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Preparation of planar-type novel structured THz device using a-axis/non-c axis
oriented Bi-2223 epitaxial film
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A new concept of a THz device was proposed based on the single crystal film
of high temperature superconductors (HTS) with a non c-axis orientation. This is a simple planar
structure and has a high potential to challenge the performance enhancement of THz devices.

To obtain the non c-axis orientation and excellent quality of the thin films, fabrication was
performed by using the ideas of film-substrate lattice matching engineering, “ template” or
two-temperature growth (growth starts at a low temperature and continues at a higher one), and
modification of the 2D layer-by-layer growth to a step-flow growth when vicinal substrates are used.
Experiments were conducted on an original, unique, and custom made MOCVD machine and we succeeded
in producing superconductin? twin-free high-quality (117) Bi-2212 non c-axis epitaxial films. The
films are considered suitable for fabrication of novel planar THz devices, but further research is

needed.
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Fig. 1. Schematic drawing of intrinsic Josephson junction devices for THz emission: (a)
Mesa-type using c-axis HTS oriented film; (b) Planar-type using non c-axis HTS

oriented film.

THz c Bi-2212
Bi
Fig. 2
Lattice misfit Fig. 2. Film-substrate lattice matching
LaAl( - e relationship for the growth of the non c-axis
ogd (117)Bi-2212 thin film. Same in-plane
o) relation _is for_ (1_19)Bi-2212 impqrity grains.
P Catengs oy The lattice misfit between the f||_m a_nd the
,,:;i, «=3.791 & - " substrate along [001] and [110] directions of
Z the substrate are 0.98% and 8.95%,
Bi-2212 respectively.
THz LaAlO3
MOCVD
Bi-2212 6--260
oy X XRD
Fig. 3 6--260 XRD Fig. 4 ¢y XRD
Bi-2212 c 45° twin
AFM Fig. 5
(span-roof) c
c THz
twin-free
Fig. 4. XRD ¢ - v
S O Bi-2212 scans of the
-",:;" 5, ; @ LaAIOs (117)Bi-2212 film: ¢
2 -y experimental
ff. & 3 results for  the
] S = (0010) plane (260 =
z i © 29.048°) of the non
A U c-axis Bi-2212 film.
0 10 20 30 40 s0 60 70 0 90
20 (degree)
Fig. 3. XRD 6- 20 scan of the 9(’) w(°)

(117)Bi-2212 film.

o(°)

180



55.99

fnm)

Intensity (arb. unit)

000

=]
-l
lo 0Bi-212 =(|2
(a) 8 oL £ (b) 0le
= = -
L[ £ -
s 0 z g
a g u Ox "
o |Ii° i el 8
b\ £ qo 'b o

1 W L]

20 (degree)

W o@ om0 W

M (degree)

Fig. 5. AFM image and Fig. 6. XRD patterns of non c-axis Bi-2212 films grown
cross-section view of the on flat (110) LAO substrate at (a) — 520 and (b) — 750 °C
span roof-like grains. (orientations and thickness are also indicated).
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