-1- PIEZCELECTRI C CRYSTAL RESONATOR This invention relates to piezoelectric

cry | resonators. More particularly, the invention rel ates t o~ehesty ode™ <

pat t@ns for piezoelectric crystal resonators operating in air. 5 Pri or
to this inyention, there have been proposals for piezoelelectric resonators
“useful in various neasurenent tasks. They utilised a sanple of ]

pi ezoel ectric material, having one or two_vibrating beanms. Thin coatings of
conductive material were deposited in various configurations 10 on the
surfaces of the sanple. The coatings formed an el ectrode pattern connected
to an electrical oscillator eIEZoELEUTRIT ©RYSTAl RESONATDREl ectric crysta
to vibrate at is resonant frequency. It 1s also known that the resonant
frequency of the 15 crystal changes when the crystal is subject to various
stimuli. For ex@hpbeinventhencmediadiesexpeniezoed egtrdxt erysltalor ce t endi ng
to deformthe crystal, its resonant -frequency changes and, consequently,

t he out put fregaeneyoss -anMerecreirddic gy atte doNsetiod T6latesclhtest al
changes. 20 This change in oscillator frequency can be sensed by
conventional PLEGEEREY @RSEeFRSndoroR iEaxediocty ico csEsdiat &5 SiORG OIS on of
the applied force. Single beamquartz crystal flexure node resonators are
di scl osed in BP8r25AP&nt"32470, 400 Wi sbord and U.S. 25 Patent 3,479,536 to
gb;;gsfggbﬁglErgﬁggkLl%éu%%igD %J@J%f%é?‘%&ﬂ}%‘ya%%|%%%% %@o%b%hlgak%gt

piezoelelectric resonators useful in various measurement .

tasks. .They utilised a sample of piezoelectric material,
having one or two vibrating beams. Thin coatings of
conductive material were depoéited in Yarious configurations"
10 on the surfaces of the sample. The coatings formed an
electrode.pattern connected to an electrical oscillator
circuit which excited the piezoelectric crystal to
vibrate ;t is resonant frequency.
It is also known that the respnant frequeﬁcy of the
15 erystal changes when the érystal is subject to various
stimuli. For example, if the crystal experiences an
D external force tending to deform the crystal, its resonant
frequency changes and, cocnsequently, the output freguency of
an electrical oscillator connected to the crystal changes.
20 Thig change in oscillator frequency can be seansed by
cecnventional frequency discrimiration circuitry to obtain

an indication of the applied force.

Single beam quartz crystal flex.r: mode resonatcrs are
disclosed in U.S. Patent 3,470,4CC -: Weisbord and U.S.
25 Patent 3,47¢,53€ tc Norris. Dout:is bdeam flexure mode

.
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-2- and U. S. Patent 4,215,570 to EerNisse. All of the devices disclos N
these Pajents exhibit a high inpedance at resonance. Moreover, the il
el ectr.ode patterns enpl oyed with the doubl e beam devices do not effectively
apply 5 a lateral electric field along the entire length of the

pi ezoel ectric crystal beans. For exanple, the Eernisse Patent discloses an
el'ectrode pattern which applies an electric-R~eld to only 44% of the beam

| ength. These force transducers are used in a vacuum or seal ed chanber
filled 10 with heliumor other relatively inert gas. In saome applications,
hovever, it wand b d&a et & (3 opfttatt® EfENiEE6nat ALLi ATatPet o reduce
the cost of the instrunent. It has been f.ound, -however, that the regonant
frequency of tHEEE §FiBrSHIRRAIW ihasmPatendst §*RaRiidi #y P &Ai 2APEB2YFRI ds
erroneous nmeasurenents in air Accordirguéh a ov%I elggt;ggeegaaterg has
been devised vihT dH T BN 1 h' VSRt » SIS dSTE8 38t PRSSSRARCETP&PT &2t i vel y
couples a | ateyAl, Sleetdd el Ayt Cad i U R Hloraleddcli9ed)! bpBabengt h and
renders the resonance frequency rel'atiely . .insensitive to’c gés in
humdity. 1§ i3 Pé‘\%@péfcél_é)étxt:{@ £1 ESENH1 drlp) Ul QAthReP1RKigER BrNeKE! Y

el ectrode pattern for a piezoelectric crystal resonator. It is another

obj ect of the jiwesdiodcd Oc PEOYL €6l el Forelex@inpQds Rakt Bebnigkea

pi ezcel ectric crystal resonator which renders the resonant frequency _
insensitive topditdn €l &ysEhes@eSan Neldetreiid rpattern. whii chs appfiueshen obj ect
of the invention to provide a ' '

electric field to only 44% of the beam length. These force

- -
-
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transducers are used in a vacuum or sealed chamber filied
10 with helium or other relatively inert gas. In some
applications, however, it wou;d be desirable to eperate.the
resonator in air to redgce the coét of the instrument.
It has been found, however;lthat the re;onant frequency
of these prior cfyétals is sensitive to humidity, which
15 yields erroneous measurements in air.

Accordingly, a novel electrode pattern.has_been devised
which lowers fhe crystal's impedance at resonance,
effectively couples ﬁ.lateral'eiectric figld to phe crysta1

Nl along its entire 1ehgth and renders the regonance frequency
20 relatiely insensitive fé changes ih humidity.

It is.an ocbject of the present'invehtion to provide a
novely electrode pattgrh for a piezoe1e¢tric crystal
resonator. |

It is another object of the invention to pro&ide a novel

25 electrode.pattern for a piez:eiectric crystal resonator
which renders the resonant freguency insensitive to humiditf
chapges in the environmgnt; |

T is a further object of =he invention to provide a

-



-3-. novel piezoelectric crystal force transducer which is insensitive to
di.ty changes. It is still another object of the present invention to

ide a method for rendering a piezoelectric. crystal 5 resonator ' .
ensitive to humdity changes. It is another. object’ of the invention to .-
provi de an el ectrode pattern for a piezoelectric crystal resonator so that
the resonator exhibits a | ow inpedance at resonance. It is a further object
of the invention to provide an 10 electrode pattern for a double beam :
pi ezoel ectric crystal resonator which effectively- couples an electric field

to the crystal .9Ven bb3 gBkhie DEGULLENGbheo ! - BGERLIANTE i Iy g N present

i nventi on we prop0se a piezoe IC cryst resonator for use as a force

15 transducql seQERL¥eNs Ruhikstyekragdgted beam of piezoelectric material;
a second el ongated beam of piezoerectric materi al substantially parallel to
the first beamrtt he kkigh andthesoBd ;6e8NBreagh PAVLOFt AikhPPn6ibd 268, 20 a
bottom surface and side surfaces connecting the said top and bottom
surfaces; theokiiket aand tae@oddrbeamBebeénggacpnaectbdctpi €ackyHtder by first
and second end portions of piezoelectric material so as to forma sl ot

bet ween tHhe rleispsia tard inseosd t2vebéanbumdditystheogdscti ve pad deposited on
the first end portion; a second.conductive pad deposited on the first end
portion and i nd® dtse@nfortbert hbiectsefcshduénventpad; to provide an

electrode péttérn for a piezoelectfic crystal resonator
so that the resonator eihibits a low impedénce at resonance. o
It is a further_ébject of the invenfion fo provide an "/
10 electrode pattérn for'a double beam ﬁiezoele;tfic.cryStal
;esonator'which'effeétiVely couples an electric fieié to .
the crystal over its entire beam length..
in.acéofdance”with thé present invenfion we propése a
piezoelectric crysfal'resohator for use aé a fofce
15 transducer comp:ising:
.a firsf'eldngatéd'beém Of-piezoeleﬁtric material;
a second'élqngatéd'beam of piez&electrié material_
'substantiaily parallel to tﬁe firsf]beaﬁ{
" the first and sédénd.beémé_each ﬁaving a tﬁp surface,
20 a bottom surface and side surfaces connecting thé said
‘top and bottom Suffaééé;
‘the firét.aﬁd'second beams being connect;d'to.eaﬁh
other by first and seccnd end portions of piezoelecfric
maferiallso as to fdfm 2 slot between the firét and'segond-
25 beams; o |
a first condﬁctive.pad depésited on.the first End pertion;
a second cbnduétive p=d deposit¢d~oh the first eﬁa

portion and insulated from the first conductive pad;



first electrode pattern conprising conductive strips deposited on the

and bottom surfaces of the first and second beans, the conductive stri

ext endi ng | ongitudinal | y- al 6ng substantially the entire | ength of the top
and bott-om surfaces of the first and second beans; a second el ectrode
pattern connected to the second conductivé-pad, the second el ectrode
pattern conprising 10conductive strips deposited on the top and bottom

surfaces of firsg agd %6%9@9tb%aqspawayha&@ﬁn@am ety fHonesthe first
el ectrode pattern, and “ext end ing longitudinally along substantially the

entire |en9tthEdth1prp§@d hakt @a-s4r £2cesrode t hotfd Fote Ayt ismannd beans;
15 a first waparound el ectrode pattern, deposited on the side surfaces
- of the first apddsReand keaipsandpeenredt bAgthBetPprindrboftdmes rifftes

el ectrode pattern deposited on the top surfaces of the first and second
beans with thefpanti direft hd Siecshdebeamsedthpatordwc tieposstridbon the 20
bottom surfaces of the first and second beans; and a second w apar ound '
el ectrode pA&t tesrtendépasiloagisndinaldivdelones aubstantinbly | the emire
secondbeans, insulated entirely fromthe first w aparound Iectrode patter,
and connect i nd engEh &t ithe HoPt 138 s LOF AP FREfREER ‘bﬁt’f%‘?n‘e i ted on
the top surfaces of the first and second beams with the portlon of the
second el ect r &fE 954t tP&ATSdeposited on the bottom surfaces of the first and

second beans. An el On%%tde%lfelc % paci%erﬁs%%%tié‘buC@ﬂédsé’éond

e ~

. conductive pad, the second electrode pattern cpmprising
%

-4- a first electrode pattern connected to the first conductive pad, tég;iz

10 conductive strips deposited on the top and bottom surfaces
of first and second beams, insulate§ entirely from the
first electrode pattern, and extending longitudinally
along substantially the entire length of the top and bottom
surfaces of the first and second beam#;

15 a first wraparound electrode pattern,'deposited on the
side surfaces of the first and secomd beams and connectihg
the portion of the firsﬁ electrode péttern deposited on
the top surfaces of the first and second beams with the

\v; portion of the first glectrodé_pattern_deposited on the

20 bottom #urfaces of the first and second_beams; anﬂ

a second wraparound electrode pattern deposited or the
siée sﬁrfaces of the_first and secondbeams, insulate@
entirely ffom the first wraparoundielectrode patter, and
connecting the pcrtion 6f the secOnd.electrbde pattern

25 deposited on thes =-cp surfaces of the first and second
beams with the pcrTion 6f thé second electrode pa?tern
deposited on the bcttom surfaces of the first and second beams,::

An elongateéd flexure mode resonator fabricated of



pi ezoel ectric material is disclosed below by way of exanple. It is in the
f_o-f. a ‘'doubl e ended tuning fork having a top surface, side surfaces and
a R¥&Yom surface. An electrode pattern is deposited on those surface so a
that"the 5 resonant frequency of the crystal is insénsitive to humdity .-
- changes. The resonator can be connected to an oscillator circuit such thate
t he output frequency of the oscillator: Brcuit follows the resonant
frequency of the crystal. Any conpressive or tensile force applied to the .
crystal in 10 an axial direction causes the resonant frequency to change
whi ch ther epyezaniestrhe B3EfTiat ofs ofipetoFeerdy W% War@)e/.examilg-
frequency change can be used tgQ neasure the force jS_Eqpl ied to the crystal.

The above r&Sohsit dF WFITABW BE BeSRPPhRd® T4 ot et /9713 a% 8 Pef er ence
to the acc_oggan%/i ng- dr aw n?s Ln %M‘li ch: _rll:égure g -sth\/\l/Jsr top Q\I an vi ew of
the pi ezoel &ePr PEFERGEr af *FESBRET 2775 FRTr2 PP WS H Bt om™ an vi ew of

Lhe resonat g, cBdeE GyEeeRnS 00V fos] 008 SPCHAGIAI s AUOTsd I ieanat o

20 taken along 't ne 3= i gure I gures and "~ respectively,

the top and.pobhaRkS¥rERGERcPT of PHEZORYSEAT | £5 Cysd i1 ¢8RO Humb-ai Ehe
resonator includes elongated beans 3 and 5 of rectangul ar- cross section

extendi ng bghuReBst WOTWedBeSBHaBOFt EQASHE Eonwekdd . to T JAMm atand 5 are
substantially parallel and define a slot 7 along a portion.of the

resonator. Ehrsustreathr enaanthe sadpudf fadyusnd abf et evsosil JHcitdre
material such-as quartz.

circuit fgllows the resonant'frequénCy of thé crystal.
Any combressive or tensilé force applied to thé crystal in \_j
1C an axial direction céuseé the résonan# frequency to chahge
which'theréby causes the oscil;ator'output frequenéy fo
change. This frequerncy chaﬁge can be used to heasure the
force applied to the crystal..
The above resonétor wil; now be described in more détail
15 with reference to the écéompanying'drﬁwings in which:
Figure 1 éhows a'top planlview of the.piézoelectriq
crystai resonator: |
Figure 2 shows a bottom planIQiew of.the.resonator; and ;'j
Figure 3 shows a Cfoss_seCtional view 6f the'resonator
20 taken along line 3-3 in Figure 1.
| Figures l.and 2 deﬁict, réspectively, the iob éﬁd
bottom surfaces of a piezoelectric crystallresonator 1.
The resbﬁator includes elongated.beams 3 and 5 of fectaﬁgular
cross sectiéh'eXtending befween two wide end portions-g
25 and 11. The beams 3 and 5 ére'substanﬁiélly.baféilel and
define a slot 7 along a portion of the resonétor._ This
structure czn be made of ény_suitable piezoeleétfic material

such as guartz.



Ends 9 and 11 can be bonded in any well known manner to elenents in a
measuri ng system whi ch undergo novenent in response to a paraneter to b
neasured, for exanple, force. A conpressive or tensile force is inparte
the 5 resonator which changes its mechanical resonant frequency. This

f xequency change can be sensed to indicate the magnitude of the paraneter

" to be nmeasured. The piezoelectric resonator, can be exited to vibrate at its
mechani cal resonant frequency by the applic¥ion of 10 an electric field
across spaced el ectrodes on the surfaces of the resonator. This field is
suppli-ed by an ostridd & andcilicwian Gennecided tio bhe spiteknevechamtes. The
oscillator frequency follows the mechanical resonant frequency of the

pi ezoel ectri c & ystemersird itrhipss nMerdivgdings siyisdefmomwbéchbundpuge egoyomeme
crystal. It has been found that the resonant frequency of the crystal is
dependent uporihUFASRAnEa\Hch & Raramesies] b9 Meamedspredirfor Texamplei dity-
dependency can_be reduced by an appropriate _electrode pattern.

. > 20
Accordi ngly, aP™d%ct rodf® BRaSHYS O7F drafgd1e TPregnifht™eryEed) te othe

i ni nize t ffects of idity on th t f .. The_ el ectrod
pat torn confr SRt (AT R (4 SRRRRE aepottEROBR TRBSYELY o de

and

This frequency change can be sensed to indicate the
magnitude of the parameter to be measured.
The piezoelectric resonator can be exibed.to vibrate
at its mechanical resonant frequency by the application of
10 an electric field across spaced electrodes on-the'sﬁrfaces
of the resonétor. This field is supplied by an oscillator
circuit connected to the spaced electrédes. The oscillator
frequency follows the mechanical resonant freqﬁency of the
piezoelectric crystal and thus indicates the force
15 imparted to the crystal.
It has been found that the resﬁnant frequency of
the crystal is dependent ppon humidity when the.;ryétal
vibrates in aip. This humidity dependency can be
reduced by an appropriate eléétrode pattern.

20 Accordingly, an electrode pattern is formed



bott om surfaces of the Crysta! by ahy-mell-knomn coating procedure, such as

-

VaCHAIN evapor attom or_sputtering—fFrgure—t shows—a-p tive pads. . __
13@ 15 formed on end 11 in the sanmezmanner as the rest of the electrode .
‘pattern. The conductive pads serve as bonding sites for | eads connecting _

- the resonator wht ghaN ceyatdpies Rinfitez@Sehel Yiednts B b ipgnded to
pads 13 and 15 by_ any well-knowp techni que, for exaggfe, SO egfn or ~
" thernmal conprl% §ﬁ6n35§9ﬂ4ﬁﬁ AN RRCY -and 2 show that each pad. 13 and

15 is the ternminus of a EHwrelectieder pdeteepoddmskioses hg sepiesi de and

bot t f f t P -electric tal. P 13 is coppecteq to a
conduc. ti ve. <o fohdtcive s ErEEh afpeRiRaA o dhe, WP s Fige 899and 1.

Strip 17 is albottomnsurfiades sef i thevctigstali by 2hyrwe Ph-kitdbwhp 23 I's
Caterally ext cRariing BUCARCE: 108y B3 VRN Ay anoafi&d bR N Sur i
31. Strip 29 a$pnttsrdmnpected to strip 33 which in turn is connected a
connected to a paif ot %ﬂﬁ?ﬁ%ﬁ%ﬁ%”@é&% dE Fodhtieg e {ac°
crystal . Stripand73Safe comrend 1rip thewisamesmann&o as the bottom of
57 Sond s BEAR B cheueektios pighath hicindlind bl 1,
on an inner sufeEVE @5 Handing sites for leads connecting the '
resonator with an oscillator 2. The oscillator leads
can be bonded to pads 13 and 15 by any well-known
technique, for example, soldering or thermal compres- | -;)
sion bonding. o N
‘Figures 1 and 2 show that each pad 13 and
15 is the terminus of a separate electrode deposited
on the top, side and bottom surfaces of the piezo-
‘electric crystal. Pad 13 is connected to a conduc-
tive strip 17, which is connected in series with
' strips 19 and 21. strip 17 is also connected in .
series with strips 23 and 25. Strip 23 is connected
. to the upper portion of the resonator by a strip 27
joined to a laterally extending strip 29. Strip 29
is ;ohnected in series with strip 31. sStrip 29 also

~ is connected to strip 33 which in turn is connected a ;Vj_
-laterally extending strip 35 which terminates in
strip 37. -

Strip 17 is connected to a pair of
strips 17a and 17b deposited on the side of the
. crystal. Strips 17a and 17b connect strip 17 with
strip 39 on the bottom of the crystal. Strip 39 is
connected in series with strips 41, 43, 45, 47, 49,
51 and 53 and terminates in strip 55. Strips 55a
and 55b are deposited on an inner surface of slot 7
~ and ctonnect strip 55 with strip 67 on the top sur-
- face of the resonator. |

—————————— . — -



and-conneci~—st+r+p~55-wit-hstrip 67 on the top.sur- face of the resonator.
Strip 39 isalso connected in series with strips 57, 59, 61 and 63 oM t{fzy
t ".

bottonyéurfacq of the crystal. Strips 63anand 63b are deposited on a sid
surface of the crystal and connect strip 83 with strip 69 on the top

surface of the crystal. Likeyise rip 25a_connects sirjps_25.and 71 Pad.
15°is joined to strip 16 V\hle%)@r‘f:\'% %%n’-’ n@%&d@ﬁ‘%’é&"‘r’e@ %ﬁtﬁ%’%??p?’ﬁ‘, 20,
22 and 24. Strip $8ripsc@hed®d 6D ahd 6Bpen [the ibottdmtserfaget df by
strip 26. Strip 284S 4. to t.D 2 ' FeSy.C ¢ C ' ries wth
strips 30, 32 and@'g&. "'§3’r. 8 a%%iﬁg g%%é%tﬁeﬁbn%iégg?%ggéﬁi 8“3@.
Strips 16a and 16Bigdee e coif obhe herystals andonrdechestript 88 and
connect strip 16 wyi Lay 7 t b 0@.;‘?&' f (S oS |. Strip
20a i s deposited ﬁ%*%hﬁﬁﬁég éﬁw acgﬁ%feé?ot 5%%£§%§H%%€scg?¥?%120 to
strip 38. Strip 38ikewisme ALEPn282r FeBnects atuips Q% and 7. 46, 48,
50, 52 and 54.  Strips S4a asgh S8 féegssﬂaa' ‘t%jélﬁ:f;% f}éewﬁﬂ{fﬁ?&% eorlhe

crystal and connect strjp 54 to,strip 56 on . ,the _top ace o e crystal :
Strip 38 is. al so BeGHEQ A i5PEEeS c¥itht ALIAPS I 858,2G0,22228A0264.  Strips

64a and 64b are depesig 9B Ok afonhéetedutbatheliuper portilofoBFeEhest ri p

64 with strip 66 on the .t surface.of the grystal. Strips.30a and . 30h are
deposi t ed Onpa si GEY: kﬁﬁ& sérfp 28._ th%pyie is }oiged to strip 28

which is connected in series with strips 30, 32 and
. 34. strip 28 also is connected in series to strip 36.
S < Strips l6a and 16b are deposited on the
side surface of the crystal and connect strip 16
with strip 70 on the bottom surface of the crystal.
‘Strip 20a is deposited on an inner surface of slot,
7 and connects strip 20 to strip 38. Strip 38 is
- connected in series with strips 40y 42, 44, 46, 48,
. 50, 52 and 54. Strips 54a and 54b are deposited on
a side surface of the crystal and connect strip 54
to strip 56 on the top surface of the crystal.
Strip 38 is also connected in series with strips 58,
60, 62 and 64. Strips 64a and 64b are deposited on
an inner surface of slot 7 and connect strip 64 with
. ' strip 66 on the top surface of the crystal.
.Strips 30a and 30b are deposited on a side surface
“of the crystal and connect strip 30 on the top sur-
~ face of the crystal with strip 46 on the bottom sur-
face of the crystal. Likewise, strip 36a connects
strips 36 and 72, which completes the electrode
‘pattern formed on the rescnator.
' Figure 3 shows a cross sectional view taken
through the crystal, which demonstrates more clearly
how the conductive strips (for example, strips 54a,
64a, 55a and 63a) wrap around the side surfaces of
the crystal and the slot 7 to connect the portions
of the electrode pattern on the top and bottom sur-



n.the bottom sur- face of the crystal. Likew se, strrp 36a "
rips 36 and 72, .which conpl €tes the el ectrode pattern forned.on

7% sonator Figure 3 shoms a cross-sectional view taken through the .
rystal, whichfegesisofatbe esystaloar It ehouhd benpodnted wsut pehdtor

. exanple, strip -§$§¥ 44 n 1§§ﬂ) o &fes of the
crystal and th?:L g?oéggn%e%t et{yp%?‘?f%% Ef?unﬁe eFe*?:'trod attern on
the top and botthsmelectro deaods te tsides yafathe| cryndald ag thimted out

that- "Fi gures "Lfhe, shmmeeﬂmpﬁ B2vé BBSnC o %b% on. the

sides of the crystal: as %hln trips. Wiille thin strips have hd
suitable, it id%riS PEBFETaRdS D(9PRr2akiRg, 1Roaktd&? Wider cthem: a

maj or porgl on @‘o alsati @ mAjblie gorton f%fealstﬁ‘h. feehl rﬂﬁﬂé\ﬂrf&eé
76 can be. conndd ALTECLLY FORSasEed CEnch < AFERERPBGRIS. BORE LA AE oxt ends
over the S|defanétmfpoénthhecbpmtﬂmfsuwﬁﬁcent F6z exakple, tstedp bpen
found that the [esqn nant fr e C al _is.moke insensitive.to
hu di ty s, moiib(BE hEOBRAEtEY TR iR T T ca BiTEHE WP srbeied
strips. It is. apeipwhichpextemisovéedthe shdeasurifazte WWiitieas been
described i s a Qi 520g] eREORC YN Yok SB5"DEE! ' Be! Bis! Wl edulgul! ©
: : ‘that the resonant frequency of the crystal is more
insensitive to humldlty as more of the side surfaces .
ard covered by the wrap around strips. : -
| . _ It is apparent to persons skzlled in the
art that what has been described is a plezoelectrlc
- crystal resonator 1n the form of a double ended tunlng
fork excited to vibrate at its resonant frequency
'in a flexure mode by electrodes dep051ted on the
top, bottom and s;de surfaces of the crystal. It
has been found that the disclosed electrode pattern
renders the crystal's resonant frequency relatlvely
1nsensrt1ve to humidity. 1In fact, it has been found
~ that humidity sensitivity is reduced by as much as
an prder of magnitude compared with prior'resonators.
It is not certain why such insensitivity results, A
~-but it is theorized that the electrode pattern more. ~
- effectively conflnes the electric field between the
‘electrodes to the interior of the crystal. Conse-
-quently, llttle of the electrlc field passes through
R the env1ronment surrounding the crystal so that humid-
ity can have_llttle_lnfluence_on the field and, thus,
little influence'on the interaction between the crys-
- tal and the osclllator.
_ _ It 1s also apparent that the electrode
: pattern effectlvely couples a lateral electrlc fleld
-_to the crystal along the entlre length of each beam

<




fork exc ted. _tul_b.l‘_at_e_a.LLts_Les.Qnant freaupncv in a flexure node by

t "has been found that the disclosed eI rode pattern renders the
crystal S resonant relati nsenS|t ve to m di{ In fa
it ~has been foun8®t }?&%&H}% i QP 2 é%¥ﬁ‘?9 Fé‘r w‘%% chegausge
ordﬁr_of nagn!tUdhecemtwnﬁihun¢tbrcﬁreaeh0betmrma§taifaﬁfmtcebgdna-mhy
such insensitivi e bu t electr attern
nore effectivel y{%X %:‘géé‘sp[ %#é% ﬁ%égggﬁdég‘%ﬁ&e ’ﬂi %?%??gﬂgsg‘?o t he
interior of the ar ;&sjféererfbrmdwn’envéypadl 5ol ehaft thdlaterally fi eI d
passes through t n r t - ity
can have little ?‘% %%\édr??e)%%‘sf‘? #gfgngs ?%e%éﬁ '(H]I&PQ Denc on t he
i nteraction bet wsdaldiye %@nﬁ-‘areallqng‘hb ofceackh dean tjust abedowppar ent .
that the el ectroﬁ fl?&“t&ﬁ'ﬁuf?ﬂ&bﬁs afﬁtserfgs €stshcafield -

ong t

to the crystal entire [ engt each beam oth the top and
bott om sur f aces. 1PWeF iipprdance akeresenARCE.ARS: & mmb‘éanthgs

adj acent conduc- w&:‘a‘p%r%t{ﬂd)selé‘éﬁf‘oaékaCﬂBEeSHﬂﬂédﬁMfoé'@ﬁﬁﬁést0 a
different conductiveée ad SO, thgh%fglat)egglly diregted el'ectric field is
ntPr

present al ong suE?Far? 8GH1G PeREMSLSL .each beam just bel ow
both top and bottom surfacemnérmf,rsﬁULESappa&émwpadengetﬁém

resonance and, al%n%onéuct{%e strips on the top surface of each

. crystal beam is evenly symmetric with respect to a

v longitudinal axis on the top surface of the beanm,
and the pattern of conductive strips on the bottom
surface of each crystal beam is oddly symmetric with
respect to a longitudinal axis on the bottom surface
of the beam. '

el odes deposited on the top, bottom g:?d side surfaces of the cryst@:
o




]

wr apar ound el ectrodes, nore effectively confines—the electric field to.the
crystal. Finally, it is apparent that the pattern of conductive strips. on

th ’Q)o surface of each crystal mﬂmmlmﬂmﬂ mretric with respect to a $
| ong?¥udi nal axis on the top sur‘ i | I # and the pattern’of Ea
conductive strips on the bottom surffacé of ekch crystal beamis oddly - N
symmetric with respect to a longitudinal gxis on the bottom surface of the
beam 11 CLAIMS 1. A piezoelectric crystal resonator for use as a

force transducer conprising: a first elongated beam of piezoelectric
material; a second el ongated beam of piezoelectric material 5.

substantial | yypamws l el to the first beam the first and second beans each
having a top Surface, a bottom surface and side surfaces connecting the

.said top and bottom surfaces; the first: and second beans bei ng connected to
each 10 ot herl.by fA rpsite zored edadred cayd tadr riespsadbrpferoekectei @ material so
as to forma slot between the first and second beans; a first conductive

pad deposit edantet He anisdyc e 9apniisdme:a second conductive pad deposited

on the first end 15 portion and jnsulated fromthe first conductive pad; a
first el ectrode PpdtiTeh doNEEde hegn 1€ pilegeelectric material;

a second elongétéd beam of piezoelectric material

5 substanti#lly parallei to the first bean;
the first and second beams each ha#ing.a tdb'surface,
a bottom surface and side_éurfaceé'conne¢t;ng'fhe said v
fop aﬁd botﬁ&misurf&cgs;
the firét.and second beams being co#hectédgto each
10 othér by first and second end portions of piezoelectric
material so as to form a slot between the first and second
~ beams;
a first conductive péd deposited on the first énd portion;
a second coﬁductive paad deposifed on the fifst enrd
15 portion and insulated from the first conductive pad;
a first electrode pattern éonneﬁted to the first } /-
condﬁétive pad,-the first electrode pattern comprising
condgctive strips deposited on the top and.boftom surfaces

of the first and second beans, the conductive strips .

N
(]

extending longitudinally along substantially the entire
iength of the top and bottom surfaces of the first and
second beams;

a second electrode pattern connected to the second

" conductive pad, the second electrode pattern combrisihg_

(R3]
tn

,icnductive strips deposited:on the tbp and bottom surfaces of

Tirst and second beams, insulated entirely from the first



S
“conductive pad, the first electrode-pattern conprising conductive strips
deposited on the top and bottom su M\L\ ﬁt and second be ~t he
conductive strips 20 extending | Om\\\“u“m subst anti al | y@?ﬁ
‘entire length of the top and botto aces ™f Sthe first and seco ans;
& second el ectrode pattern connected to the second conductive pad, the

second el ectrode pattern conprising conducpive strips deposited on the top
and bottom surfaces of first and second beans, insulated entirely from the .

first el ectrode pattern, and extending Iongltudlnally al ong
substantial ly e.entire I th of .the L9 nd bott,0 surface of the first
and second beﬁ#f t§°P|r§thfgpargﬂﬁdeé ec r lon 2531 éﬁgélﬁea on the 5

si de sur faces of, haibisy 2nd seeond beags ha@fi ap&rg%q&c'm tag gr tion of

the first el ecCtrode pattefn ep05|te e top sur es of the first and

second beams wili}alhe ra@rtthenfezt-skhenfsl géao@be&ésme pattern deposited on
the bottom surfaces of the first and second beans; and 10 a second

wr apar ound el ect 048 rRat WebBadepAai Eedceaoabepstﬂkenswe‘wﬁ&emf oinhenki r st
and second beans, insulated .entirely fromthe first waparound el ectrode

pattern, amd cdrreairfgcklbeofortheoffioktt ArdSecomd & exoiy Gaal Eannerting
deposited on the top surfaces of the first and second 15 beans with the
portion of thehsepordiohectr 6le farssrnldeposde eppoyettheddristidimdsur f aces of

the first and second beans. 2. A pi ezoel ectric crystal resonator
according to dmithe top surfaces of the first and second beams with

the portion of the first electrode pattern deposited
on the bottom surfaces of the first and second beams; and

10 a second wraparound electrode pattern deposited on the
side surfaces of the first and second beams, insulated
entirely from the first wraparound electrode pattern, and
connecting the portion of the second electrode pattern
dgposited on the top surfaces of the first and seccnd

15 beams with the portion of fhe second electrode pattern
deposited on the bottom surfaces of the first and second
beams.

S 2. A piezoelectric crystal resonator according to ciaim
1, wherein the conductive strips deposited on the to:z

20 surfaces of each beam are evenl& symmetric with respect
to a longitudinal axis on the top surface of the bear,and

wherein the conductive strips deposited on the bottom

surfaces of each beam are oddly symmetric with respect to a
longitudinal axis oﬁ the top surface of the beam.

25 3, A piezoelectric crystal resonator according to
claim 1, wherein fhe resonator is mounted in air.

a4, A piezoelectiric crystal resonator according to



1, mhereln t he conductive strips deposited on the top 20 surfaces of each }

beam 3 e evenly symetric with respect to a longitudinal axis on-the top

surf g f t he beam and wherein the conductive strips -deposited on the R
“bott dfh gurfaces of each beamare oddly synmmetri mllen)mu)uﬁ ~
l-ongi tudi nal axis on the top surface of the beamm zoel ectrl C ‘e
crystal resonator according to.claiml, whdr ei n the®resorfatdr i"s nounted in )
air. 4. A piezoelectric crystal resonator according to - cIa|n11 or

claim3, wherein the resonant frequency of said resonator is insensitive to

changes in hur{n di o % o clalmp| ez I %%tlrnl GrGr et gl gsgnat orngccogdl ng to
claim1 furtifed corrpr|S| ng rrean‘s pplying 3°Férce t 59T HRa

pi ezoel ect ri Gyl qres%lna%rcnaanelsteh,% m%am cahahggonapt hm—'gy@gcy of the

resonator. . A piezoelectric crystal resonator constructe d arranged

substanti al | ¥%.as heraidlehra dgs i g@%lWrTeQoE%ﬁ:@EEHE@oPQlﬂEdtésc1a1m
illustrated in the acconpanying 10 draw ngs

1 further comprising means for applylng a force to the.
5 plezoelectrlc material to change the mechanlcal resonant .
frequeﬁcy of the resonator.
6. | A piezoelectfic crystal resonator constructed and
' arraﬁged substantially as hereinbefore described With.
reference to and as illustrated in the accompanying

10 drawings..




