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Electrical Properties of AIlAlzO3/(Ba,Rb)BiOr/SrTiO3(Nb) Three Terminal Device
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A three terminal device of Al/AlzO/(Ba,Rb)BiO3A{b-doped SrTiOt structure
with superconducting base material was fabricated. The stable interface between
(Ba,Rb)BiO: and artificial oxide barrier was obtained using in-situ AlzO: deposition.
The output characteristics were measured as functions of input current. Common
emitter output characteristics showed the current gain greater than 2.

1. Introduction
Recently, "carrier injection" type transistors have

been investigated for high gain and high frequency
operation using microfabrication, thinner base layer and
so on. Although quite a thin base layer is used to give a
high gain, the large base resistance of the device prevents
its high frequency operation. For solving the problem, a
number of hot electron transistor (HET) such as the
metal base transistorsl-3) (MBT) and heterojunction
bipolar transistorr+) IHBT) have been proposed. One of
these is the superconducting base transistors'7) that uses
a superconductor as its base. The device allows the base
to be thinner than that of conventional metal base
transistors due to reduction of its resistance, and can be

operated at ultrahigh frequenciess) and lower
consumption.

We have studied (Ba,Rb)BiO: (hereafter BRBO),
which is more advantageous than conventional Cu-based
superconductors in that it has a coherent length as long
as 5 - 7 nme) without electrical anisotropy, and its film
can be formed at such relatively low temperatures as 300-
400oC.10) Since a growth of superconducting thin film
has a marked influence on device characteristics, we have
established a deposition technique using the molecular
beam epitaxy (MBE) method with distilled ozone.ll'12)

In this study, we have been investigated the electrical
properties of three terminal devices using artificial AlzOg
insulator layer as a reproducible tunneling emitter barrier.
The characteristics of Al/AlzO:/BRBO emitter junction
and electrical properties of the three-terminal device with
structure of Al/AlzOl/BRBO/Nb-doped SrTiOg are
described in this paper.

2. Experimental
A schematic fabrication process and a top view of the

three-terminal device are shown in Fig.l. The BRBO

PC‐ 6‐6

thin films were prepared on niobium doped STO(110)
substrate (hereafter STO(Nb)) at a substrate temperature

Fig.l A schematic fabrication process and a top view of
the Al/AlzOg/(B a,Rb)B iO/SrTiO:(Nb) device.
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3.2 Diode characteristics
Figure 3 shows diode characteristics of the

Al/AlzOttBRBO junction. It was found that the junction
shows rectifying characteristics, and the forward and
backward currents are proportional to a square of the
voltage.

3.3 Output characteristics
Figure 4 shows output characteristics (Ic-Vce) of the

device of common emitter configuration. The current
begins the flow from the emitter to the collector at
around 2.2 V .It was found that the current gain B of the

device is 3 or less for the base current of 2.251tA at

(a)

(b)

(C)

(Ts) of 370'C by MBE using distilled ozone. For an

emitter barrier, -40A thick AlzOl film was formed on

BRBO/STO(Nb) by electron beam at room temperature.
Aluminum (Al) was then deposited using resistive
heating evaporation through metal masks as an emitter
electrode. The size of the emitter junction was 100x300
pm2. These elements were coated with a photoresist, and

the BRBO film was formed into a 400x400 pm2 pattern

by photolithography followed by Ar+ dry etching. An
additional Al film of 500 nm in thickness was deposited
as an ohmic electrode for the STO(Nb), and finally, the

entire surface was protected with a photoresist.

3. Results
3.1 XPS measurements

X-ray photoelectron spectroscopy was used to
investigate the chemical bond states between BRBO and
oxide barrier. Figure 2 shows Bi-4f, Ba-3d and Rb-3p
spectra from as grown BRBO (a) and BRBO after Alzol
deposition on it (b). To compare artificial and natural
barriers, the chemical bond state of BRBO after metal Al
direct deposition on it was shown in Fig.2 (c). Figure 2
(c) indicated that the chemical bond state of Bi-4f from
BRBO films can be explained by multiple-valence states.

From results of the signal processing, the peak at around
l57.4eY and the shoulder at around l56.2eV were
obtained. The XPS spectra of Al also showed multiple-
valence states, though it was not shown in Fig.2. This
may suggest that the BRBO surface reacts with metal Al,
and the natural barrier is formed between BRBO and Al.
On the other hand, Fig.2 (b) indicates that the Bi peak
position does not change with AlzO3 deposition, and a

stable interface between BRBO and artificial AlzO: barrier
is obtained without the degradation of BRBO surface.
These results mean that the in situ AlzOl deposition is
effective for the formation of emitter barrier.

(eV)

Fig.Z Bi-4f, Ba-3d and Rb-3p XPS spectra from BRBO
thin films.

(a) as grown BRBO surface.
(b) after AlzOl deposition on BRBO.
(c) after Al direct deposition on BRBO.
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Fig.3 Diode characteristics of the Al/AlzOtlBRBO
junction.
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Fig.4 Output characteristics of the device of common
emitter configuration.

Vce=3.0V. This figure shows non-saturating
characteristics and the output resistance is of the order of
a few hundred kilohms. On the other hand, Input voltage
- Output voltage characteristics with constant base

current indicated that leakage currents increase with
increasing Vce. This limited the voltage gain of this
device to several percentages. It is necessary to reduce the
leakage for better performance.

4. Discussion
The operation mechanism in this device is discussed

below. Many experimental works had performed on
active devices with amplification.2'13-18) Some groups
pointed out that a "hot electron" ballistic transport may
occur in the metal base. However, there is no evidence
for the "hot electron" ballistic transport through the
6urc.2,13'15) Recently, several papers described that the
structure with conducting paths between the emitter and
the collector regions can be considered as a field effect
type transis1e1.16-18) In this device, i) emitter barrier is
amorphous layer, ii) growth of BRBO thin film as base
layer is a three-dimensional growth,l2) iii) ballistic
transport is not yet confirmed. Therefore, we can not

deny that the current flow through pinholes under the
potential of the base (like a field effect transistor).

5. Conclusions
A three terminal device of AI/AIzO/BRBO/STO(Nb)

structure with superconducting base material was

fabricated. A stable interface between BRBO and artificial
oxide barrier is obtained using in situ AlzOg deposition.

The output characteristics were measured as a function of
input current. Common emitter output characteristics
showed a culrent gain greater than 2.

Acknowledgments
This work was carried out by the

Superconducting Electron Devices Project under the
management of the R&D Association for Future Electron
Devices (FED) as a part of the Minisuy of International
Trade and Industry (MITI) R&D of Industrial Science and
Technology Frontier Program supported by New Energy
and Industrial Technology Development Organization
(NEDO).

References

l) C.A.Mead: Proc. IRE. 48(1960)359.
2) D.V.Geppert: Proc. IRE. 50(1962)1527.
3) S.M.Sze and H.K.Gummel: Solid State Electron.

9( t966)7 st .

4) M.Heiblum, I.M.Anderson and C.M.Knoedler:
Appl. Phys. Lett. 49(1986)207.

5) H.Tamura, S.Hasuo and T.Yamaoka: Jpn. J. Appl.
Phys. 24(r985)L709.

6) D.J.Frank, M.J.Brady and A.Davidson: IEEE Trans.
Magn. MAG-21 (1985)7 2r .

7) T.Kobayashi, H.Sakai, Y.Kurita, W.Tonouchi and

M.Okada: Jpn. J. Appl.Phys. 25(1986)402.
8) R.Kawasaki, K.Hashimoto and H.Abe: IEICE

Trans. 74(1991)2004.
9) D.G.Hinks, B.Dabrowski, J.D.Jorgensen,

A.W.Michell, D.R.Richards, S.Pei and D.Shi:
Nature 333(1988)836.

10) E.S.Hellman and E.H.Hartford:
J.Vac.Sci.&Technol.BS( I 990)332.

1l) M.Ogihara, F.Toda, T.Yamada and H.Abe: Ext.
Abstr. Solid State Devices & Mater.,
Yokohama,l991, p.514.

12) M.Ogihara, F.Toda, T.Makita and H.Abe: IEICE
TRANS. ELECTRON., VOL.E76-C( 1993) 1251.

l3) J.P.Spratt, R.F.Schwarz and W.M.Kane: Phys.
Rev. Lett.6(1961)341.

14) D.Kahng: Proc. IRE. 50(1962)1534.
15) E.Rosencher, S.Delage, Y.Campidelli and

F.A.D'Avitaya: Electron. Lett. 20( I 984)7 62.
16) J.Antula: J. Appl. Phys. 43(1972) 1830.
l7) J.C.Hencel, A.F.J.Levi, R.T.Tung and J.M.Gibson:

Appl. Phys. Lett. 47 (1985)15 1.

l8) R.N.Hall: Solid State Electron. 3(1961)320.

8.0

０

　

　

　

０

　

　

　

０

　

　

　

０

６

４

２

０

（く
じ
一目
日
』ヨ
０
』ｏ
ｏ８
【】ｏ
０


