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Molecular-dynamics simulations were performed to clarify the structures of SrO and BaO layers on a
SrTiO;(001) substrate at the atomic level, and to predict an appropriate buffer layer foCYBa; _, /SrTiO;
heterojunction. The atomic structure of these layers grown on a §i000 substrate terminated on the TiO
atomic plane was investigated. From the analysis of the angle distribution of Sr-O-Sr and the radial distribution
between Sr and O, the first single SrO layer on the Sf0@) substrate was found to keep a perfect
NaCl-type structure. However, the structure of the second SrO layer deviated from a NaCl-type structure. This
result suggests that only a single SrO layer is able to grow epitaxially and uniformly on the,®J10
substrate terminated on the Ti@tomic plane. Since a BaO layer is one component of the,€B®;_,
layered structure, a detailed understanding of the BaO/S(T0Q) heterojunction has been desired. Here, the
stress induced by the lattice mismatch of the BaO/Sg0@1) and BaO/SrO/SrTigi001) heterojunction was
evaluated. The BaO/SrTy®01) gained 1.2 GPa stress, while surprisingly the BaO/SrO/S(0i@) did not
have any stress. Moreover, the BaO layer was found to grow epitaxially and uniformly on the
SrO/SrTiG(001). Note that YBaCu;O;_, is expected to grow epitaxially on a BaO layer since the BaO layer
is a part of the YBgCu;0,_, layered structure. Hence, we suggest that BaO/SrO is a suitable buffer layer for
the YBaCu;O;_, /SrTiO; heterojunction[S0163-182€07)03343-2

. INTRODUCTION design of highT superconducting film/SrTig001) hetero-

o . ] junction. Especially since SrTiOhas a structure similar to
~ Technology on the artificial construction of atomically de- yga,cu,0,_, (YBCO), and the lattice mismatch is less than
fined metal oxide layers has been desired in relation to elecz%’ SITiQ, is expected to serve as insulator thin films and
tronic, magnetic, and optical devices as well as other adghsirates for the Josephson tunnel junction based on YBCO.
vanced materials such as supported metal oxide catdlysts. Although the epitaxial growth process of YBCO on a

Specifically, a two-dimensional and epitaxial ultrathin oxide SITiO,(001) surface has been investigafed the fabrication
layer with atomically flat surface is essential for the devel-g¢ e Josephson tunnel junction has not been achieved.
opment of oxide-based heterojunction devices such as Jence, the detailed understanding of the interface structure
sephson tunnel junctions. SrT§001) has attracted much patween YBCO and SrTipsubstrate, and the design of a
attention among metal oxide crystals_, due to its signifigangguitame buffer layer for a YBCO/SrTig001) heterojunction
as a latice-matched substrate suitable for the epitaxiagly an atomic level are desired. Particularly, the interface
growth of highT superconducting films. Hence, the epitax- g cure as well as the epitaxial growth process of BaO thin
ial growth process and atomic surface structure of S§TiOfm on STiO, surfaces are interesting, since the BaO layer
have bee_n extensively investigated using various experimens one component of the YBCO layered structure. On the
tal techniques, such as laser molecular beam epite@ser  gther hand, the structure of a BaO/Sr§i@1) heterojunc-
MBE), Auger electron spectroscopy, reflection high-energtion gained much recent attention, because Tabata and co-
electron diffraction(RHEED), Iow-energy electron diffrac- workers recenﬂy reported that the Ba'EBrT|03 Super|at-
tion, x-ray photoelectron spectroscopy, x-ray photoelectronice has tremendous dielectric propertied®
diffraction, coaxial impact collision ion-scattering spectros-  Although much information has been experimentally ob-
copy (CAICISS), atomic force microscopgAFM), and scan- tained for the homojunctions and heterojunctions on a
ning tunneling microscop§.1* SrTiO; substrate, theoretical approaches, such as molecular
Recently, Kawasaki and co-workétsucceeded in fabri- dynamics(MD), quantum chemistry, Monte Carlo simula-
cating an atomically flat and smooth SrEi{001) surface tion, and computer graphia€G) would be also desirable.
completely terminated on the TiOatomic plane by Interesting theoretical and computational studies have been
NH,F-HF treatment. The SrTig001) surface treated by the done to elucidate details of the surface reconstruction, elec-
above technique is expected to enable atomically regulateionic structure, dielectric property, ferroelectricity, phonon
epitaxy of oxides comparable to that of semiconductors, anffequencies, band structure, and energetics of Sy
to realize the Josephson tunnel junction. Moreover, those flddowever, few works were devoted to the interface structure
and smooth SrTigi001) substrates enable us the atomisticof the oxide/SrTiQ heterojunctiorf® The effect of the ter-
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TABLE I. The potential parameters of Sr, Ba, Ti, and O atoms.

MOMOJI KUBO et al.

TABLE Ill. Expansion coefficients of SrTig) SrO, BaO, and

BaTiO; crystals derived from the MD simulations.

Atom Z a (A) b, (A)
MD simulation Experimental result
Sr +1.2 1.506 0.070
Ba +1.2 1.666 0.070 SITiO, 1.04x 10 5/K 1.04x1073/K
Ti +2.4 1.109 0.070 SrO 1.3% 10 5/K 1.52x10°%/K
0 -1.2 1.503 0.075 BaO 1.93< 10 5/K 1.86x10°%/K
BaTiO, 1.22x1075/K 1.2 X107 %K

mination of the atomic plane of the SrTj@01) surface on

the above heterojunction structures should be clarified, sinogas made with an Insight 1l software of M8Ref. 31 on a

two different surface terminations, with either SrO or 7iO Silicon Graphics IRIS-Indigo2 workstation. Dynamic fea-
are possible. We applied MD technique to investigate thaures of the atoms were also investigated by using real-time
atomic  structure of the SrO/SITi®0D) and visualization with themomMoviE code andrRYuGa (Ref. 32
BaO/SrTig(001) heterointerfaces as well as the effect of code developed in our laboratory on OMRON LUNA-88K
surface termination of the SrT¥®01) substrate on the workstation and Hewlett Packard Apollo 9000 Model 715/33
above interface structure. Furthermore, an adequate buffevorkstation, respectively.

layer for the fabrication of the ideal BaO/SrTj001) het-

erojunction is suggested to realize the YBCO/Sr[(D1)

Josephson tunnel junction. Ill. RESULTS AND DISCUSSION

A. Development of force field for SrTiO;, SrO, and BaO

The accurate force field for the SrTiQGubstrate is re-
MD simulations were carried out with thexDoRTO pro-  quired for the present purpose. The potential parameters for
gram developed by Kawamuf&The Verlet algorithrd’ was ~ SrTiO in Eq. (1) were determined by using MD simulations,
used for the calculation of the atomic motions, while theas they reproduce various properties of Srf@ystal. The
Ewald metho® was applied for the calculation of the elec- determined potential parameters of Sr, Ti, and O atoms are
trostatic interactions. We used periodic boundary conditionspresented in Table |. The calculated lattice constant and ex-
Temperature was controlled by means of scaling the atompansion coefficient of SrTiQcrystal, shown in Tables Il and
velocities. The calculations were performed for 10 000 step$ll, respectively, are in good agreement with the experimen-
with a time step of 2.810 *°s. The two-body, central tal results’*®3* The trajectories of Sr, Ti, and O atoms in the
force, interatomic potential, shown in E(l), was used for  SrTiO; crystal were also close to the average positions of the
all calculations. In Eq(1), the first and second terms refer to ions determined by the x-ray diffractiqiXRD) technique™
Coulomb and exchange repulsion interactions, respectivelyMoreover, the mean-square displaceméM$D) of Sr, Ti,
and O atoms from the positions derived by the XRD were
u(rij)=ZZje’/r;;+fo(bi+bj)exd (a+a;—ri)/(bi+b))].  0.014, 0.004, and 0.012%A respectively. These MSD values
@ are not significant in comparison of the temperature factor in
Z, is the atomic chargee the elementary electric charge; the XRD analysis. The calculated lattice constant and expan-

the interatomic distance, arig a constant. The parameters SN coefficient of SrO crystal, shown in Tables Il and Iil,
and b represent the size and stiffness, respectively, in th€eSPECtively, also agree with the experimental restits.
exchange repulsion interaction. The MSD of Sr and O atoms in bulk SrO during 10 000 time

; o teps in MD simulations at several temperatures were calcu-
In order to simulate the epitaxial growth process of a Sro° .
layer on a SITiQ00Y) substrate, we employed our crystal lated (Table IV). Although the MSD value increased gradu-

: , S lly with increasing temperature below 2400 K, noticeably
growth MD simulatorr®3 We note that the homoepitaxial & /
growth process of Mg@01) has been successfully simu- large MSD values were suddenly observed at 2500 K. This

lated using the above MD codThe detailed algorithm of indicates that the simulated SrO crystal melted at around
the MD code is described in Re.fs. 29 and 30. 2500 K. This agrees with the experimental melting point of

36
Calculations were performed on Hewlett Packard ApoII02703 K.

9000 Model 712/60 workstation, while the CG visualization
TABLE IV. The mean square displaceme(@4SD) of atoms in
SrO bulk during 10 000 time steps with increasing temperature.

IIl. METHOD

TABLE II. Lattice constants of SrTig) SrO, BaO, and BaTi®
crystals derived from the MD simulations.

TemperaturgK) MSD(Sh (A?) MSD(0) (A?)
MD SI?UL’:\IIOI’] Expenm;ntal result 300 0016 0017
(A) (A)

1000 0.069 0.070

SITiO, 3.905£0.002 3.905 1500 0.118 0.120
SrO 5.16G:0.004 5.160 2000 0.193 0.193
BaO 5.5230.004 5.523 2400 0.233 0.615
BaTiO; 3.982+0.002 4.012 2500 106.078 87.526
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TABLE V. The mean square displaceme(t4SD) of atoms i experimental result¥:*® we examined the SrTig001) sur-
BaO bulk during 10 000 time steps with increasing temperature. face terminated on the TiOn our MD simulations.

In the epitaxial growth simulation, a total of 32 SrO mol-

2 2

TemperatureK) MSD(Ba) (A%) MSD(O) (A%) ecules are emitted one by one at regular time intervals of
300 0.024 0.024 1000 time steps with constant velocity of 900 m/s. The
1000 0.081 0.078 amount of SrO molecules is equal to the number of Sr and O
1500 0.167 0.161 atoms which make a single SrO layer on the SgTid the
2000 0.229 0.225 MD unit cell. Figure 2 shows results at 700 K. SrEi€ub-
2100 0.261 0.254 strate is represented by atomic bonds, while deposited SrO
2200 72.404 85.220 molecules are represented by spheres. Surprisingly, after

50 000 time steps, a two-dimensioriaD) epitaxial SrO thin

layer without any defects was observed. The deposited SrO
The force field for BaO was constructed for the simula-molecules continued the perovskite structure €l ori-

tion of the BaO/SrTiQ(001) heterointerface structure. The ented configuration during the MD simulation.

determined potential parameters of the Ba atom are presented  qwasaki and co-worketd applied laser MBE to fabri-

in Table I. The same potential parameters of O as for S§TiO 4¢e 4 SO layer on the SrTi@O0) substrate. They used an

and 510 were employed for the BaO force field. The CalCu'atomically flat and smooth SrT001) substrate terminated

lated lattice constant and expansion coefficient of BaO crys- : : _ 4
tal, shown in Tables Il and lll, respectively, are in good On the TiO, obtained by a buffered Ni-HF treatment:

agreement with the experimental resdftsThe positions of They achieved the epitaxial and 2D growth of a single SrO

the ions in the BaO crystal determined by the XRD were alsdayer at around 700K, in good agreement with our simula-

reproduced by the MD simulatiori8 The MSD of Ba and O tion results. .Sp(.acifically, at arlound 700 K they obsghe
atoms in bulk BaO during 10 000 time steps in MD simula-RHEED oscillation when a single SrO layer grew on the

tions at several temperatures are shown in Table V, indica@tomically flat SrTiQ(001) surface terminated on the TjO
ing that the simulated BaO crystal melted at around 2200 KMoreover, they confirmed atomic flatness of the grown SrO
This agrees with the experimental melting point of 2193°K. layer on the substrate with an AFM.

The calculated lattice constant and expansion coefficient for

BaTiO; crystal, also shown in Tables Il and Ill, respectively, _ )

are also found to be in good agreement with the experimental ~ C- Atomic structure of a topmost single SrO layer

results3337 of SrO/SrTiO3(001) and SrO/SrO/SrTiO4(001)
Given the results above, in the present section we as-
B. Epitaxial growth process of a SrO layer on SrTiO;(001) sumed that two-dimensionally flat and smooth SrO layers are
terminated by TiO, atomic plane constructed on the SrT01) substrate terminated on the

Our crystal growth MD simulator and new force field TIO2 atomic plane. We employed two different models to
were applied to the investigation of the epitaxial growth pro_analyze the atomic structure of the grown SrO layers on the
cess of a SrO thin layer on a SrTj001) surface. Since the SrTiOs(001) substrate. In mode(a), a single SrO layer is
SITiO; crystal has a structure stacked alternately by nonpolagtacked on the SrTi{001) substrate, and the structure of
SrO and TiQ atomic plangFig. 1(a)], two different surface this SrO layer was examined. In mod#), two SrO layers
terminations by either SrO or TiCat the(001) top layer are  are stacked on the SrTi®01) substrate, and the structure of
possible[Figs. 1b) and ¥c)]. Yoshimoto and co-worket¥  the topmost single SrO layer was investigated. We focused
determined the structure of the topmost plane of Sgl001)  on the difference between the atomic structure of the first
surface by means of CAICISS measurements. They revealesrO layerfmodel(a)] and the second SrO laygmodel(b)].
that the SrTiQ(001) surface of as-supplied substrates as wellThe structure in modela) is identical to that of the
as GQ-annealed substrates was predominantly terminated o8rTiO;(001) substrate terminated on the SrO atomic plane,
the TiO, atomic planes. To be able to compare with thewhile the structure in modéb) is identical to that of a single
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FIG. 1. Computer graphics pictures @) SrTiO; crystal,(b) SrO atomic plane of SrTig) and(c) TiO, atomic plane of SrTiQ
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FIG. 2. Epitaxial growth process of a single SrO layer on Sg[001) terminated on the TiQatomic layer at 700 K.

SrO layer on the SrTigl001) substrate terminated on the was observed. The Sr-O-Sr angle peak was distributed from
SrO atomic plane. In the present section, all MD calculation$0° to 100° for modela and from 70° to 110° for model

were carried out at 300 K. (b). Consequently, the peak height in mod@®lis lower than
We analyzed the Sr-O-Sr angle distribution function inthat in model(a).
the topmost single SrO layer of modél and (b), during Furthermore, the radial distribution function between Sr

10 000 MD time stepsFig. 3. A single strong peak is ob- and O in the topmost single SrO layer of both mode)sand
tained at almost 90° in the angle distribution function for (b) was investigated during 10 000 time ste{sg. 4), in
both cases. This result suggests that the topmost SrO layer efder to clarify the detailed difference of the topmost SrO
both modelga) and(b) keeps an NaCl-type structure. How- structure of the two different models. Sharp peaks were ob-
ever, a small difference in the peak shdpe., the width or  tained at 2.8, 6.2, 8.3, and 9.9 A for mode). A different
standard deviation, and the tailbetween the two models radial distribution was observed for mode). For example,
the first peak of 2.8 A in modefa) was replaced by two
(@) separated peaks of 2.6 and 3.8 A in mod®! Similarly the
second peak of 6.2 A in modéb) was replaced by two

L L L B A AL separated peaks of 5.9 and 6.9 A in mo@sl The trend in
o " | First: S1O Layer 1 the change of the peak position is similar to that of the first
g Mir ) 7 peak. The third peak was also replaced by two peaks. Other
£ i v i peaks are missing in modéh). These results indicate that
‘: - TiO2 Layer the topmost SrO layer of modeéh) keeps an NaCl-type
= i ng’zLLaye‘ ] structure, while that of modéb) is slightly deviated from a
2 005 L S‘ro Lz:r’ | perfect NaCl-type structure. _
g | 1 The schematic structure of the topmost single SrO layers
@ | | of models(a) and(b) is shown in Figs. &) and 5b), respec-
5" i | tively, as predicted by the present MD calculations. The ori-
L ] gin of the above different SrO structures is interpreted as
Py I R L follows. Since the single topmost SrO layer of mo@®l is
0 S _58 — St Angle [i)(:e%ree] 150 directly attached to the Ti{atomic plane, the topmost single
b T T T T T T T T T T
( ) e — ; 6 @ I 1st: SO Layerl ®) |2nd: SrO Layer}‘
g |
,S 0.01 - a g B Jv Ist: SrO Layer | T
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FIG. 3. Angle distribution function of Sr-O-Sr in a topmost FIG. 4. Radial distribution function between Sr and O in a top-
single SrO layer of model&) and (b). most single SrO layer of mode(g) and (b).
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(a) structure of the second SrO layer in mode), as shown in
Fig. 5(b). Here, we compared the lattice constant of a SgTiO
crystal and the 12 lattice constant of a SrO crystal, because
crystallographically, a SrO layer structure of the SrO crystal
is tilted by 45° in comparison with that of the SrTj©Orystal

as shown in Fig. 6. On the basis of the above discussion, the
reason why the peak position of Sr-O radial distribution

| First: SrO Layer

TiO2 Layer function i.n model(b) was “divided” ?nto two peaks a§ the
shorter distance and at the longer distance than that in model

SO Layer (@) is readily understandableee Fig. 5. Since the lattice

TiO2 Layer constant of the topmost SrO layer in modb) is smaller

SrO Layer than that of the SrO/SrTipsubstrate, some O atoms move

TiO2 Layer slightly to positions closer to their neighbor Sr atoms and

S10 Layer some Sr atoms also take similar movement. Hence, the dis-
tance between the O atom and the neighbor Sr atom de-

creases, while the distance between the O atom and another
(b) neighbor Sr atom increases.
We also calculated the atomic structure of the third and

l Second: SrO Layer I fourth SrO layers grown on the SrTi®01) substrate. They
Sr O were also different from a perfect NaCl-type structure, simi-
$ # larly to that of the second SrO layer. Clearly, in our simula-

- tions only a single SrO layer can be grown epitaxially and
First: S1O Layer uniformly on the SrTiQ(001) substrate terminated on the
TiO2 Layer
SrO Layer
TiO2 Layer

nigue to the formation of the SrO layers on the SrJi@1)

S10 Layer substrat(_a. They observed a single RHEED osciIIation'at first,
as mentioned above; however no more RHEED oscillations

TiO2 Layer were detected during the formation process of SrO layers on

SrO Layer the SrTiG,(001) substrate. It indicates that only a single SrO
is able to grow epitaxially and uniformly on the Sr(001)

FIG. 5. Schematic of the structure of a topmost single SrO layesubstrate. This experimental result is in surprisingly good
in models(a) and (b), predicted by MD. agreement with the present MD calculations.

Q . TiO, atomic plane.
; Kawasaki and co-workers appli&the laser MBE tech-

SrO layer was fabricated as a part of a Srg@ystal. On the _ )

other hand, since the second SrO layer of mddeglis di- D. Atomic structure of a topmost single BaO layer

rectly attached to the SrO atomic plane, the topmost second ~ ©f BaO/SITIO5(001) and BaO/SrO/SrTiO5(001)

SrO layer was constructed as part of a SrO crystal instead of YBCO has attracted much attention because of its high-
a SrTiG; crystal. Hence, we propose that only the first SrOtemperature superconductivity. Hence, growth, structure, in-
layer inherits the structure of the SrTjQ@rystal, and the terface, and superconducting properties of YBCO-based su-
second SrO layer has the nature of the SrO crystal on thperlattices have been investigated extensively.The
SrTiO5(001) substrate terminated on the Ti@omic plane. fabrication of uniform YBCO/SrTiQ heterojunctions has
The lattice mismatch between SrEiCa=3.905 A) and SrO  been continuously studied because it is a main candidate for
(1M2a=3.649 A) crystals is responsible for the fluctuateda Josephson tunnel junction matefizl.All the high-T, su-

FIG. 6. Structure of the SrO atomic layer @ SrO crystal andb) SrTiO; crystal as well as their lattice constants.
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FIG. 7.[010] direction stress of a topmost single BaO layer in modelsnd(d) due to the lattice mismatch between layer and substrate.

perconductors have layered structure composed of alternadtructure of alternating BaO and TjGitomic planes, the
ing sequences of Cuand other oxide layers. YBCO has a BaO layer was fabricated as a part of a BaJiystal. The
stacked structure of BaO/Cy0Y/CuQ,/BaO/CuO. In the |attice mismatch between the SrEjda=3.905A) and
present study, attention was given to the BaO layer. BaTiO; (a=4.012 A) crystals produces the above large
We started with the SrTig001) substrate terminated on stress, shown in Fig. 7. On the other hand, since the topmost
the TiO, atomic plane, and assumed that a two-single BaO layer in modegl) is directly attached to the SrO
dimensionally flat and smooth BaO layer is grown on theatomic plane, the topmost BaO layer was constructed as a
SrTiO;(001) substrate, similarly to Sec. Ill C. We employed part of a BaO crystal instead of a BaTi@rystal. Further-
two different models to investigate the atomistic structure ofmore, since the lattice constant of SrgiQrystal @
the topmost single BaO layer on Srii@01) substrate. In  =3.905 A) is the same as that of BaO crystal vZd
model(c), a single BaO layer is stacked on the Srfi@1)  =3.905 A), modeld) did not gain any stress due to lattice
substrate terminated on the Ti@tomic plane. In modeld),  mismatch, as shown in Fig. 7. Here, we compared the lattice
a single BaO layer is stacked on a single SrO layer depositegbnstant of the SrTiQcrystal and the 122 lattice constant of
on the SrTiQ(001) substrate terminated on the Fi@omic  the BaO crystal similarly to Sec. Il C, because crystallo-
plane. The single SrO layer is employed as a buffer layer fographically a BaO layer structure of a BaO crystal, which has
a BaO/SrTiQ(001) heterojunction. Since double, triple, and the same structure as a SrO crystal, is tilted by 45° compared
more SrO layers on the SrTi01) substrate do not grow with that of a SrTiQ crystal (see Fig. 6.
epitaxially, only a single SrO layer is employed as a buffer In order to confirm the validity of the single SrO buffer
layer. The structure of model) is identical to that of a |ayer for a BaO/SrTiQ(001) heterojunction, the radial dis-
single BaO layer on the SrT¥C001) substrate terminated on tribution function between Ba and O in the topmost single
a SrO atomic plane. Generally, the fabrication of the heteroBaO layer of mode(d) is compared to that between Sr and O
junction induces stress at the heterointerface because the sub-
strate and constructed layers have different lattice constants ' T T (c") T ¥ T @ T ]
Thus, we focused on the difference between the stress at the_ g |- [2nd: BaO Layeq | Ist: SrO Layer| _|
heterointerface of modelg) and (d), as well as the atomic

n

structure of the topmost single BaO layer. In the present 5t S1O Layer 3
section, all MD calculations were carried out at 300 K. 6 TiO2 Layer TiO2 Layer | |
The time dependence of t§810] direction stress at the S10 Layer St0 Layer
heterointerface of models) and(d) during 10 000 MD time i T10% Laver TiO2 Layer ]
steps is shown in Fig. 7. Modét) kept approximately 1.2 4 S0 Layyer $10 Layer |

GPa at the heterointerface, independent of the time. Surpris-

ingly, in model(d), no stress was obtained due to the hetero-
junction. It is expected that the large stress in moggl

disturbs the subsequent fabrication of the uniform
YBCO/SrTiOy(001) heterojunction. Hence, we proposed

Radial Distribution Functio

()
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1
'
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I
1]
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AN
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Distance between Sr - O or Ba - O [108]

here that only a single SrO layer should be stacked on the ¢ L
SrTiO5(001) substrate terminated by Ti@tomic plane as a
buffer layer to realize a regulated and uniform BaO/SgliO
heterojunction. FIG. 8. Radial distribution function between Ba and O in a

The above result is interpreted as follows. Since the toptopmost single BaO layer in modéd). Radial distribution function
most single BaO layer in mod&t) is directly attached to the between Sr and O in a topmost single SrO layer in mdégis
TiO, atomic plane, and a BaTiZXrystal has also a stacked shown for comparison.
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in the topmost single SrO layer of the SrO/SrFi@01)  persistent RHEED oscillations during growth of the BaO
[model(a)]. The result is shown in Fig. 8. For both cases, thelayers on the SrO/SrTigd001), but not on the SrTig001).
peaks were obtained at the same distances of 2.8, 6.2, 8.Bhese experimental results are in surprisingly good agree-
and 9.9 A. This result is particularly surprising because thénent with our MD calculations.
Ba-O distance in a BaO crysta£5.523 A) is significantly Finally, on the basis of the present MD simulations, we
different from the Sr-O distance in a SrO crystah ( anticipated that YBCO, grows epitaxially on the BaO layer,
=5.160 A). From the analysis of Ba-O-Ba angle distributionsince the BaO layer is part of the YBCO structure, and that
and CG visualization, the BaO structure was found to keep &a0 layers/single SrO layeare suitable buffer layers for
perfect NaCl-type structure, confirming that the BaOthe YBCO/SITiQ heterojunction.
layer inherits the topmost SrO structure of the
SrO/SrTiG(001), i.e., an epitaxial and uniform single BaO
layer is fabricated on the SrO/SrTi®01). Another two IV. CONCLUSION
structures, BaO/BaO/SrO/SrTiM01) and
BaO/Ba0O/BaO/SrO/SrTigh001), were simulated. The ra- The atomic structure of SrO and BaO layers grown on
dial distribution function between Ba and O in the secondSrTiO;(001) substrate was elucidated via MD simulations.
and third BaO layers was similar to the that of the first BaOFurthermore, the suitable buffer layer for the
layer on the SrO/SrTigf001). Hence, we propose here that YBCO/SrTiO;(001) heterojunction was predicted on the ba-
a number of BaO layers can be fabricated epitaxially andis of the MD results. The interface structure of YBCO/BaO
uniformly on the SrO/SrTig(001). This is directly related should be investigated to confirm our suggestion. If true, our
to the smaller stress observed at the BaO/SrO/SyDi@M)  prediction is certainly helpful for the design of the uniform
heterointerface. and regulated YBCO/SrTipheterojunction. The combina-
Kawasaki and co-workers appli&daser-MBE to the for-  tion of the present simulation method and experiments prom-
mation of the BaO layers on the SrTj@01) terminated on ises to aid in the artificial construction of atomically defined
the TiG, atomic plane and SrO/SrTi001). They observed metal oxide layers.
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