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Crystal structure of perovskites
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Fig. 1 Crystal structure of layered perovskite high-7T; supercenductors.
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Table 1 Summary of basic thin film processes for high-T': Bi-system.
Deposition Postannealing Phenomena observed Superconducting phase

temp. T temp. Taancal during annealing
T~ or Tanneal"“"Tmp meit
process{1) erystallization Low T
segregation {High T'. mixed phase)
oxidization
T 1. Tnnneal""’Tmp melt Low T
process(2) erystallization High T
segregation intergrowth
oxidization
~T,r crystallization
oxidization single phase®
< Tor oxidization single phase®
T Ter oxidization and single phase®

precess{3)

erystallization

during deposition

*: at stoichiometric composition, Tws: melting point
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Fig. 2 Layer-by-layer deposition systems; (a) Multi-target magnetron sputtering,
(b) Multi-targst ion beam sputtering, (c) Molecular heam epitaxy, (d) Laser

beam deposition.
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Fig. 3 X.ray diffraction patterns of as-grown
Bi-Sr-Ca-Cu-O films of 300~400 A thickness on
{100) MgO under different time of Ca-Cu-O
sputtering at 1=0640°C; (a) 76 sec, Bi:Sr2
CailCu20s, (b) 150 sec, BizSraCasCusOuw, (c)
220 sec, Bi=Sr:CasCusOiz.
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B U ATBIREED, Ry 2 THBETEEEL S C
EPEEIN, f, ERNICOTHRESR SN,
Layer-by-layer FEIC &L 23RS HIT, Kawai &
ELD, v S L - TeEAGRTINED, &

BEEE WI12% BT (168

{a)

(b)

{c)

Tig, 4 RHEED patterns for initial stages of
film growth of Bi-Sr-Ca-Cu-O system prepared
by layer-by-layer deposition using ion beam
sputtering, Ts=00°C; (a) Bi-O on {100) MgO,
(b) SrCaCu-O on Bi-O/(100) MgD, (c)
Bi-0/Sr-Ca-Cu-O/Bi-Of (100) MgO.
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Table 2 Chemical reaction during laver-by-laver
deposition of high-T'. Bi-system

* initial stage

2B+ 3/20:—B1:05 (1)
* gecond stage

BizOs+ SrsCaiCuz0s— BiaSraCaiCu20s (2)

Biz0s+4 Sr2CasCusOr—BizSraCasCusOie (8)

Biz0s+4 SrzCasCusCe—Bi2Sr2CasCusO1p {4)

Bi20s+ SraCasCusOr-—BizSraCaiCusQs - Calul:  (5)
BizCs+SraCasCuse— BisSreCaiCuzOs + 2Calul: (6}
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Materials Preparation Structure/Properties JRef.
PbTiQ/PbLaTiO multitarget sp. superlattice (9)
(sapphire) T.=650°C wavelength; 100~300 A
BiSrCalu O multitarget sp, phase control (10}
(MgO) T.=650°C Cu-O layer; 1~5
BiSrCaCuO ion beam sp. phase control 27
(8T Ts=606°C, RHEED Cu-O layer; 2~3
YBaCuQ{DyBaCuO multitarget sp. superlattice (12}
(MgO) Ty=T700°C wavelength ; 24 A
Bi{Pb)SrCaCul laser ablation, ArF substitution (15)
(MgO) T=880°C, N0 Ca, Sr—Ba
YBaCuQ/PrBaCu0 multitarget sp. superlattice (36)
(ST, Mg =700°C PrBaCuQ; insulating
interlayers coupling
BiSrCaluQ/ multitarget sp, SNS Josephson Junction (37
BiSrCuO/ T.=850°C S; Bi-2212 (2000~3000 A)
BiSrCaCud N; Bi-2201 (600 A)
(Mg Shapiro step at 4.2K
BiSrCaCuQ reactive ev, in Og phase control {14)
(ST, Mg0) T;=550~600°C RHEED Cu-O layer; 1~3,5
YBaCuQ/PrBaCuQ laser ablation, KrI® superlattice (38)
(MgO) T =8670C wavelength; 24 A
YBaCuO/FPrBaluQ laser ablation, KrF superlattice (39}
(LaAlOs) T:=720°C, N0 interlayer coupling
BiSr (Ca, Y)CuQ laser ablation, ArF superlattice (40}
{(MgQ) postanneal 840°C CafY=1; semiconductor
Caf¥=0. 85/0. 15; supercon.
interlayer coupling
YBaCuQ/PrBaCuO/ laser ablation, KxF SNS Josephson junction (41)
YBaCuO T4 =850~T50°C N; PrBCO (5004}
Mg0)
BiSrCaCuG/BiSsCuO multitarget sp. superlattice (42)
{MgO) T,=T00°C interlayer coupling
BiSrCaluQ/BiSrCu0 reactive ev, in Qg superlattice {43)
(5T) T.=800C
4. ATEBTHE
Sis BUH AR LR L ATBE T3 Y RE X0 “iotar

Bi RMEEE
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Lickd, 12 BTFa=y b OEBEEWE S R8E L0
B RS EEER T 5,
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_

Vasuum

-

Power supply

Fig. 5 Schematic diagram of {wo-target RF
magnetron sputtering system,
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Fig. ¢ X.ray diffraction patterns of the single
layer films of 1000 A thickness sputtered on
(100} MgO under the sputtering conditions:
T,=700°C sputtering pressure 40 Pa (Ar/O:=
1/1), deposition rate 10~20A,’mm, (a) Bi-
2212 (BisSrla1Cu:0s) film sputtered from
Bis.sSreCazCurs  target and (b)) DBi-2201
(Bi28r:CuiQs) filmn sputtered from Biz.sSreCuo.e
target.
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Fig. 7 XK-ray [diffraction patterns of the multi-
layered sputtered superlattice; (a) (250 Af
100 A} and (b) (351A/24Aj. The arrows
indicate the satellite peaks.

Fig. 8 Cross sectional TEM image of the sput-
tered superlattice of Bi-2212/2201 system.
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Fig. 9 Temperature dependence of resistivity
for the (250 A/100 A), (120 Aj100 A), 62 Af1c0
A), (31 A/100 A) sputtered superlattice and
the single layer 2212 film.
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