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Using MEMS based on-chip designs to substitute for off-chip or low Quality fador components of
communicdion devices has been a driving force in MEMS reseach. The eperimental charaderization of an
eledrogtaticdly coupled dual-oscillator MEMS filter design is presented. The basic design and fabricaion of the
coupled oscill ators has been reported elsewhere!. The performance of the oscill ator system as a MEM filter is reported
here.

There have been many demonstrations of single oscillator filter designs and coupled MEMS oscill ators
filters*3. The significant difference in the model presented here is that the muging ketween the two mecharically
isolated oscill ators is eledrogtatic [Fig 1,2].

There ae many advantages in implementing the MEMS based filter using this design. A linea system
approach analysis ows that the mupling medchanism's compliance strength] controls both the bandwidth and shape
fador of the filter response®. Since the wupling strength is a function of the eternaly applied voltages, it a
controllable parameter in this design. Additionally, by smultaneously implementing the frequency tuning concept®, it
allows for tunability of al the filter parameters through various input signals. Since aly batch fabriceeed MEMS
processinvolves some process pedfic variations from design values, the ideaof total tunability eliminates the need for
trimming using laser etching or deposition and hence ca be performed after padkaging as well.

The dedrogtaticdly coupled oscillators were made using the single mask bulk micromadining process
SCREAMS®. The aduation is eledrostatic and the motion is in the out-of plane diredtion due to fringing field effeds.
The design could be implemented on-chip with a comb finger based cgpadtive transduction from mechanicd motion to
eledricd signal. To demonstrate the proof of concept, the charaderization was done using a high acaracgy (~4nm @
the filter frequency range) laser vibrometry measurement system’ which measures displacement and velocity of the
moving device The MEMS device is mounted on a Joule Thomson refrigerator [MMR Techrnology] inside avaaium
chamber. The temperature was controlled using a controller interfaced with the refrigerator. It should be noted that
since the transduction from mechanicad motion to observed signal was not cgpadtive, the filter charaderistics cannot be
diredly compared to that of a mecdhanicd filter in a circuit.

The measured attenuation [defined here & 0dB at maximum amplitude of the oscillators and 20B at half
power points] as a function of frequency of the two-coupled oscill ator system in shown in Fig 3. This data was taken at
input voltage of 20V pk-pk sguarerooted sinusoidal signal, 10mTorr and 30K. A fradional bandwidth of 1.1% and
shape fador of 3.13 was ®e a the @ove mentioned experimenta conditions. In addition, preliminary data for the
effed of temperature on the frequency shift is presented in Fig 4. An increasing positive shift is expeded due to the
negative Young's modulus temperature m-efficient. The initial negative shift could be attributed to chamber presaure
being influenced by the woling initially. The deaeasing chamber presaure would reduce the damping and increase the
frequency.

We have presented the charaderization of a novel design of coupled oscill ator system for MEM S based filter
applications. This design has many advantages over mecdhanicdly coupled filter designs. The filter charaderistics have
been obtained from motion amplitude data ad temperature dfeds on frequency are under investigation. An in-plane
motion and a multi-coupled oscill ator design are under fabricaion.
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Fig 1. Schematic of the electrostatically coupled oscillator

system. The features are 1micron wide and the overall areais

of the order of 0.14 mm?. Fig 2: Scanning Electron micrograpl
of the detail of the coupling region.

Characteristics Experimental
Value

Central frequency (kHz) [f] 181.05

3dB Band width (kHz) [BW3] 1.99

20dB Band width (kHz) [Half power point] [BW20] 6.23

Fractional Band width [BW3/f] 1.1%

Shape factor [BW20/BW 3] 3.13

Table 1 : Characteristics of the Filter tested [Fig3] .
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Fig 3: Experimental passband characteristics of the Fig 4:Fractional frequency shift (Af/f)

MEMS filter at 10mTorr, 300K, 20V pk-pk input as afunction of temperature
voltage.



