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Abstract. The effect of con\'eut.ioual (long time) aud short time (1 min) 

post annealiug of snperconduct ing properties of Bii Sr1 Ca1 Cui O" films 
deposited by RF magnetron sputtering on ritgO, SrTiOJ and AhOJ sub­
st rates wa." in\'estigateil. 
By long time annealing procedure values of Tc = 70- 781\ were obtained, 
while the lw)<t results by :::hort time annealing were Tc $ 68 I\. But only 
short time aunealiug proce<lure w11.s successfully used to prepare films ou 
Ah03 substrates, demonstrating a s11pcrco11ducti11g transition. 

Pc3IOMc. l1ccJJe.nona110 amrn1111c upoue.nyp npo.noJJif\HTeni.uoro ( cTa11-
.napn1oro) H KpaTKOBpeMe1111oro) ( 1 Ml111) 0Tif\111'a 11a CBCJJXll)>OUO.llJllUHC 

caoticTna n11e110K Bi1 Sr1 Ca1 CuiO.,, nonyYe1111btX MCTO.llOM B'-I Mar11eT­
po11noro 11anb111e111111 11a noJtJJOit\Kax ~fgO. SrTi03 If A}i03. 

C noMOIUblO C'ra11.napT11oti 11poue.nypi,1 OTif\Hra 11ony•1e111.>1 nneHKlf c Tc = 
70-78 I~. a np11 KpaTKonpcMe11110M OTif\Hre ;1yYUI11e pe3y11bTaTbl cocTaB-
11111111 Tc $ 681\. 01111aKo, cuepxnpooo11n11rne cooticTua n11e110K 11a AhOa 
npoRDJIHJlHCb TOJlbKO llOCJle 11pouecca KpaTKODpeMe1111oro OTJl\11ra. 

Since its discovery (I], the Bi-Sr-Ca-Cu-0 (BSCCO) superconductor has b<'en 
a subject of intensive st.udy. It has been shown that. supnconducting prnperties of 
BSCCO films are strongly affected by the d<.>posit.ion and annealing conditions and 
depend on the substrate surface quality (2-·'1] . The nF magnetron sput.tcring is a 
widely used met.hod for preparing superconducting l3SCCO thin films (3,4] . On the 
other hand this met.hod gives strnng inhomogeneity of the thickness and chemical 
composition of the film on the substrate, d<'p<'11ding on tlw gas composition and 
the sputtering pressure, and on the substrate temperature (3- 5]. The prnblems 
of annealing conditions have been discussed hy many authors (2-5] . In the two­
step preparing process annea ling can lw carriPd out. in the temperature range 800-
9000C in 0 2 or air (3- 5]. However, the optimal annealing conditions are affected 
by numerous factors and may be revealed only experimentally. 
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In this paper we havP invest.igat.ed the conventional (long time) and short time 
post annealing effects 011 superconducting properties of BSCCO thin films, de­
posited on l\lgO, SrTi03 and Al:!03 substrates by RF magnetron sputtering. 

TRble 1. The deposit.ion <:onditio11s of BSCCO films 

I run II run 

Target unanneale<l superconducting 
Bi1 Sr1 Ca1 Cu20x Bi1 Sr1 Ca1 Cu20., 

disk, 5 cm diam et.er disk, 5 cm diameter 

Target-su bst.ratc distance 3 cm 3cm 

Substrates MgO (100) lvlgO (100), SrTi03 (100) 
SrTi03 (100) Ah03 polycryst.al 

Sputtering gas 2.6 Pa, pure Ar 7 Pa, pure Ar 
RF input power 150 \V 220 w 
Substrate temperature 150°C 220°c 

Film t liickness 1 /1111 1-2 11m 

The detailed ckscript.ion of the experinwntal equipment has been presented 
elsewhere [6]. The deposition conditions of two runs are given in Table l. The 
composition, the structurf' and the surface morphology of the films were examined 
by energy-dispersivf' X-ray analysis (EDAX), X-ray diffract ometer and scanning 
electron microscopy (SE~[). The annealing temperature was measured by Al-Cr 
thermocouple with ±8°(' accuracy. The resistance of the films was measured by 
four-point nwtliod, u:,;ing indiulll cont.acts. 
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Fig. 1. Rachal di;.trihutio11 of the co111po>0it1011 of BSSCO film sputtered from supcrcon­
d ucting 13i1 Sr1 Ca1 Cu20, t argct 
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The film deposit.ion was carrie<l out 011 substrates, placed under the central re­
gion of the target. The atomic composition of these films \\'as equal to that of the 
ta rgPt with a n accuracy A 10% (Fig. 1). The as-deposited films \\We shiny b lack 
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Fig. 2. Hesist i vity vs tcm pcral u re curve;; for 11~('('0 filu1~ 011 ~( µ,O su bst rate: L - film 
annealed at 850°C' for 1 h in 01 ; :2 - film ;wuealcd at 8i5° (' for 1 h ;n 02 
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Fig. 3. X-ray diffract.ion patt ern of IlSCCO fil111s 0 11 ~fgO substrate a1111ealed for 1 hat. 

875°C in 02 

and insulating. In order to obt.ain superconduct.ing properties the films of first 
run on l\lgO subs! rates \\'Cre annealed in flo\\'iug oxvgen (0.51/min) at temperature . . ' 
770°C for l h, at 840- !:l00°( '. for 1 h and then slowly cooled to room temperature 
at a rate of 2°C/min. The surface oft he films, annealed at 8'10- 860°C was smooth 
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and dense. The resistanc<'-temperature (R-T) dependence of these films shows 
a semiconducting type of behaviour (Fig. 2. curve 1) with a superconducting on­
set. at 78 K and has a low temperature tail. On the other hand , after annealing 
at 860-880°C, the resistance-temperature curve shows a metallic behaviour and 
superconducting transition with Tc = 70-78 K (Fig. 2, curve 2). The surface of 
these films contains some quantity of randomly distributed defects and voids. The 
diffraction pattern shows a series of peaks at 28 = 23.2°, 29.3°, 35.1°, indicating 
that. the c-axis of the film is preferentially oriented normally to the substrate sur­
face (Fig. 3). The annealing of the films up to approximately the melting point 
(880-890°C) changes dramatically the surface quality: a lot of defects and voids 
appc;ir on the film surf~ce. The diffraction pattern of such a film resembles that of 
ceramics, SEM photograph of such a film shows needlelike structure of randomly 
orient.Pd grains (Fig. '1). These films show either metallic or superconducting R-T 
characleristics with zero resistance temperature of 60-78 K. Similar results were 
obtained for BSCCO films, depositecl on SrTi03 substrates. 

Fig. 1. SEM micrography of BSCCO film on MgO annealed for 1 h at 890°C in 0 2 

The films of the second deposition run were annealed only for short time (1 min) 
in air . The heating and cooling rates are 170°C/min and 420°C/min, respectively. 
At first we have investigated the room temperature resistance R300 of three test 

-films (deposited on SrTi03, MgO and Al203) anneale9 sequentially for a short time 
at various temperatures (Fig. 5). Minimal room temperature resistance of BSCCO 
films on SrTi03 and MgO substrates was observed after (850-880°C) annealing 
and on A!i03 substrates - after (700-750°C) annealing. 

The most appropriate annealing temperature for the films, deposited on MgO 
and SrTi03 substrates was found to be 860-875°C. The films, annealed under 
such conditions, consist of platelets, oriented nearly parallel to the surface of the 
substrate (Fig. 6) and demonstrate metallic character of R-T dependance. But 
only by short time annealing procedure we were not able to obtain films with zero 
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Fig. 2. Effect of the annealing temperature on the room temperature resistance of the 
BSCCO films on MgO (curve 1) , SrTi03 (curve 2) and Ab03 (curve 3) substrates 

Fig. 3. S EM micrography of short time annealed (at 870° C in air) BSCCO film on SrTiO~ 

resistance temperature above 68 K. On the other band, after short time annealing 
iu most cases we observed a marked change of dectrical behaviour aud an incr ase 
of zero resistance temperature of the films from the first run, preannealed at low 
l<'mperature (Fig 7). 

The annealing tempera.lure 860°C is too high to prepare BSCCO films on Al203 
substratrs. because at this t.ernpcratnre an interfarial reaction between the film and 
the substrate takes place. Therefore, we annealed such films at 1' < 740°C. Usually, 
the electrical behaviour of these films has demonstrat.t:d two-step superconducting 
transition (caused by the preseuce of 80 K and 20 K superconducting phases) with 
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Fig. 7. Resistance Vi< t.empcrat ure curves for nscco films Oil SrTi03 substrate: 1 _ . 
an11ealed at 840°C for I It i11 oxyge11 atmosphere; 2 - the same film postanneale<l at 870°C 
for 1 min in air 

zero resist.ance temperature "'5 K. 

Finally, we examin<"<l t IH• possibility for pr<'paring 13SCCO superconducting nar­
row strips by means of a postaunealing proce<lure. A st rip of RSCCO film (100 pm) 
wide and 1 mm long was deposited through stainless sled mask on l\fgO substrate. 
After a long time annealing process, this strip showed zero resistance temperature 
70 K. For more narrow lines ( 5011.111) we have not observed full superconducting 
t ransition because s uch lines were destructed hy defects, introduce<l during anneal­
ing procedure. 

Couclusious 

(i) A remarkable cHlvantage of the superconducting targ<'t. in comparison with 
the unannealcd one witl1 the same composition was not found. 

(ii) The optimum annealing temperature for the films could be found measuring 
the room t.emperature r<>sist ivit.y of only one sample, annealed at. increasing values 
of temperature. 

This method is particnlarly useful for a new annealing setup or new film/substrate 
comhinat.ion. 

(iii) We \\WP not ahlP to oht.ai11 hig h valuP of Tr for nscco film only by short 
t.ime annealing. fl ut short. time an1wali11g at. high c>r tcmperat.ur<' aft er a long time 
prorNlure conside rably increases the Tr values . Besides , with this procedure the 
better film surface quality is obtained . 
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