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UL TRASONI WRBBUCER FIELD OF 'ﬁég?%w&%ﬂ ON
This invention relates to tranSducers whi ch generate and transmt
energy in the ultrasonic or megasoni ¢ ranges, and nore
particularly, to an amc material s,
preferably silicon cab§&§8g§&&§¥&%ﬁﬁgggiﬁ e, are used as a
resonat or and/or substituted for netallic materials i n such
transducers. 10 .BACKGROUND OF THE | NVENTI ON

U trasonic transducers are usetIEGD Q@ rEHRtIMGENTION and transmtting

- wave energy of a pr@gggeiﬁ%gﬁ ion re}ate% gﬁug §M3§9ﬁ§r£3g§§g hcontained in

a contai ner. See, at en 383 entitled

15 ULTRA%\F@@@R#I\G‘%‘FHA energRATISt A MErREERic or

THEREFER. Tranﬁé@&@éﬁl@fréﬂgéSFyaﬁdCﬁBreraﬁéﬂcuiQfly, to an exanple, in
ul trasonic cleanin ducer s tﬁglcally nount ed

u

to the side or® fﬁ%gd ader Qﬁeﬁﬁﬂ%r%?ﬁ%mb? BaEﬁﬁ%%iﬁerpﬁﬁfﬁﬁa Yds |iquid, or
20 mount egil fcénseatrpildenct oabuminki okids, i arereeddi asaa

liquid in a container nmade single

transducer or &° ?ﬁ?é??t g?or suQStlgFegﬁ gaﬁewgtﬁ}élfh@%Lﬁgéﬁlfo energi ze

the liquid withn such traseduceeaergy Once energized with the sonic

energy, 25 “the liquid achi eves cavitation. Thi s type of
transducer is also referred to as a "sandw ch"-type transducer
‘becauk® it has one or nore BACKGROUNE (Ft JHE JEVENTIMY bet ween a head mass
(or front ﬂlty&éénﬁedtiaﬁsaatérgaaﬁe( eéeae%rdgéﬁeﬁtlﬁg%

d h-t t d I t | ast
wel ding. i re TRREFRSSELEiHEIvaKkg PRERY of 4 pESigterained gical

devi ces, anongfpédreescy to a liquid cédntainnedt innal conaasdaeeer Bee,

'O!c'us”at ed I Neor exampl€! W' §. 1pdPdnt "RbYUISSs9s! 65200  pleliase 1. 2 pai

' 15 ULTRASONIC CLEANING SYSTEM, APPARATUS AND METHOD
THEREFOR. Transducers of this type can be used, for
example, in ultrasonic cleaning equipment. The
transducer is typically moﬁnted to the side or the
underside of a container which holds liquid, or |

20 mounted in a sealed enclosure which is immersed in a
liquid in a container made of metal, plastic or
glass. A single transducer or a plurality of
transducers are then used to energize the ligquid with

_ sonic energy. Once energized with the sonic energy,

25 the liquid achieves cavitation.

' This type of transducer is also referred to as a
"sandwich"-type transducer because it has one or more
crystals sandwiched between a head mass (or front

. driver) and the tail mass (or rear driver). A
30 sandwich-type transducer is used in applications such
as plastic welding, wire bonding, cataract and other
medical surgical devices, among others. '
_ A conventional transducer is illustrated in
Figure 1 and includes a rectangular base 1, a pair of
35 electrodes 2a and 2b, a'piezoelectric crystal 3, an



35 el ectrodes 2a and 2b, a piezoelectric crystal 3,

97/ 42790 WO 97/42790 PCT/ US97/ 078?4§UUS97’07845

-2- i nsul at or 4 a reflector 5 washers 6 and a bolt 7.

However, when energi zed by a high frequency power source, the
conventional transducer produces weak vibrations in the 20 to 100
kHz frequency range. The conven®ional transducer al so evidences a
tendency to |n frequency by +/--3 kkt dye to ous

ext er nal facto?%su%ﬂFgrsﬁff? ?%éﬁ FTERT pRr | BAPRSFFYS anH g tstlng t he

frequency of tneweserllahenyenergﬂzéd by a hlghhfréqaencglpewerhe

transducers in 8u9§é %Béggvéﬂglégal traﬁ?ﬁ%&er ?ro?ﬁ s. YeakCne probl em

associ at ed with ase 0SCl on causes an
increase in thelbratlons ienpheaZGrEooloehprlézaquencyltangystaThe Si nce

Pl czockeotl 11 ¢ Eb4TLAL2oAERSErbAnHogs QadNERIA0RLEE1T condenbgrpETal Ure

reaches the Curle 0SSl r mnent
degradat i on ofsbhﬁtc%9s§§$quency by +/- 3 kﬂﬁsdu?hé°oﬁ?§é?u§f the present

invention is t@xternal fREE¥LEE apheshanced yé&;ﬁ@ﬁeglgeﬂaaﬁdayw with
superior acoust erfornﬁncg whi ch roguces sta if Qals at
SiubEieg othe Eréquéncy’ SEERS S58P1 fafepyymindeltTie

pr edet er m ned #

| NVENTI ON which enerdhbeepreblentranséatenrs ia emdemhtocmdtoht theonic
trans? cer forsg Egratlng and transmtting ultrasonic wave ener gy
of ap edet er n¥Hied frequenC{ to the 25 surface of an object. In one
enbodi ment, a reson@eerproblem assgciatedtwiitheowbenft hharead nass and the

pi ezoel ectric gpysinl 1gﬂeléeéﬁﬂﬁt9£ t3ufBdeah’ 9t Pease in thEmterial
havi ng an acoustic ve ocity_equal to or greater than the object,

preferably a cEPHREEAEWER %§ Bbe Plez@?l?ﬁ%ﬁlﬁaFBYEEaéﬁ al GRS oxide. In

a preferred piezoelectric crystals cease to function when their
15 temperature reaches the Curie point, there is the -
possibility of permanent degradation of the crystal.
Thus, the cbject of the present invention is to
provide an enhanced ultrasonic transducer with - .
superior acoustic performance which produces stable

20 signals at predetermined frequencies.

SUMMARY OF THE INVENTION _

The present invention is an enhanced ultrasonic
transducer for generating and transmitting ultrasonic
wave energy of a predetermined frequency to the

25 surface of an object. In one embodiment, a resonator .
is inserted between the head mass and the '
piezoelectric crystal. The resonator is made from a
material having an acoustic velocity equal to or
greater than the object, preferably a ceramic éuCh as

30 silicon carbide or alumina oxide. 1In a preferred
embodiment, the head mass and talil mass are also made
from ceramic materials.

A better understanding of the features and
advantages of the present invention will be Qained by



enbodi nent, the head nass and tail nmss are al so nade fromceram c

mat er i al SWO 97142790 : A better understandi ng of the feRGHESITATS
advant ages of the present invention will be gained by WO 97/ 42790
PCT/ US97/ 07845 - 3- reference
to the follow ng detail ed description of the invention
BRI EF DESCRI PTI ON OF THE DRAW NGS -3- Figure 1 is an expl oded
perspective view of a 5 conventional transducer.
Figure 2a is &eferansgedpdnsdalilpyinefesaided descriptionmfjucer
enbodi ment aceyediingrent ildye present I nventi on.
Figure 2b is an expl oded perspective vi ew of 10 anot her transducer
- enbodi nent according to the present invention.

Figure 3a is a graphi cal BREEF eBESCRIPDION OF HEHE DRAWINGSlgnaI and

i npedance as a fun of, f.re eny enerale ko) rjor art

t ransducer havi ng (r%leltgg{}elg' LR g%:}(?ﬁieerﬁ s?ers% U q’lé(" %%ua{re 3b is a
gr aphikal repmegenﬁaqualﬁtnansducer signal and i npedance as a function

of freguency Pigul AU Y IRt Yiiad dbERRDIVE G I L present
Invention. 20 . cer emiain |gure 4a |s agra hlcal Zf%ﬁiifntatlon of the
signal and inﬁ&?&’rﬁ?é‘ %5&1 egjetnerat ed by a
ggier art trﬁﬁgﬂrﬁﬁﬁihﬁylng netal conmponent s. | | Fi gure
4b is a graphical represe atlon of and i npedance as a
function of frequer’!‘ia Eg q@ff%%/ pfﬁsr%%tg‘uceerv*%" ord with the

presat another transducer embodiment according to the
' present invention. '

Figure 3a is a graphical representation of the
signal and impedance as a function of frequency
generated by a prior art transducer having metal

15 components. '

Figure 3b is a graphical representation of the
signal and impedance as a function of frequency '
generated by a trahsducer in accord with the present
invention. _

20 _ Figure 4a is a graphical representation of the
signal and impedance as a function of fregquency
generated by a prior art transducet having metal
components.

Figure 4b is a graphical representation of the

25 signal and impedance as a function of frequency

' generated by a transducer in accord with the present
invention. '

Figure 5 is a schematic representation of a
- transducer assembly of the present invention used for

30 ultrasonic welding for plastics assembly.

Figure 6 is a schematic representation of a
transducer assembly of the ?resent invention used for

" ultrasonic welding for wire bonding.



I nventi on. Figure 5 is a schematic representation of ‘a _
transducewoessagmbl y of the present invention used for 30 PCT/US2HO784%soni C

wel di ng for plastics assenbly. Figure 6 is a schematic
representation of a t ransducer assenbly of the present invention
used for ultrasonic welding for wire bonding. WO '
97/ 42790 ~4- PCT/ US97/ 07845

-4- DETAI LED DESCRI PTI ON OF THE | NVENTI ON

One enbodi ment of an eBREAEEBDUPEFGBARIEON OF THE INYBNALON accordlng to

the present 'nVent'de'éMbodlment éPQM@ dithdh & SuRBraddigi & r ansducer
i ncl udes a base head, mass , a resonance enhancipg di sc or

resonator 12, %ﬂ%&§¢%%%% QE&P%QEPQS%O %P?n?ﬁﬁﬁﬁ%&t*?ﬁentlon 18 crystal i4

an insul ating émfmrui&hguf@fi@ct orh@rtransducertmélmé d6pag@shers 17,
a bolt_ 18, aanF e head nass 11

Qﬁnq# Th
is typff cally ¢ Aty 2 resome of? a%ﬁ?%b‘?’es?re?ﬁl such as
al um num or resonatstmi 2 £ sl et tedded hi3 & eanid nb3ls, . 14 psemeleutrtmé or

2 2 Ol eani ng THfREH P68 & SoSOELRE D 19,8 retlegrot BT, o N ence

enhanci ng di sccakl rmeasmator V:@Sherlmel'?es@rk@bﬁ 19, capd phenolicpe nmade of

mat eri al i ncl udidge b . not I|n1ted to, al um num ceranmic,
stai n] ess steel or Ieaded 3 he. resonatq& material - should be
adapt®¥l to readily B¢ b tW%ﬁ%n%% {ﬁt?¥8%ﬁﬁ%1%H%Y TR E §B@0|f|cally,
t he nesdad Hra nieralsle vméttahava;ém s ' beniium or

characteristic h as_,acousti ocCkt

oo Lo the Brabiited ndERlShd Hhetd Wasd L £ g Spicable fo
advant age of rasmechenteitaitkeosnrfaée of aT¢mmtasnerh@hlebohalds must be
l'ocat ed betweq&éﬁga such as a cleaning tank. :

15 _ Coupled to the head mass 11 is a resonance -

?I’ eater or

enhancing disc or resonator 12. The resonator 12 can
be made of material including, but not limited to,
aluminum, ceramic, stainless steel or leaded steel. _
The resonator material should be adapted to readily = =
20 transmit ultrasonic energy. More specifically, the
resonator material will have transmission
characteristics, such as acoustic velocity, which are
greater or equal to the adjacent mass or objéctﬁin
_ order to gain the advantage of resonance enhancement.
25 That is, the resocnator must be located between the
piezoelectric crystals and surface of the object that
the sound will be transmitted through, and the
resonator must have the same or higher acoustic
transmission velocity than the object. _
30 It is preferred that the resonator 12 be made
from ceramic materials, and alumina oxide and silicon
- carbide are most preferred. The acoustic properties_'
of ceramic, metal and other materials are already
identified in the art and the appropriate selection
35 of materials for use in the assemblies according_to |
the present invention can readily be made by



pi ezoel ectric crystals and surface of the object that t he sound

will be tWQA¥#E ed t hr ough, and the - resonat or nuACTHIPAOER sane
or higher acousti'c transm ssion velocity than the object. 30

It is preferred that the resonator 12 be nade fromceramc
material s, and al um na oxide and silicon car bi de are nost
preferred. The acoustic properties -5- of ceramic, netal and other
materials are already ' identified in the art. and the appropriate
sel ection 35 refergingitan ficr rarmpde i FalfeidgsemBBRECKIMaLS]i ng to

the present i YiQNl Gaivpeatdidsy ike TmAeddic Matexiald) FEEE 790

PCT/ US97/ 0784 . referrin for_exanpl S rJ.dge,

Appr oxi nat e %ransactm °R SFYGS tal%éi?{%qass&ﬂ']fg%cq’%‘t gﬁ‘a—i?s' | SEE

Transacti ons No.SEni Mayand®8d,t mdsianhi dg ivimor§ldra?ed herein Hyo. 3, May .

1985, amhi ch i§éﬁ%%rf%%r_at ed herein by 5 reference. The
a an

el ectrodes 13 are typically a conductive netal such as
al um num brass or Beiedlegtgodes 13a ancd|3b are typically e

pi ezoel ectri ¢ (IneRictivid rde%allygu%ﬂ las BAitim, bradd e |lGadimidgapnat e
titanate and, in qQne enbodi nent, - ranges from0.50 to 4.00 inches
in diameter arfFe®lro- 0.50 inches thick. The '

insulator 15 is a qEWiddRiIRGUYiC crystal 14 is thisidEiial niedd ector or

R N
conponent s desaridesd fxtoovd .&le to 4.00 imndwmmlrediswmettou@Emetl @ 6Lahe base

mass 11 by 0.50 d‘s& i the bolt 18 to a torque pressure ranging 20

from 150 i nch-poun or 1 ow power - applications to _ 500 f oot - pounds
for high power app/Theatingglator 15 is a common dielectric. .

_ The metal reflector or tail mass 16 is typically
15 cylindrical in shape and made of steel or leaded
' steel, like the head mass.

- All of the components described above are
assembled and coupled to the base mass 11 by
tightening the bolt 18 to a torque pressure ranging

- 20 from 150 inch-pounds for low power applications to
500 foot-pounds for high power applications.
Optimally, the torque pressure is between 200 to 300
inch-pounds for low power applications (5 to 25
watts), and between 300 to 500 foot-pounds for high

25 power applications (up to 3000 watts).

' The thickness of the base 11, the resonator 12
and the reflector 16 are selected as an integral
multiple of one quarter of the wavelength (A/4) of
the longitudinal sound vibrations in the medium.

30 : The insertion of the resonator 12 in between the
piezoelectric ctystal 14 and the base 11 of the
- transducer increases the intensity of the resonant
frequency signals by 30 to 40 percent. Furthér, the
periodical shift in frequency is diminished, and the

'35 temperature of the piezqélectric crystals is

stabilized.



Optimally, the torque pressure is between 200 to 300 i nch- pounds

for | ow PW&T423Pbl i cations (5 to 25 . watts), and FEHSIHO to 500
f.oot - pounds for high 25 power applications (up to 3000 watts).

The thickness of the base 11, the resonator 12 and the reflector

16 are selected as an integral mul tiple of one quarter of the

wavel ength ([err]/4) of t he | on@ftudi nal sound vibrations in the
medi um 30 The |nsert| Qf the resonator 12 in between the.

pi ezoel ectric crystdi® BRSFHF &he refonaier 12 also egilhifter

i ncreases the umtrﬁ%slrtesca{aﬁmefﬂmmﬁes emergind rieguearay «ff gnalin by 30 to
40 percent. Furiher er.i odi cal__ghi I n fre uen
di m ni shed, a d:ﬁ:@%mo the o 2 lurreeso?na}’%e éﬁe&beé}c@tet Cé/?%/st als is

stabilized. example WDWAMEEFS(Gng a 0.20 inch alumina ceramlc
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esonator in t ransduc ﬁ stack, frequencies of The
i nsertion of t resonat or al'so resul'ts n neM/resonant :

f requenci es erhﬁzgl APl kH7,ed &F iz iemerged in ld@u 19fHort & &kHae 143 gi na.I

resonant freqlk@fzcia&fd 16¥ kHz. The VUMY ®uthod r&@fﬁé%&&@%&d@h
al um na ceram . res&nﬁ or in the trans cer st ack, quenC| es of

59 rﬁzrorfm?tmlalfa SAITHEPS PSSy FLUHYE, an
kHz and 168 kigarahtepfatisd iladdedh sfeale pariuiied naideilar result'fs.om :

mater,ial s |ike staifl ess e ngum r tic |eaded
steelloprod'uced Si m'ﬁ(}‘alﬁs’rgu ot%sai.tc?‘l(?urma&é ﬁpoq“ h&tt}%,cerxéag(gi mca)arg"g?matde from
bot h cerani cs m@tdls increas&ﬁzﬂheiinnanﬂiﬁYtdﬁaalﬁeﬂhﬁtqrxglnal the

or i gi nal rﬁ:g. 04 a0 e b DALAR O

measur ed by t he é’ecrease | ectric i npedance (ohms) in
the new transdeadured dip|thes degyease imrthe gHiRARSIRIMT ¥ eat | y i ncreases

the eff'C'enCﬁn@fedance (ohn@d) Ulrd r&@m&ztﬂﬁ}ﬁéﬁmr%éﬁﬁm@slt to o
D 0SS et B SR Gtk (e Y Ufesciency o "
an ultrasonic transducer and allows it to produce '
stable predetermined. frequency signals. _
When using conventional methods to go from a 40
kHz transducer to an 80 kHz transducer, the vertical
20 and horizontal dimensions are halved, and the mass is
reduced to one-quarter of the original size.  This:'
results in a corresponding reduction in the ability
of the transducer to transmit sound waves. However,
with the use of the present invention, a 40 kHz
25 : transducer can be modified to a 196 kHz transducer
without any reduction in the vertical or horizontal
dlmen91ons of the crystal. 1In one test, we found
that an enhanced 40 kHz crystal created more pressure
at 122 kHz than at its original natural frequency of
30 40 kHz. |
It should be noted that a resonance enhancing
- disc made of a polymeric material, specifically high
density teflon, did not function to increase the
intensity of the original resonant freguencies as did
35 the discs made of metals and ceramics. Withcut.being
bound by a particular theory, it is believed that: '



kHz transducer to an 80 kHz transducer, the vertical 20 and

hori zont aWOR7H#R7#i ons are hal ved, and the mass is PEHYSYAI845
one-quarter of the original size. This results in a correspondi ng
reduction in the ability of the transducer to transmt sound
waves. However, with the use of the present invention, a.40 kHz 25
transducer can be nodified to a 196 kk&'fkansducer mﬁthout any

reduction in the vertical or horijzontal i mensions of the crystal.
I'n one test, wBatgyhgls such astHbghaﬁeéﬁH§HC§6f49nkﬂitéﬂy§F§h created nore

pressure rathat &ﬁEnKEQahBﬁﬂtatu&t%a@bhﬂbnéheﬂgyurabhhéequhaﬁé of 30

40 kHz. ﬁé g Ei goted % t a resonance enhanci,n
di sc made of amﬁBFyﬁEFch E8r Wi febpefull pf KegRnance enhaggipg; |
teflon, did nofiikkecwbabdt notneneaspatbesuch attenuatdng mptetitie, ori gi nal

sonagt {1 eugE! §8uta, dhiife amy phPrduIoRIRAC AAbAHTALS a0 cor am 5.

W t hout bei ng ar- théeor el Teved that
WO 97/ 42790 - increase the 1ntens1ty of the orlglneiluggwnang45

-7- ﬁ?éﬁh§e§UCh as high density teflon attenuate,

rat her than trans ultrasoni c energy. Thus, those naterlals
which will be usefuPYa§SF§§oﬁaﬁ§§°§ﬁﬁ&ﬁcWﬁ&e from a cgramdcwoul d not

enconpass suchmatégmaatwngcnaisrsahéctea to hab@tsWQﬁHdtbaﬁhmﬁ%saﬁh
' naterlﬁ whi ch cLunct ons é qQf th ori gi nal
t

ncre s the _inten
‘reson& argf ﬁﬁéﬁ%?ﬁg equal to ﬁ? u§hﬁ SREFS Ptrade from
a ceramc mass it eri ahewhirahsdsceel ect ethea Metalidundxtqaaxmmssion 10

Sharacter] sti CgupglBhobOcitsDBbLAR 18, bNBnItkeN Uhraugn o M5 (1€

the transducer or o that sound is
transmitted t hpex§ArMoits 1ntend9érf@nﬁtipg)hﬂﬁbﬁdé@lﬂQW@Pan) t he

fol I ow ng advan&Q?éQt agésaﬁﬁﬁlﬁéaa' ney: ehk c!'LB%J.(Elyab'ft ¥nef the 15

sound_is enhanced requency can be raised
15 und iBs enhanced (2)° the frequency can be raised

to a higher resident frequency (as much as 500%

higher); (3) the impedance level is lowered thereby

improving the transmission of sound; and (4) the

power generated'by the piezoelectric crystal is the
20 same as if the fréquency had not been moved.

In a preferred embodiment of the invention,
ceramic materials are substituted for metallic
materials in a transducer stack thereby resulting in

_ an enhanced device having superior acoustical
25 ' performance, as will now be described in more detail.

Referring to Figure 2b, a transducer in accord
with the present embodiment is similar to that
illustrated in Figure 2a, except that the washers 17
are eliminated. The head mass and tail mass are made

30 from a ceramic material, preferably silicon carbide
or alumina oxide. '
| As previously discussed, it is advantageous to
have resonator 12 in the stack, which may also be
made from ceramic material such as alumina oxide or
35 - silicon carbide. However, it has been discovered
that significant improvements in acoustical



to a higher resident frequency (as much as 500% hi gher); (3) the

i npedancWQ ¥V43790i s | ower ed t her eby i nprovi ng t he PCRAIETE4S on of
sound; and (4) the power generated by the piezoelectric crystal is
t he 20 sane as if the frequency had not been noved. In

a preferred enbodi nrent of the invention, ceranmic materials are
substituted for netallic naterBaIs in a transducer stack thereby
resulting in an enhanced devi ce havi ng superi or acoustical 25

per f or mance, BSriprnanesy dtedeberined MArAdY cPHefupstituting

Referring to Eéﬁamfc2ﬁataria§§8€afeﬁet&l@C&ﬁrahe transdua@khstaekpresent
enbodi nent is S|n1I€h ustrated_in Flgure 2a, except

that the washtpdsq7the 1ncfu3é?g @Flﬁpﬁafﬁﬂ°n?ﬁgrh%5dlﬁa €tand tail nass
are made 30 requif@ﬂ1ﬂncehﬁ§1embaﬁﬁmeﬁt aleheughl ytsiki certadnbiyde

I d d d, d
To * BT Ol Comended for marin BEARRE Yl th iy Al so be. o ade

from ceram c mat eritl haachees fibundnthaki derbeigSceramicsinbtewnadar bi de.

fovever, It Misvbegacdhgc0 ghedical charabbakisteth! be2db LEPRRVEMEN'S 11

acoust i cal
PCT/ US97/ 0784knterchangeable with metals, but also pogsess

per formance aé@ﬁ@bi@tnﬁdoﬁﬁtﬂbalb%réﬂé?&hébtlngn bulldlngeranlc material s
e transdgcer sta e inc¢lusion of the

for tals in
resoﬂ&tor 12 BstHggonic eV1?§ﬁu?FeHr?ﬂsgﬁFgrﬁnged%ﬁﬁﬂ?mlﬁlthough it is
certainly 5 ultrascnmueadaﬂdtontnmsluherbéoeélposs1ble to 1t has been

haract ori st 1 BuBeh i EEEETLERARLE" bt Erians  quif BpOAEANT AT ¥ E]

characterlstl%% but al so
poOSsess or subaconrcacbmde»cébrpmgpelslépredqmbuataﬂwg 10

ul trasonic de¥££§ﬁ%€§sté@@égucﬁiﬁmiguﬁrQﬂanhitanlum) ifll thaspake. sound, it
is therefore possi stitute ceramc materials, such as’
al untBum oxj dél and in the reflector 16, resulting in superior =~ *
acoustical properties which: (1) improves and
enhances performance of existing,frequencies; (2)
makes it easier to find higher frequencies; and'(3)
allows the use of lower frequency PZT’'s to create
20 higher frequencies with the same power as lower |
frequenc1es, which was previously impossible with all
metal head and tail mass (or head mass only) de51gns
Ceramics such as alumina oxide and 3111con
carbide can provide better'flatness, and can meet or
25 exceed the requirements for strength and durability
of the metals and still yield improved acousticai
performance, as shown by the relative acoustical

properties of selected materials listed in Table 1:

]

30 |Materia1 Acoustical Index - l

Metals
Aluminum 6.42
Stainless steel ' 5.78

Titanium 6.10




or silicon carbide, for netals (predom nately stai nl ess st eel

al um num WOP742T%8ni un) in the base 15 11 and in the PETUS¥NAIB4516,
resulting in superior acoustical properties which: (1) inproves
and enhances performance of existing frequencies; (2)

makes it easier to find higher frequencies; and (3) all ows the use
of | ower frequency PZT's to create 20 =—9- hlgher frequenCIes with.the
same power as Jower. frequencies L mpossi bl e
with all cerdEiak head and tail mass (or ins.
Ceram cs such |pg1ghiRLR2cXde and silicon caryy &g can proyide
better flatnegsgiandonaBa#BeHe0r 25 excedd the rejg;udgarrents fir
strength and deFsgrtyF————————0FtHe-Tetor S oSty rera=—Trpr dved

-acousti cal ' performance, as shown by the relative acoustlca
properties of sel ecThus nofe¥ | exanple; egilhcqnbrerhide has a 2.034

'LQFLF g 30 superﬁ@ifﬁya$dvantage over aluminum w1tﬁcéyﬁﬁigﬁh | ndex
Metals.

6.4
St ai nl ess st edpeing the best of the availkable metals be#pgaﬂgﬁq1

' 6.10 YA/ #R "HOst applications. This results from a
'KFIGPEﬁﬁ{SZ?gS alculation of 13.06 (sxlisogzcarblde 1ndng|COﬁ éﬁrbfgéanlcs

13. 06 (alumlnﬁmusndén} ex2npd4, sFbrcexawpléi défhas0a22i884 5
superj@rity agye Ao Pvﬁé ﬂé&&‘EPB%“éiflééﬂnbgyﬁlde, and 195#99 ejhe best

of .the avail a ei ng used é | cati ons.
This results fiankle stack inchlaeeaefopnefmadeobrew; alémnum bthe i ndex)

[err] 6.42 stack would require removal of 0.4068 inches of
' aluminum. Likewise, if you converted a 1 inch
aluminum head mass in its_entirety to silicon
15 carbide, the height of the head mass becomes 1 +
| (13.06 + 6.42) = 0.4916 inches. The tail mass
likewise is converted through the use of the
appropriate acoustical index.
The entire transducer or transmitting device
- 20 will show improvement if all parts are made from
ceramics having superior acoustical properties than
the metals they replace.
| Silicon carbide is a superior ceramic for
. building all parts of transducers or devices to
25 transmit ultrasonic sound. Silicon carbide is
| flatter, harder (except for diamonds), more'durable
and acoustically superior relative to other known
metals or materials, or ceramics. Silicon carbide
can be used as a resonator, head mass, tail mass, or
30 vessel of transmission as follows: (1) as a
- resonating vessel to hold liquid that is being
excited ultrasonically for cleaning, rinsing,"
degreasing, coating, procéssing and etc.; (2) as the
transmitting device with ultrasonic liguid
35 processors; (3) as the capillary or wedge used with



(alum numindex) = 2.034. For exanmple, if a 0.2 inch 10 r esonat or S

made froW@P1423¥h car bi de, and inserted in the sPEIRSIHOIBHACe of
one nmade from al um num the stack woul d require renoval of O, 4068
I nches of al um num Likew se, if you converted a 1 inch

al um num head mass in its entirety to silicon 15 car bi de, t he hei ght
of the head mass becones 1 [err] -10-(13.06 [err] 6.42) = 0.4916

i nches. The tail nass | i kewi se is converted through the use of the
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relative to ouﬂérasnmwns, or (6) n@talgrensnatéemapi soungerf®r cs. Silicon

car bi de ultra@dpnie %%QQl%@ @rrggwggﬂy head nass, tail mass, or 30

vessel of transm ssion as (1) as™a resonating vessel to
hol'd Iiquid that iSiBérRg carblde isx supeFion dss asoadtdFEalor cl eani ng,

rinsing, prop e@eqé%a&bn@th@eabe&am@rsow N6 ¥ideLonding add t he
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ultrasonic mﬁkgsga Wﬁdgﬁrbggdb%gaggﬁ@hqgal({hdﬁii%ﬁ&lng ag horn to recei ve

t he acoustical "'signals om a or meldlng machi ne
converter neckenpeped with alumln«’slgl exidiey fdioi- ﬁé)deﬁr@e 20 ddtdmate a
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The performance improvement with substitution of
ceramics for metals can be seen in Figures 3a and 3D,
which illustrate an ultrasonic cleaning transducer
involving 3,000 to 5,000 watts in a single group of

20 transducers. Figure 2a illustrates the signal ' _
generated by a €8 kHz stacked transducer having metal
- components, while Figure 2b illustrates the signal
generated by a 68 kHz stacked transducer having
ceramic components. Note the sharp peak signai of

25 the ceramic transducer stack as compared to the metal
stack. Further, the impedance fell from 84.613 to
37.708 when ceramics were substituted for metals.
Lower impedance is associated with better
transmission of sound and.greater efficiency.

30 Another example of the improvement obtained when
ceramics are substituted for metals in low power
transducer applications (10 to 15 watts) is shown in
Figures 4a and 4b. Figure 4a shows the signal
generated by a transducer stack having metal

35 components, while Figure 4b shows the signal
generated by a transducer stack having ceramic



ul trasoni ¢ wel di ng or bondi ng. Silicon carbide is s&?erlor I n

acoust i cA¥O9742790  properties to other ceramics used in WRCAUSIHBI8AY and 10
wedge bondi ng whi'ch get their energy from ultrasonics: (1) it is
superior for capillary design based on its 13.06 acoustical index
rating as conmpared with al um num oxide (10.52); and (2) it is
superior to tungsten carbide (11.0) as -#ded for wedge 15 bondi ng.

The perfornmance i nprovenent mnth bst|tut&Pn of eram cs for
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signal of 25 ram c tran dck as conpare to the neta
st ack. Furtheftrapﬁéwwédmée%mawseae@%aﬂéy will apprerg@tshen
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15 ts) is shown 4a a ur, shoms t he signal
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"Figure 4b showeldiagsi gl&lrasonic wigendomddamdbyieaa. rams:dluwlétca:ck havi ng.
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conponents. | thezmogendsebonddnger(sld Honding), non destmuctdvien Figure 3b
produces two usahbBonic testibbeedeighene NuTtasihidiealit h an i npedance

of 1%% disrupters (also known as liquid processors),
ultrasonic emulsifiers, megasonic ultrasonics for
.frequencies from 200 - 1200 kHz, medical ultrasonics,
and nebulizers.
Other possible applications include:

20 o ‘Military: hydrophones, depth sounders, fuse
devices,'level indicators, pingers, missile
launchers, missile, sonobuoys, targets, telephony,
subsurface bottom profiling, ring laser gyros,
torpedo launchers, torpedo.

25 ' Automotive: knock sensors, radio filters, tread

| wear indicators, fuel atomization, spark ignition,
keyless door entry, wheel balancers, seat belt,
buzzers, air flow and tire pressure indicators,
audible alarms. '

30 Commercial: ultrasonic aqueous, cleaners,

| ultrasonic semi¥aqueous cléaners, ultrasonic wire.
bonding, ultrasonic wedge bonding, thickness gauging,
level indicators, geophones; tv and radio resonators,
ignition systems, relays, non destructive material

35 ltesting, liquid processors, ultrasonic plastic
welders, ultrasonic sewing machine, ultrasonic



ohnms, and 164 kHz with an inpedance of 127 ohns. 5 ~ In light of

t he for e}y P27¥hose famliar with transducers aR@TISOTR™84%i cs
generally will appreciate that the invention has applications in
nuner ous areas, including but not limted to ultrasonic '
cl eaning or precision cleaning, ultrasonic plastic 10 assenbly or

pl asti c wel di ng, uItrasonic friction -12- wel di ng, ultrasonic Wre
bonding (e.g. with gold o alumnumw re), ultrasonic wedge

bondi ng, uItrQ§6ﬁPésersr flawtﬁ@ﬁﬁ§§6ﬁpc beRM RGters | WEFESPHHLC non

destructive drillingyl Heasagnigneest hﬂ&p&&h’epﬁiéabonuﬂbb&%%sq cell 15
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possi 8l © appl LGaLi.gne , BEhlE “Ungutin pumpel 1LY sl ORIGESS, depth
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bOttO”‘pVOf'|hﬂgragbﬂgcl%Eﬁﬂp@ikosultrasonlc EQ%E%%@ | #grahensartorpedo.
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fuel atoni zat A§&eCEREPK P&PF&F&ﬁrSI dlsposa%§9|9§§y$a5. MO EPTSaheel

bal ancers, seattkebkbnic dental auzfz.e@%,, e 1f qum@fietﬁsre pressure
i ndi ¢cators, audi bl e alarrr'gﬂ.e ul trasonic
|

aquedls, cl eaners, Sonsumer: humidd ST O (S '2%5%5* m%ﬁﬁ:ﬁhsonlc
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systens, relays, non destructive mater tggtlng, liquid
processors, uLBRAS6KEc rekei detectors, jewedry, clieemesshi c. semnng mechi ne,

ultrasoni ¢ gpeake¥d,94e#4dfI@y lighting, ultrasonic sewing.
PCT/U897/07845
Referring now to Figures 5 and 6, other
embodiments of the invention will be described.
Figure 5 shows an arrangement which includes a
transducer stack 30 for use in ultrasonic plastic
welding. In this stack, there is a ceramic tail mass
20 or back driver 31, piezoelectric crystals 232a and
32b, an aluminum electrode 33 positioned between the
crystals, a ceramic resocnator 34 and a ceramic_heéd
mass or front driver 35. For this use, the
transducer 30 is connected to a welding horn 36 by
25 bolt 37 such that the head mass 35 is in contact with
the welding horn. The welding horn 36 interfaces
with the parts being ultrasonically bonded. This
device is also generally known as a converter, and -
can handle high power plastic welding requirements up
30 to 3000 watts. .
 Figure 6 shows a transducer stack 40 for use in
wire bonding. 1In this stack,'there is a ceramic tail
mass or back driver 41, piezoelectric crystals 42a,
42b and 42c, interlocking brass electrodes 43a and
35 43b, a ceramic resonator 44 and a ceramic heéd mass

or front driver 45. For this use, the transducer 40



degreasers, flaw detection, flow neters, ultrasonic drilling, delay

i nes, 3O p1/42180 beacon | ocat ors, fans, ink printiPEFUSA/AT84S syst ens.
Medical: mcro brain surgery, ultrasonic 5 cataract, renoval, insulin
punps, flow nmeters, ultras oni ¢ i magi ng, vaporizers, liquid
processors, ultrasonic scal pels, ultrasonic therapy, fetal heart
- detectors, nebulizers, disposable pat+®ht nonitors, ul trasonic
dent al deV|ces cel | dlsrupters 10 Consuner: humdifiers,

t el ephone de¥BcEONNBrELGWES a horna¢8 byemsrephemobPash4daity thges,

cigarette |i ghier fanner as tﬁHS?Qéblbﬁ§téHﬂBH§§enEl%hch‘E%ﬁ%sthﬁas grill
cl ean spe ers Security

igniters, ane det ect ors, g
| i ghting, ul F&goﬂﬁésséﬁnﬁﬁ ipgcontact wit eFBEr PR Now P SFi gures 5 and 6,
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FiguEe 5 shogs §m arran enenthghaih & cl udes a, transducer stack 30
for Ose in uPPPEeBHEr c3PpPaSEP Pandle 1o Pawry PPRIAIAGS stack, there is a
ceranic tail regedrg@ents ofr apprkximately310 poeidewattisi.c crystals 32a and
~32b, an al uni num ?§4ﬁ%%gd§n§§aﬁeébt | 98eflaheLUeRvEiage o%lromcrysta' s,

ceramc resonator a ceramc h driver 35
For this usef haygea ceramici rgfepater 8udi ancénkesveaing gexemdicng horn 36

by 25 babhks3fatHelr thah hbBeehgadifBie derhmicnmagstact with
t he_wel di ng horn. _The wel di ng, horn 36 binterfaces h the parts

e |
bei #§ ul t rasoni cafFy™B¥naLgo BRij Rossible tﬂegﬁEQVFstgﬁsgeﬁén@Péply known as
"~ a converter, adhdgether andahahendheebtghondmag beasiciet w&t&e&gtMQQU|renents

up 30 t8r§9991W@¥ EgonaesonaFﬁr ﬁnﬁlg Eur?%%geo% %%%% o stack 40

for use in S s c tai
mass or back drivén smmmpryzoaheetAnventysnarsla2&§ to an 42b and 42c,

'nterlOCk'nglﬁ%§§§eﬁ|ﬁiE%QQSﬁlé3Er§?Qd§ée5rfor é@ne?aﬁghﬁnh& resonator 44

.and a ceram c head nmss r ont I ver . For hIS use, the
trah8ducer 4bransmittingpwlyypgonyg wave energy Of a

PCT/U597/078ﬁ5edeterm1ned frequency. The improvement resides in
the use of a resonator and/or the substitution of
ceramic material, preferably silicon carbide or
alumina oxide, for metal components in a transducer

20 stack. :
' "Once those skilled in the art understand the
advantages of substituting ceramic materials for
metals as disclosed herein, the required thicknesses
for elements in a transducer stack may be readily
25 identified for optimal performance, and the specific
| geometries required for specific applications can be
readily determined.
It should be understood, however, that the
invention is not intended to be limited by the

-30 specifics of the above-described embodiments, but

rather defined by the accompanying claims.



- 13- Is c 0o a horn 48 by screw or bolt 47 in the .
same nmanmweo vaR7dhe gm ' ﬂ'”?ﬂrt such that the PCT/US9®OTI345BSS 45
is in contact with t AR g device is also generally known

as a notor for wire 5 ondi g, and can handl e | ow power bondi ng

requi renents of approximately 10 to 15 watts. : ‘I'n nmost _
I nstances, it may be advantageous to - -14- have a ceram c resonator and .
an intervening ceramc mass rather than have a single ceramc

mass. 10 We clailmt: may al so be possible to renove the head mass

al t oget her and have direct bondi ng between either the crystal or
the resonator and the surface of interest. In sunmary, this

i nvention rel ates o anAn apparatiugf@re gananad<daid @nd ansducer for

generating an¢rhBsmitting ¥THALINIG EridRFOHS avB\eh e, gy of a .
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silicen carbi dppoisite sides VfuPpikzolaitrifomatimalcogeents in a
transducer 20, rov %t%%k. risi . moce t hose skoi I Ited in the art
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performance, and the specific eonetries_required for specific

appl i cati ons e®jegs, wherein thgjinepqratairiifegade from a matenialhoul d be

undensgt 0od, heueMely anhdlcdutic velocithn\@Rid10td o Yrddticdndathr 0 be
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2. The apparatus of claim 1 wherein the
resonator is made from a ceramic material.

3. The apparatus of claim 2 wherein the S
18 ceramic material is silicon carbide or alumina oxide.

4. The apparatus of claim 1 wherein the objeét '
is made from the same material as the resonator. -~

5. An ultrasonic transducer stack for

generating and transmitting sonic energy to a surface
20 of interest, comprising:

a piezoelectric crystal,

a head mass made from ceramic material and
coupled between the piezoelectric crystal and the
surface of interest, and

25 a tail mass made from ceramic material and
coupled to the piezoelectric crystal opposite the
- head mass.

6. An ultrasonic transducer as in claim 5,

further comprising a resonator made from ceramic
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W claim 1. ducer stack for generating and
transmi t Wogr/42090 c 'lmmimmmhmzsurface of interest, PCAAJRINATIEAS):
a piezoelectric crysta mass coupl ed between the

pi ezoel ectric crystal and the surface of I nterest, a resonator
conposed of a ceramic material and positioned between the head mass
and the piezoelectric crystal, and -15a tail mass coupled to the

pi ezoel ectric crystal opposite the head mass. 2. An ul trasonic
transducer asmatesligilmand posideonedhpetsiesy ihe headkmass and thenposed

of a ceramc g@gyaé@ec@Qqcpg§yghgﬂed between the tail nmass and t he

pi ezoel ectric crystal. transducer stack as in claiml, wherein
the ceramic material is S|I|con carbi de or al um na oxi de. 4., A

transducer stack ag.in mhaut[t%aswmrcematdwuw:amsc 1rﬁatcﬂra1azi g, silicon
car bi de or al¥m n cla|n1 1,

uc
further conpri*& rﬁg‘ezf HOF‘?FJ-&J-E& P(Sldé'n'uq'aq: 5‘9‘% gé%é"&‘ 5t ¢ the head
- mass. &nd the plaftme.laé.ciandc porsy.thmlne@”ldbetween thes ézand melsactarsiiehposi t i oned

bet ween the 't t oel ectric crystal . 6. An
lefapild et

~ultrasonic tr generatlng and transm.tting sonic energy
to a surface of interest, conprising: a head nmass coupled to the-

surface of intereslg 2 trafsdiiderBtadiOsd Ilqp%ia%e Siyigedid he head
- mass opposite the surface of I nterest, 1 east. two

pi ezoel ect ri c they sexamisosatesiad Ha wdddaam Or?é%?}q‘?as%r Fgmina  the tajl

mass, _ oxide.

“10 9. A transducer stack as in claim 6, wherein
" the ceramic material is silicon carbide or alumina
oxide.

10. A transducer stack as in claim 7, wherein
the ceramic material is silicon carbide or alumina
15 oxide.

11. A transducer stack as in claim 5, further
comprising a first electrode positioned between the
head mass and the piezoelectric crystal and a second
eiectrode positioned between the tail mass and the

20 piezoelectric crystal.

12. An ultrasonic transducer stack for
generating and transmitting sonic energy‘te a surface
of interest, comprising:

a head'mass made from ceramic material and

25 coupled to the surface of interest,
a'tail mass made from ceramic material,
~at least two piezoelectric crystals positioned
between the head mass and the tail mass, and
o an electrode p031tloned between the at least two
30 plezoelectrlc crystals
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tail mass,
and the tail fagther compr@ﬁlﬁbeﬁtf@génétéﬁtﬁa&é|ffoﬁoéékﬁdlbo the

pi ezoel ectric

a reson a ceramc material and positioned
bet ween Wg97/42790 nmﬁﬂgmﬁﬁﬂ E of the piezoel ectri cPEFYSYH7845 and
el ect rodes
t ransducer
car bi de or
generati ng

conpri si ng:

coupled te wo pi ezoelectric crystals. 7. A
stack as in cIa|n16 mhereln the ceramic material is silicon
al um na oxi de. : An ul trasonic transducer stack for

and transmtting sonlc energy6- to a surface of interest,

a head nmass coupled to the surface of interest

83 pi eABePbErRAFENEEyEYANSHYSEY| BfedNhELREBN 1R he.ad nass

sonat or ranc

a

neELEL 8l afhopaeirionad BRRNaLR LR RS nebenaRe! 8B5S cotric

material and P

crystal . 9.of tha plézaebetctricansdatalsas in claim8, wherein the head
mass i s conposed of a ceramic material and the tail mass.is conposed
of a ceramc nmaterial. 10. A transducer stack as in claim@8, wherein.

the cBranic materiak.i sAstrapsducer stackrbbdénorlaiunida whegtein 11.
transducer stagk ééréﬂéﬁlﬁéﬂégiaﬂh?éebﬂlﬁéencééfﬂlﬁe”Bkeﬁiﬁhihﬁ_SVJ'Coh

car bi de or

10

15

20

25

al um na oxi

oxide.

15. A transducer stack as in claim 13, wherein:
the ceramic material is silicon carbide or alumina
oxide. '

16. An ultrasonic transducer stack for
generating and transmitting sonic energy to a surface
of interest, comprising:

a head mass made from ceramic material and
coupled to the surface of interest,

a tail mass made from ceramic material,

a plurality of piezoelectric crystals positioned
between the head mass and the tail mass, and

an electrode positioned between at least two'of
the piezoelectric crystals. o

17. An ultrasonic transducer as in claim 11,
further ¢omprising a resonator made from ceramic
material and positioned between the head mass and the
piezoelectric crystals.

18. A transducer stack as in claim 11, wherein
the ceramic material is silicon carbide or alumina
oxide.

19. A transducer stack as in claim 12, wherein
the ceramic material is silicon carbide or alumina
oxide. '
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