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In question 1, I choice the topic “Gyroscope” to discuss the advantages of “Micromachined Gyroscope”. The definition of gyroscope by NASA is: 

“A rotating wheel, mounted in a ring or rings, for illustrating the dynamics of rotating bodies, the composition of rotations, etc. It can also be a form of the above apparatus, mounted so delicately as to render visible the rotation of the earth, through the tendency of the rotating wheel to preserve a constant plane of rotation, independently of the earth's motion.”
The micro gyroscopes work following the same principles as “Foucault Pendulum”, which is used to measure the angular rotation of the Earth and made by Jean B. L. Foucault (1819～1868). A suspended mass is allowed to sense oscillation and rotation induced by “Coriolis force”. By detect the position and velocity of the mass, the precision angle can be measured, which is proportional to the angle of rotation. Now, the common drive and sensitive mechanisms in micro gyroscope are electro-statically driven and capacity sensitive.
[image: image1.png]EHHE L




[image: image2.jpg]G

Input é} Sense Mode
Rotation

Rate  [Proof Mass

Driven Mode

vl





Fig. 1-1 Foucault pendulum

There are two types for micro gyroscope: non-mechanical (optical) and mechanical, but here I focus on mechanical gyroscope. Micro gyroscopes use vibration structure to sense the rotation rate by sensing the Coriolis acceleration in a vibration proof-mass system, because it is difficult to made a rotating wheel like traditional gyroscope in MEMS fabrication processes. By different vibration structure, the vibratory gyroscope can be divided into: vibrating prismatic beam, tuning fork, dual accelerometer, resonant ring and vibrating shell.
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Figure 2: Vibrating Ring Gyroscope




Fig. 1-2 Resonant ring gyroscope

[image: image4.png]Fig. 1. Photograph of a Draper tuning fork gyro.




Fig. 1-3 Draper tuning fork gyroscope
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Fig. 1-4 Micromachined Angular Rate Sensor with two rotary oscillation modes (MARS-RR)

The commercial applications of gyroscope are ride stabilization system, traction control system, navigation, airplane-control, platform stabilization, and video camera. The advantages of gyroscope made by micro-machining are:

1. Multi-function in one chip: during limited space, we can combine more sensors in one chip, such as pressure and temperature sensors.

2. Mass production

3. Low production cost down and power consumption
4. High sensitivity
The scale laws for a key figure-of-merit for micro gyroscope are

Usually, Coriolis Effect can be described by this equation.
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According [7], the scale factor of mass is “L3”, and “L” for velocity. Thus, the scale factor of micro gyroscope is L5.
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