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ABSTRACT

Micro-electromechanicalsystems(MEMS) resonatorsare used in a

variety of devices to act as frequency references,and, in some

applications,frequencystability is requiredfor temperatureswell above

300°C. The materialpropertiesof silicon carbide(SiC) imply that SiC

resonatorscould perform betterat high temperaturesthan the current

polysilicon resonators. In this project, SiC and polySi MEMS

resonatorsaredesignedandmodeledto predicttheir frequencystability

over temperature. The predictions are comparedto determine the

possibleadvantagesof SiC in high-temperatureresonatorapplications.

MOTIVATION

ǒSensorsneedfrequencyreferencesto convertanalogsignalto digital

ǒCurrentfrequencyreferences

ƺQuartz Crystals: most common, but unusable above approx. 

140̄ C

ƺPolycrystalline Si MEMS:used for high-temperature

applications, looking for improvement of temperature stability

ǒPossible High Temperature Improvement: use silicon carbide (SiC) 

as MEMS resonator material

GOALS

ǒDesign two single-mask MEMS resonator geometries

ƺResonant frequency appropriate for sensors: 1-10 MHz

ƺEach geometry designed for both polySiand SiC

ǒConfirm design calculations using finite-element-modeling

ǒPredict frequency stability over temperature

ǒCompare predictions to determine superior device material

MATERIAL PROPERTIES

Parameters that affect MEMS resonator frequency (fo)

ǒGeometric dimensions

ǒEffective spring constant of structure

Temperature-dependent material properties determine these parameters:

Coefficient of Thermal 

Expansion (a):

ǒCauses changes in 

geometric 

dimensions over 

temperature

ǒaof SiC varies more 

over temperature 

than aof polySi

YoungôsModulus(E):

ǒKey parameter in 

effective spring 

constant of 

structure

ǒE of SiC changes 

less over 

temperature than E

of polySi

Graphs from R.G. DeAnna, S. Roy, C.A. Zorman, and M. Mehregany, Proceedings of the 

International Conference on Modeling and Simulation of Microsystems, San Juan, Puerto 

Rico, 1999, p. 644 

DESIGN: FOLDED-BEAM RESONATOR

ǒResonant Frequency Expression:

DESIGN: FREE-FREE BEAM RESONATOR

ǒResonant Frequency Expression:
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FINITE ELEMENT MODELING

ǒFolded Beam Resonant Frequency

ƺSiC: 1.08 MHz  modeled  (1.1 MHz calculated)

ƺPolySi: 0.88 MHz modeled  (0.9 MHz calculated)

ǒFree-Free Beam Resonant Frequency

ƺSiC: 2.5 MHz modeled  (9.0 MHz calculated)

ƺPolySi: 2.0 MHz modeled  (7.4 MHz calculated)

ƺUnlike analytical expression, finite-element modeling takes tether 

mass into account, causing  disagreement

RESULTS: TEMPERATURE STABILITY

Calculated f0 vs. T

ǒFor both SiCand polySiversions of each geometry

ǒTaking into account changes in E and Ŭ
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Folded Beam

ǒSiC: -21 ppm/ C̄

ǒPolySi: -39 ppm/ C̄

ǒ f0 of SiCvaries less over 

temperature than f0 of polySi

for this geometry

Free-Free Beam

ǒSiC: -21 ppm/ C̄

ǒPolySi: -39 ppm/ C̄

ǒ f0 of SiCvaries less over 

temperature than f0 of polySi

for this geometry
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CONCLUSIONS AND FUTURE WORK

Advantage of SiC

ǒBecause of the nature of resonators, thermal expansion cancels in 

resonant frequency expression 

ǒSuperior performance of E over temperature for SiC results in more 

stable SiC MEMS resonators

Future Work

ǒFabricate resonators in both SiCand polySi

ǒTest resonators, determine accuracy of model, and compare device 

materialsô performance

ǒAdvantage

ƺComb fingers produce large signal

ǒDisadvantage

ƺ Difficult to design for higher 

frequencies

ǒDesigned Resonant Frequencies

ƺ1.1 MHz (SiC)

ƺ0.9 MHz (polySi)

Deformed to 

demonstrate  

motion
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ǒAdvantages

ƺEasy to design for high frequencies

ƺHigh Q-factor

ǒDisadvantage

ƺNo comb fingers Ą weak signal

ǒDesigned Resonant Frequencies

ƺ9.0 MHz (SiC)

ƺ7.4 MHz (polySi)

Deformed to 

demonstrate  motion
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