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Project Description
The focus of this proposed work involves the development of a 1 GHz monolithic voltage controlled
oscillator (VCO) using Microelectromechanical Systems (MEMS) for high performance on- chip clock
generation. A complementary metal- oxide- semiconductor (CMOS) compatible micromachined inductor
(L) and varactor (C) will be designed and developed to realize a high quality factor LC- tank via a simple
post- CMOS process. The LC- tank enables the realization of a tunable, low phase jitter, and low power
clock for embedded microprocessors. Advanced analog and radio frequency circuit design techniques,
including weak inversion, will be employed to minimize active device noise and mitigate flicker noise
upconversion - a significant source of phase jitter. Oscillator and clock generation circuits are among the
most challenging subcircuits to integrate, especially while realizing low power and low phase jitter. This
research is significant as it may deliver the lowest power and best phase jitter performance monolithic
oscillator to date while also providing continuous and discrete programmable tuning from 1 GHz to 100
MHz.

Design and Simulation
An elaborate design and simulation environment is being employed in the development of this
technology. Circuits will be designed using the Cadence IC Tools framework. Simulations in the
SpectreRF environment allow phase noise simulation and noise modeling to be performed, which is
critical in the development of high performance clock generation circuitry. The Coventorware MEMS
simulation environment will be used to model and simulate the micromachined LC- tank. The material
properties of the metal layers in the TSMC 0.18 micron process will be modeled in this finite element
simulator and a micromachined rendition of a metal- insulator- metal (MiM) capacitor (with removed
insulator) will be modeled and simulated. From these simulations, the tuning range of the clock
generation circuitry can be determined along with electrical models for circuit- level simulation. 

Post- CMOS Process
A very simple post- CMOS process will be developed to "release" the mechanical structures in the LC-
tank. These released structures will provide high performance continuous tuning for the clock generation
circuitry. Moreover, the process will demonstrate a very simple technique by which micromechanical
structures can be fabricated as part of a commercial CMOS process. This post- CMOS fabrication process
will be completed by Michael McCorquodale in the Solid State Electronics Laboratory at The University
of Michigan. An STS deep reactive ion etch  (DRIE) machine will be used.

Test
The circuits will be tested first at the die level using spectrum, network, and timing analyzers from
Agilent Technologies. The absolute center frequency will be determined along with the tuning range and
accuracy and the short and long term frequency stability. Tests over temperature will also be explored to
ensure device reliability. The die will be packaged after die- level testing and mocked- up on a board for
demonstration. A similar mock- up will be built using standard, discrete, off- chip clock generation
circuitry. The research will show, side by side, the power, performance, and size gains for clock
generation realized by the developed technology.

Estimated Project Size
A 2mm x 2mm die space will be required for this design. Several different renditions of the design will
be incorporated into this space. For example, designs without the micromachined tank will be included so
results can be obtained by bonding to a separate die containing only the tank. Moreover, diagnostic
mechanical designs will be incorporated to verify the accuracy of the material modeling and finite
element simulation. This approach ensures meaningful results for the fabrication run. 


