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INTRODUCTION 

Phased array antennas can steer transmitted or received signals either linearly or in two 
dimensions without mechanically oscillating the antenna. These antennas are currently 
constructed using ferrite phase shifting elements. Due to the circuit requirements necessary to 
operate these antennas, they are costly, large and heavy. Therefore, the use of these antennas has 
been limited primarily to military applications which are strategically dependent on such 
capabilities. In order to make these devices available for many other commercial and military 
uses, the basic concept of the antenna must be improved.  If ferroelectric materials could be used 
for the phase shifting element instead of ferrites, phased array antennas could be significantly 
improved. 

A ceramic Barium Strontium Titanate, Bai-xSrxTi03, (BSTO), phase shifter using a planar 
microstrip construction has been demonstrated!11. In order to meet the required performance 
specifications (e.g.,maximum phase shifting ability), the electronic properties in the low 
frequency (KHz) and microwave regions (GHz) must be optimized.  As part of this optimization 
process, various composites of BSTO and non-ferroelectric oxides have been formulated. 

In order to obtain higher operating frequencies and to decrease the voltage requirements, thin film 
fabrication of the above candidate materials is necessary.  This paper outlines preliminary work 
on the PLD of undoped and modified BSTO on various substrates. The composition at the 
substrate/film interface and the bulk of the film have been obtained using RBS. Glancing angle 
x-ray diffraction has been used to determine the orientation of the films. Various electroding 
combinations were used in order to optimize the electronic properties of the films and these 
properties were measured for some of the films using an HP 4194 A impedance analyzer. The 
results of these measurements will be discussed and correlated to the RBS and x-ray diffraction 
data. 

EXPERIMENTAL 

The PLD was accomplished using a krypton-fluoride excimer laser with a wavelength of 248 nm 
and a repetition rate of 10 Hz. The average pulse energy was 300 mJ with a 20 ns pulse width. 
The oxygen partial pressure in the chamber was 150 mT and the substrate temperature was 
520 °C, which was monitored by a thermocouple clamped between the heater and the substrate. 
The substrate was parallel to target and their separation distance was maintained at 48 mm. 
The powder pressed ceramic targets were prepared according to a description published 
previously PI. 

The lattice parameters and dielectric constants of the substrates used in this experiment are listed 
in Table 1. Prior to PLD, the substrates underwent a cleaning cycle which included an ultrasonic 
cycle of TCE followed by two methanol ultrasonic cycles. The samples were then rinsed with 
methanol and air dried. 



TABLE 1.   Relevant Physical Parameters of the Single Crystals Used as Substrates 

SUBSTRATE 

MgO AI2O3 LaAlCh NdGaCh RbMnF^ 
Lattice 
parameter (Ä) 4.21 4.76 3.79 3.84 4.24 

Dielectric 
constant (300K) 10 11 23 20 15 

The targets chosen for this report were Ba<) 6Sr() .jTiO.-? (BSTO), BSTO with 1 wt% alumina and 
BSTO with 1 wt% of an additive oxide, referred to hereafter as oxide III. A Dektak-200 
profilometer was used to measure the films thickness which was approximately 5000 Ä on all the 
substrates. 

In order to measure the electronic properties of the films, two different ground plane electrodes 
were used.  For the first system, the Ti/Pt electrode was sputtered sequentially with Xe ions 
from a Zymet Z-100 ion implantation unit.  A target angle of 30° with respect to the incident 
beam was used. The thickness of the sputtered Ti layer was 1000 Ä and the thickness of the 
overlying Pt layer was 1500 A. For the second system, Ruthenium oxide (Ru02) was sputtered 
onto the substrates at a substrate temperature of 200°C and a O2/AJ ratio of 1:4 with a total 
pressure of 10 mT. The Ruthenium oxide films were 3000 A thick.  The resistivity of the as- 
deposited films were in the order of 160 uohms-cm. They were annealed at 600°C for 30 
minutes to lower the resistivity and were cooled by furnace quenching.  The resistivity of the 
annealed films were measured to be 110 uohms-cm   The thicknesses of the top electrodes were 
measured to be approximately 3000 Ä using a Dektak-200 profilometer. The metallized films 
used for the electrical measurements were: (1) Sapphire/Ti/Pt/BSTO with 1 wt% alumina / Au, 
(2) Sapphire/Ru02/BSTO/Au and (3) Sapphire/Ru02/BSTO with 1 wt% oxide III/Au. The 
BSTO thickness of (1) was measured to be 8000 A while the thickness of combinations (2) and 
(3) was measured to be about 6000 Ä. 

The RBS technique used involve the acceleration of He+ ions to 2 MeV by a National 
Electrostatics Corporation (NEC) tandem pelletron accelerator. This He+ ion beam is collimated 
to a 1 mm diameter beam which is incident upon the film/crystal substrate. The scattered helium 
ions were detected at a backscattering angle of 170° with a surface barrier detector with a system 
energy resolution of 20 to 25 KeV. The energy detection system is calibrated with a standard 
prior to data acquisition. The elements in the crystal are determined from the detected energies of 
the backscattered ions which are related to the mass of the atoms. The composition of the 
films/crystals were obtained by utilizing the software program RUMP to fit the data I31. 

The glancing angle x-ray measurements were performed using a Rigaku RU 200 rotating anode x- 
ray diffractometer. The entrance slit had a width of 0.2° and the angle of incidence of the Cu K(x 

( k=\ .5415 A) beam was set at 1°. The sample interval was 0.02° and the scan rate was 
9°/minute. 



The dielectric constant (e') and % tunability were determined for all thin film/substrate 
combination. The % tunability of a material is determined using the following equation: 

% tunability = { £'(0) - e'(Vapp)}/ {e'(0)} (1) 

The tunability measurements were taken with an applied electric field which ranged from 
0 to +/- 8.0 V/micron (urn). The electronic properties were measured at a frequency of 30 KHz. 
Capacitance versus voltage (C-V) measurements for the films were taken using an HP4194 
impedance / phase gain analyzer. The voltage was applied internally through the HP 4194A and 
was varied from -8.0 V to +8.0 V. 

RESULTS AND DISCUSSION 

Glancing Angle X-ray Results 

Bare Substrates 

The glancing angle x-ray diffraction pattern (GAXRD) for the BSTO / lwt% oxide III film 
deposited on RbMnF3 is shown in Figure 1. As shown in the figure, all of the x-ray peaks match 
the peaks of the of the target material, which is shown in the inset. However, there is evidence 
of the presence of a small amount of a secondary Ba-rich (Bai.9iSro 09TiC»4) phase. The 
preferred (110) orientation of the film is indicated by the higher relative intensity of the (110) 
peak as shown in the x-ray pattern. 

Fig. 2 shows the GAXRD of BSTO/1 wt.% oxide III deposited on NdGaO.3. The pattern does 
not show a good match with the target material and is indicative of an amorphous film. We 
observed the same type of amorphous film quality for the BSTO/oxide III deposited on LaAlO.r 
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Figure 1. Glancing Angle X-ray Diffraction Pattern of BSTO/1 wt% oxide III Film Deposited on 
RbMnF3. Inset shows x-ray pattern of the target material. 
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Figure 2. Glancing Angle X-ray Diffraction Pattern of BSTO/lwt% Oxide III Film 
Deposited on NdGaO.i 

Metallized Films 

Fig. 3 shows the GAXRD pattern for the BSTO (with 1 wt% alumina) film deposited on the 
platinized sapphire substrate.  The inset shows the powder diffraction pattern of the target 
material.  It was observed from the x-ray pattern of the target that a secondary phase 
(Ba3AlioTi02o; marked "*") is present. As shown in the figure the dominant peak for the 
pattern is the (220) peak.  We measured a slight systematic shift in the position of the peaks 
which may be attributed to the change in the lattice parameter of the material due to the dopant. 

In Fig.4, the GAXRD pattern of the BSTO (with 1 wt.% oxide III) film deposited on the 
Ru02/sapphire substrate is shown. The inset is the x-ray pattern of the BSTO target material. 
The pattern does not indicate the presence of any secondary phase. The peaks located at 28.1° 
and 54.2 () 29 positions are those of Ru02. 
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Figure 3. Glancing Angle X-ray Diffraction Pattern for the BSTO (with 1 wt% alumina) Film 
Deposited on the Platinized Sapphire Substrate ("*" indicates Ba3AlioTi020 phase). 
The inset shows the powder diffraction pattern of the target material. 
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Figure 4. Glancing Angle X-ray Diffraction Pattern of the BSTO (with 1 wt% oxide III) Film 
Deposited on the RuCVSapphire Substrate. The inset is the x-ray pattern of the 
ceramic target. 
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SEM/EDS Results 

The presence of a secondary phase in the films evident from the x-ray patterns discussed above 
were confirmed by SEM/EDS results.  Another Ba-rich phase in the BSTO/oxide III film 
deposited on RbMnF^ is evident from the light areas in the SEM micrograph shown in Fig. 5. 
The "x" mark shows the location of this Ba-rich phase confirmed by EDS. Fig. 6 contains the 
SEM micrograph of the BSTO/Alumina thin film deposited on platinized sapphire. The 
presence of a secondary phase in the material is revealed in the micrograph by the small light 
regions. EDS performed on these areas also indicated the presence of a Ba-rich phase as well as 
the presence of a segregated strontium deficient titanate phase. This type of segregation was also 
observed in the bulk ceramic used as the ablation target. 

«  Pf        i 

6,B00x 20.B kV 1»""       SENSFTF) 

Figure 5.  SEM Micrograph of BSTO/1 wt% Oxide III Film Deposited on RbMnF3. 

Figure 6. SEM Micrograph of BSTO/1 wt% Alumina Film Deposited on Platinized Sapphire. 



RBS Results 

Fig. 7, shows the RBS spectrum of BSTO/1 wt% oxide III film deposited on NdGa(>v The 
dotted line is the experimental data, while the solid line represents the theoretical fit to the data 
using RUMP simulation code. The data was fit by substracting the RBS spectrum of the 
substrate from the spectrum of the BSTO/1 wt% oxide III film deposited on the substrate and by 
assuming a composition of Bao.öSro.4Ti0.i (lwt% oxide III) for the film. The goodness of the fit 
indicates that the film has a composition close to that of the ceramic target which was 
Bao.6Sro.4Ti03 (lwt.% oxide III). However, GAXRD shown in Fig. 2 reveals that the film is 
noncrystalline. 

The RBS spectra of the BSTO films deposited on the other substrates also show close 
agreement of the thin film elemental composition with that of the original ceramic target. 

Electronic Measurements 

Fig. 8, shows the capacitance versus voltage characteristics for the BSTO (undoped) film 
deposited on Ru02/MgO. The curve shows a symmetric capacitance-voltage relationship which 
is characteristic of paraelectric films. The dielectric constant at zero bias was calculated to be * 
1474 and the tunability is 88 % at afield of 7.5 V/um. The bulk undoped material has a 
dielectric constant of 3300 and a tunability of 20 % at 0.73 V/um. It has been previously shown 
that the dielectric constant in ferroelectric films are inherently less than the bulk ceramics due to 
oxygen defects at the electrode/ film interface f4l Also any porosity and/or leakage current in the 
films will tend to decrease the dielectric constants obtained. 
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Figure 7. RBS Spectrum of BSTO/1 wt% Oxide III Film Deposited on NdGaO.i, 
[Experimental data (dotted line) and RUMP fit (solid line)]. 
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Figure 8. Capacitance versus Voltage for BSTO (undoped) Deposited on Ru02/MgO with 
Pt Top Electrode. 
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The C-V curve for the BSTO/1 wt% alumina film deposited on platinized sapphire is shown in 
Fig. 9. The curve shows a typical paraelectric behavior, (i.e. a symmetric capacitance), with 
positive and negative bias applied. The dielectric constant at zero voltage calculated from this 
curve is 189. The tunability obtained up to 6.3 V/um was 40%. The value for the dielectric 
constant found in the bulk ceramic target of BSTO/1 wt% alumina was 2607 and a tunability of 
46% at 2.7 V/um. The low value for the dielectric constant in the film relative to that in the bulk 
ceramic target may be attributed to the porosity of the film, the presence of leakage current (on 
the order of 10"5 A) and also to the segregation of the secondary phase as was shown in Fig. 6. 

The capacitance versus voltage for the BSTO/1 wt% oxide HI film deposited on Ru02/sapphire 
is shown in Fig. 10. This curve also shows the typical paraelectric behavior of symmetric 
capacitance versus voltage behavior. The value for the zero voltage dielectric constant is 398 and 
the tunability is 79% at 2.0 V/um. The bulk ceramic dielectric constant was   1276 and the 
tunability was 16% with 2.3V/um. The decreased value of the dielectric constant in the film is 
again attributed to the porosity of the film and the leakage current observed in the film. 
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Figure 10. Capacitance versus Voltage for BSTO/1 wt.% Oxide III Deposited on 
RUO2/ Sapphire with Au Top Electrode. 
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CONCLUSION 

Thin films of both undoped and oxide modified BSTO have been deposited by PLD onto oxide 
and fluoride, substrates. It was shown that in case of RbMnP? the film was preferentially 
oriented and contained a secondary phase. The film deposited on NdGaO} was amorphous; 
however, RBS confirmed a good agreement of film composition relative to the target materials. 
The BSTO/lwt.% alumina film deposited on the platinized substrate showed similar phase 
segregation as the ceramic material. The oxide modified film deposited on Ru02/sapphire 
substrate did not show any evidence of a secondary phase. The electronic properties of the 
undoped and oxide modified BSTO thin films exhibited similar behavior relative to the bulk 
material. The dielectric constant and the tunability of the undoped BSTO film are higher than 
that of the doped films. 

We have shown that the tailoring of the electronic properties of BSTO thin films is possible 
through the incorporation of metal oxides. Further investigation of such tailoring through the 
incorporation of other oxides is underway. 
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