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Abstract

Nabil Mohamed Sinoussi, "MEMS-Based Oscillators",
Master of Science dissertation, Ain Shams University,
2011.

This thesis is concerned with the design of sustaining oscilla-
tor circuits for MEMS resonators in the scope of replacing Quartz
crystals (XTALs) in frequency reference applications. The thesis
discusses the challenges and difficulties in the design of a MEMS
resonator oscillator (MRO) and which are imposed due to the res-
onator non-idealities.

A conclusive analysis of the resonator small signal model under
capacitive loading is presented. The analysis deduces two parame-
ters which effectively describe the resonator small signal response
in terms of phase and gain. The analysis introduces a physical
resonator parameter which is the effective Quality factor (Q.rr).
(Qeyys) is proven to be the main measure in predicting the resonator
performance inside an oscillator. Moreover, an anti-resonance can-
cellation technique is analyzed in details explaining the impact of
imperfect cancellation on the shape of the resonator response. The
analysis almost coincides with simulation results with less than 1%
of error. Based upon this analysis, a new concept for the design
of the sustaining amplifier circuit is developed which facilitates the
design process by specifying the gain and phase requirements from
the sustaining circuit.

Using an industrial free-free beam (FF) resonator, a practical
MRO circuit is implemented using TSMC 0.13um CMOS technol-
ogy. The resonator has a fundamental resonance mode at 20MHz
and spurious one at 4MHz. The oscillator operates at 20MHz and
rejects the spurious resonance at 4MHz using a high order high-pass
filter implemented within the sustaining circuit. The circuit is ac-
tually a variable gain amplifier (VGA) whose gain is controlled by
an automatic gain control (AGC) circuit which forces the amplifier
gain to track the resonator quality factor (Q-factor) variations across
process and temperature. In order to protect it from power-handling
non-linearities, the resonator is actuated by a limiting stage which
controls its input power level.

By utilizing a flexible trimming infrastructure, the design is able
to pass the combined process corners of both CMOS and MEMS
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technologies. At 1.1V supply and 180mVpp input signal to the res-
onator, the oscillator consumes a current of 500uA and achieves a
phase noise of 113dBc/Hz at 1kHz offset from the 20MHz carrier.

Key words: MEMS, Resonators, VGA, AGC, Oscillators, anti-
resonance cancellation,trimming, limiting stage.
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Summary

This thesis consists of five chapters. Chapter 1 is an introduction
to the thesis. It introduces the concept of Quartz crystals (XTALs)
replacement and the advantages of the MEMS technology. More-
over, this chapter defines the scope and objectives of this thesis.

Chapter 2 is an overview on MEMS resonator oscillators, the
accompanied design challenges and the state-of-art techniques in
industry and literature that address these challenges.

Chapter 3 presents a conclusive analysis of the transfer character-
istic of the small signal resonator model. The analysis extracts two
descriptive parameters that can summarize the overall resonator re-
sponse under capacitive loading. Moreover, an anti-resonance can-
cellation technique is extensively analyzed showing the impact of
imperfect cancellation on the shape of the resonator response. The
analysis is valid for either MEMS or Quartz resonator models.

Chapter 4 demonstrates the design of a MEMS resonator os-
cillator based upon an industrial free-free beam resonator.The cir-
cuit is a variable gain amplifier (VGA) whose gain is controlled by
an automatic gain control (AGC) circuit which forces the ampli-
fier gain to track the resonator quality factor (Q-factor) variations
across process and temperature. In order to protect it from power-
handling non-linearities, the resonator is actuated by a limiting stage
which controls the input power level to the resonator. The detailed
schematics of the different circuits are discussed. The simulation
results are displayed.

Finally, Chapter 5 concludes and proposes future researches that
can be based upon this thesis.
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