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MEMS Resonators
Micromechanical resonators, fabricated from a silicon wafer 

and with feature sizes on the order of several microns, can 

serve as timing references for a variety of electronics.

Important characteristics of a MEMS resonator include:

• Quality factor (Q) – describes how underdamped the 

resonator is (ideally large for a narrow bandwidth and large 

resonant amplitude) 

•Temperature coefficient of frequency (TCf) – describes 

how the resonator frequency varies with temperature (ideally 

0 for a stable frequency reference)

Breathe-Mode Ring Resonators
This design employs breathe-mode ring resonators.  When an 

alternating signal is applied to the drive electrodes, the rings 

expand and contract.  The sensing electrodes detect the 

capacitance change due to the rings’ movement.

Typical breathe-mode ring resonator, with a single anchor point.  The length of the 

connecting arms is chosen so that the arms resonate at the same frequency as the 

rings.  This helps to maintain a high Q.  From Melamud, et al.1

Minimizing TCf
Polysilicon (and silicon) resonators typically have large TCf

due to the material’s negative temperature coefficient of 

Young’s modulus (TCE).  A silicon dioxide coating, which 

has a positive TCE, can counteract the temperature-

dependence of the resonator frequency.
Variation of frequency with 

temperature for a silicon 

“double-ended tuning fork” 

(DETF) resonator for 

various oxide thicknesses 

(smaller r indicates a thicker 

oxide).  For a particular 

oxide thickness, r = 2.9, the 

temperature dependency 

nearly vanishes.  From 

Melamud, et al.1

Stabilizing Temperature
If two resonators with different TCf’s are kept at the same 

temperature, then a feedback loop on the frequency 

difference can be used to maintain the resonators at a desired 

temperature, regardless of ambient temperature.  Maintaining 

a near-constant temperature further negates the effect of the 

resonant frequency’s temperature dependence.

Example of two thermally coupled 

resonators with different TCf’s.  A 

feedback loop on the frequency 

difference is used to maintain a 

target resonator temperature.  The 

desired frequency signal is then 

extracted from the more stable 

resonator.  From Salvia, et al.2

Target temperature

Design
Based on the above considerations, a four-ring resonator (shown below, without electrodes) consisting of two thermally-matched 

pairs of breathe-mode ring resonators was designed and will be fabricated.  The first resonator pair has thin rings that will be

significantly affected by the oxide and will have a reduced TCf.  The second resonator pair has thick rings and will be used to 

maintain a target temperature, as discussed above.  Several designs variations, with different ring widths and separation distances 

between resonator pairs, will be tested for changes in Q, TCf, and (undesired) coupling between the resonators. 

It is important that the breathe resonant modes remain 

uncoupled – the driving of one resonator pair should not 

induce resonance in the other.  Finite element analysis 

predicts little coupling between the resonators, as evidenced 

by two distinct resonant modes, shown below (color 

indicates resonant amplitude).
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A bias voltage, Vb, is applied to the resonator at the center 

contacts.  Offset voltages are applied at the remaining contacts, 

as shown, to generate a current that dissipates power into the 

device.  The slender supports keep the device thermally 

isolated from the ambient so that the resonators stay thermally 

matched. The plots below show the predicted voltage profile 

(left, [V]) and temperature profile (right, [K]) during heating.

Layouts for fabrication showing 

electrodes and contacts (outlined 

in red, above) and aluminum 

connections (below, in purple).
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