---------- -- -- - S05P0922 TITLE OF THE
IN\/ENTIC]\I Drlve Crcuit of Gscillation Gyro CROSS
REFERENCES TO RELATED APPLI CATI ONS The present
i nvention contains subject matter related to Japanese
Patent Application JP 2004-207026 filed in the ‘
‘Japanese Patent Office on July 14, 2004, the entfPeF0522
contents of which being incorporated herein by
reference. BACKGROUND OF THE I NVENTION 1. Field of

.-on. resent invention relates to a
“TQE%%W@Bi\Hposci | lation gyro which includes
two_piezoelectric elements formed in an oscillator. 2.
DesPrive Cirsnitof Grelllation Gare: As a civilian gyro used
for detection of an unintentional nmovenent of the

hands in taking an inmage using a video canera,
direction detection in a car navigation system
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and the ﬁﬁ‘E’a cg{FTerar osmllta?grt’[l on gyro utilizing a

fle osci.l | ation has be used. For
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Applicagion J¥ BO%%YQ?&aﬁle@ ttheflopaneseBaert Officeentfulold 2604, the

1: Japanese Patent Application Laid-Open Publication

entifdocon?éiOe @A DeingHat @b ofatstheréi@byasfpgice, as shown in
FIG 1 a drive circuit 20 drives, an 1

BACKGROUND OF THE INVENTION
I Field of the Invention:

The present invention relates to a drive circuit of an oscillation gyro which
includes two piezoelectric elements formed in an oscilla‘por.
2. Description of Related Art:

As a civilian gyro used for detection of an unintentional movement of the
hands in taking an image using a video camera, direction detection in a car navigation
system, attitude control of a movable body, such as a vehicle, and the like, a columnar
oscillation gyro utilizing a flexing oscillation has been used.  For example, an
oscillation gyro in which two fiezoelecln'c elements are adhered to a quadrangular
prism-like oscillator is put to practical use _(for example, Patent Document 1: Japanese

Paterg Application Laid-Open Publication No. 2000-304543).

Heretofore, for example, as shown in FIG. 1 a drive circuit 20 drives, an



SOSP0922 oscillation gyro 1 which includes a
quadrangul ar prismlike oscillator 2, a piezoelectric
el enent 3a and a piezoelectric elenent 3b, and is
formed in such a manner that the piezoelectric
el enent 3a and the piezoelectric elenent 3b are
aligned on a first side face of the oscillator .2505R@222
surface of the oscillator 2 is conductively plated.
Then a detection signal is outputted from outputs of
two pie oelectrlc el ements 3a, 3b. In the drive
-+ 08Ci ?tiwrozl h inclndes gawadiapgaler pasmlikgoseillatgy 2oa 1
shown in FIG 1, a second side face opposed to a
piezbelestricelateerft 8a and b pidreckesiticlclahent 3B, aixl i domesl iadutlpaa
reference potential Vref. This reference potentia
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cont act the oscillator e plezoe ectrl c

th | e ene 3b,t hr
on 2SO0 2R o i sCiaigRiohe e Shihied %"ftlﬂ? A & Cspddlively
%CP erlgll%ezoel ectric el ement 3b grow ded on_ the first
plateg. dgfectionesigadlils puipaiedirompuips aftheitwepiezoglectric
and a differential anplifier 26 are respectively
elementhdx3bd, and an oscillation circuit 24 is connected
through resistors 2la, 21b and a capacitor 25. Al so,

t helrodidage Girb @it D0 oPéhel OnSHORST &Cillafiod W@l&dﬁﬂm FIG.1,a

circuit 23, which is .connected to the o ation
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drive circuit 20 of such aconfiguration, an output
brough itp cofect with theeoscilletir(2 eftthepiczveleatiic elednent 3 appihieed

to the side faces of the piezoelectric elenents 3a,
piez8blectric element 3b through the oscillator 2.

To the piezoelectric element 3a and the piezoelectric element 3b provided on
the first side face of the oscillator 2, an adding circuit 22 and a differential amplifier 26
are respectively connected, and an oscillation circuit 24 is connected through resistors

-21a, 21b and a capacitor 25.  Also, the adding circuit 22 is connected to a comparing
circuit 23, which is connected to the oscillation circuit 24.

The differential amplifier 26 is connected to a synchronous detector 27,and a
detection signal Vsd’ by this synchronous defector 27 is outputted as a detection signal
through a DC amplifier 28. -

In the drive circuit 20 of such a configuration, an output signal Vgo® of the

oscillation circuit 24 is supplied to the side faces of the piezoelectric elements 3a, 3b,



2 SO5PM™22 opposed to the other side faces of the
pi ezoel ectric elenents 3a, 3b that abut on the
oscillator 2, through the capacitor 25 and the
resistors 21 a, 21b. An output signal Vgl' of the
pi ezoel ectric elenment 3a and an output signal Vgr' of
the piezoelectric elenent 3b are added by the addistgrogsz2
circuit 22, and its addition signal Vsa' is inputted
to the conparing circuit 23. The conparing circuit 23
conpares an addition signal Vsa' by the adding circuit
opposedjorthe pther side fares of thepiezovlgotricelemenss 3a Sl thatabanon the
circuit 24, and supplies the conparison output signa
oscillatdr 2, throtigtethesapadiet 26 and thegblittodR 124089, a
differential signal Vda' between the output signa

vgl' pal | ' d e Qut put
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tt.ed the differential anplifier 26, and _.
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27. The %ynph[dnous detector 27 synchronously detects
additgnn signal Nesa eistinputtedity g covperingyinosit 5. aThe oodopaiigneikcuit

Vck' fornmed by the oscillation circuit 24. A

23 denpares amaddigomsighialdV sab iy theaddipCdF QRIS RIS HRGuput3ignal
is anplified by the DC anplifier 28, and outputted as
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vol tage waveformin each
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at maj or. axis_of the oscillation gyro 1 as a center,
velief tﬂs ?b‘#e%]%‘alcé?%erae%tE'atané #wqut@tt&t@ai/ Yeu' afitbe pizgecledisit

the rotation at the major axis as a -.enter is
clempi Iheig outputtest py dlssdifferential axhplifter @6eandsynehinbasly de@erd by

| velocity is applied. An oscillation systemis forned

the synchrgmsisideteetdr 2700 aHK syRPPodRS dLELREY 27 Rnchronously detects the
differential signal Vda’ by using a clock signal Vck® formed by the oscillation circuit
24. A detection signal Vsd® by the synchronous detector 27 is amplified by the DC
amplifier 28, and outputted as a detection signal.

Here, FIG. 2 is a time chart of a voltage waveform in each portion of the drive
circuit 20 of the conventional oscillation gyro 1 shownin FIG. 1. InFIG. 2, the case
that there is no rotation at a major axis of the oscillation gyro 1 as a center, is
expressed as a stationary state, and the case that the rotation at the D0Ajor axis as a
* ‘center is applied, is expressed as a state when a rotation angle velocity is applied.

An oscillation system is formed of a positive feedback loop including the

oscillation gyro 1, the resistor 21a, the, resistor 21b, the capacitor 25, the adding circuit



oscillation gyro 1, the resistor 2la, the resistor
21b, the capacitor 25, the adding circuit 3 S05P(922
22, the conparing circuit 23 and the oscillation
circuit 24, and is self-oscillated in the resonance
frequency of the oscillation gyro 1. The oscillation
gyro 1 is flexing oscillated in a direction . S05P0922
perpendi cular to the first side face and the second
side face by this oscillation. Wen rotated, the
mpj or axis of the oscillation gyro 1 as a center, in
22, hst eprapaging cinchis 23 iand the eseillation hicit 24, and ivsadf-bicilldtedin the
‘ is changed by a Coriolis force. Thus, an out put
resehiahte freqemcy ¥ te-odgillation gy@eine reHeastcliRtivg e9rd PR flexing

pi ezoel ectric element 3a and the piezoelectric
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. Si .S f drivj he ascil.l ation ro 1 are the .
this A8 o ¢ i il foe Sl i e s i iSogptpriens a Center, in
.piezoelectric element 3b at a stationary state, and
othe dipesionanfitheyflexing osaillatisimas ehanged byl Coninlis forcet h&haus,
pi ezoel ectric elenment 3a and the piezoel ectric el ement

an Sutpufidifferchos &V glt-Wepr Hiig pedesatt@betwdeh MidWeidiectric element 3a
oscillation gyro 1 are canceled by the differenti al

and{B pidzb8leci2f &R 3bL A a &@@k%@ﬂdﬁ%&@gw%ﬁu the

Coriolis force are the sign

. r nas t he sane litude  in the.

sl RIERERRRIRSES, | it e BRERTY e octillaton puinchere
3b. Therefore, the difference_ signal Vda' obtained by

the QYL @é ¢ BHfEreleciHRslomaeng pa and the piezogleghiin element 3b at a
proportional to (Vcl' Vcr'). The difference signal

statorsry sibteqimearesignalseantinfthe enhé phasermal iafipdituddn itise
synchronously detected to be thereby converted into
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drivil thd 6MMaiBE gyro 1 are canceled by the differential amplifier 26. Then, the
signals in response to the Coriolis force are the signals Vcl’ and Ver® of reverse phases
and the same amplitude in the piezoelectric element 3a and the piezoelectric element
3b. Therefore, the difference signal Vda’ obtained by the differential amplifier 26 is
a signal proportional to (Vcl’-Ver?).
Thc&ﬁﬂemms@mﬂVﬂf(mmhmdbyﬂwdﬁ&ﬂmﬁﬂanmﬁ&ﬂzéE
synchronously detected to be thereby converted into the DC detection signal Vsd’.
The synchronous detector 27 full-wave rectifies the difference signal Vda’ from the
differential amplifier 26 at the timing of the clock signal Vck® to thereby convert the

signal Vda’ into the signal Vfr’, and then integrates, the signal Vi to obtain the DC



differential amplifier 26 at the timng of the clock

signal Vck' to thereby convert the signal Vda' into

the signal Vfr', and then integrates, the signal Vfr'

to obtain the DC 4 SO5PC022 detection signal Vsd' .

This detection signal Vsd' is DC anplified to a

predeterm ned anplitude by the DC anplifier 28, &9dr0922

only an.angul ar velocity signal generated by the

rotati on can be detected. The signal in response to

the Coriolisg force is canceled in the addition signal
detaggign S@B@Wﬁid Byris degectionisiggak V& s DOanphifie! i9escpedetermined

signal proportional to the sum of the outputs of the
amplitedoby teDCanylificeds, 2d oahdad hpubireztrig ignaCodicptedby

3b at the stationary state. \Wien Zgl is an inpedance

the fltafidifcdi zpedgsdric elenent 3a, Zgr is an inpedance
of the piezoelectric element 3b, Ro is a value of the

[ d th i .St. 21b, . L S..an .
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[ | Vgl' of th [ I [ I 3 dth
Vi e Rk S 5o sor o gemmizraporbonl e
are shown as below. Vgl' = [(Zgll/Rs)/{(Zgl//Rs)+Rb}]

of theyoutputs{df/tiie piRbscRectfibélEnleht 3a Atghthe piégoélestric element 3b at the
[(Zgr//Rs)/{(Zrg//Rs)+Rb}] Vgo' = {1/ (1+Rb/ Rs+Rb/ Zgr)}
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el enent 3a and the inpedance Zgr e piezoelectT
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the piezoelectric element 3b becone al so the m ni num

signgh Medt ofrthe piemecloeiric slpsentBa andithe antput lsEnabVipt’i afthe

piezoelectric element 3b are shown as below,

Vel = [(Zgl/Rs)/{(Zgl/Rs)+Rb}] - Vgo’ = {1/(1+Rb/Rs+Rb/Zgl)} - Vgo’

Ver’ = [(Zgr//Rs)/ { (Zrg//Rs)+Rb}] - Vgo'= {1/(1+Rb/Rs+Rb/Zgr)} - Vgo’

Since the impedance Zg] of the piezoelectric element 3a and the impedance
Zgr of the piezoelectric element 3b become the minimum when the oscillation gyro 1
oscillates in the resonance frequency, the voltage amplitudes of the output signal vgl’
of the piezoelectric element 3;1 and the output signal Vgr® of the piezoeleciric element
3b become also the mmunum Therefore, the voltage amplitude of the addition

 signal Vsa’ obtained by the adding circuit 22 becomes the minimum. When the

A



signal Vsa' obtained by the adding circuit 22 becones

the m ni mum Wen the 5 SO6P0922 addition signal Vsa'

of the adding circuit 22 is conpared with the output
signal Vgo' of the oscillation circuit 24, in a

conpari son out put signal Vemi of the conparing ‘
circuit 23, the voltage anplitude becones the nﬁx%@ggbgzz
when the oscillation circuit 24 oscillates in the
resonance frequency, becom ng the positive feedback

| oop for formng the oscillation system The

add@aE 8 Wa Opit (AY hdcﬁhg Pﬁ&uiVEﬁfis @ %:&g@igkgtsdt@gasigqal Vgo'

circurt 23 is a sign proportiora

' i L Vcmi is.distorted i vef orm the
of (b BESAQS el 3, et rmaisap Bidib el ciueh the Compeiing
. the ogcillation circuit 24, and outputted as an out put
Ciregit aﬁlb\rg?éfﬁge gppliade hecapesithe maxithemgehenf the beciBatimadircuit
Vgo' is cut in the conventional drive circuit 20, the

24 ewjliatestiothefsomnoe freqsaicy, becbminpethe %@ﬁﬁivé RledBRcK 1%0#9 Bor
i ncluded, the DC bias voltage of the signal Vgo' T1s

fors b oditla : . . ] i
¢ adgl ng C|lgﬁqr{§glgﬁ{rg?éﬂﬁe I}%@ g‘?g%t%gto%lg%agégﬁ%eco % the
cor B8R B B 8 LU 03t By
. the oscillation_ circuit 24 is saturated, and hence

is dipfQriegin; WaveFarm, the siEmekY coF iy mrvefuE s iSiattangla wave by

oscillation gyro 1 heretofore known as described above

the ggeillationcirqité#o stdeutpiteasenttp@aigati Viebe

pi ezoel ectric elenment 3b comonly for a drive piece

and Sinadahe PIC bifls POIEGE of e $ifhl *}Egoﬁ & AR i BuY&fidbnal drive

sinple structure. However, ere  exists a probl
circ‘élsi/t?g, %@%ﬁ’ﬁ%ﬁ :1§C g«#:'éegdsa;ﬁr 1 fHle PRt 8595 S ing 1asd! the DC
bias voltage of the signal Vgo’ is inputted to the comparing circuit 23 through the
adding circuit 22, and the DC bias voltages become the same values at the two input
terminals of the comparing circuit 23. Then, the output signal Vgo’ of the oscillation

circuit 24 is satarated, and hence not oscillated.

SUMMARY OF THE INVENTION

Since the oscillation gyro 1 heretofore known as described above uses the
piezoelectric element 3a and the piezoelectric element 3b commonly for a drive piece
and a detection piece, it can be formed in a very simple stracture. However, there

exists a problem that the drive circuit for driving the oscillation gyro 1'is complicated

- and difficult to be realized at a low cost.



and difficult to be realized at a | ow cost. 6

S. 05P0922 Accordingly, in view of the above-nentioned
conventional problem it is desirable to provide a
drive circuit of an oscillation gyro which has a
sinple configuration and reduced cost. Further,

anot her object of the present invention, and concggtfogasz
advant ages obtai ned according to the present
invention will be further clarified fromthe
description of enbodi nent which will be descri bed

bel Awcortiingdy, pavicivcof the hiyoveameiitioned cofiedntibnalipréblem, it is
oscillation gyro according to the present invention

desitaté 1hrB0ide WRIRIeRF R 86 btk bgcé%%(? gfll}li’({ A su?%ﬁ ying

oscil l'ator conprising an
F I: ' | 10 one side faces of the two
con% ezgéﬁggégﬁﬁﬂugﬁgﬁents and addi ng si gnal s obtai ned
fromthe other side faces opposed to the one side
fac §ﬁ€¢r anothesiobiesboiibe present invieios, anghednarete advantages
oscilFation circuit adapted to be fed back wth an
obtaani] adcordingitopthe psdsgmidhverttioaiwiibefirthdrelatiidBomithe Ui t
wherein a sine wave signal obtained as an oscillation

des@iptidatofembodfnOR GiibRAIP Be AbdchBEd Félﬁw.s upplied to the

one side faces of the two piezoelectric elenents as
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. be redyced by inputting the drive signal to the one_
mveg%%&a W@Eg%lg 6%/’0 PHEOEIGBIIC sleanents emer én an espillater casnprising an
in the oscillator of the oscillation gyro, inputting
addiniggrecni fooswpplyinga dfive sighildo onb side $aats of gleawoqigastdtric
to the above-nmentioned one side faces, to the adding
elements and addifp sighald 8bialiRdFHiA We Stherside fiked HHoREid e one side

circuit to the oscillation
faces of the piezoelectric elements, and an oscillation circuit adapted to be fed back

with an addition output signal obtained _by the adding circuit, wherein a sine wave
signal obtained as an oscillation output of the oscillation circuit is supplied to the one
side faces of the two piezoelectric elements as the drive signal.

According to the present invention, the configuration can be simplified and the
cost can be reduced by inputting the drive signal to the one side faces of the two
piezoelectric elements formed in the oscillator of the oscillation gyro, inputting signals
outputted from the other side faces opposed to the above-mentioned one side faces, to
the adding circuit, inputting the output signal of the adding circuit to the oscillation
circuit, and supplying a sine wave signal obtained as the oscillation output of the

oscillation circnit as the drive signal to the one side faces of the two piezoelectric



circuit, and supplying a sine wave signal obtained as
the oscillation output of the oscillation circuit as
the drive signal to the one side faces of the two
pi ezoel ectric 7 .SO5PM™22 elenents. BRI EF DESCRI PTI-ON
OF THE DRAWNGS FIG 1 is a block diagram show ng a
configuration exanple of a drive circuit of a _gospooz2
conventional oscillation gyro; FIG 2 is a tine chart

- di agram of voltage waveforns in respective portions of
the drive circuit of the conventional oscillation

elempptso; FIG 3 is a bl ock diagram showing a

configuration exanple of a drive circuit of an
oscillation gyro according to the present invention;
FIG 4 is a perspective view of the oscillation gyro;

5 ' ' i f scillation gyro; and
BRfE’:F@Eé @@g&mﬂ&wﬁggage wavefornms in
res t|ve Qortlons of the drive circuit of the
cﬁ%? at 15 ablesk dagrapshopans pesdrgwatianexempts of a drive circuit
PREFERRED EI\/BCDI MENTS An enbodi nent of the present

Ofamnmmonaiascﬂ]aﬁbﬂgy‘ﬂgcrl bed in detail with reference
to the acconpanyi ng drawi ngs. The present invention is

not FiG:.11 i adirh@ cRdrEdia SRS vatiake %%fdrﬁ@ﬁl fé@é&éﬁve %B ons of

nay be changed arbitfrarily 1n“a scope o ange*no
tter of the present
©Tven él"gt%)ffqi@%%ﬁ%(?%}gjggﬁﬁ? Pon, the oscillation
t 10
oyr lgIé :J. is a% oc\:lke c%agiyam stll%wgnrlé \a{%oﬁiliélfrgﬁon example of a drive circuit

of an oscillation gyro according to the present invention;
FIG.41sa perspeétive view of the oscillation gyro;
FIG. 5 is a side view of the oscillation gyro; and

- FIG. 6 is a time chart of voltage waveforms in respective portions of the drive

circuit of the oscillation gyro.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

An embodiment of the present invention will be described in detail with
reference to the accompanying drawings. The preéent invention is not limited to the
embodiment described below, and may be changed arbitrarily in a scope of a range not
departing from the subject matter of the present invention.

In the present invention, the oscillation gyro 1 is driven by the drive circuit 10 ..

having a configuration, for example, as shown in FIG. 3.



havi ng a configuration, for exanple, as shown in FIG ' -
3. 8 SO5PM22 This oscillation gyro 1 conprises a
-quadrangul ar prismlike oscillator 2, a piezoelectric

el ement 3a and a piezoelectric elenent 3b in such a

manner that the piezoelectric elenment 3a and the

pi ezoel ectric element 3b are aligned on a first sidfbP0922

face of the oscillator 2, as showmn in FIG 4 and FIG

5. The surface of the oscillator 2 is conductively

ot e IR Gt Plhnfcs s ARGl pusbrlbeiopilBinaan

as_Elinvar, iron-nickel, quartz, glass, crystal,

piegoslefivic elemept3a andea piezaeiecttic elaiment3b insuchininvimgr thaethe
oscillation gyro 1 conprises an adding circuit 11 for

Piezeaesityi¢ elgmenti3d ael thé pleabelberipBRnsnt 8b hRCAB A oh AGirk!\Qde
pi ezoel ectric elenents 3a, 3b, and addi ng signals

face bf tieRREilThio? D) 4ol gﬁi Hend RFGSs, OPRRSS Tcg g%&x%ﬁgﬂlgtor 2

side faces of "the piez ectric el'énents

: L akd.on eircuit 12 adapted to be fed back wth
» cg{ri}d aggl H@# o'ut%‘%o P‘Qfﬁ%ﬁzz ﬁkﬁeﬁ?’ﬁgﬂ fornedinf agpaferial for
circuit 11, - e_{aei_n a sine_wave signal obtained as an
gengAting adPFéﬁﬂﬁgi Yhtatien, sueh ap Edinvarairpwnickel, quattz, bPask scrystal,
supplied to the one side faces of the two
cerygusifectric el enents 3a, 3b as the drive signal. A
differential anmplifier 13 is connected together with
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oneds?&eef%&iesoonf ﬂsula gigg(l)eléc?;ic? glggnegts%(;, ggpzalni(ifaillirscijllgﬁon circuit 12
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adapted to be fed back with an addition output signal obtained by the adding circuit 11,
wherein a sine wave signal obtained as an oscillation output of the oscillation circuit
12 1s supplied to the one side faces of the two piezoelectric elements 3a, 3b as the
drive signal. A differential amplifier 13 is connected together with the adding circuit
11 to the piezoelectric element 3a and the piezoelectric element 3b provided on the
first side face of the oscillator 2, a difference signal Vda obtained by a differential
amplifier 13 is synchronously detected By a synchronous detector 14, and a detection
signal Vsd is outputted as the detection signal throngh a DC amplifier 15.

More particularly, the oscillation gyro 1 has the piezoelectric element 3a and

the piezoelectric element 3b formed to be aligned on the first side face of the oscillator



More particularly, the oscillation gyro 1 has the

pi ezoel ectric elenent 3a and the piezoelectric

el enent 3b forned to be aligned on the first side face

of the oscillator 9 S05P0922 2, and the out put

"~ signal Vgo of the oscillation circuit 12 is input%gg'ggz2

to a second side face opposed to the first side E

of the oscillator 2. The signal Vgo is applied to the
side faces of the piezoelectric elenment 3a and the
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 sideieey gfdhopienoelpairic plsment da aud tpiczadkgcmy cbémenti3b ik abuts
An addi tion output signal Vsa of the adding circuit 11

on the osciflatbt 2dhrdughttheossititdd 21t | &A ofiphé siizhal 32] jetdMectric
out put signal Vgl of the piezoelecCtric el enent a an

: , e , I b
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: f.th i ff i al i fj 13 1,

sidE B bnplS LR b ite e i) Sowiou fiancubi et ta e
but .its timng |s, conducted b{z usi ng a clock signal

addipgcirqyit g AR additionseytpisignsh Vish of thietadding chreuisufl patnputted

signal Vsd of the synchronous detector 14 is

to thenpsailiatied cirguit A2. DAlsuytHe dutgit sighal Wt 6f the plezoBeitfic ?Iement

time chart of a voltage waveformin each portion o
3a drldethe bixtpat sighdl Wrtof Bk Hiek éféén]‘; ' libelt ro
1ls hommnpian gill%w% Th elglc a%e t %«%‘1@{1{2@%@% ]ﬁné) r g{)]g%?/on
ifBH f hs Qqf ild.ati rol center,
I'S ng?(lpr %@see g)ig's %‘nscﬁlgﬁftx%r?ftg% pﬁfeéé’ Rﬁﬂﬁﬁ“’?ﬁ'@“ﬁ%’é t hat
svphfie Lot at itggcegg t he malng)r axi.s as a center is applied,
yorlropoutede ¥ the sghrongadetecter 1 bubis tmangis conducted by
.velocity is applied.
using a clock signal Vck formed in the oscillation circuit 12.  An output signal Vsd of
the synchronous detector 14 is amplified by the DC amplifier 15.

Here, FIG. 6 is a time chart of a voltage waveform in each portion of the drive
circuit 10 for driving the oscillation gyro 1 shown in FIG. 3. The case that there is no
rotation at a major axis of the oscillation gyro 1 as a center, is expressed as a stationary
state, and the case that the rotation at the major axis as a center is applied, is expressed
- as astate when a rotation angle velocity is applied.

An oscillation system is formed of a pos_itive feedback loop including the -

oscillation gyro 1, the adding circuit 11 and the oscillation circuit 12, and is

self-oscillated in the resonance frequency of the oscillation gyro 1. The oscillation

10



An oscillation systemis fornmed of a positive feedback
| oop including the - oscillation gyro 1, the adding
circuit 11 and the oscillation circuit 12, and is
self-oscillated in the resonance frequency of the
oscillation gyro 1. The oscillation 10 S05P0922 géro
1is flexing oscillated in a direction perpendi-cuPgPFre922
to the first side face and the second side face by

this oscillation. When rotated, - the major axis of the

i j : .. {n this state, the
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Lol s force. Thus, an_output difference (Vgl-Vgr)
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the piezoelectric el ement 3b, and an output Vda is
YT b pisenter, b his $fategihi dincetinn of thefipkingiostilidon Richihlied by the
time, signals for driving the oscillation gyro 1 are
Coridiis forcepuThugfanioneup JEES ' 3
ot e e VL o) 1 B raidl et

pi ezoel ectric el enent lonary s and

RSOk Sl M e B SR ESE B o8B Vil

enent 3b....Therefore _the signals for driving the
Obmgé%ﬁ?)@ttﬁ%ﬂl%waia@%ﬁﬁra%elﬁgtdh-‘é)HW%é@liafof@r ivingithe
amplifier 13. Then, the signals in response to the
osc@@ PBHEYE ¥ e dlee ontputs jof thei pjevmelevtric elemenit Jacandithoplezdéléctric
of reverse phases and the sanme anplitude in the

eleméns Bbeit et stativnas srendde aRcidia Rive7Oak §g:|fné '@g%se and

eIenent 3b. Therefore, the dif erence sign. .
e S i LSS i QUL Bkt 00
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s thereby converted into the DC signal Vsd. The
am@?i??& Iiso n6tss: &%ﬂ( Hgnaly imrespanse toghe £arietis fonce aret the signal Vel
and ?llwf sfigrrla? r{}:ci of reverse phases and the same amplitude in the piezoelectric
element 3a and the piezoelectric element 3b. Therefore, the difference signal Vda
obtained by the differential amplifier 13 is a signal proportional to (Vgl-Vgr).

The difference signal Vda obtained by the differential amplifier 13 is
synchronously detected by the synchronous detector 14, and is thereby converted into
the DC signal Vsd. The synchronous detector 14 full-wave rectifies the difference
signal Vda supplied from the differential amplifier 13 at the timing of the clock signal
Vck to thereby convert the difference signal Vda into the signal Vfr, and then -
integrates the signal Vfr to obtain the DC sigpal Vsd. This signal Vsd is DC

amplified to a predetermined amplitude by the DC amplifier 15, and only an angular
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signal Vda supplied fromthe differential anplifier 13

at the timng of the clock signal Vck to thereby

convert the difference signal Vda into the signal Vfr,

and then integrates the signal Vfr to obtain the DC

signal Vsd. This signal Vsd is DC anplified to a

predeterm ned anplitude by the DC anplifier 15; aff@>r0922

only an angular |i S05P0922 velocity signal

generated by the rotation can be detected. The signa

jchho Lol i I.§ canceled in the
Vﬁkgd Ft o#@%ﬁ?%ﬁ%5?§$§ﬁ%%8 ggpégagﬁgﬁidding circuit 11,

and-pecones a signal proparfional to the sumof the

out BUF 287! IpResppleiodlie Corpks famens enesiedindoe adsition output
. piezoelectric elenent 3b at the stationary state.
signah¥ga ghtheiadding dinepis dd el tetotobea pigaaebpertiohal t6 tes@h of

3a, Zgr is an inpedance of the piezoelectric el enent

the Bintpandf the fRezdclechic &l8RIht 3TRRAMRS gféz;ﬁéle&.ﬁ@ eledtidh B8 at the

circuit 11, the output Vgl of the piezoelectric

S e VI 2 A el S BEREF)  ars n
impYiet b L5 atbepsc en Falthobs Rsaaiampgtanse attes

pi ezoel ectric elenent 3a and the inpedance Zgr of the
addpgecirsaitdds the outug Mghof e piezoclvetricrlementiJnand thesutbieVgr of
oscillation gyro 1 oscillates in the resonance
the pieeopleniy clendent Sohteatiowarmibelosdes of the output Vgl of
the piezoelectric elenent 3a and the output Vgr of
the piezoelectric elenment 3b becone the nmaxi mum
Therefore, the voltage anplitude of the addition

he" Bl AT Venr kTN, kes Ve feednack 1 oop

Ver={Rs/(Zgr+Rs)} - Vgo={ 1/(1+Zgt/Rs)} - Vgo

Since the impedance Zgl of the piezoelectric element 3a and tﬁe impedance

~ Zgr of the piezoelectric element 3b become the minimum, when the oscillation gyro 1
oscillates in the resonance frequency, the voltage amplitudes of the output Vgl of the
piezoelectric element 3a and the output Vgr of the piezoelectric element 3b become
the maximum. Therefore, the voltage amplitude of the addition output signal Vsa of
the adding circuit 11 becomes the maximum, functioning as the positive feedback loop
for forming the oscillation system. Furthermore, the amplification degree of this

| signal is regulated by the oscillation circuit 12, ﬁms, the oscillation circuit 12 oscillates

as a sine wave signal, and its ountput signal Vgo becomes a sine wave signal.
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for formng the oscillation system Furthernore, the
anplification degree of this signal is regul ated by
the oscillation circuit 12, thus, the oscillation
circuit 12 oscillates as a sine wave signal, and its
out put signal Vgo beconmes a sine wave signal. 12
SO5P0922 In the drive circuit 20 of the conventi oA 222
oscillation gyro 1 shown in FIG 1, the resistor 2la,
the resistor 21b, the capacitor 25, and the conparing
cir : : e . ormis
o Sle bRt 20 Y e P o OB 1 Spp S 1. 1,
cikcuid, 24. On the other hand, in the drive circuit 10
the 6‘?31%%%&]65@\6#%%*? 10y $hescapaciigr 28 aichecompaEng cuewih 23 are
i nvention shown in FIG 3, conponents corresponding to
requied. rlasther, dhe waveforh és resshiapedoio ttiangulhewaepacte oscilation
and the conparing circuit 23 are functionally not

cirouét@4. r @h theotas Bhhd A the dl@vé’&‘éﬁftqwﬁﬁii'@l@édﬂﬂaﬂoﬁfggﬁtﬁl
re,

oscillation circuit 24 is not required. There
; ' i j ' rive circuit
b Rtk bbb Bn b il PG, b dfiofls clFropiitgio e
. tegted. | houl d be upderst ood by those skilled
f“’sﬁgﬁ’rgﬁ%‘?ﬁ? iR Dol GaRacHion e agthe famparng e v 2381s,
suqé®§nbinations and al terations may occur depending
funglionpdlyinghrequisgdi r Brasiditiona fhe wavesernt shapingsinithe ofcillation circuit
they are within the scope of the appended clains or

24 ishet sgpiredl eTharefdngthobscilldiofRd 9 22driVi Ty fhe dev\cER: 10

IS: 1. Adrive circuit of an oscillation dgyro

which a4 vty REnBINGd) biid BR) 546 blpubb AT dected.

It should be understood by those skilled in the art that various modjﬁcaﬁoﬁs,
combinations, sub-combinations and alterations may occur depending on design
requirements and other factors insofar as they are within the scope of the appended

claims or the equivalents thereof,
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formed in an oscillator, conprising: an adding circuit
for supplying a drive signal to one side faces of the
two piezoelectric elenents and addi ng signals
obtai ned fromthe other side faces opposed to the one
side faces of the piezoelectric elenents; and an
oscillation circuit adapted to be fed back wth a
addi ti on output signal obtained by the adding
circuit, wherein a sine wave signal obtained as an
WHeSTld CRATOIEPW.put of the oscillation circuit is
supplied to the one side faces of the two
pi ezoel ectric elenments as the drive signal. 2. The
drive circuit of the oscillation gyro according to
claiml, wherein a front surface of the oscillator is
conégkﬁﬁvwmyﬂﬁfaﬂégﬂhmbﬂgwmimﬂmﬁngbwoszodaxﬁcdsnmnm

ﬁ05P0922

1.
formed in an oscillator, comprising:

an adding circuit for supplying a drive signal to one side faces of the two
piezoelectric elements and adding signals obtained from the other side faces opposed
to the one side faces of the piezoelectric elements; and

an oscillation circuit adapted to be fed back with an addition output signal
obtained by the adding circuit, wherein

a sine wave signal obtained as an oscillation output of the éscﬂlaﬁon circuit is
supplied to the one side faces of the two piezoelectric elements as the drive signal.

2. The drive circuit of the oscillation gyro according to claim 1, wherein a front

surface of the oscillator is conductively plated.
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