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Resonant RF MEMS structures can offer excellent performance for integrated sensing and RF signal pro-
cessing applications. MEMS devices offer small size and low power consumption and improved physical
parameters such as FQ product; however, significant impediments to a large scale commercial adoption
include: production cost, difficulty of implementation and signal transduction. In this paper, we devel-
oped a generic pathway for CMOS–MEMS integration by designing MEMS dome resonators in multiple
layers of stacked polycrystalline silicon in standard CMOS back end of line process and demonstrate
the quality factor of dome resonator both optically and electrically. In this work, we report the highest
FQ product of integrated resonator at micron level using commercial CMOS technology and the lowest
operation power.

� 2009 Elsevier B.V. All rights reserved.
1. Introduction

Resonant radio frequency (RF) MEMS structures are of great
interest as they can offer excellent performance for integrated
sensing [1] and RF signal processing applications [2–4]. MEMS de-
vices offer small size and low power consumption and improved
physical parameters such as FQ product; however, significant
impediments to a large scale commercial adoption include produc-
tion cost, difficulty of implementation and signal transduction [5].
Ubiquitous MEMS fabricated under the standard fabrication rules
of CMOS foundries are one way to achieve the potential low cost
of these devices [5,6].

In this paper, we developed a generic pathway for CMOS–MEMS
integration by designing MEMS dome resonators [4,7–9] in multi-
ple layers of stacked polycrystalline silicon in the standard CMOS
back end of line (BEOL) processes and to show the feasibility and
reliability of the post-CMOS releasing by demonstrating the high
quality factor (Q) resonators both optically and electrically.
2. Design and fabrication

In this work, we have designed and have fabricated RF dome
resonator in a commercial CMOS process (AMIS ABN 1.5 lm) pro-
ll rights reserved.
vided by ON Semiconductor� (former AMI) through The MOSIS
Service without changing any steps (Fig. 1). The dome resonator
was designed with an integrated transimpedance amplifier (TIA),
the transresistance of which is 1 kX. The TIA was composed of
three stages, a first common-gate (CG) stage, a second common-
source stage and followed by a buffer for 50 ? impedance matching
[10]. The dome readout capacitor is connected in parallel to the
source resistor of CG stage (Fig. 2). The simulation of the TIA cir-
cuits in cadence (Fig. 2) proves our design with a cut-off frequency
of 100 MHz. The TIA is aimed to amplify the fundamental mode
signal of the dome resonator which has a higher amplitude and
more practical than high order harmonic mode for sensing applica-
tion. Furthermore, a chip layout of the whole design (Fig. 3a) shows
that our dome resonator is quite area-efficient compared to the
CMOS process we used.

Unlike the state-of-art CMOS process technology using Shallow
Trench Isolation (STI) as field isolation, the early technology node
CMOS process we used fabricating MEMS resonator is based on lo-
cal oxidation (LOCOS) isolation. The integrated dome resonator is
different from the discrete one we reported [7–9], as it has a natu-
ral three-dimensional surface curvature (Fig. 3b) similar to that at
the edges of FOX derived from LOCOS, which is well known as ‘‘bird
beak” shape due to lateral oxidation under the nitride mask [11].

In the post-CMOS processes, we use photoresist to protect the
surrounded CMOS TIA, and lithographically define etch orifices in
the top polycrystalline silicon layer that comprises the dome reso-
nator when the underlying oxide layer is removed by wet etch in
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Fig. 3. (a) Image of integrated MEMS–CMOS chip after the post-CMOS processes (b)
(inset) SEM image of integrated polycrystalline silicon dome resonator which
located on the upper left corner of the chip in image (a).

Fig. 1. Schematic of the CMOS–MEMS sequence with AMIS ABN 1.5 lm process
provided by The MOSIS Service.
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buffered oxide etchant to create the dome cavity. The 320 nm top
polycrystalline silicon layer is then etched by CF4 plasma gas in
reactive ion etching (RIE) for 55 min and a sequent wet etching
in BOE is conducted for another 50 min to release the 55-nm-thick
inter-polycrystalline-silicon oxide layer (Fig. 4) through the orifice
we opened after CMOS process.
Fig. 4. Focused ion beam (FIB) cross-section image of the integrated dome
resonator.
3. Experiment results and discussion

The released dome resonator (Fig. 3b) can be driven by a
405 nm-wavelength diode laser modulated by RF signal and its
motion can be detected by a 633 nm-wavelength He–Ne laser
[12]. Based on this method, we have reported the dome resonator
with quality factor as high as 8000 under vacuum [7]. With similar
motion detecting method but using resistive actuation, a quality
factor of 2500 was achieved as a reasonable trade-off for integra-
tion [8]. In order to seek a feasible actuation of CMOS integrated
dome resonator, we design the surround heater which is connected
to the dome resonator. The generated heat is conducted to both top
and bottom polycrystalline silicon layer of dome resonator and
Fig. 2. The circuit schematic of the three stage common-gate transimpedance amplifier with a cut-off frequency of 100 MHz (pointed by the arrow).



Fig. 5. (a) (Left) frequency response of thermally driven integrated dome resonator with high Q detected by 632.8 nm He–Ne laser, (b) (right) frequency response of thermally
driven integrated dome resonator using capacitive detection.
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thus drives the resonator. With these designed integrated heater
pads, we resistively drove the dome resonator and optically de-
tected a Q more than 800 (Fig. 5a), which is quite reasonable com-
pared to a Q around 2000 obtained by the same resonator through
laser driving. Even though the quality factor is not as high as our
previous device due to the constraints of the mechanical properties
of polycrystalline silicon layer inherited from MOSIS and the
intrinsic mechanical properties of a naturally buckle grown poly-
crystalline silicon, the resonator already shown great sensitivity.
The competitive FQ product of 6 � 1010 is the highest compared
with other reported integrated resonators at micron level using
commercial CMOS process [13]. To certain technology node, the
dome resonator is still scalable and we can foresee the great poten-
tial of this device to achieve even higher FQ product as the feature
size drops [14].

Cross et al. [15] recently reported the piezoresistive transduc-
tion in multilayer polycrystalline silicon resonators, and the inter-
layer dielectric is the major leakage source for dissipation of
electrical energy. The CMOS-standard high quality oxide thin film
decides the efficiency of the transfer of electrical energy to
mechanical energy. Besides, our dome resonator, the fundamental
mode require low energy budget in thermally driving case, which
best explain why the operation power of the dome resonator is
the lowest among all reported CMOS–MEMS integrated resonator
[13], DC bias as low as 5 V. The easy driving and low power con-
sumption features of this dome resonator are highly applicable in
radio frequency front-end circuits. Using sensitive capacitive
method [16,17], we got the electrical readout of the dome resona-
tor working great at the same resonant frequency (Fig. 5b), which
shows a high feasibility of harnessing MEMS resonator within
CMOS technology.

4. Conclusion

We demonstrate the approach to mass producing RF MEMS res-
onators with a standard MOSIS technology, harnessing the integra-
tion of resonant MEMS devices into CMOS integrated circuits. The
integrated dome resonators that we designed show excellent high
quality factor (Q � 800–1000) in vacuum at rather low operation
power and achieve the highest FQ product for integrated resonator
using commercial CMOS process. The dome resonators have al-
ready been made to be nonlinear micromechanical mixer and filter
[18] and the new results propose even broader applications of the
dome resonator as candidate for next generation low operation
power CMOS compatible radio frequency front-end circuits. This
may also extend the dome resonators to work as portable inte-
grated devices for chemical and biological sensing [19].
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