-1 - 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 of which are incorporated herein by reference. FIELD OF
THE INVENTION [0002]The present invention refafes to the formation of wire loops, and more
particularly, to improved methods of applying bonding energy and/or bonding force during wire
bonding. BACKGROUND OF THE INVENTION [0003]In the processing and packaging of

semiconductor devIREVBEMDING METHIDDSSANDEDA PING FORTE heiprairianelectrical
interconnection between two locations within a package (e.g., between a die pad of a semiconductor

die and a lead of a leadframey:Rdaks speaiiaaily Tisig amiredpenees(aisp known as a wire bonding
machine) wire loops are formed between respective locations to be electrically interconnected.

[0004]An ERéMplary cofmbéntippiadatiine daindirg e egqoeficef ibctudesy didfatmpgicairee @b ball on an
end of a vaty£3dending Eem= Benonsy (eak htarming Aiic hand QR dipad e semiconductor

die using th? free air ball; (3) extending a length of wire in a desired shape between the die pad and a
lead of a I'é%a'f%}??é; (4) stitch bonding the wire to the lead of the leadframe; and (5) severing the wire.

In forming the bonds between (a) the epgis gf Hrewirq R ansh(o) the bond site (e.g., a die pad, a
lead, etc.) varying types of bonding energy may be used including, for example, ultrasonic energy,

thermosoliBeBEY gy, thdtmaeeseptaasiraienespteantigstathetdn of wire loops, and more
particularty, to improved methods of applying bonding energy and/or bonding force
during wire bonding.

BACKGROUND OF THE INVENTION

[0003] In the processing and packaging of semiconductor devices, wire bonding
continues to be the primary method of providing electrical interconnection between two
iocations 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 bonding
machine) wire loops are formed between respective iocations to be electrically
interconnected.

[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) 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,

ultrasonic energy, thermosonic energy, thermocompressive energy, amongst others.

[0005] In conventional wire bonding systems, the bonding energy (e.g.,
ultrasonic energy) is typically applied 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 ieadframe) is not “pinned down”
undesirable bonds may be formed. More specificaily, vibration and related problems
may result in over squashed bonds, short wire tail lengths after second bond, etc.

[0006] Thus, it would be desirable to provide improved methods of bonding
energy application, bonding force application, and related wire bonding methods,



[0005]In conventional wire bonding systems, the bonding energy (e.0., u_Itrasonic energy) is typically
applied 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 .Iead.of a
leadframe) is not "pinned down" undesirable bonds-may be formed_. More specifically, vibration and
related problems may result in over squashed bonds, short wire tail Iengths after secon_d bpnd, efc.
[0006]Thus, it would be desirable to provide improved methods of bonding energy application, bonding

force application, and related wire borgiagmmeids e AnveNMNRY OF THE INVENTION _
[0007]According to an exemplary embodiment of the present invention, a method of applying bonding

energy to E982lbond Heseedinaatpantienahpiavireabddrentast e hapding esaian aising a Wire. ,
bonding maethioe & RERWHRAbdfnyehadynelides {LhmPya.ghonding tool towards (tge contact; (2)

[ ' ed against a device sUpporting sufface S the heat
S:Z[SIS;IQ? t\é\ég‘(\%/\%g %ga;]t %qu iﬁg&éfo@%ﬁé% )%%%@lﬁﬂg‘ﬂ% m@%@@ ?ﬁggﬂiéeﬁgrﬂ‘ bf BtaHweontact such
that a bon@%4'f&Fhéd) BaNESPthensbingscrh i prtamotanirg 18 derepplyingdheabsndisg energy to
the wire antttieconnuting srskaee absheperdion aldisseenrartivdREmdhe, 1Rad.JPRARIACcGording to
another e)éﬁmipﬁ%g%%ogd m}i%mﬂ%f;tgﬁap (??%BH{;E‘A% tlc?r?digg energy to the portion of the

contact such that a bond is formed between the contact and the portion of wire (e.qg.,

applying the bonding energy to the wire and the bonding surface at the portion of the
contact to form the bond).

[0008] According to another exemplary embodiment of the present invention, a
method of forming a wire loop to provide interconnection between a first bonding
location and a second bonding focation of a semiconductor device using a wire bonding
machine is provided. The method includes: (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 tength of wire from the first bonding
location toward the second bonding location; and (3) forming a second bond at the
second bonding location such that the wire is continuous from the first bond to the
second bond. Step (3) includes: (a) moving a bonding tool 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 (c) applying bonding
energy to the portion of the contact such that a bond is formed between the contact
and the wire. The method also includes (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} According to yet another exempiary embodiment of the present
invention, a method of determining a bonding force used to bond a portion of a wire to
a bonding contact using a wire bonding machine is provided. The method includes: (1)
moving a tool to contact a portion of a bonding contact of a device to be wirebonded,
the tool applying an initial force to the bonding contact; (2) increasing a force applied
to the portion of the bonding contact by the tool until the portion of the bonding contact
is pressed against a device supporting surface of the wire bonding machine; and (3)
storing 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.



method of forming a wire loop to provide interconnection between a first bonding location and a
second bonding location of a semiconductor device using a wire bonding machine is provided. The
method includes: (1) forming a first bond at the first bonding location with a bonding tool such that a
wire engaged with the bonding tool is continuous3with the first bond; (2) extending a length of wire from
the first bonding location toward the second bonding location; and (3) forming a second bond at the
second bonding location such that the wire is continuous from the first bond to the second bond. Step

(9 includggiizd ovingsa BoRineH 90l AL ACANER) A ESRENITPAIdaagation, (o) detecting

when a portlon of the contact is IPI’GSSE ainst a VIC ortln surface 0 ﬁ’]e wire bondmg

machine, &S AP ARG BHRE ﬁ@"éﬁ@raﬂﬁeﬂ?@B(S?tl%ﬁ?ﬂf’ﬂ@‘%ﬁ?&@teéﬂ@ﬁ BeirgasoRdistformed
between thendorgactaiivh tedrsecbhed hueitiod misatioelotie S¢d)iemmringrtbe/wiaisinghathata length of

wire engagsthiidhRsRANUTS saslisesepaialpddian NRMIce IA9RIRHRGMLIRSICHS b @ 304 (3
[0009]Acq{§)rdcpgg t%%tanother exerggglg]goembodlment of the present “invention, a metho

determining & 4 Poreat B0 a! SYRIOTIBT & Wird $8%Behitg %P&R%%Ef%’ Wire bonding
machine isoptgvides Withetheeftieidbioetl des: efteneoving l@ngth wf edredotra portfostdfenbionding contact

of a devicpdatie \fdmrm@%et&&&osbamﬁbfheaa@mniﬂ%f@ﬁqectﬁﬁ BopdiaiauHadi &) increasing a

force applle fo th ort| n of bond| ntact py the tooI ortion of the bonding contact is
pressed agzgltnst a device sclﬁpaég: mg sur ace 04 e%yf/:lre Ton¢ }n%gﬂgn‘gwﬁﬁﬁ ?%?té%ﬂHﬁ a value of

the force Hﬁﬁhéﬁ%@'ﬁe%ﬁﬂﬁﬂw%ﬁtﬁ%?%@ﬁ@c&ﬁ%ﬂﬂirtﬂf@lﬁﬁﬁﬂ&h)tﬁ@bﬁﬂmm edmadtivgas pressed
against a fdestceatupparting siacenefgbaivirerkaadioadMaciAtsct against a device

supporting surface of the wire bonding machine, (b) applying a total bonding force to
the portion of the bonding contact, the total bonding force being greater than or equal
to the bonding force value determined in step (a), and (¢) applying bonding energy to
the bonding contact such that the second bond is formed. The method also includes
(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).

[0011] 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).

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 features of the drawing are not to scale. On
the contrary, the dimensions of the various features are arbitrarily expanded or reduced

for clarity. Inciuded in the drawing are the following figures:

Fig. 1A is a cross-sectional side view of a wire Joop during descent to
second bond in accordance with an exemplary embodiment of the present invention;

Fig. 1B is a detailed view of a portion of Fig. 1A illustrating a bonding tool
pressing a contact against a device supporting surface of a wire bonding machine in

accordance with an exemplary embodiment of the present invention;

Fig. 2A is a flow diagram illustrating a method of appiying bonding
energy to 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;



-3 [0010]According to yet another exemplary embodiment of the present invention, a method of
forming a wire loop to provide interconnection between a first bonding location and a second bonding
location of a semiconductor device using a wire bonding machine is provided. The method includes:
(1) forming a first bond at the first bonding locatiof -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; and (3) forming a second bond at a portion of a contact

at the second bonding lgcatign. itg | i i nd to the second bond.
Step (3) includes:_ (a) dﬁ%irﬁfﬁgﬁ%?é%g Paf}?){rgcﬁéll %ﬁ@%ﬁﬁ%ﬁg@?gﬁﬁeﬁééﬁﬁ{rgftﬂ?g %%nding

contact adAMAfe T eE RN RRIERMAd B (RRNiRg IRsRGIRR FRAchirReCns) Risliadosabiel bonding
force to thef partiicofdhetbodeiice dortaet;dimctotdat tbhendirgfpleeybemep direaterdhare gregimal to the
bonding fercenmiHe determined in step (a), and (c) applying bonding energy to the bonding contact
such that the second bond is formed. The method also includes (4) severing the wire such that a
length of wire engaged figth#Abie rdiiog tdiabis seacatetirfgosrieehair e flaamiosneestemsteps (1), (2), and

(3). [0011]Fhamathcss Afdhs RERsankinveRiRRBRY A SeMbQdiedas a0 A0PRtAlS €. 0., as part

of the intelligence of acr\ﬁnre b ndin\gé_machin_e , Or as computer program instructions on a computer

readable CARRSF (G SUS Boh st P RRIS B MA-D s Thaco RS IRIEE RYFRSB%Ring machine).
BRIEF DESHRENTRON OF<THESDRAWENEDS;[0012] The invention is best understood from the following
detailed description when read in connection with the accom anying drawin((};. It is emphasized that,

according to common prfetit ARSI RS BRER LA PRSI ¥ard. o Bchontrary,
the dimensgsfis édrtiasplaining featuetbodrdiastistad indipande th crereddrmedt: foi tblaritgxkrehisisd in the

drawing aeeh@ifRl I figBresent inventibild. 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 viehigofé poetibovofi BigratAiilssteabmpz dihrding toad pfetsieniacentachagainst a
device suppafiRteHEaRe:ef & W&@&@%Q&@%@Oﬁé@&ﬁﬁ%ﬁ&%%@é%W?ée\mﬁl%’n%ﬁﬂBOdimem of
|

the present inyention; Fig. 2A is a flow diagram illustrating a method of applying bonding
energy to %?FY}I!] DRSS ‘éﬁﬁ%ﬁ%ﬁng%o\lﬁ%egﬂ%og CaRAS (5%% W&ﬁﬁﬂ%d%%'ﬂ)% in accordance
with an exemplary embggimens of {ReareSeid #MeNIRhg-dlagrams of a bonding tool during

motion toward a contact, useful for explaining the method illustrated in Fig. 4A, in

accordance with an exemplary embodiment of the present invention;

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

Fig. 5B is a chart illustrating force versus vertical position data for the
three adjacent contacts iliustrated in Fig. 5A in accordance with an exemplary
embodiment of the present invention;

Fig. 6 is a partial side view of a contact of a semiconductor device and a
portion of a device clamp in accordance with an exemplary embodiment of the present
invention;

Fig. 7A is a flow diagram illustrating a method of determining a 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 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 exemplary embodiment of the present
invention.



Fig. 2B is a flow diagram 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 exemplary embodiment of the present invention; Fig. 3A is a flow diagram
illustrating a method of using a system impedance €¢hange to detect 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. 3B is a timing diagram of motion of a

bonding tool toward a contact,\isg, ll.ég Ség@?mdﬂ%@%gqﬁu}tﬂﬁ?ﬁ in Fig. 3A, in accordance
0.

with an exemplary embodiment of the present invention; is a flow diagram illustrating
anc;:ther nfetbed pf detexti ag-wheaoawﬁi@ﬁwm@%ﬁﬁhéﬁ ﬁﬁﬁ@%ﬁg,aﬂ%%ﬁg%ﬁ?g?%%@rﬁ ng
surface o i 09 ne.n rdance with an exemplary embodiment of the present
venton: B2t B e B e e Rt Fon
toward a EBREHIE '@ée%ﬁpfﬂ?%ﬁﬁ%ﬁﬂ?{nﬁ arP liseRBEriIMNE SR E AR ia Adetsdee diefiraes With an
exemplaryrenibodiviventof {5 presenttarveationch the wird-ighll $A iRoadeanial top view of three adjacent
contacts of a semiconductor device, and a portion of a device clamp in contact with the contacts, in

accordané@@ithlan exdiRiEHe FHERIFAB-RSINEpresabpdimanteRf the presepignseniica.chart
illustrating émwel vessis pprtisetl poshobataiadarifig eg . adieesahropkaety nsawatFig. 5A in
accordance yih aRLXITIHAYEMROdITSNt BHQF?QBF%%E%QH?‘A%@?SPEO ding fofdd:B 5 Apartal side
view of a contact of a semiconductor device and a portion of a device clamp in acebrdance with an

exemplandHbitie FORREBIEsEM RrRiRBseray Wil pryturRed ervgfieBrRgRERPNIGERating a
method ofdetethriiningtbebrertiien é6tbe usathtb toontlich pheien-eobamdieitoba baniding ¢oasass in

accordance it anevR AIBRLAMBUIMRA! @ dhe RISRERIIMBNIOBIRN durface to il i @ flow
diagram |I!:%sttraa}:ténsg]g%eggog of f%imlpr&a wire oog, to provide interconnection between a first bonding
location and ‘a second bondihg tocatio 5t %' S AARBNGUERT S icENR Aevr 4708 ik At semplary
embodim@Rfiirne HresentanybatiehpreSedFIBNSRNERIESCRIPAON O BUFfiEs NMVEA TIRN

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 a number of

techniques. Certain exemplary techniques are described herein, but the present

invention is not limited to these exemplary technigques.

[0015] As will be described in greater detail below, exemplary techniques 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 tool is in a predetermined position; (2) detecting when an impedance
characteristic of the transducer reaches a predetermined level; (3) determining when at
least one of {a) a bonding force and (b) a velocity of the bonding tool reaches a
predetermined level; (4) detecting when a resonance of the transducer reaches a
predetermined level; 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 quality of the bonds formed,
improving the yleld rate of devices bonded, and reducing the assist rate provided by an
operator of the wire bonding machine.

[0016] 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 a force applied to the portion of the contact has reached a

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



[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 (1) the tool/wire, and (2) the contact to which the wire will be
bonded). [0014]According to certain exemplary etbodiments 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 force application is provided. For example, the bonding

energy willdag e pretomaliRiBdiosHen-Qld 6RO IRk D RAEIAR R SREEPRlRGLE WhIR the wire
bond will be made) is Qressed ag’ziunst a device s%{)%ortln%esurface e.g., the heat block or other

surface toWICh R LOTTAN SXSUIRBY SFRRREH Tt Wite IGHTM Re 2 AR '95Sred condition of
the portiosadibtRtidvitaenuatedonsseblyadeimst facce dvice, Shpdortngrniitsice efdse thize bonding

maqhinefm@wb@ 6¢t@@@éd€a@5a@5reém Q’Qwﬁé @ﬁﬁwhﬂwmr%%ﬂi@“?%%ﬁ‘fr@ﬁc@?@ﬂ%ﬂ &%(-js-, the
portlon (0] nt | essed agalnst evice suppor sur eoft wire Ing
machine) énpgﬁqgg @&i‘%&q fgﬁﬁa'aﬁgrg{) gsncﬂfirt] %regf%e%iﬁ?(%ﬁé}g%‘e%aﬁ]ﬁé%?ﬁ% %rir?g?:ﬁﬁ?ques are
describedmiferense ot Biatisr saR IR vERAdA NG mmted ibnRe Sechrisvplaftexpmalsed 0015]As will
be descrieddiatyigateedetaibelaw fexemplasyrenbnigyessipeteseatiay shan e piigpiafl the
contact 'SfeF@éﬁ»ﬁgaeg;@%@%ﬂsvsﬁﬁaﬁs{g%qrmggw%e&%oogm;eégss&qa%% S.%.Bw include: (1)

detecting when a vertical position of the bonding tool is in a predetermine ition; (2) dgfécting when

an imped 8ACERABIERRARHR YRR RAReMEcr Ie AR &Ras SRR FRATRR RE0RI: 3 E&taisiNAing when at
least one pir(&)recbwrdingeinrre andofineaticriogity oftimgbondmgitpetasetbes(a.prettetemmined level;

(4) detectigg-whppiRdGsURAC AERSIRNSE e J8ahes b RIRIsIeIRY raﬁ;\/é!&c%?@h@;gﬁ&ecting
when a fo);ce aggl the<§}?rt|on of the ?eontact pas reached a threshold force. Bg applying the

dt
bonding erfErg Q%Ed RrEROh O RS YT hRE EEL i § h SRR ESHRIR RS 176 aLiFed B sition,
resonanc®prodlepiisebridedpedsighce-anilifd reverducentacbnmmpoeqieptie thefamadst of bonds
formed acresssarptipaits RERIROMIG AP RO NIEREMIRIFh Ml iyefy the bonds formed, improving
the yield rate of devices bonded, and reducing the assist rate provided by an operator of the wire
bonding ni@&#Ad. [0016]asifrévriedriibbydcaricexefpraronretiddrobddtogtaigowiveh the portion of the

cc;]ntact }S sates&ﬂﬁﬂ;@@mﬁﬁeﬂv@egﬁmﬁéum&& M@@ﬂ&t&g@ w%qb@@%@fgzméésa rifera]b% %ﬁteC;]in%
when a foyce applied ta the portion. of the contact has. r ed a thres orce..Such a thresho
force may%aed?gg%gg éc? 'tkrl}g E)?rcs ‘é”,b‘f‘?%ﬁ?%’r‘_é?é g}}%?-l ggég?bgb’rgs%a ﬂe% B’oFﬁSi 5t ¥8%Bhtact against
the device®StpBortisgEOrPACErerhb8 ScEoRfry RoedirairPekeRfphavembobimaitratthe present
invention, sepiadodoetoalkiratimascompieted osheselpdhe pin fome 4 . kitevfotsarapgplied to press
the portio,gfdh,Faant agriRshine ewRe BnRoind U RGEb R IRaS e dIL AL aLe plurallty of

contacts (eﬁ.%# gortlons of the leads of a leadframe). The results e pin force calibration can be

used in arl CBR ir ity BB UE L T BRE N P D RRRRRIN R SEH RS thhe S Torbeat
measureniéetk 16 ) orexuebsiveavivtasioproaingry facdp femeasivedisatatar@uraligpofdeads) tend

to show dewiges Gha R P HR E TSR 1 0RAE EQIN RSy dRSLR BHRA RIS TF | &ISH PR RIINe setup
problems; %rrlr(]jcé%)dugtinrgd?énlggcgn easurement In. connection W%':]h setgnsgﬂgp bond parameters (e.g.,
the bond fofee aplelea to each'con ac‘:fvrﬁael)/s %%ngﬁ%}gsﬁaé'éucael {6 ¥ heNdY E'l?f ﬂ)’%(:e",‘etﬁ% bond force
applied to ¥¥Enie6HaeehHy b ¢ayies ®athe Aaturye simidreertirtivicdsormacians Hit dffset, the

bond forcempplied Fyeash cantacisamnreaqualtin the-lrigesisaeasvednimigraaobadbirality of

contacts fised it ) AL A artial side view of wire loop 110 providing, electrical
interconnz‘%{t%igg tvﬁvi(z‘éeng %?)bé i%%égégg? g\arﬁ@opﬁ?ji@t@r%iee pﬁ?éngﬁ%l S&?Wé‘a@]ﬁ&g §% [8adirame 100.
More spedifiesiff! BOREM JEReIBP R NG RUffary kdol] Msuigien ekiead Hoen§eines Wratios
engaged invimntiing tizeidOSupptnaensiiyacedieltadaf serucsadugioiodiexdfbrRnaigh datd 00a of
eadiiramechdiflo A iNAMELL0 Hiae sKbiRddy 106,88 SeaicaRi @i LodRdr el g igadirame

100 which includes lead 100a. Leadframe 100 is positioned on device supporting surface (e.q.,

heat blockeTIZ B AHORCHRRAE S iHY BEPAELSPE WREB ARG YREERIFRS. BPUGRHER, only a
portion of téaufrding 488 ganboodiya getgyvall bk E@Ptiaf |gafrmamead0d)stnmgantoctor die 102,

and device.gHPRAIINE SifaGE o LRAFS oW I ik HAsdRAsh10RR R lampedising deyice clamp
04 is shown in Fi .Asis clear In FI%. 1A, the portion of

104 (only ailé ortion, (g device clamp 104 | . 1A

lead 100a 15 unich FFRS5d 87T 1B TEL6II8 BEBERIETTE SUE5RY BohdeRrHB25R8 shown in
Fig. 1A) ish@®epreewedratiainbh deancesitp poibigsonface naatelimsobbetion tidedy 1€@4tinging "bent"
away fromyglevigesgupnadingsayfanert 1219)ay begadsed by, for example, high device clamp forces,
window clamp geometry issues, heat, and/or a burr or other contaminant, amongst other potential
causes. In a conventional "open loop" system for application of bonding energy, bonding energy would
be applied upon contact with the portion of lead 100a regardless of the fact that it is not pressed
against device supporting surface 112. As provided above, the application of the bonding energy to a
lead such as lead 100a shown in Fig. 1A may result in vibration and related problems, thereby
resulting



in over squashed bonds, short tails, or the like. - 7 - [0018]According to certain exemplary
embodiments of the present invention, the bonding energy is not applied to form a bond (e.g., a first
bond, a second bond, etc.) until the contact (e.g., lead 100a) is pressed against the device supporting
surface of a wire bonding machine (e.g., device-sppporting surface 112). Thus, Fig. 16 illustrates
bonding tool 106 descending until the relevant portion of lead 100a (i.e., the portion to which the
second bond shown in Fig. 1A is to be formed upon) is pressed against device supporting surface 112

o S oniSidr S DR, $ceR fedlam dag amsdatndance sl cran creriary

embodiments of the present mventlon s isun hose s |IIe R the art, ceran steps

included i hEINANQiSHREM ISRy B%pﬁﬁﬂﬁ@(foﬁ@rﬁaf??ﬁ@(ﬂﬂréﬂa? §t§|§§’ﬁﬁ’§y pEesanddandd the order of
the steps atay betiltheecbfratt (eegorterdiliLttetedp [8G20) highi 2 madbmehggjpmulrbg%mfm a

method o ABRAYFRLBAGHE S SERRY (04OTEARPACBSMELOARELIEN! aie Ad frcontact of a

bonding |Q ation us machine in accordance with an exemplary’ embodiment of the

di
present in JSRHERE Ig?g@év#%%iofgég FRGEIIRG WINI G 8ire e thogR b PEIgES AU Be ied in
applying bty teneniph thégresad GoddbebweentHia partiote diewmerk@Sumod () peaskd®0a of

leadframeag@thsAtisiat 208parbRR ding=taok (& Gs BROWING, tegl, 1@6) is moved towards the contact (e.g.,
lead 100a). At step 202, a process of detecting when a portion of the contact is pressed against a

device supp8a®l surfabigof2he2inecoibmdide gnarisiite dscacdontplished ¢ecgin detectingywhen the

'”USUatGdé?ﬂHHaﬂﬁng@ﬁQr%QQ iSsBFR3AGE-RGRAINAS ViRB T LRRAI NG SHLEASR L H2 AHRhgyn in Fig. 18).
At step 204 rpo ene gﬁh%liaso jc ene ggkﬁg plied to the portion, of the contact such that a
t

bond (e.g5% secon mc 1896 é’ﬁ”ﬂﬁg%o?ﬁgﬂréﬁad[ﬁ@%rﬁﬁ?%f wire.
[OOZl]Steﬁ"Q@?WBé aﬂ%brchglmﬁéd efsing stepor@nbmbliestiéeimithesrdeoriibcimnpie, the
detectingﬂfsetpzk y |ncI g tectl Qf na vertlcal osition of the bonding tool is in a predetermined

position own to fﬁo egkﬂl RE"AR dF VY malﬁ@etgﬁédﬁ&pﬁgwmn systems, and
the like mayetramgeﬁptmcveb@nﬁmetwmar@mmm@wue@m a heighttwdferdthdicgntastie.g., lead

100a) is insginéil mmoea;rmm%wmep@%m@&}m@bm EhFégeﬂf@neri%%m%m%f bgerecorded

such that o form a d as shown in F| ) it is. known that this
position hg}'gl:%%getrclji ﬁggﬁﬁé’l& tﬁoérg téctln 'EH‘a%eE %”Eir%%%éndeggamsﬁﬁe gaviRe %upportlng

surface oft’tﬁé’%ﬁ‘érb%m&%?aéﬁlﬁé Wﬂ%ﬁ?ﬁ@r%@@ﬁﬁuﬁ@é‘ﬂﬁ% fiayabeotiien] 96 wietet®8vhen the
contact is pregsedeagainsttbeierificeraupportimgssesface, ia thodategtiadiqr gl apedaneRcharacteristic

of the trangggieRr ﬂ@ﬁé{@i%%mdéggtml(ié&.?Wgﬁég?.crﬁss?ep 202, a process of
detecting when a portion of the contact is pressed against a device supporting surface
of the wire bonding machine is accomplished (e.g., detecting when the iliustrated
portion of lead 100a is pressed against device supporting surface 112 as shown in Fig.
1B). At step 204, bonding energy (e.g., ultrasonic 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] Step 202 may be accomplished using any of a number of technigues. For
example, the detecting step may include detecting when a vertical position of the
bonding tool 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.qg., 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., a second bond as shown in Fig. 1B) it is
known that this position has been reached, thereby detecting that the contact is
pressed against the device supporting surface of the wire bonding machine.

[0022] 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



- 8 - predetermined level. For example, such impedance characteristics may include an impedance
magnitude threshold, an impedance magnitude change (or rate of change), an impedance phase
threshold or change (or rate of change), a lock frequency change, amongst others. A more specific
example of such a detection scheme will be exptaéned below with reference to Figs. 3A-3B.
[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 tepLiRREhHAMAPRAE e FRIBRERYE!- ific f tection scheme will
be explair?gd bglow with referenciﬁ toﬁﬁs&4ﬁﬂ%§%§1gié%ﬁsﬁfa%igaﬁg&d%b%nused to detect
|

: | at ma
when the EBRESANS AL 45 AN e qaDi LB ReRISRiAL SOde Fo39efetr Wﬁé??l shargsance of
the transcRiedMpedantshpitrs Smstptd oirishemgagied yata diebanpeddatienkifredueney. §A8R5IANOther

techniquedhngasobeersed tasletastamendiagenieaidn Brasaatiagaini e dpyce siippading
surface IS fg, &%) ‘g,%ern}lne a fogcgivaltﬁgg t will press the portion of the contact against the device

supporting surface of the wire Oongisrig machine, and (2) detect when a force applied to the portion of

the contagigipssrpachechadivasheihigieesihe Hypshalddpicedasing greaterdhan gr.egual to the force

value determined in ste . Such a technigue may be repeated for each of a plurality of contacts
e 0

(e.g., leadd 61 & 5 [? Svs’%emslﬁg%%%grsﬁg % RSB THRS MR Sl FEREPRSS R Rlected to

d |
eadfirame
be the saffe"@iPederropmt (Edmaecioqsvch thathtrdiwdordehrbehal dfodetdsredtevitlanhor equal to

the largestrforeepedife drieiminetsincrtepiéladasmayreiibawusality i rentasisk ¥ the threshold force
may be ingliyis gﬁé%ﬁ)e}%;geg ;(9§§ach of the plurality of contacts. Whether the threshold force is the
ft '

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

of contactppdzagy be selestrst iranRunbenSf W;V%J@@ﬁ@&@@cm}?ﬁg%ﬂl@%gﬁpggﬁgnay be selected
to be equa| rgest force value determined in step (1) for any of the plurality of contacts, or may
be the Iar§é%%é\/ga§u% ﬁeﬁérﬁ%n(g%vfﬁes%gp@ﬁ? éﬁﬁo?th%t%ﬁ?%ﬁ%y P("?Bn?ar B %?ﬁfrgtf’etermined

force offsétAAIHECER GRAAKNSRERPIE NS BRids EHIRRAEE TeRENes R Sred ehelepioadeaesi for each of the

plurality o ts such that the threshold force selected. for each of the plurality of contacts is greater
than or eq&uaﬁri ARl CFenr'ﬁffﬁe ?%rn?ﬁé‘?r’gs%sé’&i%%‘?%?(Bf“fﬁsrb%ﬁaﬁ%/%ﬁcﬁé%tacts in step

al to the force value de
(1), or mal)'BESe8I@8RIBSI R aYica ayPRETHIEsYERRE deteriiiheettominataofasas thkupKhatityilbf

contacts ipreteptti) mitsoa pratetesmingdjainetafiseiaueupforifg 26 stharsilllvihe methods
e SESRTR A A d  BTR R RS e o
reached a threshoid force, the threshold force being greater than or equal to the force
value determined in step (1). Such a technigue may be repeated for each of a plurality
of contacts (e.g., ieads of a leadframe) of a semiconductor device, whereby the
threshold 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 value determined
in step (1) for any of the plurality 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/determined
for each of the plurality of contacts, it may be selected in a number of ways. For
example, the threshold force may be selected to be equal to the largest force vaiue
determined in step (1) for any of the plurality of contacts, or may be the largest value
determined in step (1) for any of the plurality of contacts plus a predetermined force
offset value. In another example, the threshold force may 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 to the force value determined for the
respective one of the plurality of contacts in step (1), or may be selected 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.



[0027]Referring now to Fig. 2B, 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 exemplary embodiment of the present invention. At step
250, a first bond is formed at the first bonding loc&tion 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 secongblgaigfing locatianeF oA RlguRiENRENSIR FEVIE iRshaVELRiEB LA AS IRngth 110b. At

step 254, a secpnd bopg igafggmed at the sec?nq bonding, location such that the wire_is continuous

from the EPHoSa%0 thé SIS F6 N AiRI5IROA% s Hu BUHHRE S8R ToPANSELETRG portion
110c of wirsmsshom differesierartioporidhel 3@veschetagtbonded against contact 1.00a (e.g., lead 100a).

[0028]SteE) 2%524517;Eclude several steps (or substeps). At step 254A, a bonding tool is moved towards a
contact at-fh ond bBRGHG RN (d% 280 B ARG AR IY ARG IFARIRHNEIG. TR.PBWing the
phantom kifiéer monra@lingy ttsolobPG abovddsointect di0Batias hetivesa s 6list lwedibgriduagidoa kD6 which

had been queyeftimymyarddavnsds e dodhiseRBRVRCANRCHIRL-CANAC ] 8Ramblslep 254B, itis
detected Vé/rr}lq%?) &apar iorg fth(; %OQEE}CL Eiesrl ) ch%ssEgls%gai Igba dgvic% SUEPPO tin gurfatg) t?f the wire
bonding NMAchinG. Al step PBAC: bonding enerdy & apptied fo te BEHch S e @ntaed Stich that a
bond is foPRREHNSERFEEAMYE Hoh fitding i fiEs. oo mireepiased thishwihe leosdirgddddieh that a
length of wintiengagedtin ttherbonsiing toa)[i e saparateddroariike vire leepdarmad:ig. steps 250, 252,

2nd 254 {Regilcoytse, SRk inelidng SEUR A d: A 25CLDRY B accomplishec

using any of a number of methods InCluding those descri rougout the presen a_lp?p!ication, and
specificall TRERRITY O LBUELEIML beABIRE 0GRk PB s PRt S5 IMPIRetHER Hleswihe?f iNiFEdS 2A. [0031]As
provided abowe, im Eigcdrtlandengithithgbprasant pridehtiosetoad\bdittere rirmethatshenaycbadised in

order to dgiReh N RRABRIIM ohak CRPARLIS RISRIALAIADN thdawiessiangrting siudage of a wire

bonding ma((ﬁ:@in Figs. 3A-3B are useful in illustrating one exemplary method of such a detection
technique 03 ARG SR S AGHCBIELPRRH I SR A TG (B PRI g e EE JeRfh Bf a
contact isWheseedraguiriiem ddyide trippdrndpd atatesofonidnt bddaliegg., lead 100a).
[0028] Step 254 includes several steps (or substeps). At step 254A, a bonding
tool is moved towards a contact at the second bonding location {e.g., such a moving
action is illustrated 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,

[0029] At step 256, the wire is severed such that a length of wire engaged in the
bonding tool is separated from the wire loop formed in steps 250, 252, and 254.

[0030] Of course, step 254 (including steps 254A, 254B, 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 respect to
the method illustrated in Fig. ZA.

[0031] As provided above, in accordance with the present invention, many
different methods may be used in order to detect when a portion of a contact is pressed
against a device supporting surface of a wire bonding machine. Figs. 3A-3B are useful
in illustrating one exemplary method of such a detection technigue.

f0032] 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 altered 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 mode (i.e., CV mode). As is known to those
skilled in the art, CV mode is a part of the motion cycle of a bonding tool as it lowers toward the

bonding lecatinRef QY MaAghaBsPbyehisCBIARETRAR N0 BhaIRRARIMNGHSGP B0 23] repeated.
If CV mode h bee[}telat_ere‘gcéa "\((jes'f at ?tf% 302), tg)en th‘g %]ethgd continues to step 304. In
accordante it Y SRS c R SR e MSREERE L EAdL0Nn 3N tRR YOF RO RSFERY, RNt CV
mode hasPBedieeastéren thevpsder inpiratetim Ay sierRampibe Impdddriecgdeteeidgpnitaynbe constant
activated i/ elinosii votion suey bpstiad iBsme-athihnaeaRdBoRiByg iRiliahipRY Hcakeaptact with the

contact). e 4 ] nce detection is commenced, and a detection start timer is started
att=0. Algt?gt %Ed%eér%t%o%%ﬁr{ﬁﬁgg %s@i'ﬁe@?r%ﬁg atlcr)t,ws&gﬁ%”l%ee aénnﬁﬂn Ztt%%'tfgﬁnmay utilize a low level
of ultrasoRRNEREY GO EHEdO(R OrEE BaRR MPth&VNRgIBe appliednRyhEpERersotkdllan i dhapplying this
low level et thedienpedpate{ehsamesheyariersisiedtntgdsolinpennnes) oiiiel raasducer is
monitoredh it gaEafiele PR RAA0AIIRAR Y dImedRced v angh 3 PRMIA (NIFRAARAT) contact

is declared and normal bonding energy (e.g., ultrasonic energy) may be appli S provided above,

the impeditcd® CRBPALES st Th R S n s DEHRTESE @ niRtH &t SEdhARLoreieicd mEnsEing, for
example, eantimpesiémseemagaitudetiiregodd, winhitipe dpacé meagnitleetbbamgedsnaate of change),

an impedRee-phase HepSiidiE S hanBegiR IRE Of FhaNBh-Hlask SFRENEN RoWIRRAS,MONgSt
others. [OOBgRefergng again to Fla?ﬁg\gaé@}gg@% a determination is made as to whether a

predeterntindeABEIEARE EnANEE &Y RFR5rRAE AN AED iR MR KRS e is
detected (B2Y S tigistocioms PR 0B atischthdinndiRt rfyvecyl cahtasonithetnergyradiSG) is turned
on at step, %#% thh thag the bond can be formgd. If the predetermined impedance change is not
detected (3 answe ta?tgf)eé]%éw%?gﬁ%ﬁ( 5%%&?@% SRPROHRS SR AR Red (e.g., a
predeterntifeg! tiéap@dort 4ftreft =A0) lafundrrstashby shphediideiNo! thaswersatktepr@d8hcan
inﬁrerr:\entdéta@tdﬁdrt@mgmeé (%thbbbtcﬁmnﬂa@;m@@ﬁ@r?u{m%e ﬁ@ﬂ)@@fc@"r@ﬂ?tﬂlﬁt%\(@&k as to
whether t [ mine edan ange has pbeen detected. If time has expire "Yes" answer
at step 30% ,gtﬁe%qﬁ}%tﬁignrg?ﬁq%mg%e%%a?gﬁgﬁ ,a gﬁlryggn%sehoevrg%voefﬁga’ |ts Srh%8@§ﬁ s 8|5 310 such
that the bSRBME SAVEIGTRES "RIPIRR OXEMBIAT eNIdRIEARSHECRE dB MBRBATR AR YREIMe has
expired atdstept80Bdthatthmgelevant postidanattbeyoantacifasibeenrpsrsred ggainsidhe device
supporting, sfaee:AlREWAP haneac Mgy !ne nd inaldie BROO-RINGESg SaNLprogeeed (of It may

be viewed as better to continue the process on the assumption that'the vant portion of the
contact ha¥ DASH 1R Y ARG A8 SYRIE SRS O RMG LrreCa ™Ry dispRiveq'a UHH&%Fé’ély interupting
the bondistjgrastertsicatrsiogiBa 2fahexproptes sa(einpeteraig onibnitnderting S kheawire bonding

machine) fiaseBgreCaBHIRIRR: PhrguTes ihe mrethadiiusiraied dadrs. 3A-0ayhereregted for
multiple C(c):nzt_]acts éf a em%c%ndu%éoraq?fchgéor m@g 6e r(;e%)eated multi tEa times for a single contact
0

(where such gﬁ% o ate el ghan | e Fomr%ﬁ'ﬁ?ﬁl ﬁﬁ%‘s). [0035]Fig. 3B is a

contact may be ‘configured 16 b
timing diagtg4f Motiopdpl AikgRGINA L9® OWArdatantass, uselul ion explAiing.te fogthod
illustrated | Ftl . 3A. Mare specificall ,Iéehe -axis is Irﬁbelled as,"Z DETECT" and relates to an
impedancgqeﬁﬁgc?egrfgfgg%& @?ﬁdmég acf'%ér%?ﬁlgées DPIENEDF TR sHO K S REAYR TR Caxis is
time. BefofeRfigenceichpnge praatontedt péves whewetad Hendif§iodichaendityentnaciied the contact
(ﬁ-g., leadividsime dictizy BPodiay i@hﬁllrhéé aa\aa@l@sfpéwgi%:alge_%ﬁtaﬁmb %%&EBFQSE G%TQnel?.agd) and
there is a the impedance. charagteristic from Tito, T2. At ime T2, the contact has been
oresectt s T P LA esrdi Ay N o3 SRE Thag »prnect
as evidenEBEhy SRR RiRR S R fEciRMISHRE @ T exettRsh(that tAetadrieiarinasedme pedadce
threshold wtiisrer or threshtdechanget kapinaremies (00364 igr sk issadiowrdingranritustrating another
exemplang e AAsieing e SAHoR 8L GBS PLESE A BIAIIS AR e supporting

surface of the wire bonding machiné. In this method, a determination is made as to whether at least
one of (a) %8 BORESG 1BrcR SHRfeETashITnErar tee berripfobree datededprédéthased level. In the
example aixpigsd 444Bsthestete pnitep G083, dbeoribedusiding specy o beth bordingdereeand velocity;
however, §igdpgessineddhal ona.af the cleragistisicsdnavhe sRasiived indeiectingwhen a portion

of a contact i CP essed against a device supporting surface of a wire bonding machine. As is
understooﬁ%% é&?gﬁﬂéﬁsﬁfﬁg‘gﬁ,!%%ﬁ §f§p%%ﬂ?&eﬁxmrﬁ?g?ﬁ%%%p &hHd; certain

additional steps may be added; and the order of the steps may be altered from the order illustrated.



[0037]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 tool is moved towards a bonding location
(e.g., a contact such as a lead of a leadframe). At step 404, a determination is made as to whether
contact has been detected between the bonding tiot and the contact (e.g., lead). If contact has not
been detected (a "No" - 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 att = 0.

At step 408, St YORRALIGNS MAHS A% 1R %@t%%é?@u SR %ﬁQ@éJQE%EHS&%%%HQXe been

met. If the ¥e}jocm>(rand/o force t?lesholgs have been met'(a 'Yes" answer at ste the b onding

energy (e.g., U tras%m%n N9 JYBI I8 &9t hamg SRnslngeRragers Gan Hﬁﬁf‘?ﬁ@db%dtdﬁﬁ%@formed If
the velocmy%mﬁcﬁsféﬁiéeﬂﬁ‘egh@twm% procBeeamtbe @ssNubtinswieatathstépe4@8yantheck is made

at step 41@&@.5@%&&@1@3%@@5%@;@4@ ﬁe@@f%etﬁmnedjm?e Repeg-afs L. dime has not
expired (a. 85eacp§ Serte& s anl crement is added to the ti t+1), and the process returns
Stow

to step 408 for anot er c ngtﬂweb\(/)e}%gﬁypéﬁ%%r for tesﬁ‘?%eghgiotghgv‘ecﬁe%n met. If time
has expird8-&-' KP‘@S?'%%W@? B MU)HQh’é'ﬁetﬁérﬁb@ﬁjlh@@he@)h?e geanteasunatesheRfy or USG) is
turned onaistep diknseitiodhatsheteand Ean be fesmee r@&@@x&mﬁmmem&q@&@m the

assumpic skl e HNRDas 5B ALSIRA1R (gl e eleuan! poriion of the gapiact has been

pressed against the device supporting surface of the wire Ing mac the? Bondlng

process cAHProPaRI AR hES NG LR RS R?B%ﬁﬁﬂéﬁh’é’%ﬁ)@é’s%bn the assumption that the
| t f th t 1 th ti f dt
relevan pf’éﬁ%’k € cqptag! hag 9:% pcf%%?i% %93'” oo édaelé'c?r?dasn§ Fool tow Sufé greentachh O

undesirably intefupting the bonding ess). At step rocess hning on

the wire bﬁ?ﬁthd%ﬁ?fmﬁ@j %@Bé@ﬁt%?n'ﬂt@t‘eﬁteéf'%&dﬁsé”ﬁhé‘ﬁf@tﬁ@@lﬂ@é%@@ﬁlm Rigjs 4A may be
repeated febetiettipie LOMETESCTT arskraiemsduciarsexddenar thayaberrpeaiadgnybintedmes for a

single CO@%?&%MH@&'@&‘%%M%%@ bﬁ&@étaggr&%h@e eanred o mH“?éet;% mes).

[0039]Fig. 4B is a tim g"\%J gera motion 'of a bonding tool toward a contact, useful Tor explalnlng the
metiod R T BB SEr PEPELIR ARy PP B AN SR S Giacor PP b FORCE"
and they réfageTto the tzemhmg &fahbasonaiiegrivslicahcbtite foraehajpeliechinctie.bondiey towl to the

contact. Theexaxis indime. :A@ﬁ@ﬁ@lﬂﬁ@d@n@@ exsaRRmRadimert-f the praserd igygntion, in order
to determl‘g})e_v\t/gh(eﬂaas Bortlon that I the {etk\ v%nt POI"[IOH of the co tathté) be bonded with a wire) of a

£l brepeed Blairs g SuracerPA RSy & K" 2RE 08 Iocity should

contact is pressed against 2 devic uppor
be substaftPalingel® %e. §hett?@9é$odtt9rm@§t¢é§ma%rbé‘ryth@re@n@@a@smmw Bichet®) and the

bonding fereedizipgranpliechebbatst reash mpeedetertire dreshaldfaigesh dre sRershegid as shown
in Fig. 4B}, Befaye time "Ti" both the velocity and force signals are in a relatively constant state (very
little slope) followed by a sharp change in slope as the time approaches Ti. Between time Ti and time

T2 there greassinges trhotatea/gtociiyagrehfonoetsigmals fedhat M%E%Wbﬂﬂ&ﬁb@'ds - 13 - have
been metLakisy aligofitod br B HlpeTY Et—gg%d:%%g ‘e g ¥%'8%t£§ [ERRAHE o [he

bonding tool has Stopped moving), and has stabiliz the orce si 3bovef orce
threshold. ﬁ"hﬂgr‘?ﬁé"&fﬂ‘ﬁﬁh{?ﬁmee@p@éé@ﬁﬁ@%ﬁs??h@%%@%&bﬁ%ﬂﬁﬁ@%tﬁf%@w wire
bonding neasttineq efy 2 lleteading foimaedd &i)tineb2itard the bontlmgtesergycra)anow be applied.

predetermined level. In the example of Figs. 4A-4B, the determination is described
with respect to both bonding force and velocity; however, it is understood 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 skilled in the art, certain steps included in Fig. 4A may be omitted;
certain additional steps may be added; and the order of the steps may be altered from
the order illustrated,

[0037] 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 tool
is moved towards a bonding location {e.q., a contact such as a lead of a leadframe). 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”



[0040]The bonding force threshold used in connection with the method of Figs. 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 respect to 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 portigpsseithess, leadsiapdia it degy| dficaly, £ig.54 illustrates lead
10, lead 141? %3"?@8% 12 oftﬁ?ga}:dfg ﬁrg?‘% %ﬁaggﬁ%%%i%%hﬁg&% kr%(ot\é Sov%})é%élfé "clamped"
cla

by device IZE’Sanyaa ShENPEHTh B R Y ¢lamp 504 is shown in block form in Fig. 5A). Also

shown arq ghads of kYsepiiadapama0t 49Reans L0GEash ALIEJORRRH0G, 508, ANK 510 have

been Stitc%”aeg as a s.ﬁacond bgrd_on respective ones of leads 10, 11, , as shown.
[0042]Fig ™78 EhARSHTSE Y8R GBALAS (RSFRTBORAIGH e PRt Bhrels e acMfiRsads of
Fig. 5A. MW eplseircEiReshsidsehvattibed positida Sfeshensivey wwoltepreasdiintheachdifkeads 10, 11,
and 12 is ehaggqd (5 dheadoRRSiERg GRY 81 Ysaxinseeeasesdtha iorcerppplieg L, the lead is also

changing (the forc the x-axis increases), Stated differently, in order to continue to lower the
Z-position‘g%e%rﬁ%% 3{5 |cal\l_81(5)§ft%r?f%h eofg%ltgﬁdgltfgﬁ%l%}’@e REBsSRTeTHR tNFERENER® shown i
Fig. 5B e&EBPcHfs SO Es Brivastaaidserot 10 tapepliD Y mehasi@tiard tip-thedegend of Fig. 5B).
Thus, the peneaailespontingibicatsrd €he botamcHaenen SigirbB) h1ags sHhwatiakglope change

at point "X (. f it t0 ils_in Z-position). Likewise, the curve
correspoa%%ggg?o%ggﬁgf ﬁ%f%@gﬁ%ﬁﬁﬂ% %%E; hggga@&b%'i%%etlgl rsﬁ%uﬁé)sctoasr'?tﬁ §P éoint "y

(i.e., at afBUFBO BFAMEES 5t 8 WHETARRBSY B oFin AR (ESitbrIshokdaisue thessumves. If
corresportitimg ttasleapi? (e ey amsrecontftebB)H)ashe sithstaniiding @perefyarge, at point "Z" (i.e., at

about 70 gramekforesong qQ HsainZs0Qsit Thi ' tially
related toIa QO.int Which?%? pro@ ﬂtﬁ%@n@ﬁi%f?&%%%?c%%ﬁg %%%?@r%grﬁ %%E@teeaéq need to
overcome r&eﬂ'ﬁiﬁ@%@%?ﬁ%:%%%%%@ﬁééﬁf%ﬁﬁ' 'Hé% rE&E (bR BBl IRaPRE RESIIOCK, etc.).
More spedifdhyt the relepontiaediosaftot i@, hisebedm prpertidngoeitise fed ddypoints X, Y, and 2)
substantialp seriagnantesathedaise wsading PVSERRRaRa s NG TRaiRG helgad that is, the spring

force over, in-order to press the portion of the lead against a device supporting surface (e.g., a

heat block og‘]% c\h/vfrge'r dtorrq%’?(npaerﬁfé%vﬁ?ﬁea&&ee rleérh%%onnﬁ B%“F%%‘r? &Y 8aeh Sﬂré%é) W58 85 he system

forces to hREFREKRM @R £ SiRirvderbRRedSes Mewserddariaatdhg devineatbisekpdThus, in order

to overcomeftive spripgdeedetoiithieteads 1otetipang the, hsmiigisesdk 0 RQand iDheams

respectveliogaay Recpplied sbhtmPARRL DA Ay anngaIse q-eachof Alially of leads the force
e

used to press the re vantdoortlon of the lead against a device Supporting surface (e.g., a heat block)
of a wire S8ARNGEHadlifR gy B8 eIilLE trRtegiaride 40y Hintderinnsg B BomEEiRkhich the
curve chafgdsctiopiea Fems;anmaiobaapprosimete dthapesied willpseide Ofemsstidrrce (see point
X in Fig. SBiacordaide BIRFSRGIsaNanRt Prsias eblaad A agalp g dayice suppartingsyrface (e.g.,
a heat block) of a wire bonding machine. Of course, this process may be automated using a computer
algorithm ?QR@like to Hetetidine timmgpiagriate doroetiaius fobeatindead! (B@aramnalgardm may be
configured erinespiaeialsdaie 398138 ARRLRALNHoren, AN JSIRIMER NG posiiana each
e

increment,_and yltim rmine th int where the lead is pressed against evice supporting
surface, th%%elg?#h%s p%%[v'éﬁtfgp@%ﬂaﬁ%gﬁ%lﬂ?ﬁeﬁb?ﬁi?ﬁ{?‘c& X5'BEYeRtie #95FESCh lead in a
separate prekassl ﬁﬁéfwacﬁeaﬂi@éﬁbWﬁ@ﬂ@wit&%@@@mmagssTW—ﬁm_dsth to the top view
of contactactBdidg anerl axé@pileadentRdlheAnsr 1R} iR-EdanbAwERid ISRdratiabside.vigwe:of a similar

contact 6 I. of a leadframe). Fig. 6 illustrates a portion of device clamp 604 and a
portion of%%%cg%é%%%%%gsﬁf%%%rg (raﬁd) ?ng%q gfggﬁ éﬁBS%?i"ﬁ’%%Bﬂﬁ%ﬂ‘Fﬁ&ﬁiﬁ@ #s is clear
from Fig. BACA RSP 8TIehaBU0E B E51eR) POoE e\ sesfaep pbring S bdading 20 dharehtheeasons
set forth almvetitshould! hresiesizatiailp anescetbis periepatjendL00acAaARSt d8VisesHBROING

surface 6 ' ' i i rtion of lead 600a., In this example, multiple wire
bonds ma%&%ﬁﬁﬁnfgd%ﬁﬁz %n;qtggﬁbg%%%aﬁ%ggaeﬁgoa eps%gcsﬁlﬂ?:l{ﬁ?yr?%l?ﬁ éé;gc% %Wérﬁg%ds (e.g.,

second bOATFSR Fray? B SHTEHISERULFHAAPHR Wit e &&106E HRNELR PoRthend R3 of lead
600a (i.e. vbioaitingrio fatiersdralsRe and RBtivayistmaant dboseeskillatkipidhe)atiansaxgmplary

applicatiog wfiesecAulol WEBLADG AR ipsmed on e, same dsqdndude, sipcked die

I
applications, multi-tiered applications, amongst others. In order to press/pin the relevant portion of
contact 6 %rfeéﬁ?,cﬁgﬂﬂﬁ? ﬁ?’lb%tgrﬁ%‘ﬁ YL ABR REeO N agahitd ciiee T2 kobhigeshridse 620,
different forces may be used. That is, in order to press 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 bontihg 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
supporting s faeenahacwihogdineemaching (&:9.uRsBSIRD 2R ANEILLA Ae LalER,254B of Fig.
2B, etc.) S%H[?Qsﬁgltf gon (r)%lag/ be Ie egte for different portions %atc% such as bondin locations R1, R2,
and R3) of the contace | Aﬁf—‘?gs'. 9 R rSHRRA A ABPXIRG In 3Rt Brs ek FrH @it ethemplary
embodimé&iteesigna fraafanenbeftss hssshattteTsemn diby those skl bdantipeeased edaimssteps
included inthedlo siggistnsgreayie omifediredahangdiiadahstens maw headdegang-he order of
the steps lter order illustrated. [0045]Fig. 7A is a flow diagram illustrating a
method ofgg%t%mir%gﬁjﬁogr:%?%ﬁ Po#%en %rsqur?g%gﬂ% gep%]?ﬁ%]ﬁdo‘f a wire to a bonding contact in

accordalr)tiewiﬂfuan exaﬁﬁla@ﬁcﬂﬁﬁﬁﬁﬁ&%emé%m ms&%mfcﬁmi&té% miiﬂmgm%awﬁ‘?% y
accomplished congurrently with the banding process (i.e., the force may be determined for a specific
contact arcltc}mli\9 t%gr?\n 5%;3%%3 gﬁ%rr %%%’ %F%%gf%ﬁﬁ%%?éﬁ i é‘&n%éeé’t%ﬁ‘wﬂ%@68%%&*5%&@&7 or the
method nfaJFBEAEEaHRINISPRAF PiesRebtthecboh MBaspreces: (whichtdetisroiésr rowuminéy fofacontacts
may be détersainadpessd therpthediosing erecrssgamsbeneofaplesed: afietine detsrminatigns are
made). A j % rtior, bondjng contact qf a device tg be
wirebondne%r.%'l??égt%g aE%%I%Esﬁfﬁ E%éﬁ gﬁﬁ%ﬁ% %g%gg&%%’d}n%%bﬁ u§tsé8r (aze,stﬁie ?odcr@ét pplied to

the portioFP8PERE B g ot ftd<iAsrd4AséB by the tool until the portion of the bonding contact is
pressed Qs ViR SyApaEYRg SITIGE QLSS Loning ecing ot exauple, e force may

be incrementally increase ,usmg a pre etermln_ea Increment of force 18 (56ftion of the
bonding cHA?Add JRYER.8/29RINSFa d%v'r%é bR TRy B A s iBrans (waesHsheliprrheasttifie. [0046]At
step 704, thesdueadbhenfbacpoaipptied sodivecpartien:ofitsechansimgatontagt Sxamaiwhishthe bonding

conact wae, pisseed asasi eyl suBRaHios sETRERS e Wi hopdne aching, o stored in

memory (e.g., stored.in memgoyy of a computer of a wire bondin ine). At step % steps 700,
L IE e »

702, and YESABWPESy PHIEFHIS 8?6%6%(&%&1%?@@? RRUEhei s EeREReTR 04d8ch as the
bonding |66a#eNs RIPCR foramén R o AAdenide/ a6 G0a tfe i d)oithstepalRSiostens06,1508700, 702,

and 704 afed epeateddobrpke Wiy oEbending saatesisrala deviredrbemielRded (& g Such as

contacts/lggggcéip 12 of Fig. 5A)..[Q047]As pravided above, the method illustrated in Fig. 7A
may include ad |tﬂ)&r%gfé§ggs$@gr°§g%jglé,8 thjézfnaerﬁ‘fg%'rﬁgyspnoémde a further step of recording each of

a pluralityroasjtions afigne ol Alans:aissbsiantiacy eRicalds furipgshe-sieRAfingigmentally

increasin force ied to partion, of the banding contact such that each of the plurality of
positions%%%%s%@%ﬁég gr%g}-eé%p éd oo{ﬁes%%cr‘ti'gﬁnﬁ f?'nsetE‘]SrY&i%c%Fo‘?ﬁ'ﬁ'&‘?'l’EBF 2,RA0HRS after the
tool conta@e FRIERSHIRR LA Yrlepds Ak édntmst blilsghressdd 2gythast thestisvicsosgpiherting surface
of the wireXisdeingasaghinejeactaofiep ity ality ef pasiionsifibndoghalpisthadgans maybe

recorded ith t r ing for li ne le of this type.of data is shown in Fig.
5B descrig’e&)ctlr%gk%%%%._ %%?gﬂiﬁﬁ%gg:g{gﬁ i%%?l%%‘s%jn ﬁ?r%?ggt]ogvsgin eir%é/dc%ééog %’r%'c‘aﬁﬁ osition

recorded SER[SBIBRTHABNG B friRoLAGAY RisRR P BYgMs BTFdheae TrE L oripdatin point of lead
10 in Fig. 58 ipélaeids @ rrespoaidiosdienafdeatderb at appnaxipgtalyriadd drils andrpRepdmately 11
grams of g TonHATINE iRl SERDAIINE NN LG SIoPE T purve

The metho ofeF|g.f m

changes, a%des rit?e above with respect to Fig. 5B. [004 2y a130 include a
step of ca?cl:jul%‘l{ﬁrq taa%c@?fst?egge at point "X" (i.&., at about Z0 grams of force and at about 0.3

mils in Z-position). Likewise, the curve corresponding to lead 11 (the middle curve on
Fig. 5B} has a substantial slope 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 *Z" (i.e., at about 70
grams of force and at about 0.20 mils in Z-position). This slope change is substantially
related to a point which approximately delineates (1) spring force of a lead, from (2)
forces need to overcome certain system components (e.g., stiffness related to the bond
head, the heat block, etc.). More specifically, the left portion of each curve (i.e., the



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 individual contact. In another example, the total
force value may be the highest force value determined for a plurality of contacts. In yet another
example, the step of calculating the total force valde-may include adding (a) 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 e aaiterfs puseterminad forseraisalamus manbradderdedhe il force

determined for eac contact OrtPthe Kea {htact as.in FI% 6), or this force offset value may be

added to the mghes MoreVa Iue ge?ermlne 1ot 8 harlfy°B ESJPJE%OYW& 2B Sflow diagram
|IIustrat|ng35€ﬁ§é'-ﬂﬁ)ECt5¥'Pc5‘rﬁf foedepiearinsto preidesimertinocatitacbétapen hdasbhakylisty location

and a secaMrbmmgdcmaaﬁm@f(m@&@WWM@EéB&C&Q@E&Qé@ HHrae exetaplary
embOd'm§%@%%r@£§%§%é%ﬁ%8&e’%&é X thrtt%sﬂsrts'é 95'%0 ?Irtmgon tthe IrSt ndlng location

with a bonding tool such that a wire engage Wi e bon INg toot IS conti nt?c? S ﬁé"ﬁ?gt bond. At
step 752, 96 tﬂ-B‘F%leé‘?§d&EtE‘hB‘é?i"fﬂ5ﬁ‘?ﬂ'?€ﬁ%t%ﬁdﬁ@goﬁ)ﬁkﬁllﬁ@fﬂév@ﬁrdﬂqeaeéddq&mﬂhdmg

location. Abrstepo? 20, &&Genundbonihis fespwtialia pastioa @ﬁguedlﬁm@,ntﬁphgtamﬁgsscond bonding
location sygh, tt@@ewsaghcepgramwmaasﬂtﬁt PR (Bl 356000 BN, JoamClSteR. 754

includes several steps (or substeps). At step a bonding orcev uels eermln 8W ich presses

the portioR o%@%%ﬁ@ﬂt'@%@n‘tﬁ&‘ﬁg%tﬂgt‘ﬁ‘B%\ﬂ'c'g'%ﬁdﬁcﬁtm@ ReptRieds feAdEcRigiiAGg machine. At
step 754BTaduts bewdirgfsecamised ftie extartinée poytidet exfriive faptidingp cantacthibetteialpeading force

being gre@t@fnﬁarwpequﬁtt@ tRerRgnsling fescammieAstauningg tthﬁt%@ 584/l 3fR,£24C, bonding
energy is ﬁgoe;%“edt ﬁ %l%f cont ct such that the second bond is formed. At ste % the wire is
eng

severed s 8ngea§8(§) fith B(Sﬁtﬁ%@n{o%?rg%éﬁgtﬁtgdiﬂ@r%tﬁé \ﬁlre loop formed
in steps 798V'9% suapRl i SHUGEE] A vith Risetdbeve ¢éscyitrecbendhoglimariteef theqoresent invention,

the steps ofishedoesbachif bsteaiemriatkiou S Rgraayhe repeatrditaosmt Al REWFIOPRs such
that step E%é#ép??é%@%‘? Sf%l'ﬁ%%r a%‘pl‘%r%& %fcé’r?ta gets | f %1% sae |condﬁjctor evice. [0052]In
1\Y%

certain exemplary embodiments of t rese ntioH Telated 16 the mathod 8 Igi’g 7B, the total
bonding f&TEER BRI APSierre shs %a&ﬁségeﬁefﬁéf&rtw@ ﬁ@%’éﬁ*f@efaweam@ﬁmeq@mmmy of
contacts, inhembytiedealitotexddytalcbanding oy goiist gvraterttiorar Ropraktedhe;largestdonding force

value detoruinedprsiend Sfdes, annat iePhAl Y dlniagis, forxamplon L e hagding force

value is deter ined fogeg e lea s eﬁg where the force v or th eads measured 25
grams, 4d'br¥t S S §?aﬁtas3 {FaH & SERALALE PAOSERD RERIGLRRCHAIRRT Y8 4l ith or equal
to 50 grarRgreingaRdessd. In another example, the selected total bonding force may be equal to the

largest bﬂﬁé%%i rce value determined in step 754A for any of the plurality of contacts plus a
predeter rce of SePULFE" TR HE 1080 5k RfRs i fe st baing fEree (Rage Hetdimined, and

the prede@inldedrdfigebbaltie i 20agpantie} tiden teevsdlecteditotabbondiagece waidd beoZ0 grams

for each lead. E3RBRMeserANOMSS BramRa: paRRAITIENS L s RpeseN LIy Hinndglated
device supporting surface 620 (e.g., heat block 620) of a wire bonding machine. As is
clear from Fig. 6A, a portion of lead 600a is raised above device supporting surface
620. For the reasons set forth above, it would be desirabie to press this portion of lead
600a against device supporting surface 600a prior to forming a wire bond on this
portion of lead 600a. In this example, multiple wire bonds may be formed on this
portion of contact 600a. More specifically, a number of wire bonds (e.g., second bonds
which may be stitch bonds) may be formed in each of regions R1, R2, and R3 of lead
600z (i.e., bonding locations R1, R2, and R3). As is known to those skilied in the art,
an exemplary application where multiple wire bonds may be formed on the same lead
include stacked die applications, multi-tiered applications, amongst others. In order to
press/pin the relevant portion of contact 600a (e.g., portion R1, portion R2, portion R3,
etc.) against device supporting surface 620, different forces may be used. That is, in
order to press 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



to the method of Fig. 7B, the total bonding force applied to each of the contacts in step 754B 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 equal to the force value determined for the
respective one of the plurality of contacts in step ¥84A. 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 grams), then the selected total bonding force for the first lead would be greater than or

equal to 2&.gpamdhersaledsd, larakbrafingdeser QidhssreRnebieadwerd.ng OEsatgr than or equal
to 40 grarpsr,czeaalrbqsléget selectet(li‘éqteaalcpondln& Lgrcg far the third_- 18 - lead would be greater than or

it B totdPRBAY G riFREeHERAB R te5r a8 HReforce

equal to 50 grams.’In nother examp?g,a’tﬁe sele
value detStRFRISPIOFIME rdsPEctorieheaNthe PlusalityFid conpaessiirg stemt B840 phusgaipsedetermined
;orce ?ffseévaieleluﬁdwﬁri@ ﬁlgfﬁ@@erf@mﬂk@f&%@tté@l@ﬁfe@ Q@m%gth%@ﬁeﬁ E@'?ﬁ&l%da@ém bolnding
orce for the,fi U rams (i.e.. 25 gra s 20 grams affset), the selected tota
bonding fogrgcrgzg{%t% :Fﬁg%g{é%o% &f va\;/*(g%idé [)%’ %ngcf‘g%rﬁg%%%gfoa&agn%% M %brg?ﬁgr@ﬁ%% ’%nd the
selected B8 BEIGIAR Y87dETDFAFRE BlirerrABINBEAGHERD Rines hendhe (reatiopRiE 20Viams offset).
[0054]As tiith ithengido vehele sizibetthg mibedimeptsiad tie pieaant iByeatian faistepsdsithe method

stiateddihtiut BiRMbedepRAE i Aal of Ml 08s WIPER ERCh RIISPLIBIY o

wire loops is bonded to respective portions of a single contact (i.e., a plura f wire Toops dfe formed

between re3pe&iNedrirk boiTd BEctiGRtEE e 8% RAVERSEH RSO L f e et e tionate: Bas With the
portions ReB, RpdinglR3tafrsoRtadtiBGow iRFigh 6)e [@OBBAIthough the present invention has been
described r[g}i?rggrily with respect to bonding a portion of a wire to a contact where the contact is a lead

of a leadfiBMaH is not Tieitdd tRELE. FPNE JRGRATER LS ARSI 8BERHENS S HB{ R8BI to any type of
contact inembmgneats chtusptesess infartiotypéokdedeestecy by badé aritedisubstsrte other than a

eadirameshiGoRIHEIRIAltn o ds AP 00 e ndhs Aot g supporing

surface" or{,‘a wire %%n(?i_ng@%chin (asft at term is used herein) may be ditfferent depending upon the
application. And 4156 dépending UEGh thé tortzRt BEh I DaNaERY Boruieasid! wittAtedase of the
contact bqigg4slead of adeadiiamaotha dgMes HRRIHIRY-SHILACS DAY QR gaéf%ﬁg.%é"eat block

(amongst@%g%gég%%o%%lble device supporting surfaces). If the contact is a pad on a die; the device

supporting stirface may BE e it LA Whit RN RGN IR Prededcs HiE A1s clear that the
device supiompigEatakedimepbel Wheirreseriumsentite cohinotathodidbe pecssedatishiest for bonding
to the contantuiPRRBILIkaRe theataghiisies hareimmayherapplirdiaany ikagHidappingprocess.
For exam gu applied to formation. of a wire bond. at first bond location, (2)
a second %@%@éﬁ%ﬁ%ﬁ%ﬁ%ﬁ%&%&f tg%rar%@ﬁ%gjnndig (s:%%'?)%c&'%%r‘ﬁv t%oéi%lgﬁ f‘g%‘?’ Thus, prior to

forming a Pr&t956n a8 MEtRh IR BRiGRRMPHHEH RN toteihmgingArasesetegiqibe described
herein mafpive fsettomiekeSorattas theycoataeteienthea, disdakoitremicand piocsie A3z in Fig. 1A)
is pressed,againsiadieyice wegféweiﬁgfmeaﬁl@%éeé}?pﬂ%@{@&ﬁc@%’.‘%@lgssepn%ﬂ%éﬁ%me form the
first bond. - 19 - L'0057 The technlg_ues of the present invention may be implemented in a

contact a portlon of a bonding contact of a device to be wirebonded. The tool applies

an initial force to the bonding contact. At step 702, the force applied to the portion of

the bonding contact is increased by the tool untit the portion of the bonding contact is

pressed against a device supporting surface of the wire bonding machine. For example,

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 supporting

surface of the wire bonding machine.

[0046] 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 a
computer of a wire bonding machine). At step 706, steps 700, 702, and 704 are
repeated for a plurality of bonding locations of the bonding contact (e.g., such as the
bonding locations R1, R2, and R3 on contact/iead 600a of Fig. 6). At step 708, steps



number of alternative mediums. For example, the techniques can be installed on an exi_sting computer
system/server as software (a computer system used in connection with, or integrated Wlth, awire
bonding machine). Further, the techniques may operate from a computer readable carrier (e.qg., _solld
state memory, optical disc, magnetic disc, radio-freguency carrier medium, audio f_requency carrier
medium, etc.) that includes computer instructions (e.g., computer program instructions) related to t_h_e
techniques. [0058]Although the invention is illustrated and describegl herein with referencg to specific
modifcatop oy be made. e G wh e o e o i laims and
modifications may, be made_in the details within the scope and range of equivalen

without dee‘é?g?t%éﬁ%?n@ﬁ' Pvah |%ﬁ?%8cﬁgﬁrﬁgs % (ﬁétﬁaﬁ bf 8%%f9i’n§ﬁ$onding energy to form a

bond betvems portionsaf e, £0iaGh ShbbIREag asalian using,a ia panding machine,

iSi ; moving a bonding tool towar e contact;

(2) dotecrt i URER £ BBch o Whdee @ BlatdaR AL SE, LS PR o SIFHABE SR e wire
bonding nPAchiteradisg of positions(g§ Hisplyiplroedingy: bsteraietly therpatiaxi of tnim g ohéasteafter step (2)
such that mbenskistiaymeddemeenthaconantand the Rorion &f wirecRdiRg MRthadsgtslaim 1
wherein sigg(ghAdY96S SEISFHN A KIS TIRLASRINAN Qe Pondling 190hi in & Bredetermined
position. the bonding contact. For example, after the tool contacts the contact (but prior to the

contact being pressed against the device supporting surface of the wire bonding

machine) each of a plurality of positions of the 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 described above. Referring to lead 10 of Fig. 5B, a first data point includes a

vertical position recorded at approximately 0.6 mils and approximately 6 grams of

force. The second data point of lead 10 in Fig. 5B includes a vertical position recorded

at approximately 0.48 mils and approximately 11 grams of force. For example, this

data may be used to determine when the siope of the curve changes, as described

above with respect to Fig. 5B.

[0048] The method of Fig. 7A may also include a 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 individual
contact. In another example, the total force value may be the highest force value
determined for a piurality of contacts, In yet another example, the step of calculating
the total force value may inciude adding {a) a predetermined force offset vaiue 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. 6),
or this force offset value may be added to the highest force value determined for a
plurality of contacts.

[0049] Fig. 7B is a flow diagram 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 exemplary embodiment of the present
invention. At step 750, 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. 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



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!dfthe 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

predetermipegdeveltid Baeometidinh skuisadduherananssing ibecisnlédrienpiniog a force
value thatb\gulcip{rgﬁetgg nggi n gf the contact against the device supporting surface of the wire

bonding machine, and step ( ?rl’ncludes detecting when a force applied to the portion of the contact

has reachmu]reshol@a@;scpszth@ctba%grs@@etmfeéa@iro&@r@@st@pmaws?ﬂy(ﬁkwgea‘e%ga'ue

determined in step (4). 7.The method of claim 1 wherein steps (1), (2), and (3) are repeated for each of
a pIuraIit?%?Cgo%atgjc%s%o %%%“rh‘?%én‘” u'g%oP'Efg\S/facsetg%%%&r%gggffﬁégﬁjﬁj? o (‘?&’?fﬁﬁ_%mg the step
of (4) det&lRNiRtEHRRBFEB BNIEERATWiIE prEssLaneverticr binge Aostar 7a48ins tte! devidasupporting
surface offtheaudreppuadingtmasbinen wheieibsign dAoissepanietbiar s%@aﬁ ?B?c@llslé%;éydor c?hntacts
of the semj i in.S 2).includes detecting whe rce applied to the
contact h?s%qgfﬁghaq?héégﬁo %ﬁ%gﬁ%ﬂ ?@E%%YS ili"oeréjc(;f:3 eémfgnacr!;%atg?et%ng%%%'ez\ﬁgf% the force
value detgéﬁﬁem‘ﬁdﬁ@p?('ﬁgy is applied to the bonding contact such that the second bond is

formed. At step 756, the wire is severed such that a length of wire engaged in the
bonding tool is separated from the 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. 7B may be repeated to form a plurality of wire
loops such that step 754 is repeated for each of a plurality of contacts of the
semiconductor device,

[0052] In certain exemplary embodiments of the present invention related to the
method of Fig. 7B, the total bonding force applied at step 754B may be selected to be
the same for each of the plurality of contacts, whereby the selected total bonding force
is greater than or equal to the largest bonding force value determined in step 754A for
any of the plurality 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 grams), then the selected total bonding force would be greater than or
equal to 50 grams for each lead. In another example, the selected total bonding force
may be equal to the largest bonding force value 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.

[0053] In certain other exemplary embodiments of the present invention related
to the method of Fig. 7B, the total bonding force applied to each of the contacts in step
754B 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 equal
to the force value determined for the respective one of the plurality of contacts in step
754A. For exampie, if the bonding force value is determined for three ieads (e.g.,
where the force values for the three leads measured 25 grams, 40 grams, and 50
grams}, then the selected total bonding force for the first lead 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 selected total bonding force for the third



21 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 edifat 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 plurality of contacts such

that the th&gamwers@ sRlscethinr @asﬁt@i taeshlgrality of QPEF%QF%!SeQE‘?ﬁ;B?é thanseleeaal to the
force vaIUf i?ned for the re%pectl of thgeplu allt% %I conta
Jaim L

The
method o 'vv?ufe%{l:ﬁ e, seefecq.e resﬁof’d- R o W Iﬁ SllE)ygB%EB\ﬁ?a%Tg is equal to
the force FANEe MRt INBLCRIMBSAE tShét@ﬁ Pl st Bfﬁﬁﬂiﬂmwﬁﬂ sfm'pe(m)’fpﬁ!iyahpﬁed@tmmlned

force offset tralygedeterminedLdtfdde angthod oigetais, thvharainsapsd tt4RborachBhare fapeated for
each of amgrﬂlgyigggwg&lasbgf‘{g%%m%aﬁt sucilg tgﬂ%%’ B%S%{? f%mﬁeﬁoéett\ﬁ/e ré%gf:h of the portions

of the contact and respective portions of the Wire FOrming x Wire loop to
provide inteRRbRPRAERSTHERIBEH] ﬁ?gPB?)rﬂ%?Hg‘NBEE’U% & @2 BE bR HOr@iRg SodEfd? of a
semicondgriorsdetset) usmbtaandetebeadiog htaeking, tireanfethad tordpesingdbrl Seps @fams

(1) forming g firss Besdlapihe Sy Yrhprdipgdpcation 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 |demB#] towardtheitie cond hvediegdaseati@nibodiments 63)tferpriag:arsacentoborgkat the

second b%@é@%ﬂﬁ%ﬂ%tﬁﬂﬁht@&%@é‘d%‘%? RO B0 WAL SeQRd Dond, the

step of formln%asecon d includin 6‘% moving a bond |?g tool towards a contact at the second
bonding ICCERBIRES BRIEBAIG LRI GBS ‘lﬂ%sd'ér?t%‘? PPeSSRaASiRSTEraeita supporting

surface ofsmgiwwmdnr@,maﬁhrﬁhtsanﬁw:re loops are formed between respective first bond
locations and respective portions of the single contact, as with the portions R1, R2, and
R3 of contact 600a in Fig. 6).

[0055] Although the present invention has been described primarily with respect
to bonding a portion of a wire to a contact where the contact is a lead of a leadframe, it
is not limited thereto. The techniques disclosed herein may be applied to any type of
contact including leads, pads, traces, of any type of device (e.qg., a leadframe, a
substrate other than a leadframe, a 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 lead of a leadframe, the device supporting surface may be, for example, a heat
block (amongst many other possible 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 techniques herein may be applied to any type of looping
process. For exampie, the techniques may be applied to formation of a 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 techniques 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.



22 (c) applying bonding energy to the portion of the contact after step (b) such that a bond is formed
between the contact and the wire; 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) inclues detecting when a vertical 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 wherein step (b) includes detecting when
an irr?p;dqmvna;acteﬂsgct&maJégraa?ciu@%éé%eﬁhﬁ&;wr&f%wy@%&%E?tﬁd ina dﬂ- Ihe ;
method o rein.step (k) includes determining when at least ope o a bonding force an
(2) a ve|oh?yﬁc%ﬁ%f\gggé%é‘¥80'?’rée9§%‘ﬁés goﬁrgﬁaeﬁneor'r?ﬂr{é% Fg\c}?\enlques can gﬁ@?%f‘&%ﬂ?db of claim 14
wherein tF¥SBRBIFRMBLETS SYRIATEERIER astrafidRIedoTaYite DSERIMgIeRohier estionherein step
(b) includesittieteciinggndtes aitesanancdaidhe FRASINERT rRAGES BRIRARIRITIDeRpVel.

19. The mesherof gl dhherelaleh 3L dbes compiigesdhe siep.of () defeyuining a force
value that will press the portion of the contact against the device supporfl\ﬁg UiTace of the wire
bonding nTAR$INE - 4Hi8Fstap Py HauERIRs AETsETRE AR nay i deeqEBNen tarifs FRptbimofalise contact
has reachia i tichedimo b fopoke tivestrestvod d daycecbaipgtgreaterdhamerraequatsp thatiares walue
determineg i tpRr4d).

[0058] 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.



20. The 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 semiconductor device.

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 agaiist 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 greaterltahflnrll 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 threshold force 23 is greater than or equal to the largest force value determined
in step (d) for any of the plurality ef«tabiaetap2B:iHacvaethag eiestpintod3rmheiindhe-cedestad

threshold fggegds sEaliQ %lareﬁﬁfa@rsreava&%ﬂ%t%wsﬁ Rinten (A dYARng! e mheality of

contacts plus%é)drecdetermine hforct% offsret value. 24.The method of claim 21 wherein the threshold

force is sel2ct mc?é?:%'ﬁsdgﬁt y?osr 82eh of the plurality of contacts such that the threshold force

selected for each of the plyralsying copdasifdsayeaiestbans esntakto the force value determined for

the respective one of the Jzolurality of contacts in step (fdz
(2) detecting when a portion of the contact is pressed against a device

supporting surface of the wire bonding machine; and

(3) applying bonding energy to the portion of the contact after step (2)
such that a bend is formed between the contact and the portion of wire.

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) inciudes detecting when
an impedance characteristic of the transducer reaches a predetermined level.

4. The metheod 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 too! 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 lavel,

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 méchine, and step (2) includes detecting when a
force applied to the portion of the contact has reached a threshold force, the thrashoid
force being greater than or equa! to the force value determined in step (4).

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 vaiue that will press the portion of the contact against the device
supporting surface of the wire bonding machine, wherein step (4) is repeated for each
of the plurality of contacts of the semiconductor device, and wherein step (2) inciudes
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 (4).



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 thatygtep (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 and respective portions of the contact. 27.A method of determining a bonding force used to
bond a portion of a wire to a bonding contact using a wire bonding machine, the method comprising

the steps o (4 movingealaelda eenjaet a parion.ofa hondig ceniacoladeyss to be
wirebonded, the tool apr ying an Initial force to e bon Ing contact; 5 increasing a force

applied to e PEERNDFhEBRIiHY HHREDLG BT R Horhe SO r TR BBRARY &kt is

pressed agaigtaididbive aupportitytberiacasst itreswriusonelieringdnimstem(r) for any o(3hstoring a
value of theloraevappliestsatthe portion of the bonding contact through which the bonding contact was
pressed against a device supporting surface of the wire bonding machine. 28.The method of claim 27

wherein step (2) included fhered¥hBfP AEME e isr@ st e e boipibiitE Sonding
contact un@aiR pokisiesaest eordiid eotrirmNgrbseienddntsr a devicthsupptativygeSurface of the
wire bondingrrathiples 20pféderaathoedofoctaimfRétfustber comprising the step of recording each of a
plurality of positions of the tool along a substantially vertical axis during the step of incrementally

increasing the force applitdd to tHE FBRABRTRRE BRI SRR 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 to the force value
determined for the respective one of the piurality of contacts in step (4).

12. The method of claim 11 wherein the selected threshold force for
each of the plurality of contacts is equal to the force value determined for that one of
the piluratity of contacts in step {4) pius 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 centact such that bonds are formed
between each of the portions of the contact and respective portions of the wire.

14, A method of forming a wire loop to 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 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 the first bond to the second bond, the step of forming a second
bond including:

{a) moving a bonding tool 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



24 such that each of the plurality of positions corresponds to a force applied to the portion of the
bonding contact. 30. The method of claim 27 further comprising the step of calculating a total
force value to be applied to the portion of the bonding contact during a bonding operation, the step of
calculating including adding (a) a predetermined fdrce offset value to (b) the bonding force applied to
the portion of bonding contact in step (2) which causes the portion of the bonding contact to be
pressed against a device supporting surface of the wire bonding machine. 31. The method
of claim 27 wherein steps (1) (2), and (3) are repeated for a plurality of bonding locations of the

bonding contact. c;g gégﬁ(t‘ggqjgé&@rg&@mh%r%%s&gpasogléf@‘)e gmeﬁ) g;f%;epeated for

a plurality of bonding contacts VICE 10 be wire method of forming a wire
loop to provide interconnection"FRRWREASHFEPhBRAAY R EHBRLRG Y LS BEMiihgN8Ron of a

semiconductor device using a Wifé:o@Hting machine: (1) forming a first bond at the first

bonding location with a;?){'ugégg 98'{:%'14% ;Qt%][’o vmgt gg%ﬁg %‘; SJ é §é) antggé 1SS gguous with

the first bond; f wire rom t ind location toward toward the

extending a le
second boffh g FERAIRYES from the (fé)’?oﬂ?%n@ 88 BB %Zbo?ﬂ&f a contact at the second
bonding location such tha, the witedeamdiptausdromshe-fitathepq sy teusreddeand wharstep of
forming a gecond bandineluding. (o) Heiemning & Ronding foree;valug;yhich presses the portion of

the bonding contact against a device supporting surface of the wire bonding machine, (b) applying a
total bonding force to thegortichertiechbdnrditgicontaest¢neitothé hamding tordesbkeipgogreaten than or

equal to the bangding-faeesallrdIREMINRHLINIRIS R ha) wiitde(§)seap bingbradingeearrgy to the
bonding CW&Q&“&&%JB@ 5‘%9@%19&%’0@@@?%&&%‘ reaches a predetermined level.

17. The method of claim 14 wherein step {b} includes determining
when at least one of (1) 2 bonding force and (2) a velocity of the bonding tool reaches
a predetermined level.

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 rescnance of the 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 portion 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 threshoid force being greater than or equal to the force value determined in
step (d).

20, The 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 semiconductor device.

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 subporting surface of the wire bonding machine, wherein step (d) is
repeated for each of the plurality of contacts, and wherein step (b) inciudes 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 threshold force



(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). 25 34. The method of claim 33 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 semiconductor device. 73 35. The method of claim 34 wherein step

(b) includes applying the total bonding force to each of the contacts such that the total bonding force Is
selected to be the same for each of the plurality of contacts, whereby the selected total bonding force
is greater than or equal to the largest bonding force value determined in step (a) for any of the plurality

of contacts. 36. The method of claim 35 wherein the selected total @6 aqnfor |s equal to
the largesth8FAHR] FBP0 ) ARLH TR RIaTR JRERe X5 s RiPETIndAR) SPIShERT)
predetermmiuEpiby ep¥actmlue. 37. The method of claim 34 wherein step (b) mcludes

applying the total bondigg forcs.{a RGNS U 60R1aS G sUGlhAL Lidalal handingdaisesigselected

independently for each thegalurallt;i*% ontacts, whereby t e total bonding forcThsel cted for each of

the plurallt'f/%f’%?ﬁfgst?r?egsrté ATt Eﬁfgf'ﬂ? he %’F@e GAIE ANPRE RSP P respective one of
the pluralit§PotrShtalbtsaPetapteamined force affsetyaifathod of claim 37 wherein the selected total

bonding force for each efyhe PhyalhaLePIH RIS 29HALIBE LR ke drleragaioy the

respective one of the i) L%I’ah of contacts in ste % plus aﬁ $ ter |ne fo C? set va

39. The mEABRLEF BMEHT F3SRHER ﬁhftgf)urﬂ')y ), §Fa'étﬁds are re R & e pl

ormap uraﬁlty of wire

loops sucHeh ety L3y I%“r‘é?i@étéﬂ%?té&’éﬁw‘%ﬁ?Nﬁ?éﬁ@l‘o‘?’pﬁiﬂéh’?dﬁm@&ﬂﬂ@&%uch that a plurality
of wire loopstarsfordniad Hhetwegrcdepectver first bordityceftioneg el iresecidb portions of the contact.
40. A method of calibrating a bondln for e o be %Iled to a urah} ofd(;(gn %;HS?”,% a bondlng tool

in connection with a ww% ond?n op ra?or? t‘ﬁ% me g@%ﬁer'ﬁ] rls?r?g ° (1)

collecting a8 fSrtbadiarithe gf|GPavaFts isuREe the deneeivelue; gter B’IU@‘H@F)FR‘/%‘][%@ &f force
applied to dechloflite chntattstarid smpds) arigirg preditatpositoioscef effedyordiag tool; and

(2) determining a bonding force to be ied t0.ea of the contact ion Wlhthe wire
e o SR o S8 ) SRR e e ddne

bonding operation using the data colfectedins e meg )s,tep (2) being

sufficient tbeBF‘@égdtﬁ%f@%ée@i\?@éﬁhtﬁd’ﬁﬁdﬁ@%d@%%&3&%?3?\@%&1?8@@6#%?%? %h8nding

machine. piurahty of portions of the contact such that a plurality of wire loops are formed
between respective first bond locations and respective portions of the contact.

, 27. A method of determining a bonding force used to bond a portion
- of a wire to a bonding contact using a wire bonding machine, the method comprising
the steps of:

(1) moving a tool to contact a portion of a bonding contact of a device to
be wirebonded, the tool applying an initial force to the bonding contact;

(2) increasing a force applied to the portion of the bonding contact by the
tool until the portion of the bonding contact is pressed against a device supporting
surface of the wire bonding maching; and

{3) storing a value of the force applied to the portien of the bonding
contact through which the bonding contact was pressed against a device supporting
surface of the wire bonding machine,

28, The method of claim 27 wherein step (2) includes incrementally
increasing the force applied to the portion of the bonding contact until the portion of
the bonding contact is pressed against a device supporting surface of the wire bonding

machine.

. 29. The method of claim 27 further comprising the step of recording
each of a plurality of positions of the tool along a substantially vertical axis during the
step of incrementally increasing the force applied to the portion of the bonding contact



26 41.The method of claim 40 wherein step (1) includes, for each of the plurality of contacts, moving
the bonding tool towards the contact and applying bonding force to the contact. 42.The method of
claim 40 further comprising the steps of: (3) applying the bonding energy determined in step
(2) for one of the contacts during a wire bonding op&ration; and (4) applying bonding energy
to the one of the contacts after step (3) such that a bond is formed between the contact and a portion
of wire extending from the bonding tool. 43.The method of claim 40 wherein the data collected in step
(1) is used by a computer algorithm to determine the bonding force in step (2). 44.The method of claim

40 wherei g, f ' i i f the.plugaljt contacts.
45.The ﬁ'é%?”%% Bl B e L AR NI T

independeRty P 2AARSFNESharality of contacts. 46.The method of claim 40 wherein the data

collected instep (1), 30, The method of ciaim 27 further comprising the step of calculating
a total force value to be applied to the portion of the bonding contact during a bonding
operation, the step of calculating including adding (a) a predetermined force offset
value to (b) the bonding force applied to the portion of bonding contact in step (2)
which causes the portion of the bonding contact to be pressed against a device
supparting surface of the wire bonding machine.

, 31. The method of claim 27 wherein steps (1), (2), and (3) are
repeated for a plurality of bonding locations of the bonding contact,

32. The method of claim 27 wherein steps {1), {2}, and (3) are
repeated for a plurality of bonding contacts of a device to be wirebonded.

33. A method of forming a wire loop Lo provide interconnection
between a first bonding location and a second bonding location of a semiconductor
device using a wire bonding machine:

(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 fength of wire from the first bonding location toward
toward the second bonding location;

(3) forming a second bond 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, the step of forming & second bond including:

(a) determining a bonding force value which presses the portion
of the bonding contact agalnst a device supporting surface of the
wire bonding machine,

(b) applying a total bonding force to the portion of the bonding
contact, the total bonding force being greater than or equal to the
bonding force vaiue determined in step (a), and

(c) applying bonding energy to the bonding contact such that the
second bond is formed; 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).



and used in the determination of the bonding force in step (2), includes additional data values related
to at least one of (a) an Impedance characteristic of a transducer of the wire bonding machine to which
the bonding tool is engaged, (b) a velocity of the bonding tool, and (c) a resonance of a transducer of
the wire bonding machine to which the bonding todbis engaged.

34. The method of claim 33 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 semiconductor device.

35, The method of claim 34 wherein step (b) includes applying the
totai bonding force to each of the contacts such that the total bonding force is selected
to be the same for each of the plurality of contacts, whereby the selected total bonding
force is greater than or equal to the largest banding force value determined in step (a)
for any of the plurality of contacts.

36. The method of claim 35 wherein the selected total bonding force
is egual to the largest bonding force value determined in step (a) for any of the
plurality of contacts plus a predetermined force offset value,

37. The method of claim 34 wherein step (b) includes applying the
fotal bonding force to each of the contacts such that the total bonding force is selected
independently for each of the piurality of contacts, whereby the total bonding 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 plurality of contacts in step (a).

| 38.  The method of claim 37 wherein the selected total bonding force
for each of the plurality of contacts is equal to the force value determined for the
respective one of the plurality of contacts in step (a) plus a predetermined force offset
value,

39, The method of claim 33 wherein steps (1), (2), (3), and (4) are
repeated to form a plurality of wire locops such that step (3) is repeated for each of a
plurality of portions of the contact such that a piurality of wire loops are formed
between respective first bond locations and respective portions of the contact.

40. A method of calibrating a bonding force to be applied to a plurality
of contacts using a bonding tool in connection with a wire bonding operation, the
‘method comprising the steps of:

(1) collecting data for each of the plurality of contacts, the data including
a plurality of values of force applied to each of the contacts and corresponding verticai
positions of the bonding too!; and

(2) determining a bonding force to be applied to each of the contacts in
connection with the wire bonding operation using the data collected in step (1), the
bonding force determined in step (2} being sufficient to press the respective contact
against a device supporting surface of the wire bonding machine.
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41, The method of claim 40 wherein step (1) includes, for each of the
plurality of contacts, moving the bonding tool towards the contact and applying
bonding force to the contact. ‘

42, The rmethod of claim 40 further comprising the steps of!

{3) applying the bonding energy determined in step (2) for one of the
contacts during a2 wire bonding operation; and

(4) applying bonding energy to the one of the contacts after step (3}
such that a bond is formed between the contact and a portion of wire extending from
the bonding tool.

43, The method of claim 40 wherein the data collected in step (1) is
used by a computer algorithm to determine the bonding force in step (2).

44, The method of claim 40 wherein the bonding force determined in
step (2) is the same for each of the plurality of contacts.

45, The method of claim 44 wherein the bonding force determined in
step (2) is determined independently for each of the plurality of contacts.

46. . The method of claim 40 wherein the data collected in step (1),
and used in the determination of the bonding force in step (2), includes additional data
values related to at least one of (@) an impedance characteristic of a transducer of the
wire bonding machine to which the bonding tool is engaged, (b} a velocity of the
bonding tool, and (¢) a resonance of a transducer of the wire bonding machine to which
the bonding tool is engaged. '



