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Submicron-size Fabrication of BSCCO Thin Films 
by using Patterned Substrates 

Takayuki Ishibashi, Toshihiro l'¥all'ahara. Hisato Kaneko and Katsuaki Sato 
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A切tract-Submicron-sizeBi,Sr2C11Cu20, (BSCC-
0) structures of mesa patterns with dimensions of 
0.3 11111 x 0.3,,m and line patterns of 0.3 i,m width 

werf'fabl'ic11ted on patterned SrTiOJ (001) subst1・atcs. 
Thes" submicron-sized BSCCO structures were grown 
on patterned structures directly drawn by an focused 
ion beam (FIB) 11pparatus with a Ga ion beam accel-
er11ted at 30 kV. The c-axis oriented epitaxial BSCCO 
thin films were prep11red by the molecul11r be11111 epi-
taxy (MBE) method on the p11tterned substrates with 
.. thickuess of 70 11111. The flue >1ubmicru11-size BSCCO 
.ructures were obt11ined from the growth properties 
or the cryst11l. which favor the form11tion of (100). 
(010). (110) 11nd (liO) facets. These patterns are free 
from d11m11ges from v11rious etching processes. 

I. INTRODUCTION 

High-resoluti 1-resolution patterning of high-T, supercondu← 
tors is a key technolog)'for developing high-Tc super-
conducting electronics. A variety of techniques haヽe
been developed for patterning high-Tc superconductors. 

which include chemical etching [I], ion beam spul ter-
ing (2]-(4), modification patterning process using ion im-

~lanta.t.io1_1 [5), and la.,;er patternin~ [6]_, [_ii: among _others: 
For submicrometer or nanometer size fabri a brication, focused 
(on_beam (FIB) (8), (9] and electron beam lithography (IO], 
[11] have been utilized. In most cases, howeve~. da~;ged 
parts remain in the films that have been exposed to chemi-
cals or ions. limiting the minimum size of the pattern. and 
? size of pat.tern is limited to a micron-scale. For inte-
gration and improvement of high-1~ superconducting de-
vices. a high-resolution proc心sin a nanometer-scale with-
out damage should be developed. 

In the case of semiconductors, especially 111-V com-
pound semiconductors, many researchers have directed 
their efforts t.o studies on the crystal growth on patterned 
substrates in order to fabricate quantum structures and 
quantnm devires [12]. [13). N . Nanometer-sized st ru<:t ures 
havp l)rml obI aiIIpd l)y IIl ili7.iIlg I h('farPI growl ll mh iP9叫
by 11101('nil11r lll'a111 rpil 11xy (.¥113[) or 111rt11l-org1111il'd1r-111-
ir.al ヽ•i!por cl,・posilion (:¥10('¥'0). for high-T, supercon-
duclors. t.here was few reports on facet growth for the 
fabrication of nanometer-or submi abrtcat1011 ot nanometer-or submicron-size structures 
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In this p;iper, we report for the first time the facet 
growth of snbmicron-size Bi2Sr~CaCu20ェ (BSCCO) thin 
film using patterned substrat心． BSCCOis known to 

show well-defined two dimt>nsionality, and to form plate-
type single crystals with their a-b planes parallel to the 
pl;itl'. with (100) and (010) facets on the edges. In MBE 
growth. t.ht> ft>atures of crystal growth are the same as 
those of a single crystal. Therefore, we think that BSCCO 
is a suitable material for this purpose, comparは with
、•Ba~C'u30g, which is inclined to grow spirally. A FIB 
apparatus was used for the patterning of substrates, be-
cause it is a direct process that needs no masks or chem-
icals. and has a resolution of approximately 50 nm. 

II. EXPERIMENTAL 

Sub-micron structures were fabricated by a procedure 
as drawn in Fig. l. BSCCO films were prepared on 
the patt.erned substrates etched by the FIB apparatus 
S:'1119200 (Seiko lnstrument.s Ltd.). Ga ion beam accel-
erate<I at 30 kV wa.-, focused with a spot size of about 50 
11111 at an 80 pA beam current. Mesa and line patterns size 
of 0.:3 -2 pm were directly drawn on SrTi03 (001) sub-
st rates. It. was found that the SrTi03 substrates could be 
etched to l pm thickness by ad逗 of4.8 x 1018 ions/cm 2. 

focused Ga ion beam 

(a) 

Bi, Sr, Ca, Cu beams 
1 、

BSCCO 

Fig. I. An proぐessof fabrication of submicron-size BSCCO struc-
lure,. (a) The patterns are directly drawn by FIB on the●ubatrate. 
(b) BSC'C'O 1hin films are prepared by MBE. 
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fig. 2. SJ:¥! image of the pallern•d SrTiOz substrate. Areas of 
m”a SIrucIlII'es am •2‘‘"ヽ X 2 μm. I』,rnx I,,m and 0.5、9111X 0.5 
μm and the height is 1.3,,m. 

BSCCO thin films wne preparPd by a MBE method 

w11h a sequential deposilion IPchnique on 1he pilll,.rII,..d 

SrTi03 (001) substrates. The growth temperature ¥¥'i¥S 

i40°.C. and the grow1h rate was 29 nm/h'. An oxy-
gen/ozone mixturP "・ith an ozonr cont.ent. of ~10匁 wa.,
provided 10 I he subs1 rate at a background pressure of 

2.5xl0-3 Pa. Tlw deposi1.ion inlerrupt.ion sequence "・ith 

a deposition period o「IOs and an interrupt ion pNiod of 
60 s was adopted. The details of this me1hod haヽで 1”"" 

reported elsPwhere (14]. [15]. 

The,structures obtained were observed using llitad11 

S-4500 field-emission scanning electron microscope (FE-

SEM). Crystal structures were confirmed by in situ re-
fleet.ion high-energy electron diffraction (RHEED) and X-

ray diffraction (XRD). Chemical compositions as well as 
area mappings of thin films were measured by energy-

dispersive X-ray microanalysis (EDX). 

Ill. RESULTS AND DISCUSSION 

Figure 2 shows a scanning ion microscopy (SIM) image 
of mesa structures fabricated on a SrTi03 substrate. The 
sizes dimensions of these mesas are 2 μm x 2 μm. I μm 

x l μm and 0.5 μm x 0.,5 μm and the height is 1.3 11111. 
Mesa structures were obtained wit.IL less than one submi-

crometer resolution. 

BSCC'O thin films were epitaxially grown on pat terned 

SrTi03 (001) substrates. The XRD pattern showed that 

the c-axis oriented thin film with c = 3.07 nm was ob-
tained. An epitaxial relationship between the BSCCO 

thin film and the SrTi03 (001) substrate was confirmed 

by in situ RHEED. BSCCO thin films grown on SrTi03 

(001) substrat，es have a twined structure, where the a-or 
~axis ofBSCCO is parallel to [I 10) SrTi03, as reported in 
Ref. [16). The typical critical temperat.ure (Tc)、,・as60 1, 
for an as-grown BSCCO thin film of 100 nrn thickness. 

100] 

rTi03 

010] 

500 nm 

Fig. 3. SE~I imag~ ,,r 1he BSCCO chin films grown on the patterned 
SrTi01.,uh.irate,...¥rei¥s or mr,i¥ >lruclurrs are (a) I μm x I μm, 
(bl 0.5,,m x 0.,、ヽm""d (c) 0.3、、mx 0.3 μm. 

. f l l • I lf'd1e111ical,・0111posi1 ion or our films was measured at 

anし111pall<'rt1('clarea and ll'a:5 estimated to be Bi: Sr: Ca 

: Cu = 1.9 : 1.0 : 1.0 : 2.0. 
figure :3 sho11・s SDI images of 70-nm-thick BSCCO 

．．  
thin film gr0¥1'11 on I he mesa st.ructure with dimensions 
of (a) I 11111 x I 1ヽm x I 1ヽm.(b) 0.5 μm x 0.5 μm x 
0．．う／,mand (r) 0.:3 pm x 0.3 pm x 0.1 μm. Plate-shaped 

crystals 11・ere obsrrn~d on the top of the mesas which was 
made up of:;('9でralfacets. Plate-shaped crystals simi-
lar to thos('on the top of the me租 swere observed on 

some of t llI‘̀ KI('-ll'alls. Figure 4 shows 45° oblique views 

or th('Sillll('．、ampl(':;as Fig. :J. For (a) and (b), it is 
found that th<'plate-shaped crystals are grown on {001) 
plane of SrTi03. On the other hand, some sidewalls are 

free「romgroヽ,・1h of plate-shaped crystals except for some 
round crys111I~ that are considered to be impurity phases 
ぐonsisting oft hf'deposited elements without Bi. It is de-
Irrmine(l t lmt 11S(―'（'0 growth on t.he patlerned slruclure 
d,-p,.nds,;t ro11gli・ on the direぐtion of the Bi beam which 

1'0l1l('s「ro111I('「1-ha11dof tl1<'Sl'inrnges、l'it.han angle of 55° 
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Fig. 4. 45° ohliqu, 、• i,w r,(m,sa slrurlur, wirh (a) I,,n, x I μm 
•nd (b) 0.5 μm X 0.5 (）.． d'  ,,m. (c) i, a srh,ma<ic drawing showing 
亀n,pira,ial,．畏latir•Ilship bPI ween t1r BSc•CO and [he paI Ierned 
SrTiOi. 

(a) 

(b) 

300nm 
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Fig. ~- SE~ I i111ag•• nf line patterns of the BSCCO thin film and 
sdirmat ic clra .. ・ings. Lin•• are pa『allelto the (110] and (100] direc・
lion• of thr SrTiO, (001) substrate for (a)-and (b), respectively. 

to the surface. The dependence of the Bi beam has been 
disぐussedin elsewhere [Ii]. 
Considering the epitaxial relationship between BSCCO 
and SrTi03. it. is found that the obtained structure has 
(100). (010). (110) and (I iO) facets ofBSCCO as schemat-
ira ll~· depicted in Fig. 4(d). although we could not deter-
mine 11・hich is t.he a-or the !>-axis. (100) and (010) facets of 
BSCCO are formed along [110] direct.ions of the SrTiO~. 
叫 (110)and (liO) facets are along [JOO] directions of 
tlw SrTi03. This characteristics of facet growth has also 

bren ~hserl'ed at the BSCCO thin film growth on off-axis 
subst.rat.es. 

By utilizing the characteristics of facet growth, line pat-
tnns of BSC'CO with a width of 0.3 μm and a thickness 
of TO 11111 were fabricated. Figure 6 shows SEM images of 

li11e patterns and schematic drawings for along (a) [100] 
a11d (b) [110] directions of the SrTi03 substrate. Sharp 
edges were formed by (110) and (JiO) facets, and by (100) 
and (010) for (a) and (b). respectively. 

The edge of the line formed by (100) or (010) facets 
is st raighrer t.han those of (110) of (1 iO) facets. These 
shape ha.,; a relat.ion to grains grown on the line patterns, 

which is confirmed by the SEM measurement. R.ectan-
gular :.?-dimensional terraces are ob況 rvedand are drawn 
schematically in Fig. 5. The (010) facet can grow e紐
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ier thlUl other facets except for (001) as observed at the 

growth on off-axis substrates. The BSCCO crystal, there-

fore, grows along the line along [110} SrTi03 azimuth (Fig. 

5(a)), whereas it. tends to grow with an angle of 45° to the 

line along [100] SrTiQ3 azimuth (Fig. 5(b)). This charac-

teristics determines a size of the grain, and it was > 1 μm 
and ~300 nm for (a) and (b), respectively. Furthermort. 

it is considered that the BSCCO line along [llO} SrTi03 
azimuth is a single domain structure whose a-axis aliens 

along (110] SrTi03 azimuth. 

(n the case of other etching process, such as Ar ion 

etching technique, although it may fabricate small struc-

ture with a micron-scale, it is impossible to fabricate in 

nat1ometer-scal. This facet g『owthtechnique utilizing the 

crystallographir characteristics is promising for a nano 

technology of tht> high-Tc supe『conductors,because it can 

make gt>nuine pla叩 sand right angled corners. Further-

more, the BSCCO submicron-size structures fabricated 

by this technique wt>rt'considered to be free from damage 

by匹 ioust>tching proce鯰es.The t『ansportproperty of 
these submicron-size structures is under investigation. 

IV. CONCLUSIONS 

Submicron-size structures of BSCCO were successfully 

fabricated using the S『Ti03(001) substrate-patterned by 

the FIB method. The formation of (100), (010), (110) and 

(liO) facets w邸 confirmedin the crystal grown on mesa 

structures with dimensions of 0.3 μm x 0.3 μm x 0. i Jllll. 
Utilizing this crystal habit, 0.3-μm-wide line patterns of 

BSCCO were fabricated. This t．echnique can be developed 

for the nanomet.er-sized fabrication of high-1~ supercon-
duct.ors by higher resolution patterning processes such as 

electron beam lithography 
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