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ABSTRACT
This paper presents a new method to electrically trim

the resonance frequency of a Silicon Bulk Acoustic
Resonator (SiBAR) post fabrication. Width-extensional
mode silicon resonators are heated by passing a current
through their resonating elements. This causes a mass
loading gold pattern to diffuse into the bulk of the
resonator. Upon cooling, the gold diffusion increases the
stiffness of the resonating structure slightly, which reflects
as an upward shift in resonance frequency. Thus, silicon
resonators can be permanently trimmed to a desired
frequency value by an electrical calibration step. As a
proof of concept, an upward frequency shift of 240 kHz is
demonstrated for a 4000 mass loaded 100 MHz SiBAR
after one hour of Joule heating with 30 mA ofDC current.

INTRODUCTION
Silicon micromechanical resonators have been

gaining importance in recent years owing to their small
form factor, ease of integration and high fQ products.
High-frequency and high-Q width-extensional mode
SiBARs fabricated using the HARPSS process have
shown atmospheric Q factors in excess of 10'000 at or
above 100 MHz, with moderate motional resistances
(Q-1000 Q) [1,2]. The resonance frequency of silicon
micromechanical resonators is dependent on the physical
dimensions of the resonating structure. This causes the
frequency of the micromachined resonator to deviate from
a designed target value due to variations in
photolithography, etching and film thickness. It can be
shown that 2 ptm variations in the thickness of an
optimized 100 MHz width-extensional-mode SiBAR can
cause 0.50O variation in its center frequency [3], while
lithographic variations of ±0.1 ptm in the width of the
resonator can cause additional 0.500 frequency variations.

Our group had previously reported on the tuning of
SiBAR frequency using electrical signals [1, 4].
Electrostatic voltage tuning of high frequency SiBARs is
inefficient due to the large stiffness of the device [1] and
heat-induced continuous current tuning of the device
consumes large power [4]. In addition, these tuning
techniques are limited in their tuning range and cannot be
used to adjust the resonance frequency in case of large
offsets (-1 0 o), which are quite typical in
microfabrication. It is also well known that the frequency
of mechanical resonators can be shifted downwards by
deposition of a mass loading layer such as a metal on the
surface of the resonating structure [5]. However, the
thickness of the mass loading layer cannot be accurately
controlled, and are subjected to the limitations of the
metal evaporation systems. Though laser trimming [6] has
been shown to shift the resonance frequency of silicon
resonators downwards or upwards, the trimming is not
precise as it is difficult to control the amount of material
deposited or removed by the laser. This calls for an
efficient post-fabrication trimming technique which can
adjust the resonance frequency precisely to compensate

for all possible inaccuracies that
microfabrication processes.
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Figure 1: Schematic of electrical trimming ofSiBAR using
Joule heating; (a) Mass-loaded SiBAR; (b) Joule heating
by passing a current through the body of the resonator;
(c) Diffusion of gold into silicon; (d) Gold diffused SiBAR
at room temperature shows an upward shift infrequency.

ELECTRICAL TRIMMING PRINCIPLE
In this work, a thin-film layer of gold is evaporated

and patterned on the surface of the SiBAR during the
fabrication process of the device. After the resonator is
packaged, the SiBAR is heated up by passing a relatively
large current through its resonating body during an
electrical calibration step, as illustrated in Figure 1. High
current densities due to the small cross-section area of the
SiBAR create enough Joule heating to enable the
diffusion of gold into the bulk of the silicon resonator.
The advantage of gold over other metals is that gold
diffuses into silicon at a much lower eutectic temperature
of the silicon-gold binary system (360C), which is very
low compared to the individual melting points of gold
(1064°C) and silicon (1414°C).

To calculate the temperature of a 100 MHz SiBAR
for various durations of Joule heating with a given cross
section area (41.5 ptm x 20 ptm) and resistivity (0.01 Q-
cm), the electro-thermal model based on the conservation
of energy [7, 8] was used. As discussed later, a silicon
beam of such dimensions can be heated to the eutectic
temperature in less than five minutes by using currents of
600 mA or more. However, the maximum value of the
current in the case of a SiBAR is limited by the small
cross-section area of its two narrow supports (illustrated
in Figure l(a)). These supports are designed to be as
narrow as possible to reduce acoustic loss and achieve
high-Q, which causes increased current densities at the
support regions leading to higher temperatures that can
melt the supports. For the proof of concept, an optimum
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