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Bi2Sr2CaCu2O* Thin Films Formed on Highly Mismatched (001) YAG Substrates
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The in-plane orientation of (001) BieSrzCaCuz0* (ZZ1Z) thin films on highly
mismatched (001) YAG substrates is investigated w'ith X-ray diffraction. The

observed irregular in-plane orientation has coincidence site'lattice (CSL)

relation of 2212[510]//YAGtl20l. The interface structure model based on near
CSL theory reveals that the in-plane position of 19 Bi atoms regularly co-
inc'ide well with those of the substrate surface atoms. Two other kinds of
weak in-plane orientation are also observed.

1 . Introduction

High temperature superconductor Bi zSrzCaCuz
0* (2212) is epitaxially grown with irregular l
orientation on. highly mismatched substrates.
For example, tre reported that 2212 thin films
with vicinal (1'ln) surfaces (n= 7 or 9) were
epitaxial'ly grown on 5o off (110) SrTi0s sub-
strates. r-s) Bi-Sr-Ca-Cu-0 thin films with
(0ln) surfaces v{ere also fabricated on (110)
ll|g0 substrates by usi ng CeOa buf f er 'layers. n)

As for (001) 2212 thin films on (001) MgO

substrates, the in-plane orientation is ex-
p I ai ned wi th near co'inci dence si te I atti ce
(NCSL) theory.5) This paticular feature in
the crystal growth of high temperature super-
conductors can be confirmed in other cases.

Artificial grain boundary junctions have
been fabricated by using the orientation con-
trol of superconducti ng f i I ms. 6) Hence y{e

have been investigating on the orientation
control of the superconducting films. However
the critical temperature (T") of the (1 ln)
and (0ln) Bi-Sr-Ca-Cu-O films has been lower
than 70K.t' 3) The artificial grain boundaries
between Bi-Sr-Ca-Cu-O fi lms with (1 1n) and (

01n) orientation showed comparatively low T"
of 25-30K.?) 0n the other hand, Tc=105K rras
reported for (001 ) Bi -Sr-Ca-Cu-O fi I ms on
( 001 ) }.|g0 substrates. E) l{e al so demonstrated
that an art'i f i ci al grai nboundary j uncti on
between (001 ) Bi-Sr-Ca-Cu-O (BSCC0)fi lms with
in-plane orientation of BSCC0[tOO]/ /]Ag0[100]
//SrTi0s[100] and BSCCO[100)//srTi0s[100]
showed microwave response up to 65K.s) There-
fore, the in-plane orientation control of (OO

1) BSCC0 films is important for constructing
pl aner-type superconducti ng devi ces, i n
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pati cul ar constructi ng superconducti ng
quantum lnterface devices.

Irregular in-plane orientation of (001 )
2?12 fi I ms can be real i zed by choosi ng
suitable substrates. The lattice constants
of substrates are calculated based on CSL
theory. I 0) Accordi ng to CSL theory,
i n regard to (001 ) 2212 fi lms formed on
(001 )substrates of cubic, tetragonal,
and orthorhombi c materi al s, the i n-pl ane
orientation of 2212[kl 0]//substrateImnOJ
necessitates the fol lowing condition:

(ar^z) z

(a'uu. ) z

m2+nz
(l)

kz+12

where oz e r z dild de u b. are the a-axi s I engths
of 2212 and substrate material. tle assume
Ihat the ge11 dimensions^of 2717 are a=5.396
A, b=5.3954, and c=30.643[. According to eq.
( I ), the substrate a-axis lengths to
real i ze i rregul ar i n-pl ane ori entation are
calculated as fol lows:(i) oln case of 2212[StO]/lSub.[120], osub.=
1 2 .30A, whi ch i s cl ose to ihe I atti ce
constant of YsAls0,r(YAG) (12.0664).
(ii)^ In case of 2?12[210]//Sub.[200], osub.=
6.034, which is close to the lattice constant
of Rboz (6.014).
( i i i I In case of 2212[21 0]/ /SuA. [300] , os ub. =
4.024, which is close to the lattice constant
of L'iF (4.0174).
(iv)^ In case of 2?12[200]//Sub.[210], osub. =
4 . 834, whi ch 'i g cl ose to the I atti ce constant
of CaO (4.81054).

YAG i s chemi cal I y and thermal I y stabl e. It
does not show any phase transition up to the
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high melting point of about 1900'C, so that
it can be used as substrates to fabricate
221? fi I ms. Li F has comparati vel y I ow mel ti ng
point of 848"C, and it is not suitable for a
hish temperature superconductor substrate.
F 'i ne s i ng I e crystal s of RbO z and CaO have not
been obtai ned so far, and so tte have not used
them as the substrates. It has been reported
that BizSrzCuO,. films can be fabricated on
(001) (Nd,Y)A10s substrates. "rTherefore, rle
have choosed (0Ot) YAG as the substrate, have
fabri cated 2212 fi I ms, and have studi ed
the orientation with the multiple operations
of X-ray diffraction.

2. Experi mental

As-grown 2212 films were prepared on (001)
YAG substrates at 660'C in 0z atomosphere of
30OmTorr by si ngl e-target sputteri ng. The
target composition tras Bi zSrzCa:. r Cuz0*, the
i nduced el ectri c power rvas 1 00Ui, and the
distance between the substrate and the target
ttas 40mm. The fabrication time tras about 120
ginutes, and the film sickgess was about 1200
A. The growth rate of 10A/min tvas compara-
tively small.

Bragg-Brentano (g-20) method of X-ray
diffraction ttas performed with a RIGAKU RAD-
rC X-ray diffractometer using CuK.* radiation
and equipped with a graphite monochromator in
the scattering beam path.

The in-plane orientation rtas examined with
* scanning method of X-ray diffraction using
2212 (02160) ref lection. I{e used a RIGAKU
RINT-2000 X-ray di ffractometer whi ch uti I i zed
CrKa radiation and equipped a vanadium filter
in the scatterins beam path. The (001) 2212
films were mounted as the c-axis $,as aligned
to the X(chi)-axis of the diffractometer. The
X-ray i nci dent angl e and the di ffracti on
angle 2g y{ere set at 1.|.78' and 94.29', and
the X-ray i ntensi ty prof i I es v{ere col I ected
by scanning the in-plane rotation angle x.

3 . Resul ts and Di scussi on

Figure 1 shows the X-ray intensity profile
of a 2212 film fabricated on a (001) MgO sub-
strate at 600'C as an example of the results
measured wi th Bragg-Brentano method. In
figure 1, only the (002n0) main peaks and
the satellite peaks of (00131) and (00U1)
were observed, whi ch shows that thi s fi I m

is a (001) ??1? film with the incommensurate
modulated structure. All the 2212 films rrere
determined to have (001) orientation by using
the si mi I ar lneasurements.

The X-ray 'intensi ty prof i I e measured wi th
the x scanning method is shown in figure 2.
In fig.2 the position of 0o ttas chosen to
align to the MgO substrate tl00l. The four
sharp peaks, indicated with symbol (C) in
fig.2, were observed at )c = 38o, 52" , 128",
and 14?" . These fi lms are found to be
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Fig.1: X-raY intensitY Profile
Bi zSrzCaCuz0* thin fi lm on

substrate.
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Fig.2: x scanning profi le of
Bi zSrzCaCuz0* thin fi lm on
substrate.
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i rregularly in-plane oriented. The observed
angle 38" corresponds well to the calculated
ans]e 38' between YAG [510] and t1201. Thus,
t he i rregu I ar i n-pl ane ori entati on has CSL
relat'ion of 2212[StO]/ lYActl20l. Weak peaks
i ndi cated wi th symbol (A) are observed at
18o , 72o , 108" , and '162" . These peaks are
caused by the 2212 (021 60) and (201 i0)
reflections from domains with 'in-plane
orientation of 2212[100]/ /YAGI310] . 0ther
weak peaks wi th symbol (B) , whi ch urere
observed at 31o, 59o, 121', and 149',
are caused by the ?21? (021i0) and (201i0)
reflections from the domains with in-plane
orientation of 2212[ 1 00]/ lYAGt530l . There
is no posslbility to confound these 12 peaks
with satellite reflections because of the use
of (02 1 60 ) refl ecti ons. 5) In fi g. Z, si gnal s
of the peaks over noise level were not
observed at x = 0o, 45" , g0o, et al.

The CSL condi ti on ( 1 ) i s so stri ct that
2212[ 1 00]/ lYACI31 0] does not sati sfy ( 1 ) .

Hence v{e analyze the CSL relation based on
NCSL theory. Irregular in-plane orientation
of 2212[k1 01/ /YAGlmn0] may occur when the
reciprocal coincidence densities E zztz and
E yAo are not too large and the coincidence
misfit f defined with eq.(2) is small:
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C,Bi atoms

o , Substrate surface atoms

(Y or Al)

FiS.3: Coincidence site lattice model
(001 ) Bi zSrzCaCuz0* and (001 )
i nterface.

that these films are irregularly in-plane
oriented and that the observed irregular in-
plane orientat'ion has CSL relation of 2212151
0l//YAGt120l. The interface model based on
near CSL theory reveals that the in-plane
positions of 19 Bi atoms, which are regularly
al igned 'in YAG [ 120] di rection, coincide wel l
with those of the substrate surface atoms.
The sharpness of the 221? [St OJ/ /YAGt 1 20]
peaks i s supposed to resul t from the
considerably regular coincidence of the in-
plane atomic positions in the interface. Two
other kinds of weak in-plane orientation with
CSL relations of 2212[100]//YAClgtOl and 2212
[ 100]/ lYAGlSg0l were also observed.
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2 | (Lzrtz)1/2'azzr z-(I ve n)"?.ay^c I 1 )K.Kuroda, 0.Wada, J.Tanilnura, K.Kojima,

(L rr r r) t "' azrrct ( f, v^ c) 1'/2. oyrc
T.Takami, },|.Kataoka, T.Ogama, and

where dyrc = 12.066fi, and L "r,r(= kz+le) and
f "^c(=mz+nt) are defined as the NCSL unitcell volume divided by the volume associated
tt !th each crystal I att'ice . In case of ZZlZlSl
0l/ /YAGI 1 20] , f zzt z=26, L yrc=5, and f=0.02.

As for 2212[5t O]/ /YACI 1 20] , based on NCSL
theory, the interface structure model between
(001) YAO substrate surface and the Bi layeris shown in figure 3. According to the NCSL
model shown in fig.3, the in-plane positions
of l9 Bi atoms, regularly aligned to the yAG

[120] direction, coincide well with those of
the substra$e sugface atoms in the NCSL unit
area of 27 Ax 27 A. Th'is phenomenal i nterf ace
model is considered to support the occurrence
of tf'e in-plane orientation of ZZIZIStO]//yAG
t 1 201 . The sharpness of the peaks ai ggo 

,
52o, 128', and 142" in fis.2 is supposed toresult from the considerably regular co-
incidence of the in-plane atomic posjtions
in the interface.

4 . Concl us i ons

2212 films y{ere fabricated on highly mjs-
matched (001) YAG substrates by single-target
sputteri ng . The i n-pl ane ori entati on was

K.Hamanaka: Jpn.J.Appl .Phys. 30('t991 )1582.
2)}'|.Kataoka, J.Tanilrrura, 0.tlada, T.Ogama,

K.Kuroda, T.Takami, and K.Kojima:

investigated with 0-20 and rc, scanning methods
The 0-20 scanni ng

the fabricated fi lms
In the x scanning
were observed at x

142" , which indicates

of X-ray d'if f raction.
profi les confi rmed that
ttere (001 ) oriented.
profiles the sharp peaks
= 38o, 52o, 128' , and
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