WIRE BONDING METHODS AND BONDING FORCE CALIBRATION CROSS-REFERENCE TO
RELATED APPLICATION [0001]This application claims the benefit of U.S. Provisional Application No.
60/938,274, filed May 16, 2007, the contents 6fwhich are incorporated herein by reference. FIELD OF
THE INVENTION [0002]The present invention relates to the formation of wire loops, and more
particularly, to improved methods of applying bonding energy and/or bonding force during wire
bonding, BACKGRJEE BANDINE METERITIO NNOO 63 NCIDE @ ropesEngsa Ik packaging of
semiconductor devices, wire bonding continues to be the primary method of providing electrical

interconnection between twa gsadions-rathira peokagertepbeiweema die pad of a semiconductor
die and a lead of a leadframe). More specifically, using a wire bonder (also known as a wire bonding

machinel }&tlbops aféfoprritdistvesimrespediveibcdtions fobeselsatriqallicitterceanected.
60/938,274, filed May 16, 2007, the contents of which are incorporated herein by
raferance,

FIELD OF THE INVENTION

oozl The present invention relates to the formation of wire ioops, and more

particuiarly, to improved methods of applying bonding energy and/or bonding force
during wire bonding.

BACKGROUND OF THE INVENTION

003 In the processing and packaging of semiconductor devices, wire bonding
continues to be the primary method of providing eiectrical interconnection between two
locations within a package (e.g., between a die pad of a semiconductor die and 2 iead
of & leadframe). More specifically, using a wire bonder (aiso known as a wire bonding

machine) wire loops are formed between respective locations to be electrically
interconnected,

ro0oo4] An exempiary conventional wire bonding sequence inciudes: (1) forming
a free air balt on an end of a wire extending frem 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 ieadframe; (4) stitch
bonding the wire to the isad 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 exampie,

ultrasonic energy, thermosonic energy, thermocompressive energy, amongst othars,

iDo05] In conventional wire bonding systems, the bonding energy (e.q.,
uitrasanicfenergy) is typically appited after some level of contact is established between
the wire/bonding tool and the contact to which the bond will be made. If the bonding
energy is applied when the contact (e.g., a lead of a isadframe) is not “pinned down”
undesirabie bonds may be formed. More specifically, vibration and rejated probiems

may result in over squashed bonds, short wire tail iengths after second bond, etc,

[0006] Thus, it would be desirable to provide improved methods of bonding

energy application, bonding force application, and refated wire bonding methods.



[0004]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) foining 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 bondi%%&ﬂt@ é,_\(}ééf((; é?rﬂfﬁée{% ; leadframe; and (5) severing the wire.

In forming the bonds between (a) the en the wirelo the bond site (e.g., a die pad, a

lead, etc.) yasuing types atboagigaenergysaay heHsestireluding. a5 examples Uitasamicenergy,

thermosonic ene(rg thermocompressive energ%é_amongst others, [0005]In conventional wire bonding
|

systems, tHBBRPRIHPEREIGY PO INAFASEH dSRETEyA ROBMDREINFED AR AR PEBHE RS 8f contact is
established:tetween theoniieth trdiontosingnal thiee domridictdonabithet b ansthodl beripasiagIf the

bonding ent%ggt@p@p&l_je@)wmgoiﬁ eacgg@ém bl %W%thﬁée@&gﬁ;{e{]}i)zss&%é%

neAgdown”
undesirable bonds may be formed. More cally, vibration an ed pro )ﬁ; may result in over

squashed BERRE! SoftsvirentattdhgrFRs s PeaEY e ERY CetE YR ETheid aom Rfidhse Wissirable to
provide impesaegmetiads:obhandingmigrgy apalisaiiopeoRangisadaipaaplicaionn astdrelated wire
ponding Mefacs: o SUMORL R d S RISARL SO EAC B Sq SRR S Fon s Present
invention, there'is provide

wire, wherein the ultrasonic bonding energy is applied at step (3) after a predetermined

period of time lapses even if the portion of the contact has not been detected to be

pressed against the device supporting surface at step (2).

[6008] According to another aspect of the present invention, there is provided a
method of forming a wire loop o provide interconnection between a first bonding
location and a second bonding location of a semiconductor device using a wire
bonding machine, the method comprising the steps of: (1) forming a first bond at the
first bonding location with a bonding tool such that a wire engaged with the bonding
tool is continuous with the Tirst bond; (2) extending a length of wire from the first
bonding location toward the second bonding location; (3) forming a second bond at the
second bonding location such that the wire is continuous from the first bond to the
second bond, the step of forming a second bond including: (a) moving a bonding {oal
towards a contact at the second bonding location, (b) detecting when a portion of the
contact is pressed against a device supporting surface of the wire bonding machine;
and (¢} applying ulirascnic bonding energy to the portion of the contact after step (b)
such that & bond is formed between the contact and the wire, wherein the ultrasonic
bonding energy is applied to the portion of the contact at step {(c) even if the portion of
the contact has not been detected to be pressed againsi the device supporting surface

at  step (b} within a predetermined period of fime; and (4)

severing the wire such that a length of wire engaged in the bonding tool is separated

from the wire loop formed in steps (1), {2), and (3).

[0009]



method of applying bonding energy to form a bond between a portion of a wire and a contact of a
bonding location using a wire bonding machine, thg method comprising the steps of: (1) moving a
bonding tool towards the contact; (2) detecting when a portion of the contact is pressed against a
device sup%ortin surface of the wire bonding machine; and (3) applying ultrasonic bonding energy to
the portion P9 contact after step (2) such that a bond is formed between the contact and the portion
of wire, wherein the ultraspnic bondin ergy. is applied at ste %@3) fter a predetermined period of
time Iapsesgdeg\}gA if the ggr fon' 8&%%%%&1%& rggen%tig\éeeﬁfagté% d ?(S)obéepr%eﬂgggé'%dgﬁ%s% he device
supporting &faebialsep AR R40codadobitasg e ahathise AgpeaonMpreh frasenemventivtethere is
provided a&%ﬁ%@ﬁ pEiarmng ayiedaonte psavidadniareonaestignhetwesanrdendipg location

n

and a seco onding location of a semiconductor d,ev'bce using a wire bonding machine, the method

comprising thHe& e pEBEL O ¥6iA Y P BB R8st bonding location with a bonding tool such
that a wire engaged with the bg@l@é@@@@ﬂ@@@pw@ Hheafiistieand; (2) extending a length of

wire from the first bonding location toward the second bonding location; (3) forming a second bond at
the secondidptiding locatiba suehithatthewicveds cordthérous e tbeificsst Sahstadberisgoond bond,

the st ff [ including; ing,a bondi d tact at th
Socont oG ISCaich, 1) DEILEig ek & SOHAn 1 e LS 1 o Lda e I fevice

supporting &tfesceDitIseWirehRIsaHE rifc Mo Laieete sl ity rdD ATE BehHirg®aeRiy to the
portion of thesceptac-aftaistep-Enstieh dhata berdis fermed delweemthe-toasiandithe wire,

wherein the ultraspnic bondin ergy is applied to the partjon of the contact at step (c) even if the
portion of (& LRt FRC HorBAaT SR 26108 BreLLb i OM RS B Fevice supporting surface at
step (b) within a predetermineghneriod-ofdigagiansd “h=S6veY a8 ANgiviTesushhakadeaqgth,of wire
engaged in the bonding tool is separated from the wire loop formed in steps (1), (2), and (3). [0009] 3

. . (
[0010] [T HTHS GRS TG e S VRIS S0 B Britb B e85 At $piatus (e.g., as
part of the intelligence Ofﬁd.v'ﬁ%t?%dé&%g%!{é%ﬂgm% %?ﬁgmgyﬁépw[ﬁ%]%gé@ﬁd% a computer

readable carrier (e.g., a computer re: e carrier used in connection wi € bonding machine).
tool pressing a contact against a device supporting surface of a wire bonding machine

in accordance with an exemplary embodimeant of the present invention;

FIG. 2A is a flow diagram illustrating a method of applying bonding
energy o form a bond between a portion of a wire and a contact of a bonding location

in accordance with an exemplary embodiment of the present invention;



BRIEF DESCRIPTION OF THE DRAWINGS [0012]The invention is best understood from the following
detailed description when read in connection with the accompanying drawing. It is emphasized that,
according to common practice, the various featuyes 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. 1A is a cross-sectional side view of a wire loop during
descent to second bond in accordance with an exemplary embodiment of the present invention;

FIG. 1B is a detailed viédv éPdSpd it Gremen insiatngiagreBnsddomoingressing laccowtact against
a device suppaxting suracetiohcairedonding prachine daRcGORNE eVl hap-BYa kB sMbodiment
of the presentIAYERtifitior device EA%C&%'%%J'&W?Q%%H'{Hé;{fa“rﬂ Simethod 9“35%%&’%% bonding
energy to form a bond between a portion of a wire and a contact’of a bonding location i accordance
with an éR&HIIZR? embodiment of the present invention; -4 Fig. 28 is a flow diagram

illustrating a method of,:f&rrgj\ng a WJW é?aoéﬁato glrioxsl'{geﬁirqtezggoggqeocc}iop between a E1;irrﬁst bonding location

and a second bonding lIocation of a semiconductor devite in‘accor ANCE With &7 exemplary
embodinBIREGRHHE SHESgRtThEHRioHYhen @ portisg o8 A o atABwEdNARTSRA EANSnGeViTRthod of using
a systemsimpedancewcimarge todetecbodinganpartion of aceoriastisvatessed-againgt,a device

supportingyface:Af dpewise-bonding.maghine in accordance with an exemplary embodiment of the
present invention;

Fig. 3B is & timing diagram of motion of a bonding tool toward a contact,
useful for explaining the method illustrated in Fig. 3A, in accordance with an exemplary
embodiment of the present invention:

Fig. 4A is & flow diagram illustrating another method of detecting when a
portion of a contact is pressed against a device supporting surface of the wire bonding

machine in accordance with an exemplary embodiment of the present invention;

Fig. 4B are velocity and force timing diagrams of a bonding tool during
motion toward a contact, usefut for explaining the method iliustrated in Fig. 44, in
accordance with an exemplary embodiment of the present invention:

Fig. 5A is a partial top view of three adjacent contacts of 2 semiconductor
device, and & portion of a device clamp in contact with the contacts, in accordance with
an axemplary embodiment of the present invention;

Fig. 5B is a chart illustrating force versus vertical position data for the
three adjacent contacts illustrated in Fig, 5A in accordance with an exemplary

embodiment of the present invention;

Fig. € is & partial side view of a contact of a semiconductor device and a
portion of a device clamp in accordance with an exempiary embadiment of the present
invention;

Fig. 7A 1s a flow diagram illustrating a method of determining & bonding
force used to bond a portion of a wire to a bonding contact in accordance with an
exemplary embodiment of the present invention; and

Fig. 7B is a flow diagram fllustrating a method of forming a wire loap to
provide interconnection between & first bonding location and a second bonding location

of & semiconductor device in accordance with an exemplary embodimeant of the present
invention,



Fig. 38 is a timing diagram of motion of a bonding tool toward a contact, useful for explaining the
method illustrated in Fig. 3A, in accordance with an exemplary embodiment of the present invention;
Fig. 4A is a flow diagram illustrating another method of detecting when a portion of a contact is
pressed against a device supporting surface of the wire bonding machine in accordance with an
exemplary embodiment of the present invention; Fig. 45 are velocity and force timing
diagrams of a bonding tool during motion toward a contact, useful for explaining the method illustrated
in Fig. 4A, in accordance withPanrskEmm planCambEaienT ot He\IENEEMN invention; Fig. BA is
a partial top view of three aB(tj%?cent contacts of a semiconductor device, and a portion of a device

clamp in '@ttt with e EEREERTYFALRBRANEDRI 2h ZBRITRITRAF e RBGHTI BRR ISR Bresent
inventioryltrasonic efgpbBIS hacttabpiidistgdiing: feree pelisdsrvertitapgosition sataeter theothree
adjacentgantacisllusiaies dndrisi B RCEIANSS, With ap pxemplan.embadinex of he present
invention; to0l wiré:'%h(? @at grtl&ltsaldte é}/l\e’v\ﬁli f%gontact of aﬁsemlconduct(_)r deV|.ce and a portlo_n of
a device CRRTS T EEeSMTarde With A sk a?%) ERp8EmER Ot 3REYEEsent invention: Fig.
7A s a fipyediagram illusisating &methad ofdeterriningahendingfarce, used fo,bond a portion of a

wire to a b ndgﬁ contact in accordance with an exemplary embodiment of the present invention; and
Fig, 75 is AHT6% Sgr 8RR et B AaE P NG LOE MG a WirdSRINh B0 Pvideimerinection
between& firgv bidsdinecuoatRes uh ¢ esecontd Bastivi tushton/of &eelitigdnducippiiesatioa in
accordansewitiied exsnapiangieMBediBirit LR eseRIRVERLIPEN et a portion of 2
contact (i.e., the portion of the contact to which the wire bond will be made) is pressad
against a davice supporting surface (e.g., the heat block or other surface to which the
contact should be pressed) of the wire bonding machine. The desired condition of the
portion of the contact being pressed against the device supporting surface of the wire
bonding machine may be referred to as a “pinned down” or “full down” position. Such
a condition (i.e., the portion of the contact being pressed against the device supporting
surface of the wire bonding machine) may be detected using any of & number of
technigues, Certain exemplary techniques are described herein, but the present
invention s not limited to these exemplary technigues.

[0015] As will be described in greater detail below, exemplary technigues for
detecting when the portion of the contact is pressed against the device supporting
surface of the wire bonding machine include: (1) detecting when a vertical position of
the bonding teol is in a predetermined position; (2) detecting when an impedance
characteristic of the transducer reaches a predstermined level; (3) determining when at
least one of {a) a bonding force and (b} a velocity of the bonding tool reaches a
predetermined levetl; (4) detecting when a resonance of the transducer reaches a
predetermined leval; and (5) detecting when a force applied to the portion of the
contact has reached a threshold force. By applying the bonding energy (e.g., ultrasonic
energy) after ensuring that the contact is in the desired position, resonance problems
tend to be substantially reduced, thereby improving the uniformity of bonds formed
across a plurality of bonding locations, improving the guality of the bonds formed,
improving the yield rate of devices bonded, and reducing the assist rate provided by an
operator of the wire bending machine.

[O0ic] As provided above, an exemplary method of detecting when the portion
of the contact is pressed against the device supporting surface of the wire bonding
machine is detecting when & force applied to the postion of the contact has reached &

threshold force. Such a threshoid force may be related to the force (e.g., pin force)



DETAILED DESCRIPTION OF THE INVENTION [0013]In certain conventional wire bonding
applications, bonding energy (e.g., ultrasonic energy, etc.) and bonding force are applied in an "open
loop" process. More specifically, bonding energy is applied after physical contact is detected between
(2) the tool/wire, and (2) the contact to which the wire will be bonded). [0014]According to certain
exemplary embodiments of the present invention, a "closed loop" approach to the bonding energy
(e.g., ultrasonic energy, thermosonic energy, thermocompressive energy, amongst others) and/or
bonding fsrektappheation tepravidetheFamexamplensheneaneing enesgytwd| hertiseedon after a

portion ot&ma%(b@rtmeegemeea? én%&m@ﬁt;%mw@&ttvefﬁ\%%%w'gvg mde) Is pressed

against a %ewce supporting surface (e.g., the heat block or other surface t0 which t econtactshould

be pressEH|PAPHOR Wife B8 ﬁ‘Fg”YﬂﬁE‘Fﬁﬁeth?ﬁ’é“cf@éﬁeeBeébn8%‘??5&%%‘8&8?1Rﬁeﬁ%é?'b%ntact being
pressed agﬁmst%@dev@@m&hg@mlmmmm borfdirg imachinermiaipbeareferfred to as a

‘pinned dawmiigr ofbrewe’ (@%It@m%mﬁf;@r@t&tﬁ%t@%éh&&ﬂ@ﬁnrﬂé%%&@@t?&%b&'@g pressed

against the C;ewge:{_ﬁtbp% rtln{%SLgface the wir achine) may be detected using any of a

number &f1ech niques. Certain exeertﬁsp ary taef%?ﬁnlqugp 2 Qe%\’él&s&%%g elP? BA¥RE Ereéent invention is
not limiteRl 6 tiEse eesnsprarn tethffitiees FoRTSIRRNigillsoe. dexeeistt ivagiatines detaildelow,

exemplamﬁechmgmﬁsrferndeteeiamwhgndhemtm@tmgmme aéeﬁﬁd@;@amwt@. device
supportlr}%gfugtggee%f t‘fstﬂﬁ%é’o ogt@aCh&P)e 'rc‘;(?“rjn%%h %detectmg W%hner?tz v gb osmon of the

bonding tool is In'a pré etermined position; etectmg en aPn im erlgtlc of the
transducirEEREB SR PSRRI TSFER Y HetsERIRIHG RifEh %F%ﬁgf%ﬁéfbﬁ (alhe bending force

and (b) afweloeityiafdhe mmch:ngtmlmctsestaqarﬁomemmezdelezve&,s(#):@ietactm@y\daerbaﬁ@sonance
of the tra%?éé‘%%{aﬁ%@‘%@%%@nw&%[&r%f%é@gﬁkt%BQQ%SSFHEQOPW\"%% tet%e apglieg o the portion

of the contact has reached a threshold y applying the bonding energy (e.g., utrasonlc energy)

after ensAfiFthat iRk EonBRSFmaralstda E)?J"é‘tﬁﬁ?t?égé’?@héé B?HBiéﬁt%h%tﬂi%sﬁe substantially
reduced, te@irgdmiprovicrgcthe pinifalitvityf of bendsfomeedofisrdssta. plurality of bonding locations,
|mprovm% the guality of the bonds formed, improving the yield rate of devices bonded, and reducing

the assist PR grovide8'By 4nDBeratoR ot theiHeob ShiNEPM AL RIRE NS BaHiBRided above, an
exemplamgrethoeafcddtettingwhér thie paitiosefthencontactie pressed anaisst i deyice

supportingsi#Face Pééh%\ﬂt%?éi%@eﬂwitn%h% isigtesing whenadpee appjied jq.Ihe, portion of the

contact hag Leashed auese Y 8ss, S 8 (resheld s may, e epjed fo the Torce (e.g. pin

force)
semiconductor die 102 and (2) lead 100a of leadframe 100, As is known o those
skilied in the art semiconductor die 102 is mounted to leadframe 100 which includes
iead 100a. Leadframe 100 is positioned on device supporting surface 112 (e.g., heat
block 112 or another device supporting surface) of & wire bonding machine. Of course,
onty & portion of leadframe 100 (and only a portion of iead 100a of leadframe 100),
semconductor die 102, and device supporting surface 112 are shown in Fig. 1A. Lead
10Ca is ciamped using device clamp 104 (only a small portion of device clamp 104 is
shown in Fig. 1A). As is clear in Fig, 1A, the portion of Izad 1002 to which the end of
wire loop 110 is to be bonded (& second bond in the example shown in Fig. 1A) is not
pressed against device supporting surface 112, This portion of iead 100a being “bent”
away from device supporting surface 112 may be caused by, for exampie, high device
ctamp forces, window clamp geometry issues, heat, and/or a burr or other contaminant,
amongst other potential causes. In a conventionai “open ioop” sysiem for application
of bonding enargy, bonding energy would be applied upon contact with the portion of
tead 100a regardiess of the fact that it is not pressed against device supporting surface
112. As provided above, the application of the bonding energy to a iead such as lead
100a shown in Fig, 1A may result in vibration and related problems, thereby resulting
in over squashed bonds, short talis, or the like,



6 - used to press the portion of the contact against the device supporting surface. Thus, according to
certain exemplary embodiments of the present invention, a pin force calibration is completed whereby
the pin force (e.qg., the force applied to press the portion of the contact against the device supporting
surface) is measured for each of a plurality of cahfacts (e.g., portions of the leads of a ieadframe). The
results from the pin force calibration can be used in any of a plurality of techniques, for example; (1)
predicting when certain pin force measurements (e.g., excessive variations among pin force
measurefOEEDf a pluratitydofdeads) tendiespavdevisedtasmsprbotierprete s parpsablems,

installatiendERRIRMS=Lro,08 MAiBReelyR RO bIonS: 09 (23 welog ia farcegaasyigment i

connection with s%gén up bond parameters (e.g., the bond force applied to each contact may be at
least equ%pl:gi He! eaggﬂ'ﬁ)é?fbrlﬁ'%rég??hjeg% & BFEE P FRANGS BfcHLArRAUARRE B ¥4iRA%0 the
measuredf girMordeofstinhaneonitect s ey cHsutp et hgreliftsce aphlieditose&sh aantact may be
equal to thestasaesbBirmss!ies! RinsaraeolmBlurlityf comtasisiivp anofifset: 8k ) [00171Fig. 1A s a
partial si%g3 #g%‘;ﬁv'%f V\ér%lggdé) 110 r%rgvid'n elenctricgl init%(rjco nect#'on between (1) a die pad of
semiconductor die 1 STAnt (31 10Ad 1008 of e dtraifie 100, T1BFe ¥PReHitRRY. BoRHt ol 106 (e.g., a
capillary E98IE dS¥GeS GxRemt e fevgee dfiwirs $08vehgagisd #Bbonding tool 106 between (1) a die

pad of semi uctor die 1 d (2).Jead, 100a of leadframe 100. As is known to those skilled in the
art semiigfl%%% or die g@ "ig%rﬁ%%r?t%df !Pow|é*é%ﬁF5H%8 o5 IR RIS IEaE RYSE R'BAdframe 100 is
positionefPPEEVREESSHpPEriNeF St farentts (eAg. sherdigiokd bP treaactkibed évite supporting

surface) et @anirerdneingonashihe. f3hcauraneniva, partianeldeadiame d90dandanly a portion of
lead 100%8@'88%@35’&‘? ggg)ﬂhgeorpacg_no L{%teog ttolﬁlgs1nc_)1%l\y(%réda eVé%ef§DurﬁQggtlg% %l;]rga%%? Ealéécgiaar:]% SlhOOA\,Nig in

Fig. 1A. Lead 100a is clamped using device clamp (on yra small portion

shown infgigzé4). As isigleay inFipwlatiarpantionaiigad 400 toowhighihe s mlyvire loop 110 is
to be bonded at%e%(r)_nd ond,in the exam Clﬁ.sh%\yg in Fig. %Aé) is not pressed %nst device
supporting sutface 129 his portion oF Ted 1008 bein'ge'bgnt SR Toth et B’ﬁaﬂ?ﬁ‘g surface
112 may HEéhR YR IRPONe XaRGHIBS MighreRideRcEl AP foreesmpntor chadipgabnidty issues, heat,
and/or a bresean otivengontafonaatanorgsretgebratentiabgansese Imaren\verional epen loop”
system f icati - ' I r Id b lied. upon.cantact with the
p>c/)rtion ocfHIeeaia%gﬁ)%Fag ?gwe’l#r? I%gs%?%ﬂ%%gﬁﬁgﬂtﬂg %%%{gyﬁagé%%egagiﬁggdpeovfltc'é%sﬂ'p%gﬁ?ri]égsu rface 112.

As providdtf d6oveiH B BlitsaitiPBne boAdifg B ROty A8 A Hag) Si9tHeas: [2r1 002hown in Fig. 1A
may resullif)vibraticed andaalatéd problen(s, shersinly reSalting: intevansquashedseands, short tails, or

the like. sdied@Rd SIAGCRrFiNGJR SeiRiBAxsmRaty-smbediments gtiha {QyenHap, the bonding

energy isorg%gp‘gnllrgagatg i%rmmatl:)n?rr]lgi e.9..a fi[,sg ggd a s(iconp,l bond, etc.) until the contact (e.g., lead
100a) is pressed against tﬁe&ewce SUPPOIRG ST a&E of W E EoNEMY RS, device
supportingPstitrage '#a 1 00sus, FisseS hastratesvienelingaoitd 86rtkescetlismyanatitrthie Figevant portion
of lead 10@g. (i stbe postieademhicl e sogonethandishowryin RidspAeis 10 He fosmed ypon) is
pressed againstdevior supRarting suace Lz as shoun g 1200101 AsaR are flow
diagrams in accordance with certain exémplary

the contact and the portion of wire.

[0021] Step 202 may be accomplished using any of a number of techniques. For

example, the detecting step may include detecting when a vertical position of the

bonding tooi Is in a predetermined position. As is known to those skilled in the art of

wire bonding, encoder systems, vision systems, and the like may be used to determine

when the bonding tool is at a height where the contact (e.g., lead 100a) is in a “full

down” or “pin down” position as shown in Fig. 1B. This position may be recorded such

that during descent to form a bond (e.g., & second bond as shown in Fig. 1B) it is

known that this position has been reached, thereby datecting that the contact is

pressed against the device supporting surface of the wire bonding machine.

f0022] Another technique that may be used to detect when the contact is
pressed against the device supporting surface is to detect when an impedance

characteristic of the transducer (to which the bonding tool is engaged) reaches a



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. [0020]Fig. 2A is a flow diagram illustrating a
method of applying bonding energy to form a bofRd between a portion of a wire and a contact of a
bonding location using a wire bonding machine in accordance with an exemplary embodiment of the
present invention. For example, referring to Fig. 1A again, the method of Fig. 2A could be used in
applying iyenghegreneryigve! fofier avtzonpl b etwerem(@dde nortiba et wiie: 0 Srandif2)leadr100a of

leadframenLRQaAtsteRRIAR Baadingtont (fBedrndingingl 1A6){s1movsr tawards, the contact (e.g.,

lead 1002)_'. @l“\: ségQRZOZ 2 gr%ﬁes% oEdetectlnaﬁwhen a portion of the contact is pressed against a
device sUPpOMRg ST et HewirehntiRg 3R ORI S5 CRBR%GHsAdATE TR IHERS AR Idsen the
illustrated@'pofEsH off1etd F00R"S prediedxriamistelicsice suisperting Strkare wilasshiaedn Fig. 13).

At step 20dichonding-eanergy (e-gigdlItsasepic energy) is applied to the portion of the contact such that a
bond (e.g., a second bond in Figs. 1A-1B) is formed between the contact and the portion of wire.
[0021]StéfPB2Imay béaritemisisshettading anyydba umemberdefdgohngues Eartexample, the

detecting.ségpemayneltide: dripeting yuaena warisal Rogitionahihe hending jealis in anedetermined

position. As is kngwn to th skilled.in the art of wire bonding, encoder systems, vision systems, and
the like m%)'/.’ nﬁg%g%r %5 %Fe?gyrﬁiﬁfgjev%%na?ﬁg tgﬁ %8%58%]5%%&?‘?@?‘9%%% SRELE et {e.g., lead
100a) is A efERSEEIREXEMMMAAGWE" pOsikRsAIs SHwe ivilige E3pBHISpositivnwitiy be recorded
such thatelariag-descapd.tafegm a bond (e.g., a second bond as shown in Fig. 15) it is known that this
position has been reached, thereby detecting that the contact is pressed against the device supporting
surface dfRe4lire bontiitE AidErBaIeCPRIARBhee Wsithiquistiritwhey beeusedda: detect when the

contact i pressedagainsidhrdevicersuppestingsudacedis se-delprt Whensgnmredangce characteristic
of the ragsdGeL{Ia Whipl e aRdiAd9sbIs.cadaged) eadhes 2 . 8. predetermined level. For
example, such impedance c aractenstics may incfude an |mpedc’an8e magnltuaeet re%hold, an
impedangesazagnitude ghawmge kohrat ot ehange) pan bapesdance-phass theeshaldorchange (or rate
b T e e S R

press the portion of the contact against the device supporting surface of the wire

bonding machine, and (2) detect when a force apphied to the portion of the contact has

reached a threshoid force, the threshoid force being greater than or equal to the force

vailue determined in step (1), Such a technique may be repeated for sach of a pturality

of contacts (e.g., ieads of 2 leadframe) of a semiconductor device, whereby the

thresholid force may be selected to be the same for each of the contacts (such that the

selected threshold force is greater than or equal to the largest force vaiue determined

in step (1} for any of the piurality of contacts), or the threshold force may be

individually selected for each of the plurality of contacts. Whether the threshold force

is the same for each of the plurality of contacts, or is individually selected/daterminad

for each of the piurality of contacts, it may be selected in a number of ways., For

example, the threshoid force may be selected to be equal to the largest force value

getermined in step (1) for any of the plurality of contacts, or may be the largest vaiue

determined in step (1) for any of the plurality of contacts pius a predetermined force

offset value. In another example, the threshold force may selected independentiy for

each of the plurality of contacts such that the threshold force selected for each of the

piurality of contacts is greater than or equal to the force value determined for the

respective one of the piurality of contacts in step (1), or may be seiected to be equal to

the force value determined for that one of the plurality of contacts in step (1) plus a

predetermined force offset value.



[0023]Another technique that may be used to detect when the contact is pressed against the device
supporting surface is to determine when at least one of (a) a bonding force and (b) a velocity of the
bonding tool reaches a predetermined level. A more specific example of such a detection scheme will
be explained below with reference to Figs. 4A-Z§.'[0024]Another technique that may be used to detect
when the contact is pressed against the device supporting surface is to detect when a resonance of
the transducer (to which the bonding tool is engaged) reaches a predetermined level. [0025]Another
techniquéfidéihay befustitktcdibtéot wistmothredesntietdpressadagainsbtize devieasttpporting

surface igel@ (Lpdesasminesadarae) wahedhat willoressdhe Rortianalithe.conags,aaaigst the device
supportir}g sur&agg 91‘ the wire bondin tWachine, and éﬁZ) detect when a force applied to the portion of

the contact &S reac fEaeg Rreshoid orcee,sﬁ{réetﬁ?égﬁ d force being greater than or equal to the force

value detarpyingd in SteRrkhaurdhaleainiseic. ey beatearaied farsach ol a-plaliy of gntacts

(e.q., Ieaglfsfof a‘leadfram?g of a semiconductor device, whereby the threshold for¢e may be selected to

be the saing for Saen OF e RORtREY FSLhHITaD IS leb SR s FibiH F6REENS lgraiter fnsheor equal to
the largestorccbparie dlswaiioned srssmeisg1) dotcanie ot the phuakty ot conteatsixeribiethreshold force
may b]? iadiwiﬁtu?ibﬁse»lf@t@l@if@e"}e%@hh@fﬁhﬁ plm@&ypgi;zlslqrgaﬁg% y%#;gﬁ@%#@%%rgf@%@wﬂ&@rfci Is tlhe l_
same for.eact urality of, contacts, or is individually selected/determined for each of the plurality
of contac?%?‘%%a&%?e& ggl‘é"(‘:l%& i%oggﬁﬁ%ﬁgr %ﬁbagfsa.t o"F”%)%aer%%?g? thy' ré@%%ﬁi“%?@etﬁ?éﬁﬁ be selected
to be eqUaME HR FardestIB e aRiE d SRR I Sk @ fifaY Beydds tiiewopluralifjcofidortacts, or may

be the lafgesbyatlieidetemised restepiehytaranyef thexplumityeheeniasts: pysa-predetermined
force offsgt e p A0S LYAMBIS I [Diesheld feree may selected independentyfor each of the
old ected fo ’ﬁotﬁepl

plurality of contacts such that the thres orce sel r'eac rahty‘%ﬁF Tohtacts is greater

than or e¥fit B tHdForéedFdRNEHe i i &l FoRRHE feSpRaiRRd GRe It Meraait sernadts in step
(1), or méaypisérgelecttidicbe eqaatte thesfarcentaluedatemmimedfat midonené thegidrality of

contacts ja,step=tL) £ r [ f i =9 - 6]Eurther still, th thods
described herein. mr?%fbﬁeaﬁ5&%@??5%%2%.Rgﬁgﬁ%?gqga%%%%e% %ﬁtg%ﬁ% Itll%fg ggg}w’ds (e.0.,

multiple Setond Bont) 3he foPmEc s R i RIBHsBRAE St Cobtalgad 100a).
[0028] Step 254 includes several steps (or substeps). At step 254A, a bonding
tooi is moved towards a contact at the second banding location (e.g., such a moving
action is jllustrated in Fig. 1B showing the phantom lined bonding tool 106 above
contact 100a, as well as a solid lined bonding tool 106 which had been moved
downward towards (and in this case, in contact with) contact 100a, At step 254B, it is
detected when a portion of the contact is pressed against a device supporting surface of
the wire bonding machine. At step 254C, bonding energy is applied to the portion of

the contact such that a bond is formed between the contact and the wire.

100297 At step 256, the wire is severed such that a iength of wire engaged in the

bonding tool is separated from the wire ioop formed in steps 250, 252, and 254,

[0030] Of course, step 254 (including steps 254A, 2548, and 254C) may be
accomplished using any of a number of methods including those described througout
the present application, and specifically including those described above with raspect to
the method illustrated in Fig. ZA,

FO031] As provided above, in accordance with the present invention, many
different methods may be used in order to detect when a portion of 2 contact is pressed
against a device supporting surface of & wire bonding machine. Figs. 3A-3B are usefu!

in iliustrating one exemplary method of such a detection technique.

fooz2} Fig. 3A is a flow diagram iliustrating a method of detecting when a

portion of a contact is pressed against & device supporting surface of a wire bonding



[0027]Referring now to Fig. 23, a flow diagram is provided illustrating a method of forming a wire loop
to provide interconnection between a first bonding location and a second bonding location of a
semiconductor device in accordance with an e_x%nplary embodiment of the present invention. At step
250, a first bond is formed at the first bonding location with a bonding tool such that a wire engaged
with the bonding tool is continuous with the first bond. For example, such a first bond is shown in Fig.
1A as first bond 110a, At step 252, a length of wire is extended from the first bonding location toward
the secof@EvngindideatiserFoeeaniptsesitdied lergthart wiresisnsttenminiBipdliA 8xlargth 110b. At
step 254ra pecanibsndds-anmatiaidhe sesenddondiadosaing BUChRINE IR Gagfinuous
rom the first. bond to the seco ond. Far example, a second bond is being formed using portion :
of wire Iogoépa %6?%%1%%%%%8 rp%Ftl%H%r ?%lé ééi%o gr%éghaeg%%% Oé%?ﬁ:?ct %Ek?gr&?%ad 100a).
[0028] St 2% A1 I AP SEERA] StEisE(BFaGirsashY)tAe suis 2oasing butiing toosisredved towards a
contact attthe:setund benging aeatien-ted asuehansapvingaetian;isilustiated in Fig. 13 showing the
phantom i ' I ntac .as well as a solid lined bone%n .togl 106 which
had beeﬁgr%%%e %%{v?/%&%%d\ﬁ%g%ggj? g%zlitﬁqu%a%g??h %n'tsa%wvvlvt%)g%%?gﬁtsf gg,] Iﬂt%?ep 2546, it is

detecteddWhé&rY &'BERiEIT FARCEIMABPLICprociedgarrt AU ERREEsTIPERIRGNARTACEDT the wire
bonding beacimpeodtistep 2540 oniadiag esteygy ieappliestéa the pottiansafithe zontast sugh that a

bond is farmed Besween fheqniant achibe Wi 0020KLEEN 200, 4

ﬁwgﬁ}§ vered such that a
length of wire en ?.ged in_the bonding tool is separated from the wire oo;}:) for%e%%lnr%s%%’s&%o, 252,
and 254 58505t

OUFSe” Yo p S SA R ARTE MY Sl Pe AR 5548 miple, J88 0V RSP BeEaccomplished
using anyefeeiinnpibeieofIvétherisinchatimguhiosé\desciibesk theeugout the; presentapplication, and

specificaiyripgludiagdhese dessabadabevewithresnectinihe.method dlusirated inkig. 2/ [0031]As

provided abo%%, tig Gagscgggnaeng&wgtpnéra]e Lfgre eent i}r;;v(?nltion, mapyc/ different methods may be used in
order to detbct when a portion Of a contact is Pretltd RIXHER < daiAce Wb pory ce of a wire
bonding parddiine. Figa: 30e3B @ eiHsrllindiustating0ns axamplan.methed of sich 3 detection
technlqu?.. . . . .

imer is started at t = 0. As s understood by those skilled in the art, such impedance

detection may utilize a low level of ultrasonic energy (i.e., a low USG current) that may

be applied during CV mode. While applying this low level current the impedance (or

some characteristic related to impedance) of the transducer is monitored, and upon

detection of a change in this impedance beyond a specified threshold (I7) contact is

declared and norma! bonding energy {e.g., ultrasonic energy) may be applied. As

provided above, the impedance characteristic monitored may be any of 2 number of

characteristics including, for example, an impedance magnitude threshold, an

impedance magnitude change (or rate of change), an in’ipedance phase threshold or

change (or rate of change), a lock frequency change, amongst others.

[0034] Referring again to Fig. 3A, at step 306, a determination is made as to
whether a predetermined impedance change has been detected. If the predstermined
impedance change is detected {a "Yes” answer at step 306}, the bonding energy (e.g.,
ultrasonic energy or USG) is turned on at step 310 such that the bond can be formed,
If the predetermined impedance change is not detected (a “No” answer at step 306), a
check is made at step 308 to see If time has expired (e.g., a predetermined time peried
aftert = 0). If time has not expired (a "No” answer at step 308}, an increment is
added to the timer (t= t+1), and the process returns to step 306 for another check as
to whether the predetermined impedance change has been detected, If time has
expired (a “Yes” answer at step 308), then the bonding energy (e.g., ultrasonic energy
or USG) is turned on at step 310 such that the bond can be formed. In this exemptary
embodiment the assumption is that if the time has expired at step 308 that the



[0032]Fig. 3A is a flow diagram illustrating a method of detecting when a portion of a contact is
pressed against a device supporting surface of a wire bonding - 10 - machine. As is understood by
those skilled in the art, certain steps included in Fig. 3A may be omitted; certain additional steps may
be added; and the order of the steps may be altéred from the order illustrated. At step 300, the method
(e.g., the algorithm being run on a computer system associated with a wire bonding machine) is
started. At step 302, a determination is made as to whether the bonding tool is in constant/controlled
velocity ngdria (k @orOvmbtieg castisckhewhaenthossakilgdinsthecadt vV snoderisng partaebthe motion

cycle of arheading tos @sdtiewarsdanaisdhe-Randing Josations LGy raade. hagnoetyeas been entered
(a'No" a g%t\SQ d30522),9 ttggrntg,tegn !93 i%igp(?gct:gd. If Cyl mode has begbr%ﬁentered a "Yes" at step 302),
then the Method continues to Step 304 M accordante WK TRE YpEWhc B pRIYA8impedance
detectiorPat&te PR GBS RobBehRtUMIPEVCNMsE R Had belenien frerhiowevdthissis simply an
exr?mpleoﬁmmdsm;dgtﬁz@mp i?ft@yu%rﬁ@ﬂsé{ﬂtsﬂrﬁﬁﬂgadﬂsbe@ﬁ%uﬁgﬁﬁﬂvﬁ@gto}aéayr%g@d to gome _
other megsyre, (e. P ct it contact). t step impedance detection
is commg'gé’dfggn%gﬂ@é‘cﬁ%@i@é%r}n%r%Wset%ét%%'% {1 :a-%.’ rE&g %sa%%ggps 5o i)%/?ﬁbggfnskilled in the

art, suchSPHpEdahe e dERectbTHaEdtZa% RAvTaverof empateshicemeltp'e . enewadsG current) that
may be appliedrduting Gavimode.Wdhile: applsng thisitonelevedcesrentithed mprdanceH@ezsome
charactegiglic sRlgteddoimnadance) fie Lansduces s mop {xﬁ%?@ﬁn‘égﬁn detection of a change in

this impedance beyond a specified threShold (IT) contact is declared and normal bonding energy (e.qg.,
ultrasoni¢Essgy) mayige sppliediris puwides aboversheansshes Qatacigrsticaesitored may be
any of a (UL CLEhARRPIALGRIaRUYING: B RTRIesAN INpedancs MANNIAE lhreshold, an

impedance magnitude change (or rate of change), an impedance phase thr ého?d\)fé?)((:'ﬁai%ge (or rate
of chang&d fickfref R Gy EhaRG & & atvE g A TbMBRIDBR AR EFE IS ‘A gaIR SRR I IAD dpStep 306, a
determinatibreih oihselias ¢o thhethad aipregeterneinedsiimpetianceBifangerhas hiean deteeted. If the

predetergiRgdd hResAnR RS ARIGEIR AR niesaARRWAL ALSIER3QR), A bonding gnergy (e.g.,
ultrasonic, energy. or SG? is turned on aé step 310 such that the bond can be formed. If the
G eneray.or USG) s tmed on gt step

predetermined iMpedanta Sty 8 18 MEFGEtsR FONR=taiEh e PNt 3085 a BARLRTS made at

ance
step 308ttEERE iF i had eisirethadgnca pradeterisinddoimelperittl afterihe 1), Ifiime has not
expired (aoHielt answwee AR08 REtBcseIBERE iSLadded- dhedimer (e ik goidihg process
returns tq sten 306 for another, check as.to whether the predetermined impedance change has been
detected. I%timrgéh%égé’&iﬂag{% !'g(gémnaer?sgvgsr 8¥’§%e% %%gj’ Eneeﬁn%ﬁg%gﬁdinat%htéora)? r%’é“?ﬁ%,‘ultrasonic

energy oFtFSENEHRANEE Ghedestsp oo shepranaciiar sgividcg Yredoriiashald tiswsenislary
embodimesrtimesassumption is that if the time has expired at step 308 that the

[o036] Fig. 4A is a flow diagram illustrating another exemplary method of
detecting when a portion of a contact is pressed against a device supporting surface of
the wire bonding machine. In this method, a determination is made as to whether at
ieast one of (a) a bonding force and (b) a velocity of the bonding too! reaches a
predetermined level. In the example of Figs. 4A-4B, the determination is described
with respect to both bonding force and veiocity; however, It is undersiood that one of
the characteristics may be monitored in detecting when a portion of a contact is
pressed against a device supporting surface of a wire bonding machine. As is
understood by those skilied in the art, certain steps included in Fig. 4A may be omitted;
certain addifional steps may be added; and the order of the steps may be altered from
the order illustrated.

(00377 At step 400, the method (e.g., the algorithm being run on a computer
system associated with a wire bonding machine) is started. At step 402, a bonding too!
is moved towards a bonding location {(e.g., a contact such as a iead of a ieadfrarme). At
step 404, a determination is made as to whether contact has been detected between
the bonding tool and the contact (e.g., lead). If contact has not been detected (a *No”



11 relevant portion of the contact has been pressed against the device supporting surface of the wire
bonding machine and that the bonding process can proceeed (or it may be viewed as better to
continue the process on the assumption that the the relevant portion of the contact has been pressed
against the device supporting surface as oppo‘sé& to undesirably interupting the bonding process). At
step 312, the process (e.g., the algorithm running on the wire bonding machine) has been completed.
Of course, the method illustrated in Fig. 3A may be repeated for multiple contacts of a semiconductor
device, gty Bo4ppetedtepuidlestimesster a Hingleaartiacteharersuch single cogtacsmay be
configureg 49 hebondes da.mulipleimes)- JA03a)kig. 3B is a timing diagram of motion of a bonding

tool toward a contact, useful for explaining the method illustrated in Fig. 3k More specifically, the y-axis
is labellef&s 8] DETECQ Eandioelatesier andrapedance=charanietistia beirgdnentmraddena threshold

value or hgeshaldhang-the yemiysHENe, st elineglL is (e pre-qonjact period yhere the

bonding toaol has not yet touched the contact (e.g., lead), At time Ti, the ing {06! hasmade

physical TRt Wih THELSHANENE Ft8UFaA thRTeaSHEREhGEEM AR intPR daREE Bharacteristic
from Ti terE2gAL tide T2 2toeicamastyhasUiEeniptesset] @gainstthe idesics suppordingsudace of the

wire bongingsFRRghine e:Gre fe-jeaichje  RinREE A5 a¥idRacEq by b, impedange delection scheme
detectln%that predetermine qéjnégegang;?threshof value or threshold change has been met.
! g

[0036]Fig" 2 N Agram Ty Aroth EFeXeMpfiF HiRtiG dfcRteRting when a portion of a

contact i8'BRESSEN BEAINSEaPEEt e Eipbarfing Eutifacd at thns wirsrbdridinahackives: 4n ¢his method, a
determinationisimasiecas toawbether aileastone of(a) anendingderce and-() @ veladitykof the
bonding ermined level. In the ex of Figs. 4A-4B, the determination is
describefj8 \éljv%’t %?ggﬁegg%t%%%% ggﬁ&ﬁ% fg?c\éefr% Y& o%?ﬁ Pa(r)(fﬁ'/etv Fo RS TRA%FSE55 gt oRie of the
charactelBtR 83 & HEEMBhitRE daRcHEetiRte WheR atherisie dloadoatacerg pressed against a device

supportingtssfatesokegwise tBGHingunmaehinea As 48 undesstaad iy Haasenskilleduin dhenak, certain

steps included in Eig itted; | i ] e added: and the order of the
steps ma begaﬁlégecf) éﬁm%}é%ﬁﬁé&ﬁ%rg%%@gﬁ%%%? fﬁ%,@%ﬁa&%@ !Egigé,t tﬁg %Igorithm

being rurf bh B ZoMpiEsT QL BAREES B R BN A AR S BhBIREFRRARRS IShsI AR At step 402, a
bonding tePisHitgved mwaidda boadingdogatien{eg aral coatatkeswwiiag pleaskof-adeadframe). At

step 404ppdaterpination isdnasp-as-oouheiner coniast bas heendefecied hetween the honding tool
0

and the Ctggtrae%\(rgi%bflnergg?f ElJF %%Q 'E:aé(f\‘;[tggshggtbkgaee%npgeest[segéeadg ?nslglthe device supporting

surface as opposed to undesirably interupting the bonding process). At step 414 the
process (e.g., the aigorithm running on the wire bonding machine) has been
completed. Of course, the method illustrated in Fig. 4A may be repeated for multipie
contacts of a semiconductor device, or may be repeated multiple times for a single

contact (where such single contact may be configured to be bonded to multipie times),

[0c29] Fig. 4B is a timing diagram of motion of a bonding tool toward a contact,
usefui for explaining the method illustrated in Fig. 3A. More specifically, the v -axes are
labelied as “"VELOCITY” and “"FORCE" and they relate to the veiocity of the bonding
tooi, and the force applied by the bonding tool to the contact. The x-axis is time.
According to an exemplary embodiment of the present invention, in order to determine
when a portion (that is, the relevant portion of the contact to be bonded with a wire) of
a contact Is pressed against a device supporting surface of a wire bonding machine, the
velocity should be substantially zero (e.g., the velocity must reach a velocity threshoid
as shown in Fig. 4B) and the bonding force being applied shouid reach & predetermined
thresholid (e.g., a force threshoid as shown in Fig. 4B). Before time “T1” both the
velocity and force signais are in a relatively constant state (very littia slope) followed by
a sharp change in slope as the time approaches T1. Between time T1 and tirme T2

there are changes to both the velocity and force signals, but at time T2 both thresholds



- 12 - at step 404), then step 404 is repeated. If contact has been detected (a "Yes" at step 404), then
the method continues to step 406. [0038]At step 406 a timer is started at t = 0. At step 408, a
determination is made as to whether the velocity and/or force thresholds have been met. If the velocity
and/or force thresholds have been met (a "Yes" Ehswer at step 408), the bonding energy (e.g.,
ultrasonic energy or USG) is turned on at step 412 such that the bond can be formed. If the velocity
and/or force thresholds have not been met (a "No" answer at step 408), a check is made at step 410 to
see if timehadexpimst.(Soe) &peddetarmine (imeipevsdadiangma0ks Kibne thasmeri-axpired (a "No"

answer %ﬁ&@%&@@@ '@Hé%ﬁmr{a e&&%é%ﬁbsgw@%c@nnq%})aﬂa%t%‘;b%ﬂ&%%s wiay igetep <08 for

another ({,heck as h e _velocity and/or force thre een met It as expired (a

"Yes" anSWer 595? 1BR REDESNGRTRP gy Tetle cRERTHiIE EhergPerasss fskned on at
step 412t6acteiics ﬂuemridscaﬁr?@eefmﬁwed Wirghisreiemplacyiemiodimentithe asSsimpiion is that if the

time has gxpiredral skeprid 2dhaiibe releyanbportignefihg cgntact has been pressed against the
device supporting surface of the wire bonding machine and that the bonding process can proceed (or it

may be ie@88las betiBradoutitiofertiretpresess onsthénassuraption it the resevenbpeigion of the

contact hgs heenRressedsagaisidherdevics Hing. bly interupting
the bondin 69 % At sste 414 th rocesmsq)w}ﬂ the chﬂJé é%{?ﬁrlrﬁ}érﬁonprﬁénﬁﬁogngt& lé&a/vqﬁ ’I)%ndlng
fReLpratees) alsiep (et

machine peehcompisted rﬁ?% 8 1A B‘dqﬁﬂgt’f"éljéa ﬁ?fﬁﬁ”ﬂ‘ﬁ%ﬁ’é&y"ﬁ@%’bé‘a’f@d for
multiple &0HERELSCOPEZeIMfcRPdRES devicenornTmpibstrdpedteiterniltipletinges.ftaca single contact

(where sugh: SibgitngoRtasiaay @@&%&Wf@%&%@%&%%@ﬁ%&%@!@&im@%&@ﬂ@@&ﬁmth% is a

timing diagy tQ(f np %0@,91‘ ard a contact, useful for explaining the method
illustrated mglg%g %A%More g%el%:lgcal y, t e;m\%lxes are labelled as "VELOCITY" and "FORCE" and they

relate to fliygalpcity of the honeing taelsaad, ibg E@{&@r@apﬁgg byathe Rending faokgdhg contact. The
X-axis |s[l rdLn to an mplar mbodlment of e present invention, in order to determine
B née?f EVidd CR A Shampary pin

when a portion (thatis, hea?g fevanit pGrtion 61 gpcglﬁt‘glc %%}%%ﬁ%‘ééaaﬁﬁt#%ﬁ%i Bra%ontact is
pressed HER4FAHLINLSDRBHINIAG BGTHIe 6kagwiré4@mlamgrﬁ¢aamr@gmé\w@mwm@aw be

substantialy izedo1(e . gnathavelpaifyarusitreath avelesity thiesbeldasshaniinkig.#6) and the
bonding E@{&@rﬁ%sﬂ& @ gdsq) rpt%cga%rgg%t%wed trllarl? g?t'% 'ge X 4 a. Efcorc thre g&gld as shown
n

in Fig. 4 g;)‘ Befaore time " both e veI00|ty and force'signals are in 4 rela veﬁ/%%ﬁg)tant State (very

little slop®) FYifbivetrst E’gﬁé'f‘d: %a?@e ift ST RE & tiFeeapptres WiTe BRaweaPEmeETi and time
T2 there anéd chéndeshoboirctherelBiity H8] force sighale, indrattine dohbethstheeshelds - 13 - have

been metcHagsriswafierime 2. ddlhe velogiy signal is.abgue the velocity threshold (e.g., the

bonding tool has stopped moving), and has stabilized, and (2) the force signal is above the force
thresholdL O0#&] the cdidadBhas lwbert piessedagainst thesdevieaissippsiting sdtase afdhe wire

bonding macbiag de.ge ithederdis wn%)@ time 7, ancthe,bandip ngw pe applied.
[OO40]Thg bongl{%a% force tt}lre? mrcg?nectfor% with the m%d o? ﬁ?gg\gm%ngmg
ool contatting eac lea 'I 1, and 12 is changed (as the Z- posmon atong the y-

axis decreases) the force appiled to the lead is also changing {the force along the x-axis
increases). Stated differently, in order to continue to lower the Z-position (e.g., the
vertical position) of the tool additional force is applied. The three “curves” shown in
Fig. 5B each correspond to one of leads 10, 11, and 12 (as made clear by the legend of
Fig. 5B). Thus, the curve corresponding to lead 10 (the bottom curve on Fig. 5B) has a
substantial slope change at point *X” (i.e., at about 20 grams of force and at about 0.3
mils in Z-position). Likewise, the curve corresponding to lead 11 {the middie curve on
Fig. 5B) has a substantial siope change at point “Y* (i.e., at about 60 grams of force
and at about 0.21 mils in Z-position). Likewise, the curve corresponding to lead 12
(the top curve on Fig. 5B) has a substantial slope change at point “2” (i.e., at about 70
grams of force and at about 0.20 mils in Z-paosition). This siope change is substantially
related te a point which approximately delineates (1) spring force of a iead, from (2}
forces need to overcome certain system components (e.q., stiffness related to the bond

head, the heat block, etc.). More specifically, the left portion of each curve {i.e., the



4A-4B may be a user defined threshold, or may be determined in conjunction with a force calibration
measurement (i.e., a measurement which determines how much force is used to press the portion of
the contact against the device supporting surface of the wire bodning machine). Such bonding force
calibration techniques are described with respééﬁd Figs. 5A-5B and Figs. 7A-7B. [0041]In contrast to
the side view shown in Figs. 1A-1B of a portion of lead 100a and device clamp 104, Fig. 5A is a top
view of 3 adjacent leads (the portions of those leads) and a portion of a device clamp. More
specificadigrtiig LSl istrafamleadXl (Y, lead 1) seratdedd il 2-ofradeacitamend ha-deadsdand others of

the devi p i [ | ion.o ice clamp 504 is
shown iﬁﬁ&%ﬁ%ﬁ%@%ﬁ%ﬁ%@ﬁﬁﬁﬁ%E‘:%%”péﬁ%%i%?ﬁ%@?ﬁi%’“aé%%é%m 510. Each

p
of wire IJ3BE50E, BHECRM B0 B%BEEH BHEK ToRRPELS SHEGHE Bofd Bi?akRIWebnes of
leads 102 virahdninasehbive ([004RFid68 aiohat #hrttrativg forcespersisstvertical position data
for the thipa adjasent leasls GfdrigrAuMore spesilicallasithe atisah Pesitionqf a,banding tool
contacti ‘%ﬁh Meagns Olrg H‘d augr%oZ s hé;m I%(%I (gsrége ;Eﬁoiltlon alon%the -axis decreases) the
force aprg)%e o the'Téad L ais6c anging (the ois al%ng el ?(?gfn{:?eé e§)’.‘ %‘eﬁoﬁﬁferently, in
order to EJiSBRGE 16 1GNP fHe’D-pENTIOIRFERFLIRY VeRtidat positRsh) Bftise toainatiditioaal force is

applied. Thegityeerceuryestisbowniindtig: SBeachsoresperdderpref igads skl dnd 12 (as made
clear by =] us, ury rresponding to,lead, 10 (the bottom curve on Fig. 5B)
has a sug?s%égﬂg%glopgﬁt%agn%)gvg%p%{irégs)rgﬁ%(ﬂ egf(%g?gebﬁc%j%(f g% r%?%g %F ‘f]%réeaaﬁgea %%%BPOB mils in
Z-positioNPHIREWRR, R R e PG fo Radetartiringitimeetivaorikg . tBecHasa
substantiaisiope dhamgatatpaintdy 'bé.eppatabetit6@rgraes;of fargeac atabeist & 2d-ails in
Z-positiofed IEWISe {1 FESIANGHOG 10 PANL 2N OB CHE0N Big ARANAS a substantal

n
slope chggge at point "Z' ge., at ab grams of force and at about 0.20 mﬁs In 2-position). This

slope ch&f§&T°LBBREHRR Wffl&%t(gdgro A WEAhERARP R YRIRRREI) HEIRTEMNEs @) SBHiRE force of a
lead, frorih(2pforees megd torolenerRTeLsETtaneysteie Colppuments (tg ljictiftndss=relatediteo the bond
head, theheabblaekipte. kMeare seesifically dhe Ieft prdion of sachewy@ilfdhg - 14 - portion to

the left of points X R()( and Z s%bstan '.alcgy corcﬁgpon?s to %he force uaed to oyercome the spring force
A .

of the Iez% Raltiie lr%fﬁ)rrelﬁgaforc(_f:eaE’)%’/(’agfco["')rcr)lfé ifCoraer 10 prEsY thES B e SEtH e FaTainst a device
supportilgcsemaee 0. amnespleeiorotzevire bontiMbatadtineatte pightdtandsportitre of each curve
corresponeside shersysiensiofses when\acome shehps shffness relatrds e the-bend head and the
heat blo T ' ' I ring. f fthe leads 10, 11, and 12, bond forces of 20,
60, and %&r%ﬁi@&%ﬁf@fﬁnﬁaﬁgﬁé%}&i%‘lT "u%,rg%%’p%ﬁ%?tgoaa %/%jra),/{iﬁg%rr% 9 Et%aecﬁ“fﬁ a plurality
of leads PRIIPEEPIRERFT0 press the relevant portion of the lead against a device supporting surface
(e.g.,ah k) of a wi ' ine. may he, determined, for nple, by determining the
point at Wfﬁai%g%e cu‘rvgllencétg')(zi]#gge&sd'ﬂ §|§§§§ _ &T‘?t%g?/ t%%%%?&ﬁ%ﬁaﬁ%% ?é:{%)'acie é%ﬁ#u% 20 grams
of force (8B& poldf Xith Bfy. B8)rio? i 16 pHeesviRy rilaRifiY Bb ARG RRMR 10 Bgtanstabdevice
supportirg sugaﬁea(regg,, &ibeﬁt&iﬁqdk&ﬂfﬁwigd@@hdﬁn@* mﬂaﬂbénﬂa@b M%&dtbi@@meas may be
automalteg (g oy Ler AlopHiM 5 Ihelke fo-daigimine e Apprapale-(ore valug.for each
pplie

lead (e.g.,j an %Igorlihm magebe configured to incrementally increase the applied bond force, then
determin&'TAE ‘P PbsIHoR 2t LRRH LR IEAC ARG SIS RPIERrRTieE foPUMPaF&TehRe lead is
pressed a&géinspthide esdsersupidetitiy swmfacé, wealds, ¢hepointofslopesciinge)tibudhes dhis process

may be rgpeateshipseashlead porsRPAIA R PEILRSS Gk R AGHAlPRITOrHRING dheyyire bonding

process. [0043]in cont to the top view of contacts 10, 11, and 12 (i.e., leads 10, 11, and 12) in Fig.
5A, Fig. 678 & 'rl)ésrft?gla é%%t()a fde i PRGNS tt%f)g (e IR R OPA TSRS Fig. 6 also

: € view of a similar co
illustrateP @ pBRtRCBMsvieBldartiprecpemiical orionrobeleviceirsupputting. surfacer@2iofety., heat

block E20)r-efranmdredzonditgonast)ings Asiscelaas froBadriar64giarRottor of leadke0fadsdaised above
device s rting surface 6 -0r the reasqns, set forth above, it would be desirable to press this
portion o Iead?ggda%gﬁgﬁt% Sﬁﬁgsg%p%%tiﬁé‘%ﬁr 'céﬁ %b%a“ﬁ%’fé‘rﬁ% o‘??neirsﬂéjger?E WifrnetBSn ‘on this
portion offe&USE0RIAN PR Bl pRefiH|SIB Ve DB he formed on thisseoridaasf contact
600a. Mareispedcifieadbyl aigeppiieslwirebonds(el gpseconadendsnybichiaay he stiteh Konds) may
be formed,i ch.af.reqi f a( ing locations R1, R2, and R3). As
is known gté%?@?iﬁlgﬁ%&%ﬁngg?gra%érésaagp%dgﬁo%%vtﬁg?g?ﬁt?%{pﬁgnv%% Bgﬁéosﬂrgﬁgy be formed
on the sa‘?ﬁ%ﬁé’&&‘ﬁ?ﬁlﬂﬂé‘%ﬁé&l@é’&@i’é@ﬁﬁmﬁz . Aifrisne redcap pliek s riss ssimdmgstintiters. In order
to press/pinienéaelmzamapictiohl dgomitceeoa (e mptipertarfdtd , quortiess R cpeortionR3,petc.) against
device supperting-shstaee ©20 differentiraeamay Red'aed -JLhalds,dn Qrigt 1, aress portion R1

against device supporting surface 620 less force will likely be used in comparison to the force that may
be used to press portion R3 against device



- 15 - supporting surface 620. In certain contacts such as lead 600a illustrated in Fig. 6, the force used
to press the lead against the device supporting surface tends to increase the closer you come to the
device clamp. Thus, in Fig. 6, pressing contact 600a against device supporting surface 620 tends to
use less force at bonding location R1 than at bbﬁéiﬁg location R2. Likewise, pressing contact 600a
against device supporting surface 620 tends to use less force at bonding location R2 than at bonding
location R3. With this in mind, when detecting when a portion of a contact is pressed against a device
supportirgy spefaie el avises bondingemaichinatteg. sasinstep2Ogafifig:2feBmirigten ga45 of Fig.

28, etc) fyeb dedadion ey Radgpeplailiondifiersal aglions.(eawsichuas bondinalocations R1, R2,

and R3) of the contact. [0044]%5*’., 75 are flow Fams in accordance with certain exemplary
EiRE S

embodinfeéRtE of tHE PrisEh AR UritErsto 6t b§ tRESSBRIfeARFIHRDAR 268iREh steps
included #ethes ffowrdidamsfareycBe tmitted; eertaipsddditionalsteps maythe: addediramd the order of

the stepsypiayheiaiaied Fom the.nedepillusivatech{0Q4RI50.JAHs aflgw diagrap lustating a

method ogéiaegermintig%ge l?ondjn force used t;){#)]ond a portion’of a wire to a bonding contact in

accordanza-with &n RS ISTay RSO RIS DR SR Barit 1R BR{SR Y PR RTHAD F Anay 'BED
accompliSHedrcaviadirrenely I thciD dritirigperoces of(hess thecfoscererssd ey dietsr mitedctor a specific
conthaCéI &ﬂﬂaﬁaﬁﬂ@Nﬁ%@@é@@}%dﬁ@dfﬁ%ﬁi?ﬁi%@@@%@% with t%@z%}[ﬁ&?%ﬂ[%%%%};@é the
metho ompli rior.to the bonding process (e.g., the force for a number of contacts
may be e%é%%@é%%%? ?Eé“b%??ﬁ%&%r“&% s%e?ﬁ%egséeégﬁ%p%fgﬁeaha?m%naeﬁ%ﬁﬂiﬁﬁﬁ'?)ns are
made). AESRIF0, '258HrIS foved &'editadl AsoraBFRET-a bonding contact of a device to be
wirebond tool lies an initial force, to the bonding contact. At step 702, the force applied to
the portio ofIt%E bonc?fﬂ%s' TR RS TN & & gﬁ%?i??ﬁé”ﬁgrﬁ%ﬁad? FEBYIHMNg contact is

i contact is |ncreelsteg.\%irﬁ?/1 the 55
pressed &FaMRstradIEsieetsa ety BirftE of Aheswire skt g mdsismekifet éxamepie; the force may
be increneertsitysiapeemsadiée. o thsinguaEgeierninpddnsrarnant akforcahuntilibespastion of the
bonding g}q&_{, i [ ice rting surface of the wire bonding machine. [0046]At
step 704,%21 value%?%ﬁjsésﬁn%cqeggpgﬁgﬁ %ﬁ%geséé%%%po%%f %?eat[}%ﬁ%ﬁr?éo@fmgc?r ergﬁlgﬂ% vrv%ﬁ:% the bonding
contact wespgEssed againshasievios spparing.sudacs afthenwirehonding machipsgsiored in
memory [ fa uter of a wire banding machine). At step 706, steps 700,
702, andg(rﬁ%feaﬁ%%ﬁ%e%ﬁg %&%ﬁ&rﬁ%ﬂﬁr%ﬁ%&i#g Tc‘){izré%gﬁéjt S%Hré ona %8 C@o‘r’ﬁﬁ%ﬁb.g., such as the
bonding IB¥EHGIRNRITRTIGHARS BIF CORTAEHIBHEBE0a JFESgNe) ot Sty Foscmapiished

concurrently with the bonding process (i.e., the force may be determined for a specific
contact and then applied after said determination in connection with the bonding
process) or the method may be accomplished prior to the bonding process (e.q., the
force for a number of contacts may be determined, and then the bonding process may
be completed after the determinations are made). At step 700, & too! is moved to
contact a portion of a bonding contact of & device to be wirebonded. The too! applies
an initia! force to the bonding contact. At step 702, the force applied to the portion of
the bonding contact is increased by the tool until the portion of the bonding contact is
pressed against 2 device supporting surface of the wire bonding machine. For axample,
the force may be incrementally increased (e.g., using a predetermined increment of
force) until the portion of the bonding contact is pressed against a device supparting
surface of the wire bonding machine.

[DDA4AG] At step 704, a value of the force applied to the portion of the bonding
contact through which the bonding contact was pressed against a device supporting
surface of the wire bonding machine is stored in memory (e.g., stored in memory of &
computer of a wire bonding machine}. At step 706, steps 700, 702, and 704 are
repeated for & piurality of bonding locations of the bonding contact (e.g., such as the
bonding iocations R1, RZ, and R3 on contact/iead 600a of Fig. 6). At step 708, steps



- 16 - 700, 702, and 704 are repeated for a plurality of bonding contacts of a device to be wirebonded
(e.g., such as contacts/leads 10, 11, and 12 of Fig. 5A). [0047]As provided above, the method
illustrated in Fig. 7A may include additional steps. For example, the method may include a further step
of recording each of a plurality of positions of the fool along a substantially vertical axis during the step
of incrementally increasing the force applied to the portion of the bonding contact such that each of the
plurality of positions corresponds to a force applied to the portion of the bonding contact. For example,
after the 166l Ciitasts thedcantaepébtiditora piireicyniasbbeing piessed sgainstitheslevice supporting

surface of fapaniedanding pastine)sech lasnlurally glpesiions objhe tool along the Z-axis may

be recorded along with the corresponding force applied. An example of this type of data is shown in
Fig. 5B dgsedBed aboves Refeteing boeathd Orefidg. iHBsteatisat idata prinkin¢lvwdasia vertical position
oA AN L inA APRIOIAIE SRS Sl IRfe Tl Seepd dara ot of lead

10 in Fig. 55 includes a vertical position recorded at approximately 0.48 mils and approximately 11

grams of ForcB U FII S PARMIE ITChARS fra) Hendsd F1BIRIHINGTHTehaKE Sletradhtheteae
changes,agatesotiiyd rabessngitihvedspect toikig £5Bh 048 Frher method oh frighridcmay:also include a

step of calpilating & Wabiarssyausdohe applieddg-the.partign .ot the honding B&gﬁ%@ﬁt guring a

bonding %)egatio. . For exam;[)%e, the tot%lsforce value may be the force determined for each individual
contact. N BRHEP LRI, tH SIRIMBIeeVALE P beCHE TRy et IBee: VaiePdateitripred for a
plurality 6Pe&RaEENIPyesBaciaRInekAmpley tressteprdinalsuttingiibaotaeforeivalue may include
adding (_%&ﬁr@flg@aﬁisﬁg M@i%@ﬁbé@%&?é%@%ﬁ@é\@@t@%éﬁ@liﬁgﬁ%%]%&%t&n oc}‘ bonding
contact i ich causes the bortion of the ponding contact to be pressed against a device
supportirrl]d 3%5 rfva\{{?g c%??l_eth%aO @%&%’?ﬁ@%&g‘}ﬁ%% fﬁgQAg%i‘n?)tﬁfg%Feo e(%.él rﬁYr?@cﬂ%?%a d‘ffggf’wglﬁé may be
added toftle ritRAgLANI6rRRYE e RATRBIN okceiseH é6rRAEY of hortitaiciaiaontactat teFiy. 6), or this

force offsetrviahiemaiphewdend to; thephighastdorcesvalie sieterpiaethiar-a Rwalik ofrcontacts.
10049]Figrofy s 8Qudiaoiam Wisiraing.a methed.otforning.a wie loop 10, prgvide nterconnection
between a first bonding location and a second bonding location of a semiconductor device in
accordarCeRRIP T a i nBIAR BIR O ARNCSH T e ATtveRtiBrcat RSP mI0PE fiESisbond is
formed atittie firay Ivendiag) tocatiormirithvehboritdingjdpelgutk thata smisecergagedanithdhie bonding tool
is continugssavithrthedisstibands Agstep 752, a length of wire is extended from the first bonding
location toward the second bonding location. At step 754, a second bond is formed at a portion of a -
17 - [OD48] The method of Fig. 7A may also include & step of calculating a total force

value to be applied to the portion of the bonding contact during a bonding operation.
For example, the total force value may be the force determined for each individuai
contact. In another example, the total force value may be the highest force value
determined for a plurality of contacts. In yet ancther example, the step of calcuiating
the total force value may include adding (&) a predetermined force offset value to (b)
the bonding force applied to the portion of bonding contact in step 702 which causes
the portion of the bonding contact to be pressed against a device supporting surface of
the wire bonding machine. Again, this predetermined force offset value may be added
to the individual force determined for each contact (or portion of a contact as in Fig. 63,

or this force offset value may be added to the highest force value determined for a
plurality of contacts.

100497 Fig. 7B is a flow diagram illustrating a method of forming a wire icop to
provide interconnection between a first bonding location and a second bonding iocation
of a semiconductor device in accordance with an examplary embodiment of the present
invention. At step 750, a first bond is fermed at the first bonding location with a
bonding tool such that a wire engaged with the bonding tool is continuous with the first
bond, At step 752, a length of wire is extended from the first bonding location toward
the second bonding location. At step 754, a second bond is formed at a portion of a



contact at the second bonding location such that the wire is continuous from the first bond to the
second bond. [0050]Step 754 includes several steps (or substeps). At step 754A, a bonding force
value is determined which presses the portion of the bonding contact against a device supporting
surface of the wire bonding machine. At step 7548, a total bonding force is applied to the portion of the
bonding contact, the total bonding force being greater than or equal to the bonding force value
determined in step 754A. At step 7540, bonding energy is applied to the bonding contact such that the

second bamdas: ferniecetbsteporBa dhecutice; isseverad suehrhal alanaib.ef wire enggged in the
bonding q|dssepatated fromythe wire loop formed in steps 750, 752, and 754. [0051]As with the
above described embodiments of the present invention, the steps of the method illustrated in Fig. 76

may be rgpeaty to fosnea piratityekwise/ napsispehdhal stenhd is tepeatad far gach,of a plurality

of conta | ice certain ex lary embodiments of the present
inventiorﬁ%tg%ﬁgiﬁg% r%%&#gfjg%gé%s%%%%%%l %%%18{915 '%Bgeggﬁfﬁ? BPREp A hay be

selected 15 BEREPERREFo-655H 6f the PRy BPecheabisewsralsy thietBeledesel torakiianding force
is greatefatran-oamuigal to the targest dfandingrfdires aalue determine dinstepféh4ipforany of the

plurality Qfreontagisn EPraxample,df ing, f value. is de n three leads (e.g., where
the force%flsa}ige% for?he teﬁreeﬂlie,\@agolw’sé r%%ﬁﬁ?’g?% é%gﬁg%! %ﬁﬁmﬁ%ﬁ%%%{émg?ﬁ% the selected

total bonding foreBWEUIE B& e ARR A SPe FAaPIBSEPgramS 6P dazhthsaetAnsnbRerexample, the
selected totalgsonirielo G nthy béredust tortveslaryést beriemyarosivakie determined in step 754A

for any obteiiplealitisoianiastsmbns dorereissmings forge offsetvgluesThys, i 5p grams is the

largest bonding force value determined, and the predetermined offset value is 20 grams, then the
selected t§@¥F bbnding Aereé Wt d bev? Gieparhsdemeantineads [0053] In-esrtaimethenexemplary

embodimaats ef the prasRRt iNMeRtien related/toths method At Fig, %@m“%epﬁa 'nt B.Q'IU(«‘ f.‘t’rcef applied
of the plurality o

to each of the contacts in step. 7546 may be selected jndependently for eac
contacts?%ﬁér%%&%gsig?gfﬁgsn%fﬁéef%ergegeeff’ercﬁga & 8é’éﬁrﬁ%’(i}ﬁ(?fpm?ﬁﬁﬁ;%?fcmﬁacts is greater than
or equal ESTHeECRStEEtVafifdigetermined for the respective one of the plurality of contacts in step 754A.

For example,.if the bonding force value is determined for three leads (e.g., where the force values for
the threg}:l%ggg ltm 1t %@aﬁ}aerzﬁ%rf}ﬂ%a’rﬁmg?g'ﬁ’ae%’@famg)?ﬁ?@??ﬁﬁvﬁféﬁé&*ﬁf@ BoHtfing force

easufe
for the firSt9E®E Wolllel B8 (fieaxterahberdinadiates: 08igramsithe7sel oted totaldaneing fosce for the

second lehd suadddre:grraieniban e eauakindaramsrandihessalected Jotal honding, force for the

third is greater than or equal to the largest bonding force value determined in step 7544 for

any of the piurality of contacts. For example, if the bonding force value is determined
for three leads (e.g., where the force values for the three leads measured 25 grams, 40
grams, and 50 gramsj, then the selected total bonding force would be greater than or
equal to 50 grams for each lead. In another example, the selected total honding force
may be equal to the largest bonding force vaiue determined in step 754A for any of the
plurality of contacts pius a predetermined force offset value. Thus, if 50 grams is the
largest bonding force value determined, and the predetermined offset value is 20

grams, then the selected total bonding force would be 70 grams for each lead,

o053} In certain other exemplary embodiments of the present invention related
to the method of Fig. 7B, the tota! bonding force applied to each of the contacts in step
7548 may be selected independently for each of the plurality of contacts, whereby the
total bonding force selected for each of the plurality of contacts is greater than or egual
to the force value determined for the respective one of the piurality of contacts in step
754A. For exampie, if the bonding force value is determined for three leads (e.g.,
where the force values for the three leads measured 25 grams, 40 grams, and 50
grams), then the sejected total bonding force for the first iead would be greater than or
equal to 25 grams, the selected total bonding force for the second lead would be

greater than or equal to 40 grams, and the seiected totai bonding force for the third



- 18 - lead would be greater than or equal to 50 grams. In another example, the selected total bonding
force may be equal to the force value determined for the respective one of the plurality of contacts in

step 754A plus a predetermined force offset value. Thus, if the predetermined offset value is 20 grams,
then the selected total bonding force for the firstigad would be 45 grams (i.e., 25 grams plus 20 grams
offset), the selected total bonding force for the second lead would be 60 grams (i.e., 40 grams plus 20
grams offset), and the selected total bonding force for the third lead would be 70 grams (i.e., 50 grams
plus 20 dearthwoifsety {0eB4ASvith-thguabovetlgssnied Bnabodinentsapihe peesesitivention, the

steps of {Be, Fb%mﬂd'%ﬁé@ﬁ&”&f Lg.]u%ﬁtg‘ﬁye%rmddgé?ﬁ%@ao{lgﬁuy r%fsg\gc%vgo § where each

of the pluralh¥18 B%e logps is bonded to respective portions o e contact (.e., a pPurallty of wire

a sin
loops aréd TS PR IS RRY 66ﬁ§|8§5’u8‘f?§§??6%%%%§ﬁ?@ BEFRbEIgEtheiRgle contact,
as with tifetporiefstRIIRE; afiseRBdfectnidoy GO0 i $ighe)sf0abejAlths ugindivey fresemsinvention

has beenenaineskuanRiibe WY iaseCt 4o bandiig A0IRY G ISEIR A canagladere the contact
is a lead o%aa} ead ran}e |t| not mﬂeo(lﬁi‘gergto The tech n| ues disclosed herein mzz be applied to

any type of Comtact| cﬁ;’uae ing Iea%sse‘]%%lﬁ PSCASUST BRY /B eagfgd@\?lc H 42 BI8 S rAMe, a substrate
other tha?f%méa%ﬁ?aw»ea@mﬁ%ﬁ@@étm@ié@wvg/ﬁg@ Knotne tartiolse Skibedt ina 1 7® amatie "device

supportingsugaces kadpwie benging draahine (as that term is used herein) may be different
depending upon the application, and also depending upon the contact being bonded to. For example,
in the ca$@@®F4le conthetitinga dbareotstehdframdothimdetrices Supporting surfatemalyebe, for

examples@beat tleckdameonasiragsy other pgsaweoea\élﬁ@aw@&%ﬂg ausfarar). Ykihgsontactis a
pad on agl % ghd Vi ehsufp@\ortlﬂ_gg%rfa?%lrpa}éoe the die sy face to which the(Pad must be pressed.
ear that

Thus, it is {he device supporting Surface may Ba Ond PRETFAEL e €Bhthé should be

pressed éﬁﬁfﬂs@fbﬁa%ﬁcﬁngatéiﬂﬁéf@bﬁ’fa‘&tm[égﬂtﬂE@Wﬁ"ﬁ@eﬁwbe@@ﬁﬁ\qa%eh@félﬁfﬁiabysbé applied to

any type lotdoopingnaresesstiverrexasnpler the teehniaues faysheiapplieddeifoenatiamotadvire bond
at (1) a figst 5055?149&5‘@85% (g){;@gs%(iond bond location, (3) both a first bond location and a second bond
location, etc. Thus, prior to forming’a first bond at a first bond location (e.g., ball bond 100a in Fig. 1A)

the techmqoesplescnbaaehbewmma@ydsermsademmak@ssu&rﬂ@sm&@m@;gwaen_dl@da@@l: of
semiconqueghalis LoeI S IR REE S8 20PI0RLA JRYIEERUAPOINGLBUTACR RYfRL i, application of

bonding ener to the form the first
is no mrted thereto. The techmques disclosed herein may be applied to any type of

contact inctuding ieads, pads, traces, of any type of device (e.g., a leadframe, a
substrate other than a leadframe, & semiconductor die, etc.). As is known to those
skilled in the art, the “device supporting surface” of a wire bonding machine (as that
term is used herein) may be different depending upon the application, and also
depending upon the contact being bonded to. For example, in the case of the contact
being a lzad of a leadframe, the device supporting surface may be, for exampie, a heat
block {amongst many other possibie device supporting surfaces). If the contact is a
pad on a die, the device supporting surface may be the die surface to which the pad
must be pressed. Thus, it is clear that the device supporting surface may be whatever
surface the contact should be pressed against for bonding to the contact.

[0056] Likewise, the technigues herein may be applied to any type of looping
process. For example, the techniques may be applied to formation of & wire bond at
{1) a first bond location, (2) a second bond location, {3) both a first bond location and
a second bond location, etc. Thus, prior to forming a first bond at a first bond location
(e.g., ball bond 100a in Fig. 1A} the technigues described herein may be used to make
sure that the contact {e.g., a die pad of semiconductor die 102 in Fig. 1A) is pressed

against a device supporting surface prior to application of bonding energy to the form
the first bond.



[0057]The 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 techniques may operate from a coh?p%t’er 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 techniques.
[0058]AltH™RAithe invETitrtisitustrafathapdedascribedtnererawih refseenceda speacific
embodiments,dheriBvention ds-natinianded-ehs, biteck te-ihe datails-shown  Rather various

modificatiop%.maé/ be made in the details within the scope and range of equivalents of the claims and

d
without depariidd FBRI tRe HRERNGRTVSD BLSRINEE. (R MEIREEDF KEBRNG HolFRGSHERSY to form a
bond betwWigenca woetoriest wiwire aricereoftaeroichbendifigiteatitre usig iaweserzonding machine,
the metheskegrprising tHmplrBS @B dabie ChHRoVng 2 hordingdankipwardsihecaatact,  (2)

detectingmvgh n.a portion ftpe contact is pressed against.a device supporting surface of the wire
. etic %asc racﬂo requency carrier me r% o fre ' i
bonding ma%%lne; i q Y WM, audic Prmquency cgrrler %edxum, atc.)

that includes computer instructions (e.g., computer program instructions) related to the

technigues.

10058} Although the invention is Hliustrated and described hersin with referance
e specific embodiments, the invention is not intended to be limited to the details
shown. Rather, various modifications may be made in the detaiis within the scope and
range of equivaients of the claims and without departing from the invention.



(3) applying ultrasonic bonding energy to the portion of the contact after step (2) such that a bond is
formed between the contact and the portion of wire, wherein the ultrasonic bonding energy is
applied at step (3) after a predetermined period of time lapses even if the portion of the contact has not
been detected to be pressed against the device stfpporting surface at step (2). 2. The method of claim
1 wherein step (2) includes detecting when a vertical position of the bonding tool is in a predetermined
position. 3. The method of claim 1 wherein the bonding tool is engaged with a transducer of the wire
bonding n@ohime, and wherein step (2) includes detecting when an impedance characteristic of the
transducer reaches a predetermined level. 4. The method of claim 1 wherein step (2) includes
determining when at least one of (a) a bonding force and (b) a velocity of the bonding tool reaches a

predeterminédn&Per &f applyi Pﬁe‘tﬁB@ir@f‘Eﬂﬁfﬂt’ PperaireakPabIRAR G RSG1F2 8iygeaWith a transducer
of the wiresbwadinfarhactimepaitnrengia wtep (RYimcfodesragetee timihwthepnzpriebariadce of the
transducegtgegq?es a predetermined level. 6. The method of claim 1 further comprising the step of (4)
determining a fo ; value that \/gllllﬁ the o) tion of the contact against the device supporting
surface of the WI d‘%a mgc €, andvste %5) INC Pudes detecting when a force applied to the
portion of the cotﬁh@@ﬂ@ﬁ%"@eama @ﬁt@ésﬁﬁﬁ?@ fortect th @iphisheld nst écdperfegPeatétahan or equal to
the force 2drvablist thetaid nrdiig $tapnids; and

(3) appiying ultrasonic bonding energy to the portion of the contact after step (2) such
that a bond is formed between the contact and the portion of wire,

wherein the ultrasonic bonding energy is applied at step (3) after a predetermined
period of time lapses even i the portion of the contact has not been detected to be pressed

against the device supporting surface at step (2).

2. The method of claim 1 wherein step (2) includes detecting when a vertical position of the

bonding tool is in a predetermined position.

3. The method of claim 1 wherein the bonding tool is engaged with a transducer of the wire
bonding machine, and wherein step (2) includes detecting when an impedance characteristic

of the transducer reaches a predetermined level.

4. The method of claim 1 wherein step (2) includes determining when at least one of (a) a

bonding force and (b) a velocity of the bonding tool reaches a predetermined level.

5, The method of claim 1 wherein the bonding tool is engaged with a transducer of the wire
bonding machine, and wherein step (2) includes detecting when a resonance of the

transducer reaches a predetermined level.

6. The method of claim 1 further comprising the step of {4) determining a force value that will
press the portion of the contact against the device supporting surface of the wire bonding
machine, and step (2) inciudes detecting when a force applied to the portion of the contact

has reached a threshold force, the threshold force being greater than or equal to the force



7. The method of claim 1 wherein steps (1), (2), and (3) are repeated for each of a plurality of contacts
of a semiconductor device. 8. The method of claim 7 further comprising the step of (4) determining a
force value that will press the portion of the contact against the device supporting surface of the wire
bonding machine, wherein step (4) is repeated fog®ach of the plurality of contacts of the
semiconductor device, and wherein step (2) includes detecting when a force applied to the contact has
reached a threshold force, the threshold force being greater than or equal to the force value
determinedkineste:{dned infétepnsthod of claim 8 wherein the threshold force is selected to be the
same for each of the plurality of contacts such that the selected threshold force is greater than or equal
to the largest force value determined in step § ? 4) for any of the plur %¥ of contacts. 10, The method of

claim 9 wHerdIR "9 8Lt YORBRR 78S 14 e@uaﬁ'}% g rgRertHLY FariehRRNAINEd in step (4)
for any of thequiarddity akeuitertsgtndeyipeedetermined force offset value. 11. The method of claim 8
wherein the threshold force is selected independently for each of the plurality of contacts such that the

threshold e selected or ea luralit f c¢ nta reater tha or eq force value
determine%)%r tﬁe%fégpefi Ive c?r?e (gfe{he p J’rsairé/ @ In setrepm('ﬂ? %rc?he meLﬁ gelé)f claim 11
wherein tffé%élélﬁ@é@ﬁfé%ﬂbﬁjcﬂﬁééfﬁﬁaéﬁéﬁhéﬂm@ﬁm'ﬁﬂ coneaersfiteyiralterdiedforce value
determineghdonithavabeiafstbp @Lisakhcafccaptasichior siepi4dipius eoptedetermined force offset value.

13. The m@éﬁ%%r?cfﬂ%%e’v&é‘é‘%ﬁ%!%ﬁéﬁm é@e}é 39zr%ﬂ%ég’hé‘{eecﬁﬁé’%k%daf%@@@%'ﬁb%&ﬁ Heality of

portions of the contact such that bonds are formed between each of the portions of the contact and
respective’BRRREERTESHiAho9 el fﬂ"?ﬁeﬁﬂf’o@‘ﬁf?8%%&&%%3@8{?56%%?/&8%&&%nectlon
between adivst hrietetodatibin ated @ second bonding location of a semiconductor device using a wire
bonding machine, the method comprising the steps of:

9, The method of claim 8 wherein the threshold force is selected to be the same for each of

the plurality of contacts such that the selected threshold force is greater than or equal to the

largest force value determined in step (4) for any of the plurality of contacts.

10. The method of claim 9 wherein the selected threshold force is equal to the largest force
value determined in step (4) for any of the plurality of contacts plus a predetermined force

offset value.

11. The method of claim 8 wherein the threshold force is selected independently for each of
the piurality of contacts such that the threshold force selected for each of the plurality of
contacts is greater than or equal o the force value determined for the respective one of the

plurality of contacts in step (4).

12. The method of claim 11 wherein the selecied threshold force for each of the plurality of
contacts is equal {o the force value determined for that one of the plurality of contacts in step

(4) plus a predetermined force offset value.

13. The method of claim 1 wherein steps (1), (2), and (3) are repeated for each of a plurality
of portions of the contact such that bonds are formed between each of the portions of the

contact and respective portions of the wire.



(1) forming a first bond at the first bonding location with a bonding tool such that a wire engaged with
the bonding tool is continuous with the first bond; (2) extending a length of wire from the first bonding
location toward the second bonding location; (3) forming a second bond at the second bonding

location such that the wire is continuous from thedrst bond to the second bond, the step of forming a
second bond including: ga) moving a bonding tool towards a contact at the second bonding location,

(b) detectiffy Briraiha oM iBe thiitdReRCiETpréesBipsganestiendeiee s adpdrbrisgrface of the wire
bonding macitioe pathd sezoap phyidiggikasionicf borthngrenetgytitaitrapatowied tbaeddantact after step

(b) such thﬁé&ﬂ@”ﬂé%&%@%ﬁ%ﬁ@ﬂ@@t&?@@a and the wire, wherein the ultrasonic bonding
L] . f N

energy is applied to the portion of the contact at step fc) even if the portion of the contact has not been

detected to be presEEEEEAIAS BROGRRR L h1iRg Aeatenevip &R AT ARl S5 biRi&ermined period
of time; and (4) severngpted wilrettsibbnthiag todé isgthnbfueive witfiytigdisirbting:bonding tool is separated
from the wire loop faweray stersii L) widd randthd)rkbodamgnethashabslaimnb 4 xvbagein step (b)

includes detectir%i\/‘v(l?eni&gt?r}}lcal position of the bonding tool is in a predetermined position. 16. The
method of claim 14 Wherein the bonding tool is engaged with a transducer of the wire bonding

machine, and wHe&A e @erTt bead eidbectrtgrihendinpileiraign seendhat ftaerisi of the transducer
reaches a predetgiimhnedsl@vel Ho'firkhmiathiod séaladbckd whessip Steprtbyiadedes detarmining
when at least onﬁ&fﬂg%a bonding force and (2) a velocity of the bonding tool reaches a predetermined
level. ‘

(a) moving a bonding tocl towards a contact at the second bonding location,
(b) detecting when a portion of the contact is pressed against a device
supporting surface of the wire bonding maching; and
(c) applying ultrasonic bonding energy to the portion of the contact after step
(b) such that a bond is formed between the contact and the wire, wherein the
ulirasonic bonding energy is applied to the portion of the contact at step (¢)
aven if the portion of the contact has not been detected to be pressed against
the device supporting surface at step (b) within a predetermined period of
time; and
{4) severing the wire such that a length of wire engaged in the bonding tool is
separated from the wire loop formed in steps (1), (2), and (3).

15. The method of claim 14 wherein step {b) includes detecting when a vertical position of
the bonding tool is in a predetermined position.

16. The method of claim 14 wherein the bonding fool is engaged with a transducer of the
wire bonding machine, and wherein step (b) includes detecting when an impedance

characteristic of the transducer reaches a predetermined level.

17. The method of claim 14 wherein step (b} includes determining when at least one of (1) a

bonding force and {2) a velocity of the bonding too! reaches a predetermined level.

18. The method of claim 14 wherein the bonding tool is engaged with a transducer of the

wire honding machine, and wherein step (b} includes detecting when a resonance of the



18. The method of claim 14 wherein the bonding tool is engaged with a transducer of the wire bonding
machine, and wherein step (b) includes detecting when a resonance of the 23 transducer reaches a
predetermined level. 19. The method of claim 14 wherein step (3) further comprises the step of (d)
determining a force value that will press the portiéf of the contact against the device supporting
surface of the wire bonding machine, and step (b) includes detecting when a force applied to the
portion of the contact has reached a threshold force, the threshold force being greater than or equal to
the force valowidetermihed apstdado)in@ieTéle method of claim 14 wherein steps (1), (2), (3), and (4)
are repeated to form a plurality of wire loops such that step (3) is repeated for each of a plurality of

contacts of the semi ctor deV| T thod of claim 20 where further comprises
the step of ?gf '&%?é‘?}%?ra HECEFB&:% re‘”tﬁtgf’ﬁ%%{g‘% HREpition of e’ é(gcrj?t a'é?alngtathe device
supportlngoswf@ieedﬁﬁﬁw%m%dhaw@m@ﬁmcm@ﬁ%méﬁ'wﬁ%’mﬁmm BHEsDithe plurality
of Contact&eamﬁewbﬁ&mg SHtRpidk) inalvdesetectiag ydneshra fores appliedgpitiacoriact has reached a

threshold for thresg% é%rlce?]&%l@g tﬁ;ggﬁg(dtﬁ@%otrhg%%%% m%rE rgggy&#gageert%r ined in step

(d). 22. Tﬁe met 3t claim erein res force Is se ecte e same or each of the
plurality onSﬁ?ﬁH% %‘Gcfﬁf?ﬁédaiﬁ%%eé?é‘@f%dtﬁ‘ré@ﬁdﬁ? force is greater than or equal to the largest force
value determined in step (d) for any of the plurality of contacts. 23. The method of claim 22 wherein

the selectgg %s%&%&#&a&%@hé&meﬁ@@w Jﬂrqg)quzﬁ%ﬁ%rraaas@m&e@n(g) for any of the

plurality of contacts plus a predetermined force offset valu he method of clai %1 wherein the
threshold POEBS LEIER{RAAM SRPLRALTIED & Lir 3Pthie! efﬂ?glﬁaao?iﬁcﬁ%é c%rﬂitéﬁ? rzf fie threshold

force selestetidordeath ¢fvhe. plurality of contacts is greater than or equal to the force value
determined for the respective one of the plurality of contacts in step (d).

21. The method of claim 20 wherein step (3) further comprises the step of (d) determining a
force value that will press the portion of the contact against the device supporting surface of
the wire bonding machine, wherein step (d) is repeated for each of the plurality of contacts,
and wherein step (b} includes detecting when a force applied to the contact has reached a
threshold force, the threshold force being greater than or equal to the force value determined

in step {d).

22. The method of claim 21 wherein the threshold force is selected to be the same for each
of the plurality of contacts such that the selected threshoid force is greater than or equal fo

the largest force value determined in step {d) for any of the plurality of contacts.

23. The method of claim 22 wherein the selected threshold force is equal to the largest force
value determined in step (d) for any of the pluraiity of contacts plus a predetermined force

offset value.

24. The method of claim 21 wherein the threshold force is selected independently for each of
the plurality of contacts such that the threshold force selected for each of the plurality of
contacts is greater than or equal fo the force value determined for the respective one of the

plurality of contacts in step (d).



24 25. The method of claim 24 wherein the selected threshold force for each of the plurality of
contacts is equal to the force value determined for that one of the plurality of contacts in step (d) plus a
predetermined force offset value. 26. The method of claim 14 wherein steps (1), (2), (3), and (4) are
repeated to form a plurality of wire loops such thagstep (3) is repeated for each of a plurality of
portions of the contact such that a plurality of wire loops are formed between respective first bond
locations #8dTiespedtive g chionaiornebdhtasiecs Asabald WREBERDING: METFHODHS AND

BONDING&H@i6 ks ekl BRAIIEN valuboneinntbofammy 6 botdingiensracixiatgiadignd between
a portion (ﬁggﬂg% ;L%é{&%’ﬂ%g%&‘;g&%@ﬂ%ﬁ%@cat'on using a wire bonding machine is provided. The
n on o

method i es: (I) moving a ing tool towards the contact; (2) detecting when a portion of the
contact (100a) is pressed against a device supporting surface (112) of the wire bonding machine; and

(3) applyir bomdinstrexdesigyision thevienionseithel CoRtae), such 4hateardgematb isifoitmed between the
contact ang iaepertion RbPArSudrithal Bep (3) is repeated for each of a plurality of portions of the
contact such that a pluraiity of wire loops are formed between respective first bond locations

and respective portions of the contact.
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Abstract
WIRE BONDING METHODS AND BONDING FORCE CALIBRATION

A method of applying bonding enargy to form a bond between a portion of
a wire and a contact of a bonding location using a wire bonding machine is
provided. The method includes: (1) moving a bonding tool towards the contact;
(2) detecting when a portion of the contact (100a) is pressed against a device
supporting surface (112) of the wire bonding machine; and (3} applying bonding
energy o the portion of the contact such that a bond is formed between the
contact and the portion of wire.

Fig. 1B



