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Z-AXIS VIBRATION GYROSCOPE 

FIELD OF THE INVENTION 

The present invention relates to a sensing device Which 
utilizes gyroscopic principles to measure Coriolis force 
created by the conservation of momentum of driven bodies 
and, more particularly, to a micro-gyroscopic sensor Which 
vibrationally de-couples a driven mass from the sensing 
device’s sensing structure. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

There are several signi?cant defects in the prior art 
micro-gyroscopic sensors. Typically, these sensors rely on a 
single mass element for both driving and sensing functions 
or rely on multiple mass elements Which are physically 
coupled to a sensor. This coupling of the driving and output 
motion severely limits the sensitivity of the gyroscope. For 
example, as the drive element is vibrationally driven, a 
parameter that affects the sensing mechanism is the amount 
of vibrational energy Which crossovers from the driven 
element to the sensing electrodes. In the presence of a 
vibrational crossover, the Coriolis force Which is small is 
dif?cult to detect, thereby limiting the sensitivity of the 
sensor. 

In all prior art designs there is also a lack of ability to 
correct for vibrational crossover of the system due to manu 
facturing tolerances. The problem is Worsened by the use of 
a single support element to couple the driven element to the 
sensing element. Since the single support element’s length 
varies during manufacturing, its structure Will often generate 
undesirable signals that corrupt the intended signal. 

Furthermore, sensors typically utiliZe support structures 
having a plurality of support poles. This con?guration leads 
to signi?cant errors caused by temperature changes. These 
temperature changes cause thermal expansion of the com 
ponents Which require complicated control algorithms to 
adjust both the drive and sensing structures. 

In one embodiment of the invention, an angular velocity 
sensor is disclosed having a sensing element and a pair of 
driven mass drive elements. Each of the driven mass drive 
elements have a support structure Which de?nes at least one 
vibrational node. The driven mass drive elements are 
coupled to the sensing element at the node so as to alloW the 
driven mass drive elements to oscillate about an axis to 
generate Coriolis forces Which are measured by the sensing 
element, Without transmitting oscillation energy to the sens 
ing elements. 

In another embodiment of the invention, an angular 
velocity sensor is disclosed having a sensing element and a 
plurality of drive elements. The drive elements are coupled 
to the sensing element through a support structure de?ning 
a tuning fork. The tuning fork structure de?nes at least one 
vibrational node. The sensing element is coupled to the drive 
element through the vibrational node. The drive element 
further oscillates about an axis and has an inertial mass 
con?gured to generate Coriolis forces Which are measured 
by the sensor. 

In another embodiment of the invention, an angular 
velocity sensor is disclosed having a support frame, a 
plurality of drive elements and a motion sensor. The drive 
elements are coupled to the support frame through a support 
structure de?ning a double tuning fork. The support struc 
ture de?nes at least one vibrational node, the support struc 
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2 
ture being coupled to the support frame at the node. The 
sensing element is coupled to the support frame While the 
drive elements oscillate about an axis and has an inertial 
mass con?gured to generate Coriolis forces. 

Further areas of applicability of the present invention Will 
become apparent from the detailed description provided 
hereinafter. It should be understood that the detailed descrip 
tion and speci?c examples, While indicating the preferred 
embodiment of the invention, are intended for purposes of 
illustration only and are not intended to limit the scope of the 
invention. It is hoWever an object of the present invention to 
provide an improved gyroscopic sensor Which overcomes 
the de?ciencies of the prior art micro-machined gyroscopic 
sensors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will become more fully understood 
from the detailed description and the accompanying 
draWings, Wherein: 

FIG. 1 represents a top vieW of a sensor according to the 
teachings of the present invention; 

FIGS. 2A—2D represent various support structures 
according to the teachings of the present invention. 

FIG. 3 depicts a top vieW of a sensor according to the 
teachings of the ?rst embodiment of the invention; 

FIG. 4 represents a side vieW of the sensor according to 
the teachings of the ?rst embodiment of the present inven 
tion; 

FIG. 5 represents the top vieW of the sensor according to 
a second embodiment of the present invention; 

FIG. 6 represents a side vieW of the second embodiment 
of the present invention; 

FIG. 7 represents a top vieW of the third embodiment of 
the present invention; 

FIG. 8 represents a side vieW of the sensor according to 
the teachings of the third embodiment of the present inven 
tion; 

FIG. 9 represents a top vieW of a fourth embodiment of 
the present invention; 

FIG. 10 represents a side vieW of the fourth embodiment 
of the present invention; 

FIG. 11 represents a top vieW of the sensor according to 
the teachings of the ?fth embodiment of the present inven 
tion; 

FIGS. 12A—C represent top vieWs of the structure and 
function of a sensor according to the teachings of the sixth 
embodiment of the present invention; 

FIG. 13 represents a top vieW of the sensor according to 
the teachings of the seventh embodiment of the invention; 

FIG. 14 represents a side vieW of the sensor according to 
the teachings of the seventh embodiment of the invention; 

FIG. 15 represents a partial schematic shoWing the mea 
surement of the signals according to the seventh embodi 
ment of the present invention; 

FIGS. 16 and 17 represent various schematic representa 
tions of circuits capable of discriminating Coriolis forces 
from the various sensor elements; and 

FIGS. 18—20 represent alternate con?gurations of sensors 
according to the teachings of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The folloWing description of the preferred embodiments 
is merely exemplary in nature and is in no Way intended to 
limit the invention, its application, or uses. 
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Presented in FIG. 1 is a schematic representation of the 
sensor 20 according to the teachings of the present inven 
tion. The sensor 20 has a pair of drive elements 22 Which 
vibrate in a ?rst direction 24, and a sensing element 26 
Which measures Coriolis forces in a second direction 28. 

The drive elements 22 are coupled to the sensing element 
26 in a manner Which vibrationally isolates the drive ele 
ments 22 from the sensing element 26. In this regard, the 
drive elements 22 are coupled to the sensing element 26 
utiliZing a support structure 30 having a vibrational node 32. 
The node 32 is a position on the support structure 30 Where 
there is no movement of the support structure 30 When the 
support structure 30 is excited at a resonant frequency. By 
disposing a vibrational node 32 betWeen the drive elements 
22 and the sensing elements 26, driving oscillations associ 
ated With the driven elements 22 are isolated from the 
sensing elements 26, Without unnecessarily restricting the 
movement of the drive elements 22. The support structure 
30, Which is preferably a tuning fork, alloWs for the transfer 
of Coriolis forces from the drive elements 22 to the sensing 
elements 26. 

The use of a tuning fork design as a support structure 32 
alloWs for the production of a support structure 30 Which has 
an accurately determinable vibrational resonant frequency. 
In this regard, each support structure 30 is produced so as to 
have a prede?ned resonant vibrational frequency. Typically, 
the manufacturing of single member support structures often 
leads to variations in resonant frequencies of the assembled 
components. The varying resonant frequencies of these 
structures can lead to signi?cant errors Within the sensors 20. 
As the Coriolis forces being measured are very small, even 
small measurement errors can signi?cantly affect the sensors 
effectiveness. 

To overcome this problem, the support structure 30 is 
designed to utiliZe a double tuning fork con?guration. Axi 
omatic of the tuning fork con?guration is the “tempering” of 
defects related to improper formation of the drive elements 
due to the afore mentioned manufacturing tolerances. In this 
regard, tuning fork con?gurations provide structures having 
single predictable resonant frequencies. Further, tuning fork 
con?gurations de?ne predictable nodal locations. 
When discussing a tuning fork herein, applicant de?nes 

the structure as having more than one driven member, each 
member having similar resonant frequencies. The members 
are coupled together by a common member, Which alloWs 
for vibrational interaction betWeen the members. This inter 
action leads to an overall structure having a single resonant 
frequency Which is very close to and is a function of the 
driven members resonant frequencies. Applicant herein 
de?nes a double tuning fork as a structure formed by tWo 
sets of generally parallel members. Each pair of generally 
parallel members being cantileverly coupled at one end to 
respective common members. A second end of the cantile 
vered members is coupled to a single mass. Is envisioned 
that each cantilevered member has similar or the same 
resonant frequencies. 

FIGS. 2A—2D represent various support structures 
30a—30a'. The support structures 30a—30d vibrational nodes 
32a—32a'. FIG. 3 represents a top vieW of the sensor 40 
according to the teachings of the ?rst embodiment. ShoWn 
are ?rst and second driven elements 42 and 44 being coupled 
to a support frame 46. The driven elements 42 and 44 have 
a plurality of charge bearing plates 48 interleaved betWeen 
the charge bearing plates 50 forming a driven member drive 
comb 52. The exterior surface of the support frame 46 
de?nes a plurality of charge bearing plates 47. These charge 

10 

15 

25 

35 

40 

45 

55 

65 

4 
bearing plates are interleaved betWeen the charge bearing 
plates 51 and 53 of a sensing comb (+) 55 and sensing comb 
(—) 57. 

Application of an alternating charge to the plates 50 of the 
drive comb 52 causes the driven members 42 and 44 to 
oscillate. By applying charges at a frequency equal to the 
vibrational resonant frequency of the driven members 42 
and 44, an associated support structure 45 causes the driven 
members 42 and 44 to oscillate in the drive direction 54. 
Movement of the driven members 42 and 44 is monitored by 
the monitoring comb 56, Which are disposed adjacent to the 
driven members 42 and 44. Signals from the monitoring 
comb 56 are used to vary the input to the driven member 
comb 52. 

Rotation of the sensor 40 in its frame of reference as Well 
as conservation of momentum of the oscillating driven 
elements 42 and 44 lead to Coriolis forces, Which cause the 
rotation of the support frame 46. This rotation causes the 
charge bearing plates 47 on the support frame 46 to translate. 
This translation is measured by the charge bearing plates 51 
and 53 of the sensing combs 55 and 57. Capacitance 
betWeen the charge bearing plates 47, 51, and 53 is mea 
sured. In this regard, a single sensing comb 57 may be used 
to measure bidirectional movement of the charged plates 47 
disposed on the support frame 46. 
The output or sensed value is detected by measuring the 

rocking motion of the support frame 46 about the axis 
de?ned by the single support pole. There are several Ways 
for sensing such movement. Available methods include 
measuring changes in capacitance, pieZo-electric, magnetic, 
and optical. In the preferred embodiment, capacitance is 
used as the sensing medium. 
As shoWn in FIG. 3, charge plates 51 and 53 of the sensing 

combs 55 and 57 are used to detect the change in capacitance 
When the support frame 44 oscillates. The electrodes 51, 53 
and 47 form pairs of parallel capacitors; When the distance 
betWeen the charged plates 51, 53 and 47 changes, the value 
of capacitance also changes. This capacitance change can be 
measured by using electrical circuits knoWn to those skilled 
in the art. The tWo sensing combs 55 and 57 operate in the 
opposite sense, i.e., When one capacitor increases, the other 
decreases. The opposite sensing capacitors provide a Way to 
accomplish differential sensing, Which results in improved 
sensitivity. In the differential mode, as opposed to the 
absolute mode, the effects of environment and electrical 
noise are drastically reduced because these effects are can 
celed out. All effects that affect both capacitors are elimi 
nated from the sensing circuit. 
With general reference to FIGS. 1 and 2, the support 

frame 46 and depending driven elements 42 and 44 are 
supported by a single support pole 60. Disposed betWeen the 
support pole 60 and the support frame 46 are four rotation 
arms 66. The use of a single support pole 60 in conjunction 
With rotational arms 66 reduces the detrimental effects of 
thermal expansion, Which causes the charged plates of the 
driven members 42 and 46 as Well as sensing combs 55 and 
57 to be moved relative to each other. 

As can be seen, the support frame de?nes a truss structure. 
The support frame 46 in this embodiment is formed of tWo 
generally parallel longitudinal beams 68 and 70. Disposed 
betWeen the longitudinal beams 68 and 70 are four trans 
verse members 72, 74, 76, and 78. The rotation arms 66 are 
disposed betWeen the support pole 60 and the intersection of 
an interior pair of transverse members 74 and 76 With the 
longitudinal beams 68 and 70. Each driven member is 
disposed betWeen the interior transverse members 74 and 76 
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and the exterior transverse members 72 and 78. Disposed on 
one of the exterior transverse members 72 is the plurality of 
plates. 

FIG. 4 depicts a side vieW of a ?rst embodiment of the 
present invention. ShoWn is the support pole 60 Which 
suspends the support frame 46 over a substrate material 80. 
As can be seen, both the drive comb 52 and the monitoring 
comb 56 are isolated from the driven members 42 and 44 by 
being mounted directly to the substrate material 80. 
Additionally, the sensing comb (+) 52 and sensing comb (—) 
57 are physically coupled to the substrate material 80. 

FIGS. 5 and 6 represents a second embodiment of the 
gyroscopic sensor 82 according to the teachings of the 
present invention. The sensor 82 has a circular support frame 
84 Which is supported by four rotation arms 87 that couple 
the circular support frame 84 to a support pole 86. De?ned 
at the intersection of the rotation arms 86 and the circular 
support frame 84 are four node points 88. Disposed betWeen 
the node points 88 are a pair of parallel driven members 90 
and 92. As described above, the driven members 90 and 92 
have a plurality of charged plates 94 Which interleave With 
charge plates 96 and 98 and the drive and monitoring combs 
100 and 102. 

Disposed on the outside surface 103 of the circular 
support frame 84 is a pair of charged plates 104 and 106 
Which interleave With the charged plates 108 and 110 of the 
sensing comb (+) 112 and sensing comb (—) 114. Rotating 
the sensor Within its frame of reference causes Coriolis 
forces to be developed, causing the circular support frame 84 
to rotate about support pole 86. 

FIGS. 7 and 8 represent a third embodiment according to 
the teachings of the present invention. ShoWn is a sensor 116 
having a generally rectangular exterior support frame 118. In 
this embodiment, the support structure 120 for the driven 
elements 122 and 124 is decoupled from the support frame 
118. In this regard, the driven elements 122 and 124 are 
coupled to a pair of support members 126 and 128 by tWo 
pair of ?anges 130. Each pair of ?anges 130 functions as a 
tWo element tuning fork. The support members 126 and 128 
of the support structure 120 are coupled to a rotational arm 
132 at nodal points 134 disposed betWeen the ends 136, 138 
of the rotation arm 132. 

In this regard, the rotation arms 132 form a pair of vertical 
congruent angles 140 and 142. Disposed betWeen the rota 
tion arms 132 forming the congruent angles 140 and 142 is 
a pair of generally circular support beams 144 and 146 
coupled to the rotation arm 132 at the intersection of the 
driven member support structure 130 and the rotation arm 
132. The support frame 118 is bounded by a pair of exterior 
transverse members 148 and 150 Which de?ne a plurality of 
charged plates 151 that interleave With the charged plates 
152 and 154 to form the sensing comb (+) 156 and sensing 
comb (—) 158. 

Referring generally to FIGS. 9 and 10 Which represent a 
fourth embodiment of the present invention. ShoWn is a 
sensor 160 having an exterior support frame 162 coupled to 
a support pole 164 by four rotation arms 166. The support 
frame 162 is de?ned by tWo generally parallel longitudinal 
structures 168 and 170. Each structure 168 and 170 is 
formed by ?rst and second beams 172 and 174 and a co-axial 
central beam 176. The central beam 176 being of a thickness 
loWer than the thickness of the ?rst and second beams 172 
and 174. Additionally, the support frame 162 is de?ned by 
a pair of exterior transverse beams 178 and 180 Which de?ne 
a plurality of ?anges Which form a sensor charged plates 182 
With the sensing comb (+) 184 and sensing comb (—) 186. 
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6 
Directly coupled to the support frame 162 are a pair of 

driven elements 186 and 188. Each driven element 186 and 
188 is coupled directly to the support frame 162 utiliZing 
tWo pair of support members 190. The tWo pair of support 
members 190 function to form a tuning fork assembly, 
Which is coupled to the support frame 162 at nodal points 
192. 

FIG. 11 represents a top vieW of another embodiment 
according to the teachings of the present invention. ShoWn 
is a sensor 194 Which has four drive elements 196, 198, 200, 
202 coupled to a circular support frame 204. The drive 
elements 196, 198, 200, 202 are generally con?gured in an 
hourglass shape disposed Within a circular support frame 
204. Four rotation arms 206 support the hourglass con?gures 
drive elements 196, 198, 200, 202 at four vibrational nodal 
points 208. The nodal points 208 occur at the junction 
betWeen the drive member support ?ange 210 and the 
rotational arms 206. 

The support frame 24 de?nes a plurality of radially 
extending charged plates 212. These radially extending 
charged plates 212 interleave betWeen the charged plates 
214 of the sensing comb 216. As can be seen, the radial 
extended ?anges can surround the entire circumference of 
the circular support frame 254. It is envisioned that the 
sensing combs can be disposed about only a port of the 
support frame 254. 

FIG. 12A depicts another sensor 218 according the teach 
ings of the present invention. ShoWn are four drive elements 
220, 222, 224, 226 Which are con?gured into an hourglass 
shape. The four drive elements 220, 222, 224, 226 are 
coupled together through a pair of central beam members 
228. Additionally, the drive elements 220, 222, 224, 226 are 
coupled to a support frame 230 by members Which are 
generally perpendicular to the drive elements 220, 222, 224, 
226. The support frame 230 has a pair of curved longitudinal 
beams 232 and 234 Which are coupled to and convex in 
relation to a central pole 236 by four rotational arms 233. 
Disposed immediately adjacent to each of the rotational 
arms 238 is a compensating electrode 240. The compensat 
ing electrode 240 and monitoring comb 242 are used in 
feedback loop to adjust the applications of forces to the drive 
elements 220, 222, 224, 226. At the intersection of the 
rotational arms 238 and the curved beams 232 and 234 are 
vibrational node points 235. Disposed on the support frame 
are a plurality of ?anges 232 Which are used in conjunction 
With a sensing comb 239 to sense the Coriolis forces 242. 

FIGS. 12B and 12C represent top vieWs depicting the 
function of the sensor 218 according to the teachings of the 
sixth embodiment of the present invention. FIG. 12B depicts 
the sensor 218 When the drive elements 220, 222, 224 and 
226 are driven toWard the central pole 236. In this position, 
the curved continuous or segmented beams 232 and 234 are 
bent, having a smaller radius or curvature. The drive ele 
ments 220, 222, 224 and 226 are forced toWards the moni 
toring combs 241. The sensor frame 230 is con?gured to 
place the vibrational nodes 235 of the sensor frame 230 
betWeen the sensing ?anges 237 and the drive elements 220, 
222, 224 and 226 to vibrationally isolate the components. 

FIG. 12B represents a top vieW of the sensor 218 When the 
drive elements are being draWn aWay from the monitoring 
comb 241. In this regard, the curved beam 232 and 234 are 
bent so as to have a larger radius of curvature. Again, the 
vibrational nodes 235 are positioned so that little or no 
vibrational energy is transmitted to or through the four 
rotational arms 238. 

FIG. 13 depicts another embodiment of a sensor 244 
according to the teachings of the present invention. ShoWn 
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are four drive elements 246, 248, 250, 252 con?gured into 
an hourglass shape. The four drive elements 246, 248, 250, 
252 are coupled to a support frame 254 generally perpen 
dicular to the coupled drive elements 246, 248, 250, 252. 
The support frame 252 is comprised of tWo generally 
concave beam structures 254 and 256. Located at tWo points 
of the generally concave beam structures are a pair of node 
points 258 and 260. The support frame 252 is coupled to the 
central pole 262 utiliZing rotation arms 264 Which are 
disposed betWeen the nodal points 258 and 260 and the 
central pole 262. De?ned immediately adjacent to the rota 
tion arms 264 are compensating electrodes 265, Which are 
used With feedback a control circuit 288 (described beloW) 
to regulate the output of the sensor 244. Additionally, 
disposed upon the rotation arms 264 is a plurality of sensing 
elements 266 Which can be constructed of pieZo-resistive 
device or pieZo-capacitive materials. 

FIG. 14 represents a side vieW of the sensor 244 shoWn in 
FIG. 12. ShoWn are the sensing elements 266 disposed on 
top surface 268 of the rotational arms 264. As seen in FIG. 
13, the sensing devices can be coupled into a recti?er 
con?guration to increase the sensitivity of the sensing 
device. FIG. 14 depicts the use to the sensing elements 266 
Which are electrically connected using a bridge circuit, as is 
knoWn in the art. 

FIGS. 15 and 16 represent a schematic of a circuit 270 
capable of discriminating Coriolis forces from the various 
sensor elements. While the folloWing description references 
the sensor 40 according to the ?rst embodiment of the 
invention, the use of the circuit 270 is equally applicable to 
the other embodiments. 

Circuit 270 is con?gured to control the movement of the 
driven members 42 and 44 as Well as the detection the 
Coriolis forces. In this regard, preampli?er 272 receives and 
ampli?es a signal from monitoring comb 56. Automatic gain 
control 274 monitors the output of preampli?er 272 and 
automatically adjusts amplitude and frequency of the charge 
on drive comb 52, causing the vibration of drive element 42. 

Simultaneously, the detection portion of the circuit 270 
ampli?es the signal for sensing combs 55 and 57 using 
preampli?ers 276 and 278. The output from preampli?ers 
276 and 278 are compared utiliZing differential ampli?er 
280, Which greatly improves the monitoring resolution. 

The output of the differential ampli?er 280 is used in 
conjunction With the output of the drive circuit’s preampli 
?er 272 by the synchroniZation detector 282 to detect and 
adjust for vibration noise from the driven elements. The 
output of the synchroniZation detector 282 is adjusted by a 
gain offset adjuster 284 and ?ltered by loW pass ?lter 286 to 
produce a signal indicative of the detected Coriolis forces. 

FIG. 17 represents a schematic of a circuit 288 capable of 
discriminating Coriolis forces from the various sensor ele 
ments. While the folloWing description references the sensor 
244 according to one embodiment of the invention, the use 
of the circuit 288 is equally applicable to the other embodi 
ments. 

Circuit 280 is con?gured to control the movement of the 
driven members 246, 248, 250, 252 as Well as the detection 
the Coriolis forces. In this regard, preampli?er 290 receives 
and ampli?es a signal from monitoring comb 246. Auto 
matic gain control 292 monitors the output of preampli?er 
290 and automatically adjusts amplitude and frequency of 
the charge on drive comb 247, causing the vibration of drive 
element 246. 

Simultaneously, the detection portion of the circuit 288 
ampli?es the positive and negative signals 296 and 298 from 
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8 
sensors 266 using preampli?ers 300 and 302. The output 
from preampli?ers 300 and 302 are compared utiliZing 
differential ampli?er 304, Which greatly improves the moni 
toring resolution. Additionally, the output of differential 
ampli?er 304 is used by ampli?ers 305 and 307 to adjust the 
charge on compensating electrodes 265. 
The output of the differential ampli?er 304 is used in 

conjunction With the output of the drive circuit’s preampli 
?er 290 by the synchroniZation detector 306 to detect and 
adjust for vibrations noise from the driven elements 246, 
248, 250, 252. The output of the synchroniZation detector 
306 is adjusted by a gain offset adjuster 308 and ?ltered by 
loW pass ?lter 310 to produce a signal indicative of the 
detected Coriolis forces. 

FIG. 18 depicts another embodiment of a sensor 311 
according to the teachings of the present invention. ShoWn 
are four drive elements 312, 314, 316, 318 con?gured into 
an hourglass shape. The four drive elements 312, 314, 316, 
318 are coupled to a support frame 320 generally perpen 
dicular to the coupled drive elements 312, 314, 316, 318. 
The support frame 320 generally conforms to the support 
structure disclosed in FIG. 2D. Located at four points of the 
beam structures are tWo pairs of node points 322 and 324. 
The support frame 320 is coupled to the central pole 326 
utiliZing rotation arms 328 Which are disposed betWeen the 
nodal points 322 and 324 and the central pole 326. De?ned 
immediately adjacent to the drive elements 312, 314, 316, 
318 are compensating electrodes 330, Which are used With 
the feedback control circuit 288 to regulate the output of the 
sensor 311. 

FIG. 19 depicts another embodiment of a sensor 332 
according to the teachings of the present invention. ShoWn 
are four drive elements 312, 314, 316, 318 con?gured into 
an hourglass shape as described in the sensor according to 
FIG. 18. Coupled to the rotation arms 328 is an octagonal 
shaped member 334 Which supports a plurality of sensor 
comb elements 336. 

FIG. 20 depicts another embodiment of a sensor 338 
according to the teachings of the present invention. ShoWn 
are four driven elements 340, 342, 344, 346 con?gured into 
a square shape. The four drive elements 340, 242, 344, 346 
are coupled to a ?rst support frame 348 generally perpen 
dicular to the coupled driven elements 348, 350, 352, 354. 
The ?rst support frame 348 has the con?guration of the 
support frame shoWn in FIG. 2D. Located at four points of 
the generally support structure are node points 356, 358, 
360, and 362. The ?rst support frame 354 is coupled to the 
central pole 366 utiliZing rotation arms 368 Which are 
disposed betWeen the nodal points and the central pole 366. 
A second support frame 370 having the shape according to 
one of FIGS. 2A—2D supports sensing or compensating 
comb 372. The second support frame 370 is coupled to the 
rotation arms 368 at its nodal points. 
The description of the invention is merely exemplary in 

nature and, thus, variations that do not depart from the gist 
of the invention are intended to be Within the scope of the 
invention. Such variations are not to be regarded as a 
departure from the spirit and scope of the invention. 
What is claimed is: 
1. An angular velocity sensor comprising: 
a sensing element; 
?rst and second drive elements con?gured to be driven at 

a predetermined frequency, each of said ?rst and sec 
ond drive elements de?ning at least one vibrational 
node, the ?rst and second drive elements being coupled 
to the sensing element at its respective vibrational 
node; and 
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wherein the drive element oscillates about an axis and 
comprises an inertial mass con?gured to generate 
Coriolis forces Which are measured by the sensor, and 
Wherein the sensor is vibrationally decoupled from the 
sensing element When the drive elements are driven at 
the predetermined frequency. 

2. The angular velocity sensor according to claim 1 
comprising: 

a single support member coupled to the sensing element 
and disposed betWeen the ?rst and second drive ele 
ments. 

3. The angular velocity sensor according to claim 1 
Wherein the ?rst and second drive elements de?ne a plurality 
of ?rst charge bearing plates and Wherein said ?rst charge 
bearing plates interleave With a plurality of second charge 
bearing plates disposed on a drive comb. 

4. The angular velocity sensor according to claim 3 
Wherein the ?rst and second drive elements have a vibra 
tional resonant frequency and the ?rst and second charge 
bearing plates are con?gured to accept an alternating charge, 
said alternating charge being the predetermined frequency of 
about a vibrational resonant frequency of the drive elements. 

5. The angular velocity sensor according to claim 1 
Wherein the sensing element has a plurality of third charge 
bearing plates and Wherein said third charge bearing plates 
interleave With a plurality of fourth charge bearing plates 
disposed on a sensing comb. 

6. The angular velocity sensor according to claim 5 
further comprising a support frame, said support frame 
being disposed betWeen said sensing element and said ?rst 
drive element; and 

Wherein said support member de?nes a portion of said 
sensing element. 

7. An angular velocity sensor comprising: 

a base; 

a sensing element coupled to the base; 
a pair of driven mass drive elements con?gured to be 

driven at a predetermined frequency, said driven mass 
drive elements having a support structure Which de?nes 
at least one vibrational node at the predetermined drive 
frequency; 

Wherein the driven mass drive elements are coupled to the 
sensing element through the base at the vibrational 
node so as to alloW the driven mass drive elements to 
oscillate about an aXis to generate Coriolis forces Which 
are measured by the sensing element. 

8. The angular velocity sensor according to claim 7 
Wherein said support structure de?nes a tuning fork. 

9. The angular velocity sensor according to claim 7 
Wherein said support structure de?nes a double tuning fork. 

10. An angular velocity sensor comprising: 
a support frame; 
?rst and second drive elements con?gured to be driven at 

a predetermined frequency, the ?rst and second drive 
elements each having a support element de?ning at 
least one vibrational node at the predetermined 
frequency, the ?rst and second drive elements being 
coupled to the support frame at the vibrational node; 
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a sensing element coupled to the support frame; and 
Wherein the drive elements oscillate about an aXis and 

comprises an inertial mass con?gured to generate 
Coriolis forces. 

11. The angular velocity sensor according to claim 10 
comprising: 

a pair of drive elements coupled to the support frame; and 

a single support member coupled to the support frame and 
the ?rst drive element. 

12. The angular velocity sensor according to claim 10 
Wherein said support frame de?nes a tuning fork. 

13. The angular velocity sensor according to claim 10 
Wherein said support frame de?nes a double tuning fork. 

14. The angular velocity sensor according to claim 10 
Wherein the ?rst drive element de?nes a plurality of ?rst 
charge bearing plates and Wherein said ?rst charge bearing 
plates interleave With a plurality of second charge bearing 
plates disposed on a drive comb. 

15. The angular velocity sensor according to claim 14 
Wherein the drive elements have a vibrational resonant 
frequency and the ?rst and second charge bearing plates are 
con?gured to accept an alternating charge, said alternating 
charge having a frequency of about the vibrational resonant 
frequency. 

16. The angular velocity sensor according to claim 10 
Wherein the sensing element has a plurality of third charge 
bearing plates and Wherein said third charge bearing plates 
interleave With a plurality of fourth charge bearing plates 
disposed on a sensing comb. 

17. An angular velocity sensor comprising: 
a pair of drive elements con?gured to be driven at a drive 

frequency, each of the drive elements having a support 
element de?ning at least one vibrational node at the 
drive frequency, the drive elements being coupled to 
the support element at the vibrational node; 

a sensing element coupled to the drive elements; 
a single support member coupled to the sensing and drive 

elements; and 
Wherein the drive elements oscillate about an aXis and 

comprises an inertial mass con?gured to generate 
Coriolis forces. 

18. An angular velocity sensor comprising: 
a means for generating Coriolis forces being driven at a 

drive frequency; 
a means for sensing Coriolis forces; 

a means for coupling said means for generating Coriolis 
forces and said means for sensing Coriolis forces, said 
means for coupling having a vibrational node at the 
drive frequency, the vibrational node being disposed 
betWeen said means for generating Coriolis forces and 
said means for sensing Coriolis forces. 

19. The angular velocity sensor according to claim 18 
further having a single support pole con?gured to support 
the means for generating Coriolis forces. 

* * * * * 


