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of YBayCuzO7_x may be grown by the use
of a PrBa,CuzO7_x (PBCO) layer as a tem-
plate. Here we present a detailed study of
the nucleation of the PBCO layer, explain-
ing the orientations observed. It is deter-
mined that the wavy surface of a LaSrGaOg4
(LSGO) (100) substrate consists of the {101}
planes by observing cross-sectional trans-
mission electron microscopy images of the
interface between the PBCO film and the
substrate. The images and selected area
diffraction patterns show that a mixed c-
and b-axis oriented PBCO layer was ini-
tially grown on the substrate, followed by
pure b-axis oriented PBCO growth. We
explain that the c-axis oriented growth is
the result of the growth of the PBCO (019)
planes on the LSGO (101) planes. We con-
clude that the nucleation and growth of the
PBCO films at the initial stages depends on
the crystallographic plane of the substrate
surfaces, however, as the film grows further,
the kinetics of the deposition process favors
b-axis oriented growth.
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I. INTRODUCTION

High-quality aaxis oriented YBaCus
O7_x (& YBCO) thin films are very important
for making sandwich-type Josephson junc-
tions because of their longer coherence length
aong the a or b-axis. The aYBCO films
have been grown by lowering the deposition
temperature [1]-[3] or increasing the oxygen
pressure [4] aswell as using a PrBayCuzO7_«
(PBCO) or YBCO template on SITiO3 (STO)
substrates [5]-[7]. These aYBCO films have
been found to have a low zero resistance
temperature (T zero) Of about 80 K because of
an oxygen disordering due to the lattice misfit
and therma expansion coefficient mismatch
between the cubic STO and non-cubic YBCO
films [8], [9]. It has been reported by severa
groups that an in-plane aligned aYBCO film
having a T¢ zero Of 90 K can be resalized on
tetragona LaSrGaO, (L SGO) (100) substrates
by inserting the YBCO or PBCO template
layer between the substrate and aY BCO films
by two step pulsed laser deposition (PLD)
[10]-[13].

Cross sectional transmission electron mi-
croscopy (TEM) observations of the in-plane
aligned aYBCO films grown on LSGO (100)
substrates deposited by a Y BCO self-template
method were reported by two groups [14],
[15]. Miyazawa et al. [14] observed a pure
aYBCO growth at the LSGO (100) substrate
surface. They proposed asimplegrowth model
of the in-plane aligned &Y BCO thin films on
L SGO (100) substrates. Themodel isbased on
the atomic-scal e geometry of the (100) surface
of K,NiF4-type substrates, which is charac-
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terized by atomic-scale grooves made of oxy-
gen octahedra running aong the < 010 > di-
rection. These grooves are assumed to act as
preferential nucleation sites of c-axisin-plane
aligned aYBCO. In addition, Mahgjan et al.
[15] reported the cross-sectional TEM image
showingamixed a and c-Y BCO growth at the
L SGO (100) substratesurface. They explained
that the c-Y BCO growth istheresult of cation
disorder where barium and yttrium ions inter-
changetheir respective positionin the unit cell
during the a-axis growth.

Recently we have reported the supercon-
ducting and structural properties of the in-
plane aigned aYBCO films on LSGO (100)
substratesfabricated by aPBCO template PLD
method, which have a T¢ zer0 Of 88 K and an
anisotropy ratio of resistivity of 11.5 at 275K
[13]. However, cross sectional TEM obser-
vations of these films have not been reported
yet. In thisstudy we report the cross sectional
TEM images of the PBCO template films on
LSGO (100) substrates and atomic force mi-
croscopy (AFM) images of the substrate sur-
face. From our crystallographic orientation
analysis for the interface between the PBCO
films and the L SGO substrate surface, we will
present an understanding of the nucleation and
growth of b-PBCO thin films on the substrate
surface.

I1. EXPERIMENRAL PROCEDURE

100 nm-thick PBCO films were deposited
a 630 °C under an oxygen pressure of 100
mTorr by XeCl excimer laser pulses with an
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energy density of 1 Jem? and a pulse repeti-
tion rate of 1 Hz. Subsequent YBCO depo-
sition and annealing processes have been de-
scribed in detail elsewhere [13]. Hot-pressed
stoichiometric YBCO and PBCO targets were
mounted on a rotating, water-cooled 4-pole
target holder. Mechanically polished LSGO
(100) substrates were glued onto the heating
block. The substrates, held 4 cm from the tar-
gets, were annealed in situ at 850 °C for 30
min. under a low base pressure of < 10~°
Torr before the PBCO template deposition in
order to remove the impurities and stressesin-
duced from the mechanical polishing. Heat-
ing block temperatures measured by a ther-
mocouple inserted into the heating block cen-
ter were used as the deposition temperature,
which were 20 ~ 90 °C higher than that mea-
sured by an optical pyro- meter.

Cross-sectional TEM specimens which al-
lowed examination of the interface between
the films and the substrate, were prepared in
the usual manner. During ion milling , the
specimen stage was cooled to 77 K in or-
der to minimize any damage to the film from
the ion beam. Images and the selected area
diffraction (SAD) patterns were recorded us-
ing a CM20T/STEM microscope operated at
200 kV. AFM observationswere performed in
air at room temperature with a Park Scien-
tific Instrument Auto Probe LS equipped with
asmall area (5 umx5 pum) scanner. Images
were obtained in the contact mode using a
SizsN4 AFM cantilever with a large aspect ra-
tiotip.

Gun Yong Sung and Jeong Dae Suh 341

Ill. RESULTS AND DISCUSSION

Fig. 1showsanAFM imageof theanneal ed
L SGO (100) substratesurface. A wavy surface
was clearly observed. The surface morpho-
logy was andyzed as having a root mean
square (rms) roughness of 1.4 nm, a mean
height of 4 nm, and a peak-to-valley height
of 5 nm. It seems that the wavy surface
was transformed from a scratched surface of
the polished substrate during annealing un-
der high vacuum. Cross sectional TEM im-
age of the interface between the PBCO films
and the LSGO (100) substrates is shown in
Fig. 2. The wavy interface was also observed
in the cross-sectiona TEM image. The peak-
to-valey height measured from this TEM im-
agewasabout 5 nm, whichisequal tothevalue
obtained from the AFM image.

Fig. 1. AFM image of the LSGO (100) substrate sur-
face after mechanically polishing and annealing at
850 °C for 30 min.

High-resolution transmission e ectron
microscopy (HRTEM) image of the film-
substrate interface is shown in Fig. 3. It is
seen from the figure that close to the substrate,
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Fig. 2. TEM image of theinterface between the b-PBCO
film and L SGO (100) substrate. Thisimage shows
awavy interface.

Fig. 3. HRTEM image of the interface between the b-
PBCO film and LSGO (100) substrate. White ar-
row tipsindicate the LSGO {101} planes.

the film has a mixed b- and c-axis orientation
followed by pure b-axis oriented growth. We
have aready reported that the PBCO films
have a b-axis orientation [13]. Their orienta-
tion relationship has been clearly understood
by thelattice matching between the PBCO and
the LSGO. SAD patterns and their schematics
recorded from the interface shown in Fig. 4
indicate that there is no second phase in the
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Fig. 4. SAD patterns and their schematicsrecorded from
theinterface shownin Fig. 3.

PBCO layer on the L SGO substrate surface.

Inclined planes on the LSGO (100) sur-
face were determined to be the {101} planes
by measuring the angle on the HRTEM image
in Fig. 3. Considering schematics of the unit
cell of PBCO and LSGO asshowninFig. 5(a),
there are two possible PBCO planes, (019)



ETRI Journal, volume 18, number 4, January 1997

Gun Yong Sung and Jeong Dae Suh

343

a
4
a

>
e

C
C

a LSGO (101) Plane

LaSrGaO, (101) Plane

!
y
b C
a/

PBCO (011) Plane

o (Ore(e)o
O|0|0|0

[091]
PrBa,Cuz0,_ (019) Plane

c:Ga @:Pr 0:Ba e:Ga 0:0

(b)

C

A
e

c/3

a - PBCO (019) Plane
12.37A
3.87A% e 7 e | o
e 3§ e i e
[100] e I e i e
e i o i o

[011]
PrBa,Cu;0,. (011) Plane

Fig. 5. Schematics of (a) 3-D, and (b) 2-D projectionsfor the LSGO (101), PBCO (019), and PBCO (011) planes.

and (011) planes, which are matched with the
LSGO (101) planes. The atomic arrangement
of the LSGO (101), PBCO (019), and PBCO
(011) planes are described in Fig. 5(b). It is
clear from comparing the atomic arrangement
of the both PBCO planes that the nucleation
and growth of the PBCO (019) plane is more
favorable, on the LSGO (101) plane, than the
PBCO (011) planeat |ow temperature, because
the nucleation of the PBCO (019) plane is
possible without surface diffusion. The (019)
plane having a Pr-2Ba arrangement can be
easily nucleated after adatom impingement at
low temperature. However, the (011) plane
having al Pr or al Ba arrangement could be
nucleated under high adatom mobility condi-
tion, which can be obtained by high substrate
temperature or low oxygen pressure or slow

deposition rate. These conditions have been
well understood in the &YBCO and c-YBCO
growth mode [16]-[18]. Streiffer et al. [16]
suggested that the nucleation of aYBCO do-
mains on the STO (100) substrate is caused
by the condition of interface chemistry, sur-
face supersaturation, limited surface diffusion,
and Y/Ba disorder or thermodynamic instabi-
lity. AsshowninFig. 5(a), the c- and b-PBCO
domains are clearly the result of the nucle-
ation and growth of the PBCO (019) and (011)
planesonthe L SGO (101) planes, respectively.
Thereforetheinitia c-axis growth may be due
to the preferential growth of the PBCO (019)
planes on the LSGO (101) planes. Theinitial
mixed ¢- and a-axis oriented growth has been
observed in the aYBCO sdlf-template [15].
Cross-sectional TEM image of the aYBCO
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self-template films on LSGO (100) substrate
(Fig. 4 in Refs. 15) showed awavy surface of
the substrate.

Further growth of the PBCO films became
pure b-axis orientation, after full covering of
the wavy LSGO surfaces with the 10 nm-thick
mixed b- and c-PBCO layer. Itisthusclear that
thefilmorientationintheinitial stagesstrongly
depends on the crystallographic planes of the
substrate surface at low temperature.

IV. CONCLUSIONS

In summary, we have reported the cross-
sectional TEM observations of the b-PBCO
template layer under the in-plane aigned a
YBCO thin films grown on LSGO (100) sub-
stratesby a PBCO template PLD method. Sur-
face morphology of the substrate was wavy
in AFM images, this surface consisted of the
{101} planes. The mixed ¢- and b-axis ori-
ented PBCO layer was initially grown on the
substrate, followed by pure b-PBCO growth.
We analyzed that at the initial stages, the epi-
taxial growth of the PBCO (019) planes on
the LSGO (101) planes provided the forma-
tion of the c-PBCO domains. In conclusion,
the nucleation and growth of the PBCO films
a theinitial stages depends on the crystallo-
graphic plane of the substrate surfaces at low
temperature, as the film grows further, the ki-
netics of the deposition process favors b-axis
oriented growth. In addition, we learned that
the preparation of substrate surfaces was criti-
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cal to control theinitial stageof thefilm growth
and should provides alow for more repro-
ducible deposition conditions and more con-
trol over film synthesis. Understanding of the
nucleation of high temperature superconduct-
ing (HTS) materials on the substrate surface as
thefilm grows, should |ead to even better con-
trol over the growth processin the near future,
and hopefully open the path for the HT S-based
electronics to consumer markets.
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