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Inertial Sensors (MEMS Gyroscopes) 
 

1) Error sources in vibrational MEMS gyroscopes 
 
From last time, we derived this simplified equation to model the operation 
of our MEMS gyroscope: 
 

𝑉 =
4𝑛𝑛 𝛽𝑏𝑚𝑡𝜀 𝜀 𝑉 𝑉 𝑉 𝑅

𝑐 𝑥 𝑑
Ω 

 
Which can be reduced to: 
 
𝑉 = 𝐾Ω 
 
Where VOUT is a DC voltage proportional to Ω, and K is a “constant”: 
 

𝐾 =
4𝑛𝑛 𝛽𝑏𝑚𝑡𝜀 𝜀 𝑉 𝑉 𝑉 𝑅

𝑐 𝑥 𝑑
 

 
a. Fabrication and component tolerances 

 
Many of the terms in K are design, fabrication, and component terms, 
which only approximate actual values.  Actual values for fabrication 
dependent terms can lead to Quadrature Error (QE) where small 
imbalances in kx, ky, and mx, and my values lead to non-ideal movement 
of the proof mass: 
 
When the system is balanced (i.e. no QE), if the proof mass is equally 
perturbed in both the x and y directions, it’s resulting motion should be 
circular (until coming to rest): 
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However, if the k and c terms are unbalanced (kx ≠ky, cx ≠ cy), and the 
proof mass is perturbed equally in the x and y directions and released, the 
resulting proof mass motion will be non-circular: 
 

 
 
Therefore, the resulting VOUT signal will have some inaccuracies due to 
this effect.  This is not due to design errors, but rather to the tolerances 
achievable in microfabrication. 
 
 

b. Translational acceleration 
 
The gyroscope’s proof mass will experience inertial forces when the 
gyroscope is translationally accelerated, and it will respond like an 
accelerometer’s proof mass. 
 
This can result in a translational acceleration dependent bias shift in VOUT. 
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One way to mitigate this effect is to fabricate two “identical” gyroscopes 
on the same chip, where they operate 180o out of phase with respect to 
each other.  This results in each VOUT signal having the same magnitude 
but opposite sign.  However, a translational acceleration will add the same 
bias to each output signal, and can therefore be corrected for (one VOUT 
increases while the other VOUT decreases).  One bonus, though, is that the 
system can also detect translational acceleration, although determining its 
direction could be challenging. 
 
 

c. Temperature 
 
Most MEMS gyroscopes are strongly affected by temperature.  It has been 
said that MEMS gyroscopes are better at measuring temperature than 
angular rate… 
 
Therefore, a temperature sensor is often integrated into a MEMS 
gyroscope so that temperature can be measured and its effects 
compensated for. 
 
 

d. Mechanical shock 
 
Large mechanical shock events can cause the proof mass to impact 
surrounding structures on the chip (frame, springs, etc.). 
 
This can temporarily or even permanently affect gyroscope performance. 
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e. Vibration and acoustic signals 
 
Most MEMS gyroscopes have: 3 kHz < fn < 20 kHz. 
 
This frequency range is also the audio frequency range, and the 
mechanical vibration frequency range for some mechanical systems. 
 
Environmental “vibroacoustic” components at fn can couple into the high 
Q MEMS gyroscope and interfere with proof mass motion, resulting in a 
corrupted gyroscope output signal. 
 
 

f. Noise sources 
 
Noise sources are present in the MEMS gyroscope’s mechanical and 
electrical systems: 
 

(1) Thermal noise, shot noise, and 1/f noise in electrical/electronic 
components 

(2) Thermal noise in the mechanical portion: all energy dissipative 
systems experience thermal noise (electrical systems → in 
resistances, mechanical systems → in damping mechanisms) 

  
This will make the gyroscope’s output signal noisy. 
 
 

g. Misalignment 
 
The gyroscope measures rotation rate about one axis (the z-axis as we 
have defined its operation). 
 
If the gyroscope is mounted so that it is not exactly aligned with respect 
to the desired z-axis (the desired axis for angular rate measurement), then 
the sensor’s output will not exactly be Ωz. 
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h. Intermode coupling 
 
If two or more high Q MEMS gyroscopes with the same or close fn’s are 
placed in close proximity, they can interfere with each other through 
mutual mechanical excitation (i.e. they vibrate each other).  This will lead 
to error in their measurements. 
 
Proper chip level packaging can mitigate this problem. 
 
 

i. Simplification assumptions 
 
The higher level effects we ignored are there and will have real effects on 
gyroscope performance. 
 
 

2) A real MEMS gyroscope: 
 
Consider this MEMS gyroscope chip fabricated with an SOI process: 
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