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ABSTRACT

Thin YBaCuO films have been deposited on Zr0, (Y) and SeTiO, -substrates by &
noval ablation method, using s pulsed intense slectron beam generated by a pseudo-
spark source . Flims with nr.o resistance arcund BSK were grown at suybstrate
temperatures of 820°C with high reproducibility. X~ Ray snalysis indicates highly
textured growth on both subsirates. J, values were 6x10% A/cm® a1 4.2K end
11x10% A/em? at 77K.Because of the high simplicity of the deposition system and
the varisty of changable parametsrs it reprasents an interasting shernative to

existing laser ablstion methods.
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In the last two years & varisty of methods to produce HTSC - tilms has been
investigated =6 Among them, aspecially laser ablation has proved 10 be & very

succassful way to deposite stochiometrie, opiu:lull'y grown YBaCuO - fiims with

excellent supsiconducting propmln"’. Mosi laser abiation systems today use

excimer lassrs, which require high capitel expanditures for the hardware. Therafore,

there is still great interest in siternative and perhaps simpler ablation methods. In

this paper we propose a nhovel ablation techpique in which we make use of a

pulsed high- intensive electron beam emitted from a spaudo spark chamber®.

The pssudospark is an axislly symmatric high voltage gas dischargs operating on the

laft side of the Paschen-curve at pressures below 100 Pa. The main teaturs of &
pseudospark chamber is the combination of & hollow cathode, producing high slectron
cutrants, with an acoslerator sysiem consisting of paralial electrodes npamod_ by

insulators. The spacial arrangement of hollow cathode and electrodes ieads 1o an
slactrical fisld conliwllion' that ioeuqsul slectrons in tha central axis. At a given
prassure dependent braskdown voltage the low.pru'suu ges discharge ascalates
into & very fast sparkilks discherge characterized by an overaxponential current rise.
The discharge leads to the formation of a puised high intensive eleciron beam in
the central axis ( puise width ~ 100 ns, ¥ 6000 A/em” ) which can be extracted
out of the chamber by a‘boro—hoh‘h the anode.

We show in Fig. t a schoma‘llo drawing of the deposition system. The principai
similarity to existing laser abiation devices is svidant. At a distance of seversl cm
from the anods the electron beam hits a rotating YBaCuO-terget. The asblated
materisl Is deposited on & heated substrate positioned lyplcnily 30 -40mm away
from the target. The slectricel snergy of the pseudospark chamber is stored in &
varisble number of solid high voltage capacitors which can supply up to 7 Jouls per

shot. In most cases we operated with an sppiied vollsge ol 20 kV at pulse
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frequencies of 1- 2Hz. The coresponding pressure { pure oxygen ) in the deposition
c{umber was approximately 3 Pa . Calorimetric mo\nuumoms showed‘. that under
-l%lese conditions each pulse transfers an snergy of about 100mJ 10 » 01 em? spot
on the target. it is interesting to note the flexiblity of the operation mode. Besides
& variation of the stored electrical ensrgy, the control of the applisd voliage aliows
1o change the penatration depth of the electron beam in the target. The application
of drift tubes with differant bore-holes provides an sasy way 10 keep the beam
focused on its way to the target and 10 control its diamater.

In the expetiments we generally observed deposition rates of several R/s . The
presence of small spherical particles on the substrate with dimensions up 0 10 pm
suggests an explosive Jlikc material removat in form of liquid doplﬂl"'o. The
YBaCuO - films wete deposited in the usual two step procedurs described in earlier
publicalions'. The substrate temperatuwe was monitored independently with a
chromel / alumsl thermoocouple and an opticel pyromater. After the deposition of the
film, the pressure in the chamber was reised 1o a few 10IT 1o 1wo minutes, lolgwcd
by a 10 minute anneal st 400°C in 160 torr O, .

Fig. 2 represents a typical resistance versus temperatwe curve of a fim grown on
a (100} STIO, substrate. Fims on SITI0, and ZrO, (Y} show aimost identical
transitions : in both ceses we observe reproducibly complete superconductivity
around 85K, metaliic behaviour [R{273K1/R(100K) » 2.0-2.3) and resistivities
of 200 pix cm at 100 K. The eifect of the substrate temperature during the first
deposition step on Tu is dapicted in Fig.3. Complete superconductivity is only
achisved at substrate temperatures above 650 ° C. In the temperaturs range of
700°C 10 BOO®C wa obtain shiny bleck films exhibiting metallic behaviour and
zero resistance values bgiween 70K and 80K. in ordes to obtain higher transition
temperatures, the substrate temperature has to be raised to 820°C. Wa sttribute

these rather high deposition 1temperatures to the very pronounced axplosive material
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removal. As the energy concentretion in the top layers of the target is lower in
comparison to laser ablation, the {raction of |lomicllh( evaporated material should
be smaller. Thereiore the subsirate has 1o provide more energy in form of heat to
allow the crystallization of the tather big clusters, aftiving a1 the subsirate. Fig.3
slso demonstrates the uppser Bmit' for the deposition temperature. At substiate
temperatures above 850° C we observe savers substrate-film interactions starting
presumably &! the grain boundaries which lead to the deterioration ot super-
conductivity.

An even simpler way 1o produce superconducting films is deposition in sk followed
by the usual intercalation step. Under thess simplified conditions where no spacial
security messures, o. g. for O - pumping have 1o be taken, we get metallic, shiny
films with 2ero resistance vakies around BOK. However, In this case reproducibility
is not as good as for Gepositions in pure O, aimesphere.

One of the main advantages of pssudo spark ablation is the very good conservation
of the target stochiometry. Wihin a large parametsr range the composition of the
target is well reproduced. From Rutherford bsckscatiering { RBS ) measurements we
can deduce that in most cases deviations are baiow 10 %. Contrary to laser ablation,
a vearistion of the energy density at the target doesn’t influence the filen composition,
provided that the energy concentration is high enough for eruptive removal of target
material, Very small energy densities resuited in very low deposition rates. Instead
of crater formation we observed in this case only a visual colour change of the
target spols hit by the beam. RES measurements of these spots on the larget
revealed Yitrium excess. This means that Yitrium, the component with the highest
melting and vaporization temperatures had been removed lesa effectively than the
other componenis. Therefore tractionated material removel at low snergy densities
is probable. Films produced with higher energy density from such 1argetl spots

showed large deviations from the nominal target stochiometry. In this case a change



of the point of impact was sutficient to re-establish the correct film composition
We believe that the very good reproduction of the target composition is releted
10 the special interaction between the pulsed cl‘-ctron beam and the target. The
eruptive removal of molten target materiel uk'n place in form of liquid dropiets,
reflecting the target composition. Moreover this leads to squal spatis! distributions
of all 1arget components. In fact, in the angular range of & 30° 10 the target normal
there was no evidence for deviations in film stochiometry. The charactersistic fasture
ot pssudospark ablation to reproduce exactly the target composition may also be
of interest with regard to future applications in the ablstion of mora complicated
compounds { e.g. high T, Bi- or Ti- superconductors ).

In addition to the RBS messutaments, X-ray analysis were carried out 1o investigate
the crystaliine structure of the films. Fig 4 ilustraies the results obtained in different
diffraction geometries for e film grown under optimum conditions on & {1001 SITEO:.
substrate. in the Bragg-Brentana focussing geometry only sharp { 00¢ ) - ines sppear
in the spectrum { Fig 4a ). This indicates textuwed growth with the c-axis orlanted
normal 1¢ the substrate surface. The presence of faint pesks in the spectrum of
the samse film, investigated in the Seemann-Bohiin arrangemant shows, however,
that at least a small {raction of the fim remains polycrystaline {Fig4b). Omega
scans through the { OOE ]-lne reveal & small mosaic distribution of the crystal grains
of only 0.66° { Fig 4c) underlining the highly textured growth of the YBaCuO films
on 5I’Ti03. X-tay analysis of {ilms on ZrOzlYl substrates yield similar resulls. As
before, in Bragg-Brentano geomelry only [0CE)-lines sppear, whereas in the
$eemann-Bohlin spectrum other lines of small intensity are present. The mosesic
spread of films on ZrOzlYl-submnlu. howsver, is somewhst larger than for

StTiO, - subsirates (1.7°).
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Fig b illustrates the results of criticel current density “cl measuremanis for a film

- on SrTioé - substrate in Zerc magnetic fisld. 200 ym long and 26 ym wide bridges

waere obtained by Ar*"~irradistion of fikms which ware covered with & special mask .
Tha energy of the Ar”"=ions and the fluences were chosen such, that the irradiated
part of the film was completaly transferred into an isolating phase. For the deter-
mination of the critical current we mads use of the 1 yv criterium. The measurements
resulted in J - values of 8x 10° A/om? a1 42K and 11x10%A7cm? at 77K.
Higher Jc ‘s shoukd be sitainable  we succesd to suppress the polycrystalline
fractions in the films.

i summary, we pIopose & simpie novel ablation techniqus that is capable of
producing YNCL;O-Ihl with good superconducting properties. The present resuits
appesar motivating enough to continue research in the fisld of pseudo spark ablation.
lmprovom;lu shouid be achisved with increasing the O, -pressure during the
deposition step by differentipl pumping at the cathode side of the pseudospark '
chamber. There also sxists the possibility of s plesma assisted deposition processus.
Bacause 61 the 5 to 10 times loawer capital investment required for setting up &
pseudospark ablation devioe, pseudospark ablation offers siready at the present

levsl of davelopment an interesting siternative 1o existing [aser ablation devices.
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