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• Drive and sense axes must be stable or at least track one 
another to avoid output drift
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Mode Matching for Higher Resolution
• For higher resolution, can try to match drive and sense axis 
resonance frequencies and benefit from Q amplification
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Issue: Zero Rate Bias Error
• Imbalances in the system can lead to zero rate bias error
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Nuclear Magnetic Res. Gyroscope
• The ultimate in miniaturized spinning gyroscopes?

from CSAC, we may now have the technology to do this
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Determining Sensor Resolution
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MEMS-Based Tuning Fork Gyroscope
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Drive Axis Equivalent Circuit
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• Generates drive displacement 
velocity xd to which the Coriolis
force is proportional
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Drive-to-Sense Transfer Function
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Gyro Readout Equivalent Circuit
(for a single tine)
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Minimum Detectable Signal (MDS)

•Minimum Detectable Signal (MDS): Input signal level when 
the signal-to-noise ratio (SNR) is equal to unity

• The sensor scale factor is governed by the sensor type
• The effect of noise is best determined via analysis of the 
equivalent circuit for the system

Sensor 
Scale 
Factor

Sensed 
Signal

Circuit 
Gain

Sensor 
Noise

Circuit 
Output 
Noise

Sensor Signal Conditioning 
Circuit

Output

Includes 
desired 
output 
plus 
noise

EE C245: Introduction to MEMS Design LecM 15 C. Nguyen  11/18/08  23

Move Noise Sources to a Common Point

•Move noise sources so that all sum at the input to the 
amplifier circuit (i.e., at the output of the sense element)

• Then, can compare the output of the sensed signal directly 
to the noise at this node to get the MDS
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Noise
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Noise

•Noise: Random fluctuation 
of a given parameter I(t)

• In addition, a noise 
waveform has a zero 
average value

Avg. value 
(e.g. could be 
DC current)

ID
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t

•We can’t handle noise at instantaneous times
• But we can handle some of the averaged effects of random 
fluctuations by giving noise a power spectral density 
representation

• Thus, represent noise by its mean-square value:
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Noise Spectral Density

•We can plot the spectral density of this mean-square value:

f
i
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One-sided spectral density
→ used in circuits
→ measured by spectrum 

analyzers

Two-sided spectral density 
(1/2 the one-sided)

Often used in 
systems courses

2i = integrated mean-square 
noise spectral density over 
all frequencies (area under 
the curve)
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Circuit Noise Calculations

• Deterministic:

• Random:

Inputs Outputs
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How is it we 
can do this?

EE C245: Introduction to MEMS Design LecM 15 C. Nguyen  11/18/08  30

Handling Noise Deterministically
• Can do this for noise in a tiny bandwidth (e.g., 1 Hz)
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Why? Neither the amplitude 
nor the phase of a signal 
can change appreciably 

within a time period 1/B.

[This is actually the principle by 
which oscillators work →

oscillators are just noise going 
through a tiny bandwidth filter]
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Systematic Noise Calculation Procedure

• Assume noise sources are uncorrelated

1. For    , replace w/ a deterministic source of value
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Systematic Noise Calculation Procedure

2. Calculate                             (treating it like a 
deterministic signal)

3. Determine 

4. Repeat for each noise source:      ,    ,

5. Add noise power (mean square values) 
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Determining Sensor Resolution
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Example: Gyro MDS Calculation

• The gyro sense presents a large effective source impedance 
Currents are the important variable; voltages are 
“opened” out
Must compare io with the total current noise ieqTOT going 
into the amplifier circuit
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Example: Gyro MDS Calculation (cont)

• First, find the rotation to io transfer function:
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Example: Gyro MDS Calculation (cont)
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Example: Gyro MDS Calculation (cont)

•Now, find the ieqTOT entering the amplifier input:
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Example: Gyro MDS Calculation (cont)
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LF356 Op Amp Data Sheet
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Example ARW Calculation

• Example Design:
Sensor Element:
m = (100μm)(100μm)(20μm)(2300kg/m3) = 4.6x10-10kg
ωs = 2π(15kHz)
ωd = 2π(10kHz)
ks = ωs

2m = 4.09 N/m
xd = 20 μm
Qs = 50,000
VP = 5V
h = 20 μm
d = 1 μm

Sensing Circuitry:
Rf = 100kΩ
iia = 0.01 pA/√Hz
via = 12 nV/√Hz
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Example ARW Calculation (cont)
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Example ARW Calculation (cont)
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What if ωd = ωs?


