-1 - METHOD OF CALIBRATING A CONSTANT VOLTAGE SUPPLY FOR AN ULTRASONIC
TRANSDUCER OF A WIRE BONDING MACHINE FIELD OF THE INVENTION [0001]The present
invention relates to the application of energy to an ultrasonic transducer of a wire bonding machine,
and more particularly, to improved methods of applying a constant voltage to an ultrasonic transducer.
BACKGROUND OF THE INVENTION [0002]In the processing and packaging of semiconductor
devices, wire bonding continues to be the primary method of providing electrical interconnection
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energy sources are not BACKGROUND OF THE INVENTION

[0002] In the processing and packaging of semiconductor devices, wire bonding
continues to be the primary method of providing electrical interconnection between two
locations within a package (e.g., between a die pad of a semiconductor die and a lead
of a leadframe). More specifically, using a wire bonder (also known as a wire honding
machine) wire loops are formed between respective locations to be electrically
interconnected.

[0003] An exemplary conventional wire bonding sequence includes: (1) forming
a free air ball on an end of a wire extending from a bonding tool; {2) forming a first
bond on a die pad of a semiconductor die using the free air ball; (3) extending a length
of wire in a desired shape between the die pad and a lead of a leadframe; (4) stitch
bonding the wire to the lead of the leadframe; and (5) severing the wire. In forming
the bonds between {a) the ends of the wire loop and (b) the bond site (e.g., a die pad,
a lead, etc.) varying types of bonding energy may be used including, for example,
uitrasonic energy, thermosonic energy, thermocompressive energy, amongst others.

[0004] As is known to those skilled in the art, these energy sources are not
applied in a mutually exclusive way. For example, thermosonic energy typically
invoives the appiication of heat (e.g., from a heat biock) and ultrasonic energy {e.g.,
from an ultrasonic transducer). When using ultrasonic energy in connection with wire
bonding, there are generally two forms of ultrasonic output control: constant current
control mode, where the current applied to the transducer is held constant {or is heid to
a predefined current profile) while the voltage may be varied; and constant voltage
control mode, where the voltage appiied to the transducer is held constant (oris held to
a predefined voltage profile) while the current may be varied. In some appiications, a
constant power mode has also been used.



applied in a mutually exclusive way. For example, thermosonic energy typically involves the
application of heat (e.g., from a heat block) and ultrasonic energy (e.g., from an ultrasonic transducer).
When using ultrasonic energy in connection with wire bonding, there are generally two forms of
ultrasonic output control, constant current control mode, where the current applied to the transducer is
held constant (or is held to a predefined current profile) while the voltage may be varied; and constant
voltage control mode, where the voltage applied t0 the transducer is held constant (or is held to a
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[0007] In contrast, constant voltage control mode desirably limits the energy
output to the bond when there is a resonance probiem, and as such, the bonding
resuits tend to be much more consistent. Unfortunately, a draw back of constant
voltage control mode is a general lack of portability. Since the impedance of the
systems are not the same (e.g., due to the mechanical differences of the transducer,
coupling differences between the transducer and the mounting structure, mounting
differences between the transducer and the capiliary, etc.), the impedance from system
to system may vary considerably (e.g., one system impedance may be 20 ohms, while
another system impedance may be 50 ohms). Thus, when using the constant voltage
control mode, the system with a lower impedance undesirably results in more energy
being applied to the bonds than a higher impedance system.

[0008] As such, there are clear limitations in both the conventional constant

current and constant voltage control modes. Thus, it would be desirable to provide



-3.. improved methods of applying a constant voltage to an ultrasonic transducer of a wire bonding
machine. SUMMARY OF THE INVENTION [0009]According to an exemplary embodiment of the
present invention, a method of calibrating a voltage for use with an ultrasonic transducer of a wire
bonding machine in a constant voltage mode is provided. The method includes: (1) determining an
impedance value associated with operation of the;ultrasonic transducer; and (2) establishing an
adjusted voltage level for use with the ultrasonic transducer in the constant voltage mode based on the

determingchimpestametheakief FRRNITEhe methadsvolttie preseniirasniotranayrlisodse enmbodied as
an apparaiysdsg masHat of the intelligence of a wire bonding machine), or as computer program
instructions on a computer readable carrier (e.g., a computer readable carrier used in connection with

a wire bonding machine). [OOll]Accog@%ﬂQr}g’;hﬁ_geem% ﬁmbodiment of the present invention,

a wire bonding system is provided. The wire bonding System includes an ultrasonic transducer and a
controller. §§§ é:fntroller is configured to (1) determine an impedance value associated with operation
|
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[0010] The methods of the present invention may also be embodied as an
apparatus (e.g., as part of the intelligence of a wire bonding machine), or as computer
program instructions on a computer readable carrier {e.g., a computer readable carrier
used in connection with a wire bonding machine),

[0011] According to another exemplary embodiment of the present invention, a
wire bonding system is provided. The wire bonding system includes an ultrasonic
transducer and a controlier. The controller is configured to (1) determine an
impedance value associated with operation of the ultrasonic transducer, and (2)
establish an adjusted voltage level for use with the ultrasonic transducer in a constant

voltage mode based on the determined impedance value.
BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The invention is best understood from the following detailed description
when read in connection with the accompanying drawing. 1t is emphasized that,
according to common practice, the various features of the drawing are not to scale. On
the contrary, the dimensions of the various features are arbitrarily expanded or reduced
for clarity. Included in the drawing are the following figures:

Fig. 1 is a perspective view of a transducer of a wire bonding machine
and related components in accordance with an exemplary embodiment of the present
invention;

Fig. 2 is a block circuit diagram useful in understanding methods of
determining an impedance value associated with operation of an ultrasonic transducer
in accordance with an exemplary embodiment of the present invention;



Fig. 1 is a perspective view of a transducer of a wire bonding machine and related components in
accordance with an exemplary embodiment of the present invention; Fig. 2 is a block circuit
diagram useful in understanding methods of determining an impedance value associated with
operation of an ultrasonic transducer in accordance with an exemplary embodiment of the present
invention; -4 - Fig. 3 is a block circuit diggram useful in understanding methods of calibrating
a voltage for use with an ultrasonic transducer of a wire bonding machine in a constant voltage mode
in accordance with an &&nipfapyeeabetitrisriiagthe prefehtnnveigistanding metFgisofs a flow

diagram ilustiating a methes fof cabkaiingnauvelagaderapea with neUiiasesie thansduspigh a wire
bonding machine Ip G308 AN LoltAge. smede.In ageardance, with an examblary embodiment of the
present invention; IE—Illg. B is aflow oﬂagram ifistratng another method of caIfBreast?r?é a voltage

for use with"&Rtlfrasonic transducer of a wire bonding machine in a constant voltage mode in
accordance with an exemplary embodiment of the present invention; and Fig. 6 is a flow
diagram illustrating a methadiohdeterdixgirrgrait ustpaidzn eervalbedassadiate t vith opensdidor of the
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DETAILED DESCRIPTION OF THE INVENTION OO&%M accordance with certain exemplary
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ultrasonic transducer of a wire bonding system. The constant voltage is preferred in certain
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ultrasonic transducer (and/or the impedance associated with the operation of the ultrasonic
transduce?‘s1 ay be used to normalize the amplitude output of the voltage. [0014]By using the

improved constant voltage mode described herein, a
Fig. 6 is a flow diagram illustrating a method of determining an

impedance value assoclated with operation of the ultrasonic transducer in accordance
with an exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0013] In accordance with certain exemplary embodments of the present
invention, a constant voltage control mode is used to provide energy to an ultrasonic
transducer of a wire bonding system. The constant voltage is preferred in certain
applications, for example, because constant voltage mode tends to be less sensitive to
poor lead finger clamping and lead finger resonance conditions, amongst other
potential issues. In order to overcome portability issues with conventional constant
voltage control modes, the impedance of the ultrasonic transducer (and/or the
impedance associated with the operation of the ultrasonic transducer) may be used to
normalize the amplitude output of the voltage.

[0014] By using the improved constant voltage mode described herein, a
number of advantages are achieved including, for exampie, improved second bond on
applications with lead fingers that are subject to resonance while still maintaining
machine to machine portability and compensating for changes in system impedance
due to wear and time effects.

[0015] As used herein, the term “controller” is intended to be broadiy defined as
a portion of a wire bonding system/machine including one or more of a number of

functions, such as: signal generation for transmission to the ultrasonic transducer,



number of advantages are achieved including, for example, improved second bond on applications
with lead fingers that are subject to resonance while still maintaining machine to machine portability
and compensating for changes in system impedance due to wear and time effects. [0015]As used
herein, the term "controller" is intended to be broadly defined as a portion of a wire bonding
system/machine including one or more of a nunlgr of functions, such as: signal generation for
transmission to the ultrasonic transducer, - 5 - signal amplification of the generated signal, machine
software figgaoiaiitfictittnodbiberdarsnapensitsalogiaskitte Thitw/aitd Swietothtittheotarnt controller is
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transducer, etc.

[0017] Fig. 1 is a perspective view of ultrasonic transducer 100. Transducer 100
includes mounting flanges 102a and 102b used to mount transducer 100 to a bond
head of a wire bonding machine. Piezoelectric crystals 104 are provided in a cavity
defined by transducer 100, where crystais 104 provide uitrasonic energy to transducer
100 via the application of electrical energy to electrodes 106a and 106b. This
ultrasonic energy is transmitted to bonding too! 108 which is used in wire bonding, stud
bumping and the like.

[0018] Fig. 2 is a block circuit diagram useful in understanding methods of
determining an impedance value associated with operation of an ultrasonic transducer
in accordance with an exemplary embodiment of the present invention. More
specifically, in order to find a resonant frequency of an ultrasonic system {(and
therefore, to determine an impedance value associated with operation of the ultrasonic
system), controller 204 includes signal generator 200 and amplifier 202. Signal
generator 200 produces a sinusoidal output signal which is swept over a wide frequency
range inciuding a resonant frequency of the ultrasonic transducer. This sinusoidal
output signal is amplified by amplifier 202, and then this amplified signal is sent to
transducer 206. A feedback signal (e.g., a feedback signal related to the voltage and
current of the signal running through the transducer) is sent to controller 204.
Controlier 204 maintains a constant voltage during the frequency sweep. During this
process, controlier 204 monitors the feedback signal to determine when the frequency
of the signal approaches a resonant frequency of the ultrasonic system. Of course,
there are numerous methods by which a resonant frequency may be sensed.



determining an impedance value associated with operation of an ultrasonic transducer in accordance
with an exemplary embodiment of the present invention. More specifically, in order to find a resonant
frequency of an ultrasonic system (and therefore, to determine an impedance value associated with
operation of the ultrasonic system), controller 204 includes signal generator 200 and amplifier 202.
Signal generator 200 produces a sinusoidal outpyt signal which is swept over a wide frequency range
including a resonant frequency of the ultrasonic transducer. This sinusoidal output signal is amplified
by amplifit@@82] and thenetfirstaenplifidd, siom feés skt s ralnsdyder 206itArtecdbamissignal (e.g., a
feedback pigiagbealatedrishthemalingc.ans-eHrenief dhasignalpoing tupuah (he trapsducer) is sent
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the contrgller, and %%égw_mpedance associated with the operation of the ultrasonic transducer is

determined. After the ultrasonic system impedance is determined, it may be used to adjust the voltage

that will b ied to the ultrgsonic. transducer in a constant voltage control mode. For example, Fig. 3
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ultrasonicthrissatiedeofandvifeedShelingpanecisn espoaiemdsteith Vottageratedntheadttmooi with an
exemplaryrargadineniabhariesamdnvantioraJ0NR 2R elerriRpanude kiderrAEDIRM3QP includes

s L B T e B e B B R S e g o e

I\l
software 302 has access to a referéence impedan and a reférence voltage (Vr'réaf). For example,

the refereRUESIRTHRIRGS sADtFRtERaHBe TOTiSYRTRIS fadrdsiErt DS ferih KABiaMreprEddntative
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voltage value that has been used in conjunction with a constant voltage mode of t
known/reﬁr@%@ﬂfgi% Bl RS RS HAEYEREP For example, the reference impedance and the reference
voltage values may be stored in memory of a wire bonding machine, or may be entered into the wire
bonding nk207A3 (e.g., RS TReNeNt&Rihly tie CaNied eisR dngrapercarinus siretase Bicthaslike).

machine software 302 and ultrasonic control board/generator 304. Machine software
302 has access to a reference impedance (Z.¢) and a reference voltage (Vier). For
example, the reference impedance and reference voltage may represent values for a
known/representative system. Thus, the reference impedance is a predetermined value
which is an impedance value associated with operation of a known/representative
ultrasonic transducer. The reference voltage is a voltage value that has been used in
conjunction with a constant voltage mode of the known/representative ultrasonic
transducer. For example, the reference impedance and the reference voltage values
may be stored in memory of a wire bonding machine, or may be entered into the wire
bonding machine (e.g., by a user entering the values using a graphical user interface or
the like}.



- 7 - [0023]Machine software 302 also has access to the actual impedance value (Zactual) associated
with operation of the subject ultrasonic transducer. For example, the actual impedance value (Zactual)
may be determined as described above with respect to Fig. 2. [0024]Machine software 302
establishes/calculates a ratio of the actual impedance to the reference impedance value (ZactualiZref),
and the machine software subsequently applies this ratio to the reference voltage to provide an
adjusted voltage level. This adjusted voltage level may be the adjusted voltage level used by ultrasonic
control bdd1@RfEheratoM30hireosodvearreasishalam inigeSs atpdhealadityfoictpedamyalsodee applied to

the adjusted yoltageolayaldaviansPaadiisingr adiusioddevitrfanexaamalfarclEa-RadARILy factor may
be deternlwed lft)as’ed on empiric | te |ng/§jata r%Iatgzd to the subject transducer, where the portability
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crystal loss, which makes the use of a portability factor desirable? An example illustrates the function
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communi n a t t i tant voltage of 13.3
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volts is applied to the subject ultrasonic transducer. [002 a portability fac ore(PF) may be
applied to'THESOHBE I Vo iagEcE SRR BIdS GBRTS alvsRicHIRSHRD HIHRSPHE Aefiahingd the subject
ultrasonicwlystemakas theartzinf@ssobya it Hiattisrdizsirable T04r @vale @ qoiiistod s feator of 1.05. Thus,

the adjustgthMahage tHe3piorR Rl izdRpidindie d-Ppy fhe Reitability factor (1.05) to provide a further
adjusted voltage of 13.965 volts. This adjusted - 8 - voltage may be communicated to ultrasonic

control boggdgeperator, Qg {iangHle e, B WRARL YPHARE AL IARES R B SARRIS LG the sublect

ultrasonic transducer.
subject ultrasonic transducer in a constant voltage mode. This may be a one-time
determination (e.g., at the start-up of the wire bonding machine) or this may be a
repetitive or cyclical determination. Assume that previous testing of a reference
ultrasonic system at a resonant frequency of 120 KHz yields reference impedance and
reference voltage values as follows: Z . = 30 ohms; and V. = 10 volts. Through an
operation such as that described above with respect to Fig. 2, an actual impedance
associated with operation of the ultrasonic transducer is determined to be Z s = 40
ohms. Machine software 302 determines that the ratio is 1.33 (i.e., Zocua/Zrer = 40/30
= 1.33). Thus, this ratio is applied V., whereby an adjusted voltage value is
determined to be 13.3 volts (i.e., Adjusted voltage = (V,s*Ratio) = {10 volts * 1.33) =
13.3 volts). This adjusted voltage may be communicated to ultrasonic control
board/generator 304, through which a constant voltage of 13.3 volts is applied to the
subject ultrasonic transducer,

[0026] Alternatively, a portability factor (PF) may be applied to the adjusted
voltage. For example, using empirical testing, it may be determined the subject
ultrasonic system has a certain loss by which it is desirable to provide a portability
factor of 1,05. Thus, the adjusted voltage (13.3 volts) is multiplied by the portability
factor (1.05) to provide a further adjusted voltage of 13,965 volts. This adjusted



[0027]Figs. 4-6 are flow diagrams in accordance with certain exemplary embodiments of the present
invention. As is understood by those skilled in the art, certain steps included in the flow diagrams may
be omitted; certain additional steps may be added; and the order of the steps may be altered from the
order illustrated. [0028]Fig. 4 is a flow diagram illustrating a method of calibrating a voltage for use with
an ultrasonic transducer of a wire bonding machige in a constant voltage mode in accordance with an
exemplary embodiment of the present invention. At step 400, an impedance value associated with
operationvel i utegson itransdidetrd s eleasinedcdraraaanigy dhisdapadaneeryale may not only

be the ImpRAaNSealiihUsasaaicAAnSHN RPN IpAKCRISR U UNPSAAER CQIIRONFILS related

to, for example: coupling of the piezoelectric crystals within the trans electrical connections
to the tra ; the mounting of the trapnsducer; the coupling between the bonding tool and the
transducgri?e%c.jAt steg}i‘fﬁi’z,ﬂr 6-1% %ﬁg’t‘g VOEGE I8VE’ S&‘%ig’ﬁtg&ﬂﬂggﬁ?ﬂp{ﬁ ultrasonic
transduced PSS tahth RERFE T btke bidriad Ah ithenderstaniddy Fhpeisiitedvialibe Bot, example, as
describeccaheveswpatiocnidbe incihatisapgidgraadorayaiersnmrdnesancadamohe ceedlated, and
this ratio gy 9%.QQQAEdﬁWdatﬁngFS%cgfﬁ?g%g oreach.the aduigted ‘{Qét%gf?érc?ﬁt?s?‘rja{?ed.a'tema“"e |
techniques of adjusting the voltage based on the determined impedance value are con?emplated. This
adjusted Xgléag%gdmay b}g the yoltﬁl%e %pé)lied to the transducer. In the alternative, at optional step 404,
a further adj voltaG@ valie HRY FEsHLIAST ARG R et At calRrating ForaltRor e adjusted
voltage misgphist by wipascatitlityefactere {00 20)f4g . (B istadl anadideg amailhessimgraageer method of
calibratingrag@lReeckrn sise:Withhaih Wiaspnis, tanssiari R wisehaRding yeaebine Ap agonstant

voltage mo |£1na}ccog§9rrllc%evvgmh %@s%é%?é@l% e(r)nbcz%lmentf? éhq resent invention. At step 500, a

reference voltage (Vrel) and a re erence impe gné)ee ( r'gﬂ are s atglgﬂréiﬁ.tﬁgﬁdrgg?ﬁéﬁ above, the
referencedRipEnRcEe SAH F5EMEIRe&NVBIARGEIRRSLIEHINES BN BRICNHIDE KifoitrRdRESCefiative system.

At step 502trasoimpedasntecyslberasagoiaechaiiopepatiandel dbempliraranieiyaasdyeer is determined
(zact). Ausisnor0t oo of the impsdance drisauned i shenn0R idle [elerenge ppedance is

established (i.e., Zactualaref) At s , an adjusted voltage level is estdblis or dse with the

P . !
ultrasonicTARSTHRMT iR the CaRSIRE it HBERDY PBITRGSHIEPaLE PP B REtWESDItage. This
adjusted bidgpaditaythel thediitagerapplied tdhdtrsiesdt@r an 8dijuntthevaltetyzaliive| gt optional step

508, a furthesadivsigdv@llaan y ale X h e Gl dAleEy where desturhesadiusipdyeliagg is the
adjusted voltﬁ%e r’qultl Jleg by a Qortablllty factor. [0030]Fig. 6 js a flow djagram illustrating a method of
o ridstentines e i

determinity AN impedanc 2053 AHS WRh CHPR SRR RSO 38198 {accordance

anc
with an ex@idryrRasiesi itent ofelseqs éseadancermon broraésdnipte amé tiretrastd shawbein Fig. 6 may
be used inspitcaiianabie e pARROtFigad: ardrgariestionyyth SiepR20hignailR031]Referring
again to Fﬂ@ch@u‘%é&%@ Q(%Q&,ﬁ@%@%ﬁ{%@%ggé&ggﬁk}% determined impedance value are

contemplated. This adjusted voltage may be the voltage applied to the transducer. In

the alternative, at optional step 404, a further adjusted voltage value may be

calculated, where the further adjusted voltage is the adjusted voltage multiplied by a

portability factor.

[0029] Fig. 5 is a flow diagram illustrating another method of calibrating a
voltage for use with an ultrasonic transducer of a wire bonding machine in a constant
voltage mode in accordance with an exemplary embodiment of the present invention,
At step 500, a reference voltage (V) and a reference impedance (Z..) are established.
As provided above, the reference impedance and reference voltage may represent
values for a known/representative system. At step 502, an impedance value associated
with operation of the ultrasonic transducer is determined (Z,.,a). At step 504, a ratio
of the impedance determined in step 502 to the reference impedance is established
(i.e., Zacat/Zrer). At step 506, an adjusted voltage level is established for use with the
ultrasonic transducer in the constant voltage mode by applying the ratio to the

reference voltage. This adjusted voltage may be the voltage applied to the transducer.



produced using a controller of a wire bonding machine. The sinusoidal output signal is swept across a
frequency range including a resonant frequency of the ultrasonic transducer. At step 602, the
sinusoidal output signal is amplified (e.g., using an amplifier of the controller). At step 604, the
amplified sinusoidal output signal is sent to the transducer. At step 606, a feedback signal of the
amplified sinusoidal output signal is measured using the controller. At step 608, a resonant frequency
of the ultrasonic transducer is determined through the measurement of the amplified sinusoidal output

signal in gtepreQfteraatxaraptntibitresansos freauensy Fansher detesgunetl Byl a number of
e ot (E NG AR IR 818U PAL U, ISR A e pge O eronce

between the voltage and current of the Signal, etc.)” At step e impedance Altie a5€ociated with
operation%'?ﬁ@”ﬂﬁ’(ré%‘éﬂ?c transducer is determined at the resonant frequency. [0032]The calibration
techniques disclosed herein (e.g., the calibration of a constant voltage for use with an ultrasonic
transducei§@&Bl be peffnteld arflotiriadora givematine Bondthgdhwdcttire/sysnanAlternatively, the

Eali%rationhﬁ@@ham@eﬁa makdasréarved siaaive rbfr&@ulerlﬂ%é% -ltr%@a@afxrbﬁ %@c@tto%\’:%Ethloo )

onds, etc.). or.at a given event (e.q., each time a new. capillary tqol is used, etc.). [0033]Althoug
certain as%?eté)tgnq %ﬁ)e Bfr%@e%zinkﬂ%/de;n Fan? aré ge%i:erl gdipnvcghﬁéb% WS F%s%‘%a’&'fef'&o ency of an
ultrasonicSPANAUBETSit FsRAVRA ¥5IARELIREEIN WEh Tt eRaA Y allffigsdhierFarsedneekionay have
multiple restnatapfEapIenEiessAs such, these aspects of the present invention may be utilized in
connection with any of the resonant frequencies. [0034]Certain exemplary embodiments of the present

invention pigegiiped heigiforelaiestin thecsialdishmeny abanasivsindayQiags: IayakLiqs use with the

ultrasonic transducer.in the ¢ nssant yglta,lge mo%ga based on an_jmpedance value - 10 - determined

SR SaEe?. TR R9JBTEVESs bR SR ARG B iRoRAbEdance

for the suBfé)c rans n one examp e,eﬂ!?é”?/
value) thr8W§RttAE TR CEamsieofaraes (Peeding 2refreoantdiemmrey oftdbe uidfagonise, the voltage
level maytkenagljisstedafbaspdson, the:isnpedanaeityvel) diy Hiffesemh wnps dthin tamsaeepe of the present
invention. E t el e adjusted.using a different fupction or ratio that is
based on ?iﬁé%ﬁéﬁmﬁga%%y (ég% 'o%ét/r%énl%?é?éttﬁ%ﬁ? i‘%gra other {g%{ﬁfé ue{;sé%aéllgos%%templated.
[0035] The b ERvritcEmifheteniie srisdhark entieh ehermaifiedenusaifaontrbber of
alternativeigredismeasoreeixashglahthectachiftquas sap 60 i) stakbedrantamepisting cramputer

system/sefips<an sqfHare da- GOMRMIR SYSBIRLUSR D ARIVIGFIRR NN RE IDiegrated with, a wire

bonding machine%.i Further, the technel(gues ma% operate from a computer readable carrier (e.g., solid
state mentO YRR UL 19 HBRH SO Gadid FEGTR Ry LS FRTIMRISi ITRILRRAS 8% Rency carrier
medium, detgmiendudes edbmpumbinsifiedongyesy e companiopragthensigstaiuativas) falated to the

calibrationdeedigiésdmum, monitoring the phase difference between the voltage and current of
the signal, etc.). At step 610, the impedance value associated with operation of the
ultrasonic transducer is determined at the resonant frequency.

[0032] The calibration techniques disclosed herein (e.q., the calibration of a
constant voltage for use with an ultrasonic transducer) may be performed one time for
a given wire bonding machine/system. Alternatively, the calibration technigues may be
performed at a given frequency (e.g., at every bond, at every 100 bonds, etc.) or at a
given event (e.g., each time a new capillary tool is used, etc.).

[0033] Although certain aspects of the present invention are described in
connection with a resonant frequency of an ultrasonic tranducer, it is known to those
skilled in the art that an ultrasonic transducer may have multiple resonant frequencies.
As such, these aspects of the present invention may be utilized in connection with any
of the resonant frequencies.

[0034] Certain exemplary embodiments of the present invention described
herein relate to the establishment of an adjusted voltage level for use with the

ultrasonic transducer in the constant voltage mode based on an impedance value



[0036]Although the invention is illustrated and described herein with reference to specific
embodiments, the invention is not intended to be limited to the details shown. Rather, various
modifications may be made in the details within the scope and range of equivalents of the claims and
without departing from the invention. What is Claimed: 1.A method of calibrating a voltage for use with
an ultrasonic transducer of a wire bonding machui]g in a constant voltage mode, the method
comprising the steps of: (1) determining an impedance value associated with operation of the
ultrasonicdesersdinedrfaarttie subject t(@pshiadlisbingrar:adiugtedtreliagadrvieltondisajwdtbdhe

ultrasonicisanauaninhiaansianiivellass s dassiandhe g e d Impedaneg value. 2.The

actval el
method o %}lm 1 further comprising a step of establishing a reference vo age and a reference

impedance VARSI 3% aE AR S r 500 Y iRga sy elmRdernti stad thrsed APdhs (1) to the
referenceimissdane devallién (@fiensail Zrefy wihkirebyetheondjostad wolisere levehitoestablished in step (2)

by applylr@céhepratlﬂwm%a%f@éeéxq?hy\,oE@%ﬁs@é&ed&]ﬁ@aﬁmﬁ@mﬂ\eﬁﬁ?qé&fﬁ;ﬁ%&ﬂlﬁ;m
measuring a curre nal passing throu sonic transducer such that a
value ma;% be gete?:% dﬂ) S rﬁetermlgntr%{;t& sa%ﬁ ecaéﬁ%résgggﬁ% aPEREimANs S arfeRitRalue.

contemplated.

[0035] The calibration techniques of the present invention may be implemented
in a number of alternative mediums. For example, the techniques can be installed on
an existing computer system/server as software (a computer system used in connection
with, or integrated with, a wire bonding machine). Further, the technigues may
operate from a computer readable carrier (e.g., solid state memory, optical disc,
magnetic disc, radio frequency carrier medium, audio frequency carrier medium, etc.)
that includes computer instructions (e.g., computer program instructions) related to the
calibration technigues.

[0036] Although the invention is illustrated and described herein with reference
to specific embodiments, the invention is not intended to be limited to the details
shown. Rather, various modifications may be made in the details within the scope and
range of equivalents of the claims and without departing from the invention,



4.The method of claim 1 wherein step (1) includes measuring a phase difference between the current
and voltage of a signal passing through the ultrasonic transducer such that when the phase difference
is substantially zero the impedance value may be determined at step (1). 5.The method of claim 1
wherein step (1) includes (a) producing a sinusoidal output signal using a controller of the wire bonding
machine, where the sinusoidal signal is swept aclgss a frequency range including a resonant
frequency of the ultrasonic transducer; (b) amplifying the sinusoidal output signal; (c) sending the
amplified singspidasiawsput signal to the transducer; (d) measuring, using the controller, a feedback
signal of amplified sinusoidal output signal sent to the transducer; (e) determining the resonant

frequency of the ultrasgnic traﬂqqgggglgrp&g@g@,p%@&a%@ﬂe@gn@ggﬁhgg;\?v%%q(gnce value at the

resonant freﬂu ncy of the ultrasonic transducer. - 6.The method of claim 5 wherein step (e)
includes rlf{gagg‘f’ﬁ% 3 AN ERRAITIDDRAEYEEIB AROSHARE XRltR e IR hgeTeBeBnant frequency by
determiniagrapmigiRinthestereedit value of the feedback signal. 7.The method of claim 5 wherein step
(e) includes measuring a phase difference between a current and a voltage of the feedback signal, and

determining the resonait)fiagueneynghenithesgbase ifferersscistedbstantpdymzerosBefldie method of
claim 1 whgrgiiy Sepdfadclydes fa) determining

(2) estabiishing an adjusted voltage level for use with the uitrasonic
transducer in the constant voltage mode based on the determined impedance value.

2. The method of claim 1 further comprising a step of establishing a
reference voltage and a reference impedance value, and establishing a ratio of the
impedance value determined in step (1) to the reference impedance value (Zauua/ Zrer),
whereby the adjusted voltage level is established in step (2) by applying the ratio to
the reference voltage.

3. The method of claim 1 wherein step (1) includes measuring a
current signal passing through the ultrasonic transducer such that a maximum current
value may be detected, and then determining the impedance value at the maximum
current value,

4, The method of claim 1 wherein step (1) includes measuring a
phase difference between the current and voltage of a signal passing through the
ultrasonic transducer such that when the phase difference is substantially zero the
impedance value may be determined at step (1).

5. The method of claim 1 wherein step (1) includes (a) producing a
sinusoidal output signal using a controller of the wire bonding machine, where the
sinusoidal signal is swept across a frequency range including a resonant frequency of
the ultrasonic transducer; (b} amplifying the sinusoidal output signal; (c) sending the
amplified sinusoidal output signal to the transducer; (d) measuring, using the
controlier, a feedback signal of amplified sinusoidal output signal sent to the
transducer; (e) determining the resonant frequency of the ultrasonic transducer

through step (d); and (f) determining the impedance vaiue at the resonant frequency of
the ultrasonic transducer.



a resonant frequency of the ultrasonic transducer; and (b) determining the impedance value at the
resonant frequency of the ultrasonic transducer. 9.The method of claim 1 further comprising the step
of: (3) further adjusting the adjusted voltage level using a portability factor determined in
connection with operation of the ultrasonic transducer. 10.A computer readable carrier including
computer program instructions which cause a computer to implement a method of calibrating a voltage
for use with an ultrasonic transducer of a wire bonding machine in a constant voltage mode, the
method comprising the steps Ghe method ¢l :BeieEMRRIGIANtsIPAdARERINBIUA @EERFIged With

operalion Al R UIRRONGHCRSIHSEL A and der AHESIAPIRDIAGAN ACYHSISE OIIR0E level for use

with the ultrasonic transducer In the constantv tage mode based on the mpedance
value. 11 2R HEH0ME SR CompRsiigan’ htSsaiarkiiehrer; and a controller, the
controller being configured to (1) determine an impedance value associated with operation of the
ultrasonic transducer, and (2) ERtabigshathoddjaited wbkegje kivel for studdthrtireitganic transducer
in a constpRbye Wraaenessdimsed @Mh@%ﬁfﬁﬂ%&@@%ﬂ@%@e&@h&k@gﬁ%ﬁ Wie bonding system of

claim 11 v&@g‘gfmgn‘e \Qﬂre Sonncja%gfsg%em mclude erenFc e\{_(e)!_'gg ?S\gal e aré&@}geference

impedance value stored in memory nC‘fﬁereln the ontsrol er Is configur Léos% f§f°a ratio of the
impedance value to the reference im edance value (Zmeasureareference)r and wherein the controller
is P 8. The me@hod of claim 1 \gvherem step (1) mctud)es (a) determining

a resonant frequency of the ultrasonic transducer; and (b) determining the impedance

value at the resonant frequency of the ultrasonic transducer.
9. The method of claim 1 further comprising the step of:

(3) further adjusting the adjusted voltage level using a portability factor
determined in connection with operation of the ultrasonic transducer.

10, A computer readable carrier including computer program
instructions which cause a computer to impiement a method of calibrating a voltage for
use with an ultrasonic transducer of a wire bonding machine in a constant voltage
mode, the method comprising the steps of:

(1) determining an impedance value associated with operation of the
ultrasonic transducer; and

(2) establishing an adjusted voltage level for use with the ultrasonic
transducer in the constant voltage mode based on the determined impedance value.

i1, A wire bonding system comprising:
an ultrasonic transducer; and

a controller, the controller being configured to (1) determine an
impedance value associated with operation of the ultrasonic transducer, and (2)
establish an adjusted voltage levei for use with the ultrasonic transducer in a constant
voltage mode based on the determined impedance value,

12, The wire bonding system of claim 11 wherein the wire bonding
system includes a reference voltage vaiue and a reference impedance value stored in
memory, and wherein the controller is configured to establish a ratio of the impedance

value to the reference impedance value (Z measured/ Zreference), and wherein the controller is



- 13 - configured to establish the adjusted voltage level by applying the ratio to the reference voltage.
13. The wire bonding system of claim 11 wherein the controller is configured to measure a current
signal passing through the ultrasonic transducer such that a maximum current value may be detected,
and then the controller determines the impedance value at the maximum current value. 14.
The wire bonding system of claim 11 wherein durjng the determination of the impedance value
associated with operation of the ultrasonic transducer, the controller is configured to measure a phase

differencecbetiyeen acesteniiciha agiliagel ook signal pasgingiling ghdthetidrasarictaaseucer such
that Wher\,mgaggase difference is substantially zero the impedance value is determined. 15.
The wire bonding system of claim 11 wherein during the determination of the impedance value
associated with operatiﬁg of th'%éjlt“[as nic ansdutcer, the condt}rgller is configured to éa)_ roduce a
sinusoidal output signalswept acrods PAEHIRET FRGE FHRITd " FER BRI FPaGwd E)F‘%f the
ultrasonicPAAgHIRSEE (HRasHRIf THESM FBiahPasiia Sigputh(ths et artpiddasinasdidal output
signal to theatransshiueari{ @ rreaswra degdbackianal ehampifiedsiyssida)l guipyhsignalsent to the

transduce%gee)dgﬁ@r i@% g}etﬁggag%gm[;g%%r%% 9% Ethe ultrasonic transducer; and (f) determine the

impedance value at the resonant frequency o Ultrasonic transducer. 16. The wire
bonding system of claim 15 wherein during step (e), the controller is configured to measure a current

value of the feedback sighal, ang 44T RFENASYE M QA ERIGULh & B IRHLEMARRIRS the maximum
current valgseohinatieedbsiok isigreabnce value dgoThted/ivdthandirgisystbtheofitlasonls wherein during

step (e), thasaniceletis eanfigited @Rmraskias Rbasadiffgioncedreivgen teeidrent and voltage of
the feedback shc%nal and} determine the resonatnt frecku nc \{vhen the phase difference is
S50 3 a8

substantiaﬁ?g g @ VeltagOta Aighe ) BISRIN G Ui B YAIP T RRR A R st B etermination

of the imp¥8&ndes Bhrssddbrrites WRHRSHRIHANN TFthEalirasedie trayddadedetrrmortoller is

configured (a) determine a resonant frequency of the ultrasonic transducer; and (b) determine the
impedance value at thelf@sonaht frecpibonyiod theteknagariatransateesin -dldindléhd he wire bonding

system of gdedmrldaVidie BRIt enpRA AU Sue associated with operation of the ultrasonic
transducer, the controlier is configured to (a) produce a sinusoidal output signal swept
across a frequency range including a resonant freguency of the ultrasonic transducer;
(b) amplify the sinusocidal output signal; (c) send the amplified sinusoidal output signal
to the transducer; (d) measure a feedback signal of amplified sinusoidal output signal
sent to the transducer; (e) determine the resonant frequency of the ultrasonic
transducer; and (f) determine the impedance value at the resonant frequency of the
ultrasonic transducer.

16.  The wire bonding system of claim 15 wherein during step (e), the
controller is configured to measure a current value of the feedback signal, and
determine the resonant frequency by determining the maximum current value of the
feedback signal.

17, The wire bonding system of claim 15 wherein during step (e), the
controller is configured to measure a phase difference between the current and voltage
of the feedback signal, and to determine the resonant frequency when the phase
difference is substantially zero.

18.  The wire bonding system of claim 11 wherein during the
determination of the impedance value associated with operation of the ultrasonic
transducer, the controller is configured (a) determine a resonant frequency of the
ultrasonic transducer; and (b} determine the impedance value at the resonant
frequency of the ultrasonic transducer.



configured to further adjust the adjusted voltage level using a portability factor determined in
connection with operation of the ultrasonic transducer.

-14 -

19. The wire bonding system of claim 11 wherein the controller is
configured to further adjust the adjusted voltage level using a portability factor
determined in connection with operation of the ultrasonic transducer.



