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DESCRIPTION OF THE RELEVANT ART

An ultrasonic generator supplies an ultrasonic frequency driving signal to drive

15  one or more ultrasonic transducers, which vibrate to supply ultrasonic energy to a
cleaning fluid in a tank or to a wire bonding or welding tool, depending on the
application. It is known that ultrasonic activity in a cleaning tank will generally benefit
from a process of sweeping the frequency of the driving signal at a predetermined rate
throughout a predetermined frequency range. With prior generators, however, it was

20  difficult to select or change the range and sweep rate because those parameters were
defined by electrical components such as resistors and capacitors that were difficult for a

user or operator to access or change.

SUMMARY OF THE INVENTION

25 The present invention is an ultrasonic processing apparatus and method having an

ultrasonic generator with user-programmable process parameters, including frequency
range and sweep rate. Applications for the invention include various ultrasonic processes
and apparatus, including cleaning, wire bonding, and plastic welding using ultrasonic
transducers.

30 The ultrasonic generator of the present invention includes a programmable
memory device that permits a user or operator to program the frequency range of the

driving signal produced and output by the generator, and also to program the rate at which
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The ultrasonic process of the present invention includes the steps of programming
an ultrasonic generator with parameters specifying a frequency range and a sweep rate of
a driving signal output by the generator to one or more ultrasonic transducers used in the
ultrasonic process, storing the frequency range and sweep rate parameters in a memory or

20  storage device, and generating a driving signal having a frequency within the specified
frequency range and varying at the specified sweep rate.

The ultrasonic process of the present invention also includes the steps of providing
one or more sandwich style ultrasonic transducers, providing an ultrasonic generator
coupled to the one or more transducers and capable of generating a driving signal to

25  power the transducers, inputting parameters that specify two or more frequency ranges
and two or more sweep rates, wherein each frequency range specifies a range of
frequencies of the driving signal output by the generator and wherein each sweep rate
specifies a rate of change of the frequency of the driving signal, storing the frequency
ranges and sweep rates in a memory or storage device, selecting one of the stored

30 frequency ranges and one of the stored sweep rates, and controlling the generator to
generate the driving signal according to the selected frequency range and selected sweep

rate.



and two or nore sweep rates, wherein each frequency range specifies a range
of frequencies of the driving signal output by the generator and wherein
each sweeponatei2ssgssci fies a rate of change of the frequentysedosobssidri vi ng
signal, storing the frequency ranges and sweep rates in a nenory or storage
device, selecting one of the stored frequency ranges and one of the stored
sweep rates, and controlling the generator to generate the driving signal
according to the sel ected frequency range and sel ected sweep rate. The
features and advahe fgasesdad edvapiaegesidgsaifed pgbesperifiaation mreaios akh giclugive.

i ncl usi ve, J ¥ It J es wll
be apparent%ggpgﬂéhgﬁHggg#ﬁ%?@agKF?ﬁg%%mfﬁgggéggﬁﬁﬂg?% oeggﬁgggfgmﬁngs,
speci fi cat i eondinary skillan the atién eiew of Merdeawiegs, spetifisitivnladd bleinmroteeadit hat t he

| anguage us in the.s LT i N, PriNci pal |y d for

Fendap i by avehafERERS AR bof Bs MR AERR ARt RIS ot ea 1o
dFIineaté orprigtipaliyngtzeicl éortrévdabilityennt! inseuciohalentposst drdrmay €8 date Heen t he

cl ai ms being necessary to determ.pe,such inventive subje tter. BRIEF
DESCR PTI ON YRS PAASEPIETES 1S 1o SRSy Fser 67 8 “0ani ng ¢ ank
and att achedeitlgtnb@siy & defeaie Yedrinwintie @bgensesat.or that supplies the
driving signals to the transducer for creating ultrasonic vibrations in a
cleaning fluid in the tank. Figure 2 is a graph of the driving signal

frequency and time. DETAl BREEDESSERPIION GFTHHDERFGEERED EMBODI MENTS The

drawi ngs depict various preferred enbodi nents of the present invention for
pur posedOof i1 | uSiguzal s sehpmpatic view of Riclaerigs fank prdatigehedjlirgsopis Fgnydycer
recogni ze fr 8 of Haloh i§§%§§ﬁ : | Lef Rl s bodigxesis of the
structures aﬁg}%%iﬁggthﬁp%%g%géte hégggﬁﬂﬁggébe eng%oégﬁgﬁygﬁ%ut departing
from the privilrafynesn ofleanire fluid axthé wnk.descri bed herein. The present

i nvention is an trasoni r Ssi a et hod havi ng an
ultrasonic gener§#§F9§F9ﬁ§%36§§§f%?§‘Fﬁnlgﬁﬁé&?Vggﬁgﬁgy range and a

user - progr anmabl e

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The drawings depict various preferred embodiments of the present invention for
purposes of illustration only. One skilled in the art will readily recognize from the
following discussion that alternative embodiments of the structures and methods
illustrated herein may be employed without departing from the principles of the invention

20  described herein.

The present invention is an ultrasonic processing apparatus and method having an
ultrésonic generator with a user-programmable frequency range and a user-programmable
sweep rate. The invention allows a user or operator to easily select or change the range or
bandwidth of frequencies in which the generator outputs the driving signal that powers

25  the ultrasonic transducer or transducers. The invention also allows the user or operator to
easily select or change the sweep rate at which the frequency of the driving signal
changes within the selected range or bandwidth. In other words, the sweep rate indicates
how quickly the generator “sweeps” the driving signal frequency between the minimum
and maximum frequencies that define the selected frequency range or bandwidth. In

30 addition to programming the frequency range and sweep rate, the invention also permits a
user to program process times, power settings, and multiple frequency ranges and sweep

rates.
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15  using an integrated hand-held or portable computing device, which may be hard wired to
the generator or connected by a wireless interface. In one implementation, the monitor
would display numerous choices for frequency ranges, specified by minimum and
maximum frequencies or center frequencies plus plus-or-minus deviations or bandwidth.
The display prompts the user to select one or more sets of parameters. The monitor

20  would also display numerous choices for the sweep rate, specified by a frequency such as,
for example, 50 Hz, and prompts the user to select one or more sweep rates. In the same
way the user may input other parameters for controlling the generator, including power
level, process times, and multiple frequency ranges. The parameters input by the user are
stored in a memory and/or storage device, such as a disk drive or RAM, and used to

25  control the generator.

For example, in an application involving ultrasonic cleaning, the ultrasonic
transducer or transducers may be mounted on the bottom or sides of a tank, or enclosed in
an immersible container or mounted on the end or ends of an ultrasonic rod or push-pull
transducer and submerged in water or other cleaning fluid in the tank. Preferably, the

30 transducers are sandwich type transducers, having one or more piezoelectric crystals
sandwiched between end masses and clamped with a compression screw. Alternatively,

the piezoelectric crystals of the transducer may be directly bonded to a quartz or ceramic
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The purpose of th1s invention is to incorporate a programmable capability in the
ultrasonic generator so that the user can use different combinations of bandwidth and
sweep rate, as well as other process parameters such as power levels and processing
times, and store them in a memory chip or other storage device so that the user can

20  develop different formulations and return to the exact formula from time to time and
always get an exact repeatable formulation.

An advantage of the invention is that it allows the user to program the

. programmable generator and easily try numerous formulations to develop the best
formulas. Another advantage is that the memory capabilities may accommodate as many
25  formulas or processes as the user would like to retain in memory. For example, ten
programmable memories would provide the user with ten different frequency ranges and
sweep rates that can be stored and used.

Another advantage of the invention is that a user need not disclose proprietary

formulations or processes and can keep them confidential from other users, other
30 employees, the vendor of the generator, and any other third parties who may be observing

the operation of the generator. This enhances the ability to keep formulations secret.
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(or 15  which is a memory chip, disk drive, or other memory or storage device that stores the
frequency ranges, sweep rates, and any other process parameters programmed by the user,
and is accessed by the generator circuitry to control the frequencies of the driving signal.
The user interface may include a hand-held device for the user to input the process
parameters to the programmable generator 30. The user interface 32 may be hard wired

20  to the rest of the programmable generator 30, or may be connected through a wireless .
interface (not shown). If the user interface 32 is a hand-held wireless device, the memory
34 may reside in the hand-held device.

As shown in Figure 2, during operation the programmable generator 30 changes

the frequencies of the driving signal over time. For example, the driving signal output by

25  the generator may start at a minimum frequency 40 at time TO and then ramp up linearly
to a maximum frequency 42 at time T1 and then ramp back down to the minimum
frequency at time T2. The minimum and maximum frequencies are defined by the
frequency range or bandwidth programmed by the user and stored in the memory 34 of
the generator 30. The rate at which the frequency varies, or the corresponding time

30 period, is determined by the sweep rate programmed by the user and stored in the
memory 34 of the generator 30. The generator can be programmed to vary the

frequencies of the driving signal according to other programs or functions and need not be



imrersed in) the tank 12. Typically, a transducer 18 has a sandw ch-type
construction, with a head mass 20 in contact with the tank, a piezoelectric
(PZT) crysoabosorssssenent 22, a tail mass 24, and a conpiPresdiseovshastener or
bolt 26. The transducer 18 is driven By a driving signal supplied over

el ectrical wres 28 by a programmabl e generator 30. The generator 30 is
programmed by a user or operator through a user input or interface 32 to
set the frequency range or bandw dth and the sweep rate of the driving
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ranges and sweep rates at both operational frequencies. For example, the user may set a
first center frequency of 57.5 KHz and a first bandwidth of +/- 0.5 KHz and a second
center frequency of 110.2 KHz and a second bandwidth of +/- 1.1 KHz. In this case, the
20  user-programmable parameters would include two or more frequency ranges.
The parameters input by the user may include more than the frequency range and
sweep rate. One such parameter is the desired power level of the driving signal.
Processing times is another such parameter.
The frequency range may be selected or defined in part by a phase lock loop
25  circuit. An ultrasonic transducer may have a nominal frequency for operating at its
lowest or highest impedance, depending on the application. However, individual
transducers may vary from the nominal frequency, or may vary with time due to thermal
or aging effects. Some generators use a phase lock loop control to determine the
operating frequency. The present invention can be implemented in such generators using
30 the phase lock loop circuit to control the center frequency by having the user program the

plus and minus deviations or bandwidth relative to that center frequency.



ot her functions, as well as linear. The sweep rates need not be the sane
for sweeping upwards and downwards. The user can al so set the nunber of
peri ods awm00@n2esssabl i sh rest tinmes when the generat or pematssooshntosihe
driving signal, and any ot her process8ng variables. The generator 30
includes the ability to record user-sel ected frequency ranges and sweep
rates, however they are defined by the user, to facilitate experinentation
and determ nation of optinmmvalues for those paraneters. The generator 30
and its user i npErom3ie shmye gescription; Havilbboepparent thef thf inpentigpdiselosediiersibut

di spl ayi ng them dur i ' . ' j :

confi denti aPit’ i/deg?n‘{"’r%ga‘lggatrdg%%‘é%g%%ﬁgn%? g’gésgﬁﬁ\%rg%&é@eﬂfgﬁgﬁédhggm a;@/ out put
drivi ng si gnidasonicogenaver afith hnsergaoganmalle frgqeugsrange andanvseitpregrammiahle

controlling a single or nmultiple power. suppli.es.. each ,of whi tRUts a
driving si gfi4feP rgg'nihfiﬁofetgé{g’gﬁ%(‘fus{s{g’ﬁ\ragsalt%%ra d ﬁ%sflﬂ%eﬁé'}eé?lg e’\?\ﬁr?q%?crﬂ m%%)hrogyt han
one freqeengyd éntitdasentsullthesprad®l iGvendion AewliDidindgrstobd bg ciosefamibivy withy e
resonant frequencies near 58 K gng.llo. KHz, |.n suc.g?a %as 3 het resent

i nventi on pieft Gefyentipodpay by eg‘%’@ fefl {1 Yarigns eeny oyt é’mg\ﬂéi‘ﬁmr fes at
bot h oper at kQnabr kdeR @REh&RSstiEPther0 X Mk Erdidelie thd SIRE1oBMY o ik peesértr St cent er
frequency of 57.5 KHz and a first bandwidth of 0.5 qlg;h nd a second center

frequency ofuventpnis jutgndedhie by ilustafig, By Aatiiipe Of thepe e IPYPOfpR-s case,

t he user - pr Qg AMMRPILHRAIRTEISY iR Yaidsd | ncl ude two or nore frequency
ranges. The paraneters 1 nput by %he user may include nore than the
frequendQ range and sweep rate. One such paraneter is the desired power

| evel of the driving signal. Processing tines is another such paraneter.
The frequency range may be selected or defined in part by a phase |ock | oop
circuit. An ultrasonic transducer may have a nom nal frequency for
operating at its |owest or highest inpedance, depending on the application.
However, individual transducers may vary fromthe nom nal frequency, or nmay
vary with time due to thermal or aging effects. Sone generators use a phase
| ock | oop control to determ ne the



operating frequency. The present invention can be inplenented in such
generators using the phase lock loop circuit to control the center

f r equencywbyodran2issg t he user programthe plus and m nusPGEMiS240502631Dr

bandwi dth relative to that center frefuency. Fromthe above description, it
wi || be apparent that the invention disclosed herein provides a novel and
advant ageous ul trasoni ¢ processi ng apparatus and net hod havi ng an
ultrasonic generator with a user-programabl e frequency range and a

user - pr ogr awhatbis elaBusldg rate. The foregoi ng di scussion di scl oses and
describes nerely exenplary nethods and enbodi nents of the present

invention. As will be understood by those famliar with the art, the

i nvention may bel. exbaghemdid genstator opesabdd foe perfeuting a diiving signaleppowdrioge f r om t he
spirit or essential characteristics. thereof. Accordingly, the disclosure of
the present O AYEHTASPIT TS FECTPY Bt PPPREEPRTGE, but not limiting, of
the scopg of the, jRVRRkiae adapli €t aluSera€Epetidy bdrtameters igat efideaMtangerelyai ms. What
is clained is: 1. An ultrasonic generator operable for generating a driving
signal to ptRe? ansiieswseD s for thewdriXwgsienali r ansducers, wherein the generator
conprises: a usef,hRhRh{BeSn@aRPLapIdiab 1R wsShiteilfe IO tRefr@eicsr s t hat
define a frequenc@ range and a sweep rate for the driving signal; a

pr ogr anmmab| engemsisyeepia pagrnders:f@duser interface for storing the frequency
range and sweep Jnatgl?%lf? @i&&ﬁﬁ&{‘p%ﬁéiv@t@%e%qg%cg YWng€ bAEMdep kS Eﬁﬂlﬁbt_&%_f&lo the
frequency range and sweep rate paraneters r generating the driving signal
in the 10equarcying drgeivingdigatl in e frgeepy rage anh dhef swedp e teeifiedy the2  An
ultrasonic generator as recited in claim1, wherein the programmbl e nmenory
further incffdes a nenory that stores multiple sets of frequency range and
sweep rate paraneters, each defining a frequency range and a sweep rate for
the driving signal, apnd wherein the user. interface.includ s for

sel ecting a part s'c‘}ﬁﬂl Hpmfc?néﬁ%?élﬁwr PRIy e%a{ﬂ AT Ve aerprcﬁg%lgﬁﬁgt e for use
by the out pylenfoky fitthér.indudefd mbnfor ph@NitegatlepRises offiequendytrengei and swedpm 1,

wherein the user interface _ . .
rate parameters, each defining a frequency range and a sweep rate for the driving signal,

and wherein the user interface includes means for selecting a particular frequency range

and a particular sweep rate for use by the output circuit.

3. An ultrasonic generator as recited in claim 1, wherein the user interface
20 restricts viewing of the frequency range and sweep rate parameters after they are stored in

the programmable memory.

4. An ultrasonic process comprising the steps of:
programming an ultrasonic generator with parameters specifying a frequency
25  range and a sweep rate of a driving signal output by the generator to one or more
ultrasonic transducers used in the ultrasonic process;
storing the frequency range and sweep rate parameters in a memory or storage
device; and
thereafter, generating a driving signal having a frequency within the specified

30 frequency range and varying at the specified sweep rate.



restricts viewing of the frequency range and sweep rate paraneters after
they are stored in the progranmable nenory. 4. An ultrasonic process
conpri si nyotzhes/Ris8ps of : programm ng an ul trasoni ¢ generarars260sioko3ii
paranmeters specifying a frequency raniye and a sweep rate of a driving
signal output by the generator to one or nore ultrasonic transducers used
in the ultrasonic process; storing the frequency range and sweep rate
paranmeters in a nenory or storage device; and thereafter, generating a
driving signal haviAmglzasprieguasessis wicitdd in claite 4siyetherfcomprisipg g siep efusingnge and

varying at the 5Re6ifi&dsSrParif € 5. An ultrasonic process as recited in
claim4, further COTTIB}I’IISI ng a step of using the ultrasonic process for

cleaning. 6. An ultrasonic process as recited in claim4, further
conprising a ste f i.n h |t rasoni [ Qc f i ndi ng.. 7. An
ul trasonic pr oceg’s%élsuﬁaesgll%f éff%f'# a%: eﬁ’i%e?ﬁﬂﬂ,%lafr{ljgt ugtﬁerccg{lrlﬁ}rq:s"slg %gtg%gfs@gﬂﬁ of

usi ng t hé ulthe @dsasonic ppoceecoswirobomplirest i ¢ wel di ng. 8. An ultrasoni c process
conprising the steps of: providing one or nore sandwi ch style ultrasonic
transducers; providing an ultrasonic generator coupled to the one or nore

transducers and gapahll€asohic gridedsak iodlledtin dlaind U Rrthér@oRIpritifg oL of dsheg
transducers; inguttj ng paraneters that specify two or nore frequency ranges
and two or B WURRBIEPTRREHST Plajis "&idiv&ach frequency range specifies a range
of frequencies of the driving signal output by the generator and wherein
each sweep rate specifies a rate of change of the frequency of the driving
signal ; ¥toring ﬁhéﬁ@@%&@ﬁ@?@%ﬁ@@@ﬂ%ﬁﬁfggmf% ates in a nenory or storage

devi ce; selecti n%ro@ﬂﬁn@%ef‘&?‘fho?%&ﬁ%cﬁEgﬂlﬁ%b{niéﬁ&gs%ce?@d one of the stored

sweep rates; and controlling the generator to generate the driving signal
accordi ng to thepywiding adultrasonic generator coupled to the one or more transducers and

capable of generating a driving signal to power the transducers;
inputting parameters that specify two or more frequency ranges and two or more
15  sweep rates, wherein each frequency range specifies a range of frequencies of the driving
signal output by the generator and wherein each sweep rate specifies a rate of change of
the frequency of the driving signal;
storing the frequency ranges and sweep rates in a memory or storage device;
selecting one of the stored frequency ranges and one of the stored sweep rates; and
20 controlling the generator to generate the driving signal according to the selected

frequency range and selected sweep rate.

9. An ultrasonic process as recited in claim 8 further comprising the steps of
monitoring the results of the ultrasonic process for each selected frequency range and
25  sweep rate, and changing the frequency range and sweep rate to optimize the ultrasonic

process.

10. An ultrasonic process as recited in claim 8 wherein the selected frequency
range and selected sweep rate are not displayed in order to maintain confidentiality.
30
11. An ultrasonic system comprising:

a piezoelectric transducer;



frequency range and sel ected sweep rate. 9. An ultrasonic process as
recited in claim8 further conprising the steps of nonitoring the results
of the ulwoasemi2esspr ocess for each sel ected frequency raogasacd/osaseep rate,
and changi ng the frequency range and weep rate to optim ze the ultrasonic
process. 10. An ultrasonic process as recited in claim8 wherein the

sel ected frequency range and sel ected sweep rate are not displayed in order
to maintain confidentiality. 11. An ultrasonic systemconprising: a

pi ezoel ectri c tr angbise@ye gameiar ceuplndite thydrasdicerfowoplying adsivingsignplatsducer
for suppl yi ng, &.dinted SreShedPitandd arfd sREGAGEET M ned frequency range and sweep
rate; input ans for a user’to I nput paraneters to specify the

predet er mi ned f r dqpuemesnsifariyescnndnpihpapmetsrs ¢o srarifly e pradytemuagtsiréquenayt or i ng
t he paranet t i.fysthe predeterm ned frequency range and sweep
rate. 12. Aﬁglfﬁetaggévg%ﬁ?g{seys dem as recited in claim21l further conprising
means f or5 preventmengprymspisdyr sodringhiee parancedre thai spedfyf the gredeteyninginge and sweep

{ﬁteet';gngguggq%{lgtcgrran%@%dg“k]le%pgggerat or is supplying the driving signal to

12. An ultrasonic system as recited in claim 11 further comprising means for
preventing display of the predetermined frequency range and sweep rate to an operator

10  when the generator is supplying the driving signal to the transducer.



