pl ied to the Yb metal electrode (ttre forvard
bias) than in the case of the backrard bias.

0n the other hand, the Ba fraction flas snaller

under the forvard bias condition.

lYe conclude fron these results that a

conbination of the Yb electrode and Y-Ba-Cu-O

sources wi th nonstoi chiomet r i c cotllpos i t ion i s

most promising for preparation of
stoichiometric Yb-Ba-Cu-0 filns and that al-
ternation of the applied voltage direction is

also necessary during arc discharge. In order

to adjust the conposition ratio precisely, the

alternation was done in every preset count in
the thickness nonitor.

Figure 2 shows the normalized conposition

ratios (3Yb/Cu and \Ba/ZCu) plotted as a func-

t ion of tp/ (tp+tg), vhere tF is the layer

thickness which was deposited under the for-
vard bias and tg is the layer thickness vhich

vas deposited under the backvard bias. In this

I roor 5Yb./ Cu
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Fig. 2. Nornalized conposition ratio

(3Yb/Cu and \Ba/ZCu) plotted
as a function of tpl(tp+tg).

experiment, the polarity of the applied volt-
age vas changed in every preset thickness, and

it vas neasured by thickness nonitor. The com-

position ratio in the fi lms uas measured by

RBS and EPMA, vhich revealed that the
Y fraction vas negl igibly snral I under these

condi t ions. In the normalized composition in
the figure, the stoichiometric value is unity
f or both Yb and Ba. lYe can see f ron th i s

figure that the Yb fraction is increased vith
increase of the forward bias duration, while
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the Ba fraction is decreased with it. lYe can

also see that in order to satisfy the

stoichiometric condition in the filn, it is
necessary to use an Y2. gBaZ.1Cu30, source and

to choose the f raction around 0.30 in the

horizontal axis.

Based on the results in Fie. 2, arc dis-
charge sources with the optinum conposition
ratio were prepared and f ilms vere deposited

at roon tenperature using the alternative bias

condition vhich satisfies the stoichiometric
filn conposition. The filn thickness is 2.0 pn

with 30nm/cycle. The as-deposited filrns vere

amorphous and they were insulators in electri-
ca1 properties. The filns vere then annealed

at,930'C for 2 hours in 02 atnosphere. The

max imum anneal ing temperature vas After an-

neal ing, the fi 1m surfaces becane rough and

the filns on Mg0 substrates showed supercon-

ductivity. A typical result on the tenperature

dependence of the resistivity is shown in Fig.

3, in ryhich drastic decrease of the res i s-
tivity begins at Tcon=83K and the zero resis-
tivity is realized at Tcend=81K. X-ray dif-
f rac t i on pat t erns of the sa.ne sanp 1e shored

strong preferential orientation of the c-axi s

perpendicular to the substrate.

It is desirable to grow superconducting

films at low temperature in order to apply it
to electronic devices. So., we tried to heat

the substrate during deposition. The substrate

tenperature vas changed from roon .tenperature
(RT) to 750.C . However, no as-deposi ted f i lms

showed superconductivity in the ternperature

range down to 30K, although they showed good

superconductivity after annealing at 930"C for
2 hours in 02 atnosphere.

I n order to c I ar i f y the reason $hy .the

as-deposi ted fi lns did not shov superconduc-

tivity, the depth profiles of each element
vere neasured by SIMS in both RT-deposited and

annealed samples. 10keV Cs+ ions vere used as

primary ions and negative ions flere detected

as secondary ions. In this experiment, Yb-Ba-

Cu-0 f i I ms vere deposi ted on Al 203 (tTOZ) sub-

Tcox=83K

Tcexo=81K
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Tenperature dependence of resis-
tivity of an Yb-Ba-Cu-O film.
(Tsub=R. T. , 930'C annealed)
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Fig. 4. SIMS analyses of an as-deposited

Yb-Ba-Cu-0 filn on sapphire.

(Tsub=R. T. )

strates. The fi 1n thickness i s 2.0 p 
^ vi th

60nm /cycIe. A typical resul t for a RT-
deposited filn is shown in Fis. 4. lye can see

that the Yb0- intensity changes osci I latori ly,
which corresponds to the alternation period of

bias direct ions. As expected, thickness of
each layer was about 60nm. It uas also found

that decrease of the oscillation amplitude due

to diffusion of elements did not occur sig-
nif icantly even af ter anneal ing at 800'C. l{e

conclude from these results that the thickness

of each layer should be decreased at least by

a factor 10 in order to obtain as-deposited
superconducting films at tenperatures less
than 700"C.

The above condi t ion yas satisfied by
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shortening the duration of each bias direction
and by settins the MeO(100) and SrTi03(100)

substrates farther from the source. Under the

inproved condi t ions, the fi ln thickness was

0.1p n and the deposited layer thickness per

cycle was about lnm. Fig. 5 shorys p -T curves

of Yb-Ba-Cu-0 films deposited in this vay at

650'C and ?00.C. lYe can see that the f i lm
deposited at 650'C didn't shor zero resis-
tivity in the temperature range dovn to 30K,

and that the film deposited at ?00.C shored

zero resistivity at 5?K on MgO(100) and at 621(

on SrTi03 (100). From these results, ve specu-

late that the deposi t ion tenperature i s fur-
ther decreased by decreasing the deposition

rate and by adj ust ing the conpos i t ion rat io

more precisely.

t. col{clusl0t
Superconducting Yb-Ba-Cu-0 filns vere

successfully prepared using an arc discharge

evaporat ion rnethod. Af ter anneal ing at 930"C

for 2hours in 02 atnosphere, the films on

Me0(100) showed superconductivity aI
Tcend=81K. I t vas found from S IMS analys i s

that the alternation period of the applied
voltage was too long and pronounced internix-
ing did not occur even after annealing at 800"C.

Based on there results, ihe alternation period

ras shortened and the deposited layer thick-
ness per cycle vas decreased to 1nn, which uas

close to a nono I ayer. The resul tant f i lnt

deposited on SrTi03(100) at 700'C shored zeto

resist ivity at 62K vithout any further heat

t rea tnen t.

This method is considered to be useful to

grow Yb-Ba-Cu-0 filrns epitaxially on single
crystal I ine insul ator/Si structures.
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5. Tenperature dependence of resistivity
of an as-deposited Yb-Ba-Cu-0 film.
(Tsub=650'C/?00"C )
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