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Abstract — We have realized Barium Strontium Titanate (BST)
and Zinc Oxide (Zn0Q) thin film based Film Bulk Acoustic
Resonators (FBAR). The resonator layer .stack consists of
BST/ZnO bilayer films and used as a piezoelectric layer. The
Resonator was fabricated wusing a standard Silicon
Microelectromechanical  Systems (MEMS) microfabrication
process. Platinum (Pt) was used as electrode material due to its
high acoustic impedance (84.74x10% g/em®-Sec) and its ability to
withstand high temperature. Experimentally, it is found that the
underlying Silicon has a large effect on the resonance frequency,
it was upshifted (1.648 GHz) after complete Si removal
Electromechanical coupling coefficient (K7) of FBAR was also
increased (1.183%) after removal of complete Si. Furthermore,
spurious modes are removed, which are due to underlying Silicon.
Here, the mechanism has been discussed to understand the effect
of underlying Silicon on resonance.

Index Terms — ZnQ, BST, FBAR, Acousticc MEMS (key
words)

I. INTRODUCTION

Radiofrequency filters and resonators are vital for today’s
wircless systems. These RF devices are shrinking day by day in
size without any compromise in their performances. FBAR
devices and filters are fascinating due to the high value of
quality factor, high value of operating frequency (up to 20
GHz), good power handling and small size [1]. These BAW
resonators and filters are compatible to fabricate on Si-wafer.
All these things kindled me to fabricate FBAR. It consists of a
piezoelectric layer sandwiched between two metal clectrodes.
A bulk wave is propagating inside the piezoelectric material by
applying a high-frequency signal across the electrode and it
resonates at a particular frequency depending on the thickness
of the piczoclectric material. The device is fabricated on a Si
wafer that is etched from backside by bulk micromachining to
release the FBAR membrane. The fundamental resonance is
observed when the thickness of the piezoelectric thin film is
equivalent to half the wavelength of the Input signal. Condition
for mechanical resonance is:
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Where f'is the resonance frequency, v; 1s the acoustic velocity,
and d is the thickness of thin film [2]. FBAR exhibits a
micromachined air gap to reduce the electromechanical
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coupling between the substrate and the device. Micromachining
is needed fo release the FBAR and provide the acoustic
isolation between device and the substrate. At resonance, the
electrical impedance of the device changes sharply, providing
the possibility of designing a frequency sclective filter and
other switches. Fabrication of FBAR device involves a number
of the process step. The bottom and upper electrode are
deposited with DC magnetron sputtering of the Ti/Pt material
and patterned with a lift-off process. The Piezoelectric layer is
deposited with RF magnetron co-sputtering [3].

II. FABRICATION

In the recent vear with significant progress in FBAR
technologies for numerous applications, here we fabricated
intrinsically  electrically  tunable  Bi-layer  FBAR
(Si/S102/Pt/BST/ZnO/Pt). In this we can tunc the resonance
frequency by application of a DC biased voltage. Our
fabrication has six lithography process for the deposition of
different thin layer on Si substrate. We used 3 Inch silicon
wafer, 100 (P-type) with a thickness around 370 pm. First, by
the thermal Oxidation process we grown a 5103 (1 pm) layer on
both sides of the wafer. SiO; layer work as an isolation layer
between the device and substrate. Noble gas sputtering system
was used for metallization. Upper and bottom electrode both
are of Ti/Pt material and they were patterncd with standard
photolithography process and lift-off process. The thickness of
the lower and upper electrode is same 200/2000 Angstrom
respectively. There are number of reason to use Pt as electrode:
It can withstand high temperature, it has tight-packed grain
orientation that avoids the diffusion of the piczoclectric layers
and it has a very good value of kt* [4]. Reactive magnetron co-
sputtering system was used for deposition of a thin layer of BST
(300nm) with these parameters: RF power 150W, Ar/O; 18:2
in SCCM, the temperature during sputtering is maintained at
150°C and sputtered time 120 minutes and post annealed at
800°C [5]. BST thin film etched with Buffer oxy etchant with
etching rate of 2.727 nm/second [6]. Reactive co-sputtering
was used for deposition of a thin layer of piezoelectric material



(ZnO) with these parameters: RF power 400W, constant
chamber pressure of 20 mTorr (Ar/O; 20/30 SCCM) and
sputtered time was 240 minutes and patterned by 0.25%
hydrochloric solution [7].
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Fig. 1. Tunable FBAR fabrication process steps represent by schematic
sketch

We use ZnO as a piezoelectric layer because it has a high value
of piezoelectric coefficient (diz) and piezoelectric coupling
coefficient (k) [8]. ZnO has a high value of quality factor and
stability despite of low insertion losses [9]. In FBAR fabrication
process to provide isolation between the lower stack and upper
electrode we deposited a thin layer of Si0, (100nm) by Plasma-
enhanced chemical vapor deposition (PECVD) at these
parameters: RF power 80W in the presence of Ar, N;O, N, and
SiHs. Fig.l. show the schematic sketch for fabrication of
tunable thin-film bulk acoustic wave resonator. We etched the
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silicon from the backside of the wafer by bulk micromachining -
with Tetramethyl ammonium hydroxide (TMAH) [10] and
DRIE. We used a wafer holder that is made of PTFE (Poly tetra
fluoro-ethylene), It is a thermoplastic polymer which is white
solid at room temperature, with a density of about 2200
Kg/m? According to chemours, it’s melting point is 600K
(327°C or 620°F). The use of PTFE is a function of its
resistance to chemical attack, un-reactivity (above 500 K), low
friction, non-stick properties and high electrical resistance. We
have a PTFE wafer holder that protects one-side of the wafer
from etching in TMAH solution. The wafer holder can place
easily with a reflux condenser setup in the beaker and a mercury
thermometer is used to measure the temperature of the solution.
We experimentally optimized that the TMAH (25%
concentrated) etching rate with 100 orientation is maintained at
0.5 pm/minutes by keeping constant temperature 80°C of
solution. We etched silicon with TMAH approximately 320 -
350 pum [7] and then DRIE (Deep Reactive-ion etching). In
FBAR fabrication, first the devices are fabricated on one side
of'the wafer with a different thin layer and then etched the wafer
from backside to form micro-cavity under FBAR Structure.

III. RESULT AND DISCUSSION

Thin-film stack (PtBST/Zn0) is analysed by X-ray diffraction
(XRD) equipped with Cu source. The detector was scanned in
26 range from 10° to 80° with a scan rate of 3°/min. Diffraction
peak of Pt was observed with 111 and 110 orientation tend to
align parallel to the substrate. Usually c-axis oriented ZnO film
have polar phase and high piezoelectric value. Diffraction
peaks of ZnO have intense sharp peak with orientation (0002)
at 34.382° and (103) at 62.64° [11]. BST was deposited and
post annealed at 800°C to obtained good crystallinity and we
obtained high intense peak at 45° with (200) orientation [12].
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Fig. 2. X-ray diffraction of stack PtBST/Zn0O




The sharp peaks for BST and ZnO confirmed these films have
very good crystallinity. Structural analysis of fabricated Single
port BST/ZnO based FBAR is done with Scanning electron
microscopy (SEM) (Fig.3) and its piczoelectric active area is
9636 pum? with approx. square-shaped. Black shadow region
around the active area is the impression of Si0; after underlying
silicon etched completely. The Spacing between resonance and
anti-resonance frequency, the electromechanical coupling
constant [13] and effective coupling constant are calculated

from S11 impedance vs frequency plot with following.

Fig. 3. Scanning electron microscopy of Resonators with Active area

Vector network analyzer (VNA) and probe station is used to
measure the RF characteristics of resonators. We measured
S11, impedance and their phase characteristics. It was observed
that by ctching of silicon we can increase the resonance
frequency, Bandwidth and %Kt2, The main reason to increase
in resonance frequency due to the backside etching of silicon is
that RF losses are diminished by reducing the electrical
coupling between FBAR and substrate.

We experimentally calculated the effect of the underlying
silicon on performance of the FBAR. We etched silicon in
three-step, st step Si etched around 288 pm, in 2" step etched
around 335 um and in 3™ it was around 370 and characterize
with VNA to obtained series and parallel resonance frequency,
electromechanical coupling coefficient and effective coupling
coefficient.
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A typical comparison between the resonance frequency of
square shape resonator with the effect of underlying layer has
shown in the following table:

TABLE 1. Upward shift in resonance frequency with effect
of underlying silicon

Resonator f, f, %K | %KZex
(GHz)  (GHz)
Si left 80 um 0.965 | 0.967 | 0.496 | 0.402
Si left 35um 098 |0.983 |0.751 | 0.609 |
Si fully etched | 1.648 | 1.655 | 1.183 | 0.964

After each step, we measured the thickness of Si from
DEKTAK- 6M Surface profiler. We etched all-silicon under
FBAR structure and only Si0; layer left at last under device or
we can say that FBAR on SiO: layer only. As we observed in
FIG. 4 that by removing underlying silicon, one fundamental
mode of resonance is observed. The Acoustic wave that
propagates in FBAR are thickness excited wave (propagate
parallel to the electric field) and lateral excited wave (propagate
perpendicular to the electric field). Because of the orientation
of the deposited piezoelectric layer the TE mode is excited [13]
and the lateral wave is undesirable and generates spurious mode
that may degrade the performance of FBAR. These spurious
modes are basically due to laterally leakage wave and acoustic
wave leakage in Si substrate. Spurious mode generated by the
lateral wave 1s minimized by technique apodization and lateral
resonator edge design. There should be large acoustic wave
mismatch between FBAR electrode and surrounding of FBAR.
So we have etched the Si beneath the lower electrode to create
a device with high quality factor and bandwidth [14]. The
removal of underlying silicon not only reduces the unwanted
mode but also increase the resonance frequency of FBAR.

Due to mass loading effect there is a change in resonant
frequency of FBAR or we can say that we are reducing the
anchor loss of FBAR by etching all of the silicon and there will
be increase in FBAR performance due to less losses [15]. We
achieved a shift in resonance frequency from 0.965 GHz to
1.648 and effective electromechanical coupling factor increase
from 0.404 to 0.964 as mentioned in tablel. Series Resonance



frequency increase by 70.77% due to etched all-silicon under
lower electrode.
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Fig. 4. Effect of underlying silicon on FBAR, S11 Impedance plotted
with frequency, (a) Si left 80 pm, (b) Si left 35 pm (c) Fully etched
underlying Si

IV. CONCLUSIONS

BST/ZnO based intrinsically tunable resonator has fabricated
for frequency tuning. In this, we calculated the effect of
underlying silicon on the performance of resonator. We
calculated S11 impedance vs frequency at the different
thickness of underlying silicon with VNA. We experimentally
found an increase in resonance frequency from 0.965 Gllz to
1.648 GHz when we etched underlying all-silicon from FBAR
stack and spurious or unwanted mode are reduced, fully Si-
etched FBAR has only one fundamental mode. Parameter
related to resonance frequency such as electromechanical
coupling coefficient and effective electromechanical coupling
cocfficient also increased.
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