
.

MOCVD GROWTH AND CHARACTERIZATION OF
(B @iJTh+y03+z THIN FILMS FOR HIGH

FREQUENCY DEVICES*

\ b~b \ \
P. K. Baumann, S. K. Streiffer, J. Im, P. Baldo, A. McCormick; and O. Auciello

Materials Science Division, Argonne National Laboratory, Argonne, IL 60439, USA

N \ \
D. Y Kaufman, R. A. Erck, and J. Giumarra

Energy Technology Division, Argonne National Laboratory, Argonne, IL 60439, USA

J. Zebrowski
New Brunswick Laboratory, Argonne National Laboratory, Argonne, IL 60439, USA

Paper to be submitted for publication to the proceedings of Symposium KIC “Materials Issues for
Tunable RF and Microwave Devices” of the MM 1999 Fall Meeting, Boston, MA
November 29-December 3, 1999.

*work supported bY the u. s. Department of Energy, BEs-Materials science and offiCe Of

Transportation Technologies, under Contract W-3 1-109-ENG-38, and by DARPA, Contract
978040.

. . . . . . ..——-— ,,. —-.-F,.-.’- .- ,- >- . .. -n-.,--~: -- --



DISCLAIMER

This report was prepared as an account of work sponsored
by an agency of the United States Government. Neither
the United States Government nor any agency thereof, nor
any of their employees, make any warranty, express or
implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute
or imply its endorsement, recommendation, or favoring by
the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible
in electronic image products. Images are
produced from the best available original
document. ~



ABSTRACT

We have investigated the structural and electrical characteristics of (BaXSrl,X)Til+YO~+Z
(BST) thin films. The BST thin films were deposited at 650°C on platinized .sIhcon with
good thickness and composition uniformity using a large area, vertical liquid-delivery
metalorganic chemical vapor deposition (MOCVD) system. The (Ba+Sr)/Ti ratio of the
BST films was varied from 0.96 to 1.05 at a fixed Ba/Sr ratio of 70/30, as determined
using x-ray fluorescence spectroscopy (XRF) and Rutherford backscattering spectrometry
(RBS). Patterned Pt top electrodes were deposited onto the BST films at 350”C through a
shadow mask using electron beam evaporation. Annealing the entire capacitor structure in
air at 700”C after deposition of top electrodes resulted in a substantial reduction of the
dielectric loss. Useful dielectric tunability as high as 2.3:1 was measured.

INTRODUCTION

Nonlinear dielectrics such as barium strontium titanate (13ST) exhibit a large
variation in permittivity, e, as a function of changes in the electric field applied to the
material. For this reason, BST is a suitable candidate for high-frequency tunable phase-
shifters [1-4]. To optimize the performance of such devices it is critical to maximize the
dielectric tunability, i.e., the ratio of the permittivity at zero field to the permittivity at a

defined field, and minimize the dielectric loss (tan 5) in the device operational frequency
range. Fabrication of BST thin film devices by metalorganic chemical vapor deposition
(NIOCVD) provides high compositional control, superior thickness and composition
uniformity, high deposition rates, excellent conformality for films grown on high-aspect
ratio structures, and the ability to scale film growth to large area substrates.

EXPERIMENTAL APPROACH

Bal.XSrXTil+YO~+Zthin films were synthesized using a large area vertical MOCVD
system. A schematic diagram of the deposition system is shown in Fig. 1. Metalorganic
precursors of Ba(thd)z, Sr(thd)z, and Ti (O-iPr)z-(thd)z with polyamme adducts were
introduced using high purity nitrogen as a carrier gas into the MOCVD reactor, via a
temperature-controlled flash-vaporizer and a computer-controlled liquid deliveq system
(ATMI LDS-300B) that provides good composition control and reproducibility of the
delivered precursor mixture. The temperature of the delivery lines was carefully controlled
to avoid condensation or premature reaction of the precursors prior to introduction into the
MOCVD reactor. The precursors were thoroughly mixed with high purity reactive gases
(0, and Nz) in a showerhead designed to provide deposition of BST films with uniform
composition and thickness over large area substrates. Table I summarizes the film
deposition and processing conditions.
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Figure 1: Schematic diagram of large area vertical MOCVD reactor with liquid
precursor delivery system.

The Ba/Sr ratio of the BST thin films was kept at 70/30 while the (13a+Sr)/Ti ratios
were varied between 0.96 and 1.05. The composition and thickness of the BST films were
analyzed by x-ray fluorescence spectroscopy (XRF) and Rutherford backscatterin.g
spectrometry (RBS), while x-ray diffraction (XRD) was used to determine thew
crystallographic orientation. Patterned Pt top electrodes were deposited by electron beam
evaporation onto the BST films at 350”C through a shadow mask. Subsequent to top
electrode deposition, whole capacitors were annealed in air at 550°C for 30 rnin followed
by a 700°C anneal for 60 rein, to improve the structure and chemistry of both the bulk BST
film and the top electrode/BST interface, with the aim of reducing bulk and interracial
contributions to the dielectric loss tangent. Earlier experiments performed using in-situ
surface analytical techniques [5] indicate that impurities at, and the structure of the top
electrode/BST interface are strongly correlated with the capacitor losses. Measurement of
the capacitance and loss tangent were performed using an HP4192A impedance analyzer at
a frequency of lMKz and 0.1 Vrms oscillation level. Measurements were performed
between two top electrodes, resulting in the electrical characterization of two capacitors in
series. This top electrode to top electrode geometry is consistent with device design for
which these samples are targeted.
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Table I. Deposition and processing parameters for MOCVD synthesis of BST thin films.

Substrates:

Substrate heater temperature:

Reactive gases:

Reactive gas flow rate:

Reactor pressure:

Top electrodes:

Post elec@ode anneal:

Electrical characterization:

Pt(1000A)/Si02( 1000A)/Si

650”C

02 and N20

250-1000 SCCM

1.5-2.7Ton “

e-beam evaporated Pt (1000~)

550”C for 0.5 hrs

HP4192A at 1 MHz and 0.1 V rms

RESULTS AND DISCUSSION

XRD analysis demonstrated that the thin BST films were polycrystalline. Fig. 2
shows XRD spectra for BST films deuosited with 500 seem and 1000 seem total reactive
gas flow (02 ;nd NZO). Strong (100\ fiber texture was observed in films grown with a
total reactive gas flow rate of 500 seem.
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Figure 2:. XRD scans of BST thin films deposited at two different reactive gas flow
rates.

Excellent film uniformity was obtaiqed over a 4-inch wafer. Initial growth rates
were = 12 ~min, but higher rates of= 50A/min were achieved after optimization of the
reactor showerhead configuration and vaporizer temperature uniformity (~ 5 ‘C). With the
control achieved in the deposition process, we produced BST films with (Ba+Sr)/Ti ratios
between 0.96 and 1.05. For different (Ba+Sr)/Ti ratios slightly different characteristics for
the permittivity and dielectric loss were observed as a function of applied field. A
comparison of these curves is shown in Fig. 3. It is well-established that the electrical
properties depend on the (13a+Sr)/Tiratio [6-9]. A broader range of (Ba+Sr)~i ratios is
still under investigation. Since Ti rich films generally display lower leakage, all further
electrical data presented in this paper are from Ti rich samples ((Ba+Sr)/’Ti= 0.96).
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Figure 3: Permittivity and dielectric loss for different (13a+Sr)/Tiratios.

It has also previously been reported that post-growth annealing of BST films can
enhance the microstructure and improve electrical properties [10, 11]. Annealing the
capacitor at 700”C for 1 hour in air resulted in a substantial decrease of the dielectric loss,
as shown in Fig. 4. However, a broadening of the permittivity-electric field curves was
observed. Dielectric losses as low as 0.003 were measured at room temperature and zero
field for 80 nm thick films with useful tunabilities of 1.5:1. Useful tunability is defined as
the tunability at a field achieved before leakage causes the loss to increase above the zero
bias. Useful tunabilities of 2.3:1 were observed at the expense of a somewhat higher loss
(<0.005) as shown in Fig. 5. Tunabilities of 3.6:1 were achieved, but at the expense of
substantially increased dielectric loss at the voltage extremes.
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Figure 4: Relative capacitance and dielectric loss following a 550°C post electrode
anneal for 30 min in air and a subsequent 700”C anneal for lh in air.
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Figure 5: Relative capacitance and dielectric loss following a 550”C post electrode
anneal for 30 min in air and a subsequent 700°C anneal for lh in air.

Further work is underway in our laboratory to elucidate the role of composition,
thickness, and interracial quality on the electrical properties of BST capacitors.



CONCLUSIONS

We have grown polycrystalline, {001} fiber-textured BST thin films with good
thickness and composition control on platinized silicon, using a large area vertical MOCVD
system. The (Ba+Sr)/Pi ratio content of the BST films was varied from 0.96 to 1.05.
Dielectric losses as low as 0.003 were measured at room temperature, zero field and 1 MHz
for 80nm thick films. Higher tunabilities of 2.3:1 could be achieved at the expense, of
increased loss. A reduction of the dielectric loss could be achieved by annealing the BST
films at 700”C in air for 1 hr after top electrode deposition.
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