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Abstract—- Multilayered structures bave been fabricated
from binary combinations of the high T. superconductor
YBayCuz07.s (YBCO) and the ferrite BaFe 2019 (BFO) or
the ferroelectric Stg sBag sTiO3 (SBT). The combination of
YBCO and BFO was found to destroy the superconductivity of
the YBCO layer. Vibrating sample magnetometer
measurements of the BFO layer still indicated a large uniaxial
anisotropy . The underlying YBCO layer, of an SBT/YBCO
bilayer still had high quality transport properties unaffected by
the SBT layer (T ~ 91 K, Jo(77 K) ~ 2x10% A/cm?). A thin
film, normal metal/SBT transmission line, patterned in
microstrip, demonstrated a wealth of temperature and electric
field dependent dielectric information for the frequency range
tested (f< 3 GHz). At 100 K, the dielectric constant for zero
applied field was 250 for frequencies less than 30 MHz; it was
~120 for 1 GHz < f< 3 GHz, and it varied continuously with
frequency between these values. For temperatures between 300
K and 11 K, frequencies less than about 0.5 GHz, and applied
fields up to 200 kV/cm, a nearly linear change in field-induced
phase difference was produced in the transmission line. Above
this frequency the field dependence changed sign and essentially
disappeared at ~1 GHz.

1. INTRODUCTION

The first generation of high temperature superconductor
(HTS) multilayers were composed of layers of HTS (typically
YBayCu307_5) and common lattice-matched insulators (e.g.,
LaAlO3 or PrBapCu307). Their choice was govemed by the
ability to maintain epitaxy and to separate electrically the
YBa,Cu307_5 (YBCO) layers for waveguide or junction
applications, respectively. Second generation dielectrics in
HTS multilayers will likely support a more useful function
than simply dielectric slowing, e.g., actively changing the
permittivity in response to a moderate electric field.

Thin film heterostructures made from HTS and ferrites
and ferroelectrics offer unique opportunities for the fabrication
of advanced microwave circuit elements. Based on bulk and
single layer thin films these structures were predicted to have
novel physical properties as a result of the interaction of the
component materials. Recently, it was shown in bulk
Srg.5Bag sTiO3 (SBT) that electric fields of 20 kV/cm could
change the dielectric constant by as much as 54% [1]. For
applications such as phase shifters these bulk materials would
require ~1000 volts to achieve useable phase shift. Assuming
that thin film properties could be extrapolated from bulk
behavior, a 1 pm thick film would only require a bias of ~10
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volts. This is a much more realistic value to be obtained and
applied in a T/R module phase shifter. In addition, the
combination of SBT with YBCO would be especially
appropriate for maintaining crystalline epitaxy and low
insertion losses.

Combining thin films of BaFe 17019 (BFO) with YBCO
should show novel external flux pinning properties, assuming
again that bulk behavior extrapolates to thin film form. These
properties would be a result of the interaction of the
component materials at the interface. For a BFO/YBCO
bilayer, magnetic domains in BFO layer would exceed H¢ | and
induce fluxoids in the YBCO film. The energy required to
cause flux flow would then be the sum of the conventional
pinning energy and the additional energy required to move the
domain walls (external to the YBCO layer). This, in eflect,
causes additional pinning strength, and thus, higher thin film
critical currents.

We have deposited novel multilayers of ferrites
(BaFe2019) and ferroelectrics (St sBag 5TiO3) with
YBa;Cu307_s. The goal of this work was to determine
whiether bulk and single layer properties could easily be
transferred to thin filri multilayers and to explore the
aforementioned applications. The pulsed laser deposition
approach seemed especially appropriate for this investigation
since all that is required to deposit multilayers is to change the
targets. Also our group has previously demonstrated the
ability to deposit separately all of the classes of materials
proposed, and to pattern HTS devices and HTS multilayers [2-
8].

II. EXPERIMENT

The pulsed laser deposition system used for multilayer
preparation has been described previously [2]. Briefly, the
focussed output of a KrF excimer laser was used to ablate
stoichiometric targets of YBayCu3z07_5 (YBCO), and either
BaFe 17019 (BFO) or Srg 5Bag sTiO3 (SBT). The electrical
and structural transport properties of single layer YBa,Cu;0;.5
was optimized at 750°C and 300 mTorr of oxygen. The
optimum conditions for pulsed laser depositing single layers of
BaFe 2019 were 900°C and 400 mTorr of oxygen on <0001>
Aly03. Details of single film properties have been published
elsewhere [4]. In some cases, an oriented Pt layer was used as
a chemically inert conducting layer when characlerizing the
ferroelectrics, For these cases it has been found that deposition
at 450°C in 50 mTorr of argon onto <100> MgO results in
<100> oriented Pt [6]. The Sty 5Bag sTiO3 was deposited at
750°C in 300 mTorr of oxygen. It is not known whether
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these conditions are optimum for the deposition of
Srg,5Bag 5TiO3 single or bilayers.

IIl. RESULTS
A. HTS/Ferrite Multilayer Results

The BFO/YBCO multilayers were grown in both orders,
i.e., the YBCO layer was grown first and then the BFO layer
and vice versa. But two different substrates were used,
depending on order, to optimize the oriented growth of the
bottom layer. <100> MgO was used as a substrate for YBCO
and <0001> Alp03 was used for BFO. When YBCO was
deposited first, and before the BFO layer was deposited, the
transport properties were measured and found to be high
quality. In all cases, the resulting combination of BFO and
YBCO caused the YBCO layer to be nonsuperconducting for
temperatures above 4.2 K. The hysteresis curves for the BFO
indicated the ferrite layer was pot similarly destroyed.
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Fig. 1 Hysteresis curves for a YBCO/BFO bilayer on a

<0001> Al;03 substrate. The two curves are for the

field applied perpendicular and parallel to the c-axis.

In Fig. 1 we present the vibrating sample magnetometer
hysteresis curves for a YBCO/BFO bilayer on a <0001>
Al;03 substrate [9]. The two curves are for the field applied
perpendicular and parallel to the c-axis. A large uniaxial
anisotropy is observed consistent with c-axis texturing in the
BFO layer. The perpendicular coercivity He and anisotropy
field H, are 0.6 and 17 kOe, respectively. Qualitatively
similar results were found for the bilayer deposited in the
opposite order, i.e., with the YBCO deposited first, with the
only difference being slightly less uniaxial anisotropy.
Similar results were obtained by Naoe et al. for sputtered
bilayers [9]. X-ray diffraction analysis of the c-axis lattice
parameter suggested the superconductivity was destroyed in the
YBCO layer by the extraction of oxygen from the YBCO
layer. Auger depth profile showed no apparent interdiffusion.
It is possible that the use of appropriate buffer layers in the
future could mitigate this problem.
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B. HTS/Ferroelectric Multilayer Results

‘We have successively deposited oriented bilayers of SBT
and YBCO. In Fig. 2 we show the x-ray diffraction pattern for
SBT/YBCO on an <100>MgQO substrate.
indicates the SBT film contained both <100> oriented grains
(with a rocking curve width of ~0.8°) and some randomly
oriented grains of SBT. It is possible that the initial epitaxy
was lost as the film became thicker. The electrical transport
properties of the YBCO layer were measured inductively after
the SBT deposition and found to be T¢~91 K and J(77
K)~2x108 A/cm?2.
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Fig. 2 The x-ray diffraction spectrum of SBT/YBCO onan .
MgO substrate.

SEM image of the 12 pm wide by 1 cm long Ag -
transmission line used to characterize the dielectric .
constant of the SBT layer at microwave frequencies. :
The length bar is 2.5 pm.

Fig. 3

- Expecting similar degradation of the YBCO layer as was -
found with the BFO ferrites, we also deposited SBT onto:an

MgO substrate coated with 1 pm of epitaxial <100> Pt. The:

x-ray diffraction pattern for the SBT film on Pt indicated

This pattern
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<110> preferential orientation (instead of <100>) was present.
Less randomly oriented material was observed.
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Fig. 4 The phase difference observed at 150 K versus
frequency for various applied fields.

The SBT/Pt on MgO bilayer was used to characterize the
field and temperature dependence of the SBT's dielectric
constant. On top of the SBT a 12 pm wide by 1 cm long by
1 um thick Ag transmission line was e-beam deposited and
photolithographically patterned. In this case, the SBT layer
was 4000 A thick (see Fig. 3). Microwave signals were
transmitted through this microstrip device and Sy; was
analyzed on an HP 8753A vector petwork analyzer. In Fig. 4
we plot the phase difference observed at 150 K versus
frequency for various applied fields. The qualitative features of
this plot were similar for all temperatures measured between
11 K and 300 K. Fig. 4 shows that the application of an
electric field can cause additional phase shift, at any given
frequency (f < 0.5 GHz), similar to what is observed in bulk
SBT and that the magnitude of phase change increases
monotonically with frequency for f < 0.5 GHz.. What is not
clear from this plot is that the dielectric constant is changing
as a function of frequency. Also, the physical causes for the
peaks and the rapid change in behavior between 0.5 GHz and 1
GHz are not understood.

Assuming a parallel plate geometry the dielectric
constant was calculated at 100 K at several frequencies. For
frequencies less than 30 MHz the dielectric constant was 250.
For frequencies between 1 and 3 GHz the value was 120. The
dielectric constant varied continuously between these values.
The DC resistance through the dielectric of the device was
greater than 0.5 MQ throughout the temperature and voltage
ranges explored. Taking into account the geometry, his
translates to a resistivity greater than 1.5x107 Qcm

As the temperature was varied between 11 K and 300 K
the frequency and electric field dependence of the SBT's
dielectric constant was modified. In Fig. 5 we plot the phase
difference at 8 volts versus frequency for temperatures
incremented by ~100 K. What is evident from Fig. 5 is that
the response is maximized near 200 K for almost the entire
frequency range. From bulk work, it is expected that this
response be maximized near the ferroelectric Curie temperature,

which is where the dielectric susceptability changes from
ferroelectric to paraelectric behavior. For this composition the
bulk Curie temperature was ~260 K.
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Fig. 5 Phase difference observed at 8 volts bias versus
frequency for several temperatures. A bias of 8 volts
corresponds to an electric field strength of 200

kV/cm.
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Fig. 6 Phase difference observed a 0.2 GHz versus applied
electric field for each temperature measured.

In Fig. 6 we plot the phase difference observed at 0.2
GHz versus applied electric field for each temperature
measured. At each temperature we observe a roughly linear
change in phase with electric field. Also, the field-induced
change in phase is maximized near 150 K to 200 K. 1t should
be noted that the electric field strength used in this thin film
device (200 kV/cm) is roughly an order of magnitude higher
than that used by Varadan et al. and it is near the dielectric
breakdown voltage of this material [1]. To better observe the
temperature dependence of the field-induced change in phase we



linearly fit the data in Fig. 6 and plot the slope versus
temperature. This data is shown in Fig. 7.
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Fig. 7 Phase difference per electric field strength at 0.2 GHz
© versus temperature.

From Fig. 7 it is apparent that the Curie temperature for
thin film SBT occurs between 150 K and 200K. This value is
about 100 degrees lower than that observed in bulk SBT. The
Curie temperature is known to be a strong function of the Sr
to Ba doping varying from 110 K for SrTiO3 to 408 K for
BaTiO3. Rutherford backscattering analysis of the
stoichiometry of this film indicated a St/Ti and Ba/Ti ratio of
~0.5, consistent with the pulsed laser deposition target
stoichiometry.

1IV. CONCLUSION

We have deposited novel multilayers of HTS and ferrites
and ferroelectrics. While the BFO layer destroyed the
superconductivity of the YBCO layer, in the YBCO/BFO
bilayer, the BFO layer had acceptable properties. Thin
insulating buffer layers could restore the superconductivity and
improve the magnetic properties. The dielectric constant of
the SBT transmission line showed extremely interesting
electric field and temperature response, most of which is not
understood. For SBT to be useful in an active microwave
device it must remain electric-field-active until much higher
frequencies.
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