METHOD OF OPERATING A CLAMPING SYSTEM OF A WIRE BONDING MACHINE
CROSS-REFERENCE TO RELATED APPLICATION [0001]This application claims the benefit of U.S.
Provisional Application No. 61/226,921, filed July 20, 2009, the contents of which are incorporated
herein by reference. FIELD OF THE INVENTION [0002]The present invention relates to wire bonding
machines, and more particularly, to improved methods of operating clamping systems on wire bonding
machines. BACKGREUND @B THE INVENTION [0003]In the processing afé BEERAY MBI
semiconductor devices, wire bonding continues to be the primary method of providing electrical
interconnection between two locations within a package (e.g., between a die pad of a semiconductor
die and a lead of a leadframe). More specifically, using a wire bonder (also known as a wire bonding
machine) wire loops are formed between respective locations to be electrically interconnected.

METHOD OF OPERATING & CLAMPING SYSETEM OF A WIRE BONDING MACHINE

CROSS-REFERENCE TO RELATED APPLICATION

[G601] This application claims the benefit of .S, Provisional Application No.
617226,921, filed July 20, 2009, the contents of which are incorporated herein by
reference.
FIELD OF THE INVENTION

[G002] The present invention refates to wire bonding machines, and more
particularly, to improved methods of operating clamping systems on wire bonding
machines.

BACKGROUND OF THE INVENTION
[0003] In the processing and packaging of semiconductor devices, wire bonding

continues to be the primary method of providing elecirical interconnection between two
locations within a package {2.g., between a die pad of a3 semiconductor die and a lead
of & jeadframe}. More specifically, using a wire bonder {also known as a wire bonding
machine) wire loops are formed between respective locations to be electrically

interconnecied.

[o004] An exemplary conventional wire bonding machine includes an indexing
system for moving a workplece (e.g., a semiconductor dig/dice on a leadframe)
between a supply location {e.g., a magazine handler} and a bonding location using
grippers or the like. Bxemplary Indexing systems include rails or the !ike'a!ong which
the workpiece is moved during indexing. When the workpiece reaches the bonding
location & support surface such as a heat block is raised to meet the lower side of the
workplece. A device clamp (also known as a clamp insert or a window clamp) Is
lowered to secure the workplece from above. The device clamp defines an aperture(s}
through which a wire bonding operation is completed. FIG. 1A Hlustrates workplece
100 which was moved along rails 102, In this wire bonding position heat block 104 has
been raised to meet the lower surface of workpiece 100, Device clamp 106 has been
lowered to secure workpiece 100 against heat block 104, In this closed position (i.e.,
with heat block 104 in the ralsed posfition and device clamp 106 in the lowered
position} wire loops 100a are formed in & wire bonding operation.

[O0O5] After a wire bonding operation is complete {or a portion of the wire
bonding operation is complete) the workpiece is moved, For example, the wire bonding



[0004]An exemplary conventional wire bonding machine Includes an indexing system for moving a
workplece (e.g., a semiconductor die/dice on a leadframe) between a supply location (e.g., a
magazine handler) and a bonding location using grippers or the like. Exemplary indexing systems
include rails or the like along which the workpiece is moved during Indexing. When the workpiece
reaches the bonding location a support surface such as a heat block is raised to meet the lower side of
the workplece. A gevieg/elanmp (also known as a clamp Insert or a window etammphisioasszed to secure
the workpiece from above. The device clamp defines an aperture(s) through which a wire bonding
operation is completed. FIG. 1A illustrates workplece 100 which was moved along rails 102. In this
wire bonding position heat block 104 has been raised.fo meet the lower surface of workplece 100.
Device clamp 106 has been lowered to secure workpiece 100 against heat block 104. In this closed
position (i.e., with heat block 104 gj(n; the raisbedcgngsg'tion %ng devic gla}glg i:‘1&06“;\9&‘%&1@ a!oy{x}qred position)
wire loops 100a are orr‘%%?f’fﬁ %“&’}vﬁgcﬁé’n? inS opéyr%leoaﬁ‘. : ofthe gnietire workpiece m g e complete
and the workpiece 18¥588 'RV FB8¥E BoRing I 5RaHBA RTINS E RS L RIFE BER Bhg of a
portion of the workpRaE&$ifay @ EiRpREhH At HASFEP FSEEH 8T e RorkisI B etil 'AEEHS to be wire
bonded. In order to Wir&beaRd thieGiep EbrTioh Ot BEKRBFRITRECETTRE R ETITERR is moved. [0000]In
either of these two cases, in order to move the workpiece (e.g., along the rails) the device clamp is
raised to an open IoE5A and IREFEPHINER RToRETRd' (& %5h B I HOSItBRPES &G A& to FIG. 1B,
device clamp 106 hi F¥ehthai<airts 8 SHSiFpusSits FRen PRESP Bstka (P hALh S IIRETed to the
open position. Thesa openppgtitiorfsaransretiete fifindd s dHorSofikidise Srear@isee Tokthe workpiece
(including the wire loppsrberedddthetvorkisietes techéomovied Hionpethesdins. [0687infortunately,
when device clamp gefadrbpaidbieocknkd4nartomevadda therpredetetmineebepeinpogitipns shown in
FIG. 18 certain problems-nayd ssultdkourRxamplecdesay sealthoraan:uaitorm heat expansion of
workpiece 100 (e.g., leadframe 100), workpiece 100 may buckle (where such buckling is labeled as
"Bucr In FIG. 1B) cdasar) undesiatleardyatioen (Ielzreisuoli Ydbratiorat ditabéledeastivid in FIG. 18).
Further, the uncontrad eebdnteihingiairaopienieseskofnmanialse eatssepeaintaet-(uhesetsueh contact is
labeled as "CONT" iRafrfee, b8kbatwasa Ahe witerioaps 100a-0R wakpiece 16i0apd erisaclamp 106,
for example, during;ingexinget00 96 FiissbaamihestesiriiG @ Rividedrupravedrethgds of
operating causing undesirable vibration (where such vibration is labeled as "VIB” in FIG. 18)}.

Further, the uncontrolled buckling of workpiece 100 may also cause contact (where

such contact is labeled as “CONT” In FIG. 1B) between the wire loops 100a on

warkpiece 100 and device damp 106, for exampile, during indexing.

[DO08] Thus, it would be desirable to provide improved methaods of operating
clamping systems for wire bonding machines.

SUMMARY OF THE INVENTION

[B00s] According to an aspect of the present invention, a

methed of operating a wire bonding machine is provided. The method inciudes the
steps of: (1} providing a workpiece secured in 8 bonding position by & device clamp of a
wire bending machine; (2) ralsing the device clamp to a first height above the -
workplece, the device clamp remalning at the first height for a first predetermined
perind of time; and (3} raiging the device clamp to a second height above the
workplece after step (2}, the second height being further away from the workplece than
the first height,

{0010} According to another aspect of the present invention, a

method of operating a wire bonding machine is provided. The method includes the
steps of: (1) providing & workplece supported In a2 bonding position by a2 heat block of &
wire bonding machine; {2) lowering the heat block to a first ;ﬁosition below the



damping systems for wire bonding machines. SUMMARY OF THE INVENTION [0009]According to an
aspect of the present invention, a method of operating a wire bonding machine Is provided. The
method includes the steps of: (1) providing a workpiece secured in a bonding position by a device
clamp of a wire bonding machine; (2) raising the device damp to a first height above the workpiece,
the device clamp remaining at the first height for a first predetermined period of time; and (3) raising
the device clamp t&@ X¥égbtidReight above the workplece after step (2), the Bt b 1813bfi2being
further away from the workplece than the first height. [0010]According to another aspect of the present
invention, a method of operating a wire bonding machine is provided. The method includes the steps
of: (1) providing a workplece supported In a bonding pgsition by a heat block of a wire bonding
machine; (2) lowering the heat block to a first position below the workpiece, the heat bldck remaining

at the first position fop.a:fiisterdaierminedperind afdine:and(3) lowesisgheheatbigekde a second
position below the wgfmuscsn@fggmm%%ohgmgms%em BREHAR ACIRGLILINCHBANHQM e workpiece

than the first position, B 5§F DESCRIP icanI\{:)eQnF THE rl%@éivxlal}llq(%% [.9¢9r &&E%L%%%‘é%n is best

it , L i
understood from the ﬁﬁgwﬁmg detaiied 0gescrlptl n

BRIEF DESCRIPTION OF THE DRAWINGS

[6GLEE The invention is best understood from the following detalled description

© when read In connection with the accompanying drawing. It Is emphasized that,
accerding 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 block diagram side view of a workpiece secured in place by a
heat block and a device clamp;

FIG. 1B is a block diagram side view of the workpiece of FIG. 1A with the
heat block and the device clamp in a full open position;

FIG. 2A is a block diagram side view of a workpiece secured in place by a
heat block and a device clamp useful in explaining various exemplary embodiments of
the present invention; ‘

FIG. 2B Is a block diagram slde view of the workplece of FIG. ZA with the
heat block and the device clamp in an partially open position in accordance with an
exemplary embodiment of the present invention;

FIG. 2C is a block dlagram side view of the workpiece of FIG. 2A with the
heat block and the device damp in a full open position in accordance with an exemplary
embodiment of the present invention; '

FIG. 3 is 2 timing diagram Hlustrating the status of a device clamp and a
heat block in a conventional operation; . :

. FIG. 4 is a timing diagram illustrating the status of a device clamp and a
heat bleck in accordance with an exemplary embodiment of the present invention; and

FIGS. 5-19 are flow diagrams liustrating various methods of operating a
wire bonding machine in accordance with various exemplary embodiments of the

present invention.



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. Included in the drawing are the
following figures: FIG. 1A is a block diagram side view of a workpiece secured in place by a
heat block and a device clamp; FIG. 1B is a block diagram side view of the workpiece of FIG.
1A with the heat bléékeridii&device clamp in a full open position; RO 2R G84%8lock diagram
side view of a workpiece secured in place by a heat block and a device clamp useful in explaining
various exemplary embodiments of the present invention; FIG. 2B is a block diagram side
view of the workpiece of FIG. 2A with the heat block and the device clamp in an partially open position
in accordance with an exemplary embodiment of the present invention; FIG. 2C is a block

diagram side view of the workplece of ks 2dwith therhaabblagakragdhewdevice clamp in a full open
position in accordance with an exemplary embodiment of the present invention; FIG.3isa

timing diagram lllustraggeihe staitts-ofha devieaciampiandatheaisbtoekiir areenventianal operation;
FIG. 4 Is a timing diagiamadilusiaiingéhewstaiissaip-devics slampragsdanbaqthiesiinmgccordance with
an exemplary embodiment & HeResRRINUERIAE: ADGrovided. n EHEGRndnd BAMHOMediagrams
lllustrating various methods, of QRErAAY & WIS bRpdingmRashine kg GRLARAEA LhuataYS
exemplary embOdlm%Qéswgr&gle%é) 58;”85%1 Fa ngi\!ee ggr?c]?ﬁg operation {i.e., during the formation of wire loops

and/for conductive bumps), and a device damp for securing the workplece to the heat

hlock during the wire bonding operation. If the bonding operation for the workplece (or

a portion of the workpiece) is complete, the damping system may be relaxed {e.g., the

device clamp is to be raised and/or the heat block is to be lowered]. Howaver, unlike

conventional techniques, at least one of the device clamp and the heat block Is relaxed

to a first position/height for 2 predetermined period of time. Then, the at least one of

the device clamp and the heat block Is relaxed to a second position/height. Thus,

because the operation (e.g., raising the device clamp and/or lowering the heat block)

has been accomplished in multiple steps, the workpiece (e.g., a leadframe strip) does

not tend to warp and therefore does not suffer from the above-mentioned deficencies of

conventional techniques. More specifically, the workplece is given some time to sattle

{e.g., cool down, etc.) before moving the clamping element(s) to a full open position for

indexing.

regiz} The elements of the clamping system (e.g., the device clamp and heat
block) may be operated together or separately In any of a number of techniques
{examples of which are #lustrated in FIGS, 5-19}.

[0614]} The clamping elements usad m' connection with the present invention
{e.g., device clamp, heat block, etc.) may be programmed {e.g., using software of the
wire bonding machine, software networked with the wire bonding machine, ete.) such
that the element(s) have an initial/partial open state as well as a full open state. By
adding an Initial/partial open Si:ate for at least one of the damping elements,
workpiece/leadframe distortion (e.g., bending, warping, etc.} may be controlied and
minimized during the unlclamp maotion {i.e., during relaxation of at least one of the
damping elements). Additionally, associated vibration of the workpiece/leadframe is
also reduced. The timing, order, and amount {e.q., amount of motion such as amount
that the device clamp Is raised, amount the heat block is lowered, etc.) for the
initial/partial open state is programimable. As will be appreciated by these skiiled In the
art, by reducing the distortion of the workpiece (e.g., a leadframe strip}, the damage to
wire loops formed on the waorkpiece is also reduced.



DETAILED DESCRIPTION OF THE INVENTION [0012]According to certain exemplary embodiments
of the present invention, methods of operating a wire bonding machine, and more specifically the
clamping system of the wire bonding machine, are provided. In the bonding position, the clamping
system of the wire bonding machine may Include a heat block for supporting the workpiece during a
wire bonding operation (i.e., during the formation of wire loops and/or conductive bumps), and a device
damp for securing"§e2gigpkiigce to the heat block during the wire bonding dj&raB8Ae/#####E bonding
operation for the workpiece (or a portion of the workpiece) is complete, the clamping system may be
relaxed (e.g., the device clamp is to be raised and/or the heat block Is to be lowered). However, unlike
conventional techniques, at least one of the device clagnp and the heat block is relaxed to a first
position/height for a predetermined period of time. Then, the at least one of the device clamp and the
heat block Is relaxed i@, as5econd Rasitioniheioht, Thls.Recasethe.ORaIaHR (@) is'aising the device
clamp and/or lowering ihe %%Ee%%@r 2ahieen acsemaliner anuilile siens, [aa.erkpiece (.. 2

leadframe strip) does1 Fﬁ% teg t‘?, warp m%g g ore d < S nr% %Uff?u Ifljcon*zl1 tp 18k nou\égd%gntloned
deficencies of conventional technigues. More Sp ecifica eft S given some tir t|me to settle
(e.g., cool down, etc §1BE{BPE rsf‘i'(‘ﬁ?”’?f R ?ﬁ’ﬁé) & eﬁgérﬁ%n ?‘gﬁ% gofaﬂ Eh BIsRoN Tor I in exing.
[0013]The elements ®ftharerpafiicg %‘fé’t@‘i"n‘ YRGh LHEAE RS ARRY ?5‘1'6&% 155/'b% operated
together or separateltii BFReeia Fﬁiﬁﬁﬁﬁé?fﬂfﬁﬁbﬁmaﬂ@?é%mé%@mﬁﬁﬂ:wa% ‘?ﬂﬂgﬁ’ated In FIGS.
5-19). [0014]The clamiipirigedte meteustld v condectionoiithviprrprase miventete{edtedevice
clamp, heat block, etthamatyrise prograreaeiog@. go4 esindpeoftviane dfdlrecwireeh dndielg machine,
software networked véthethe:\Wine:pondgReachinesate. psichsthatthesienient(s) faveran initial/partial
open state as well asaddukopeioataia.Bi addingandiiti akpariial @penstatenforcatdeastsone of the
clamping elements, %E!é@tﬁ?%lﬁ%ﬁgﬁ%}?agﬁmg@é%i%fmmuW%EmﬁﬁﬁcmEe controlled
and minimized during {06 HASiAR, MEtRD. Len ARGl SRIANAME! 8tI5AR an.AL B GREPINg
elements). Add't'on"’l‘j\b’ﬁ 230 'afeed vibration of e eyl cpaece(!)%a?]ngammg e!:%;%'%Bo%%Q%%%QaEQe timing,
tt

order, and amount (¢ amoun motlon such as amo ee\éIC? camng) S l‘iﬁllﬁed amount the
heat block is lowered“gic'§ %?“tﬁ‘é)ﬂ\'ﬁr R AR ar%gsraerﬁhfnab FREWilFheap Feciated by
those skilled In the a‘i’?“ﬂ&?gréaﬁﬁ"mjeﬂ‘fé ddit W%W&S%i’é‘@‘é‘%t& angtfies igratiRe &y fthe
damage to wire loopBeRs PP EH e WPRpTRREETERISE: tediRIEhenfetion of workpiece 100 s stil
2011/011298PCT/U 8231 0/042682 [0G1 3bRefesitlf iondeser B tradegitrkpratentodhes. g., leadframe
100) is shown clamping elements 104, 106 can then be moved into their respective positions so that

workpiece 100 is secure and ready for additional bonding.

(00167 OFf course, the sequence illustrated and described with respect to FIGS.
28-2C 08 exempiary in nature. That is, this exampie shows both clamping elements -
being used in an initial open state, and then in the full open state, Further, the
clamping elements are operated concurrently. That is, In FIG. 2B, both heat biock 104
and device clamp 106 have been opened to their respective initla! open positions
concurrently, As will be clear from the various examples shown in FIGS. 5- 1'9, only one
of the elements may be operated in an initial open state/position/height. Additionally,
the slements may be operated separately, in various different orders and timing
seguences.

joBL?] Referring now to FIG. 3, a timing diagram is provided which Hliustrates
the status of a device clamp and a heat hlock of & conventonzl wire bonding machine
teéhnique, At time &y, both th'e heat block and the device clamp are in a closed
position. At time t,, the motion of both elements toward a fuli open position begins
{I.e., the heat block stérts to iower below the workpiece and the device ciamp starts to
raise above the workplece)., At time tp, both elements have reached thelr full open
position (i.e., the heat block has reached its full open position and the device clamp has



with reference numerals identical to those shown In FIG. 1A. In FIG. 2B, device clamp 106 has been
raised to an initial open position (not to a full open position used for indexing). Likewise, heat block 104
has been lowered to an initial open position (not to a full open position used for indexing). Device
clamp 106 and heat block 104 remain at their respective Initial open heights/positions for a
predetermined period of time, allowing for workpiece 100 to cool down or otherwise reach a relatively
settled state. TherwatzF®1 268 both heat block 104 and device clamp 106 dteiHeéHtaMReir
respective full open positions. By inserting an initial open position into the clamping elements motion
sequence (e.g., the motion sequence of device clamp 106 and heat block 104), vibration and
associated warping/bending/buckling of workpiece 10Q is substantially reduced. Now at the position
shown in FIG. 2C, with adequate clearance (where such clearance between the device clamp 106 and
wire loops 100a is labeled as "CLR" in FIG. quzlbxvgrek@iece 100 axn%gxi%da%e as is desired. For

example, if all wire bfﬁ?&?ﬁa "BrWoTR SRt} IS comp éstré{ !,e t r%agn&%e indexed ?ohéenﬂgti%er location (e.qg.,

a post bond station, AAMEIEBSTREGRYINE BEE PoIr LS PREVISRiSH BF worlcpiece 100 is still to be wire
bondec. then workpig 100 i e 0 el posiion s oL ARPING AR 404, 106 can
ive i 0.that '

then be moved into their réspective positions workpiece 100 is secure and re for additional
bonding. [0016]Of co?ff?g%rftt‘l‘:upt‘éeg?é‘(’:ﬂieﬁtc‘}‘('a"?ﬁtﬁ%tfr’é’i'fi?at%lﬂ SR e%ccrﬁ?éjl&%ve\/ﬁ%wr%es%aéﬁé O Fl gl.xsie%;-zc is
exemplary in nature. PPFEPTs AHISE ka5 8 LH5\V05 BB A LSRR IRYETn &Me 'BRIAG Gka 154N initial open
state, and then in thelife GpERPSRIRES BTN taiom Bif g ElefeREARE SpETatBa it ffently. That
is, in FIG. 2B, both hestslrek 14varrdieksyick Santp 106 v Bderoprhedtsitilictéapective initial
open positions concurrtithy(i As tilhbe: tleds Hfre mathediariotis esemiptdioshpiheider@ €ame19, only one
of the elements may ke eperateddn-amndniind openpstaie/p Ot o begirterN\d ditton d rethimeelements may
be operated separately; e anious:Gifferant erdersaathtming seguescess (RidHRedaring. now to FIG.
3, a timing diagram ig prRVidRIWhigh dlstisieathe StalsHal awdaviceghl apcanthaahemkiplock of a
conventonal wire bopging machine teghniaue Ak iedashath teheaidieataad hrisievice clamp are

in a closed positon. ALt {1,108 inplion Aol Elemerisdenalsbikopen ppsiionbegins (.e. the
heat block starts to I(S\'Nér'l“)elowt_ewoﬁ(ge e an } e o?ev'ce %Iamdo tar%s_. to, 5@4 19 ?n%\{? the
workpiece). At time t2° BBHPEIGHEINS ndVE FERERGE et hill open posit onzgl.e.,,t ﬁie f Block has
reached its full open HHEMSABHYTR LN S arEitH R Fea SRSl So%la 1008 |8r51t)r.%{\'cejw the
workpiece can be indEXEaraR P! TR P i AP SR HiPE B IIRIE O alfifhe as desired.
[0018]FIG. 4 is a timheth diageatn ieeedrdipipestinnseansi fpibrgsEiRs ot B if € PPEYER AInvention. At
time to, both the heamnisle¢koandrtngideviee ciamhp iaveniivaic ks dichifrosivigrchArthediantthe motion of
both elements toward an initial open position begins (i.e., the heat block starts to lower below the

workpiece and the dE/&81klampF&ErE 18 pardlouBBoEnTd WAL cay ot diTRE U e ments have
~ reached their initial opertippsitivn theding adrbineHicererasseuthEy RN EPE pBEiTOH%Nd the
device clamp has reacfied ,eacheditsihitiaineperp dstienlpstthectitive bétaier B. PodrRr3Msthe time that
the elements remainsia tharidrespectiveidnshah ppercp ositionshakindisatedhhvdd|@ 2 4zibds time is
programmable). At tisag,i3, Bl iR entshegia te-movesiowesasheis fidiopeneasitensizit time t4,
both elements have 5%@9@%@@&@ MH@R%EQﬁH@G initial open position (e.g., an exemplary time

delay may be between 0-10,000 milliseconds, for example, between 500-800

milliseconds). At step D, both elements are moved to their full open position. At step

D, the process is complete, and the workpiece may be indexed,

(00207 Each of FIGS. 6-10 varies somewhat from FIG. 5. In FIGS. 6 and 7, the
elements are moved to their full open positions separately in steps D and E (not
concurrently) (of course, their may be a time delay between steps D and E}. In FIQ. 8,
the elements are moved to their inltial open positions sepafately in steps B and D, and
then moved to their full open positions concurrently in step F. In FIG. 9, the heat block
Is movad to its Initial open positicn at step B (the device clamp has no initial open
position in this example), and then both elements are moved to their full open position
concurrently at step D. At FIG, 10, the heat block is lowered to its initial open position



(i.'e., the heat block has reached its full open position and the device clamp has reached its full open
position). Now the workplece can be indexed along the material handling system of the wire bonding
machine as desired. Of course, this diagram is illustrative in nature and only illustrates certain
exemplary embodiments of the invention where both elements have Initial positions and final positions,
and where the elements are moved concurrently. However, the Invention Is not limited to such
embodiments. [0 FJRIGB1B9E9 are flow diagrams illustrating various differditiieipigis2éFzoperating a
wire bonding machine in accordance with the present invention. Referring to FIG. 5, at step A both
elements are In the closed position. At step B, both elements are moved to their initial open position
(e.g., both elements are moved in a range between 0-100 mils, for example, 10-15 mils). At step C, a
predetermined time delay passes while the elements are in their initial open position (e.g., an

exemplary time delay, g's% heherween, O 10 Ogggtn""éi%gpﬁstngn SXmple g %"‘5%%&98 00

milliseconds). At step oth'e ement% are m I_‘gosmon A he process Is
complete, and the Woﬂqﬁ %)enn?osmﬁm fhaBRe d 0%'?” g ares" somewhaet from FIG. 5.

In FIGS. 6 and 7, the Bi&Ha™HE gt%eﬁ'fb%'&sfﬁ WEWIPBS&W ﬁ%ﬁﬁ?o%fs%%ﬁ%r‘&ﬁé?“ﬁ Er&et°and E (not
concurrently) (of couﬁ%se’“ﬁ*?éﬁ%fb?ﬁ%"a tirferiRIdyendtREest SRsh& IFHRTEFES. Fh i @8 PAE ®lements
are moved to their initisteipBrisoshioteyisegarmdyanestepgs S haerDratiigtire Avhdved t&Heir full open
positions concurrentlyhintste pidek i BiE=0 tehies nidt blecledsitnovesdp Gtshnittalepampbsitiond at step B
(the device clamp has:me initiabppoppasitioa:tp thisexamplelandthenbethelsmémisare moved to
their full open positiop.g@Bs WEreeally; ahstien: ReAbklislivdhe heatrhlogikdisteweraddedts inttial open
position at step B, thef {e, itafull:ppeRROsIaRALSEE Rk QRN the-eR wickHamads taigesto its initial
open position at step 5. {hen g Ls il BPEILPARENRIEIAR ErALTIG: Ik hRNSRkRIngk s, lowered to
its initial open posmop s&e Btﬁ;e g]gg/lé:uea glam |§ {)f;té%egqjl tﬁ)ghs éy Sf!ﬂ%pe P@'&QWI@&W&%D then

the heat block is Iowe tg |t Im S|t|on aﬁtepatste t Ock g“lﬂ[eam!%elE %lts full
open position at step PRE If gtpﬁpop% owerePd to |tes T8l épen position at step B; the

device clamp Is raisctd ﬁ%efh'?ﬂgf%'b@%sf%é?ﬂ@ﬁ "t’gi’e??tﬁ ?@?F'tﬁ%r?ig\?l 06 ' 8R8d to its full
open position at stepPPSRR Ao TREHY BiSse & 16WaTed it iR dRriFre pemmis<aizd St Gtéitel oAt FIG. 13,
the heat block is low&rsdab atS! i tRalbpehribodinmn GtestepeBdidficio it FeendisePosition at step D;
then the device clampisurséstivl dositp flltogre s po Sitiin ees esiFotive Heviess tlask k8 no initial open
position in this exampie)phy FHEFI 1 thend ewice: clampid saiaigedlitoidiganstiah opatopesitigrBat step B;
then the heat block ignlavirs eehiee it mitiakapRoRSHiP Bpah siepidl, Astkite iHentrclesnents are moved
to their full open posiiRBE-GORATARNLAESEBREn AL Bl < landBReN e o is busedtods initial open
position at step B; thgy pﬁhﬁﬁ@?%%ﬁ%mﬂé’ﬁ% t??”'tﬁér dLiQREM PRSI CORSHitRNReAL Step D
(there Is no Initial ope,pgsition. for, ttt%ﬂ%@t@t% by Iﬂa”%%em&tstnﬁtﬂgn t,@suttaﬁ Sleylge clamp is

raised to Its initial op sition at ste vice damp Is Is %lse toc!t en posmon at
step D; then the heaf?brp?k 3 '%Ciaem to 'l‘?s m&ﬂal op enpgsptosm %\1 t e eat block Is

lowered to Its full opgwcﬁdﬁﬂgf‘feét?t%w %Fi‘:l’@s"‘i"f' Etﬁ%‘%’eme%t Etﬁm"ﬁ I??é‘%é‘beféaﬁ’g hitial open
position at step B; th@fF3h& Hadt hrberersAefiereRt RS HEAIBHRTT U b utestd o tAEA the device
clamp Is raised to its*fgih efsirpaisitrinPatiste hE hard it hetawanehiotis & RPREDETEENEE F€Rull open
position at step H. AFHR®. th8; theddevicdadmigritseaivdt follwenitdtdpen positioAdEStép B; then the
heat block is loweredhtoddsdeitiahppenigosititniatistepeb poeeont hiestee &; bleckns dowemaioidts full open
position at step F; angidhen kel eyicerekamp sdRispiherd it éHtapaae siiereatstepulodl FIG. 19, the

device clamp is raisggsigosiRitig FARRRNOsH IR Al Bidbe R the deMepslampdsiaiang. to Its full
open position at step D, then the heat block Is lowered to Its full open position at step F (there Is no

Initial open position fasitig heat bios keiaghisioxnanpie) a2 &flhugyddGEpEr Bdllustratecnes
non-exhaustive exemiphi Ynisi-ofdechigheenwithindbe. ssopered, tirepresenfuidveatien. Of course, other
techniques are also m;emg@ted [0022]Although the clamping elements described herein are a
device clamp

[0022] Although the cdlamping elements desecribed herein are a device clamp

{also known as a clamp insert or window clamp} and a heat block, the invention is not

irnited thereto. Other cdamping elements are contemplated. For example, a different '

element {e.g., a clamp finger arrangement instead of 8 window clamp) may be used to



(also known as a clamp insert or window damp) and a heat block, the invention is not limited thereto.
Other damping elements are contemplated. For example, a different element (e.g., a damp finger
arrangement instead of a window clamp) may be used to secure the workpiece from above. Likewise,
in certain applications an element other than a heat block could be used to support the workpiece from
below. [0023]Although the present invention is primarily described using only two positions for each
clamping element §@ 2681t open position and a full open position) It is Aet/kiFAtEH#REYeto. For
example, the device damp (or the heat block) may have an initial open position, an intermediary
position and a full open position (i.e., 3 positions with associated time delays). Of course, additional
positions (e.g., 4 positions, 5 positions, etc.) are contegplated. [0024]Certain exemplary embodiments
of the present invention include-a time delay between steps. Of course, such a time delay could be
zero. If no time delay IS |Ilu%rate% or di crlb§d |t£§<§meigr!g1&&% !tll EM}{S%L@QQ&%&\@M between
such steps. Further, &ven it certamn e ste S be in concurr ex ed. t e ) heat block and device
clamp start to move G RGeS ré‘scﬁectlve mﬁlafi ﬁg%ﬁﬁo%fﬁ%-n af the same ‘time) they may reach

their respective positjgsjn th'SA%%@R'&eta%gem'&@mﬁras%ammmﬁ;gmﬂg Simasoand may have
different time delays gsfl e Grea ng dga[ Fg)'ﬂ? gyent Qo%}ag p(e% gw% ng%e&&psmons)
etermine ela

[0025]Non-limiting exa tween a clam nt (e.g., a
device clamp, a heatBtd ﬁcl’f‘ éttés ?éﬂ@ﬁ??g i€ ﬁ?ltla?open padition, an g%?f ctahtghggdtebi?g(?hent leaving

its initial open positiofftH RS 18Il eP RS 1t Epet FOETTERAY ALY ROFUPE B NIREE S04 00-5,000
milliseconds; 300-1, 006 miRrsEieondsh Rseraueddie ﬁﬁ\ﬁ@éc@ﬁ@@‘%ﬁdﬁﬁ?ﬁﬁ@%ﬁ) &§-of a vertical
distance moved by arskitnping reléimentefronmrg¢ipitseiiEed position (i.e., a full dosed position used
during wire bonding, and (2) its initial open position: 0-100 mils; 3-50 mlls 5-20 mils; and 10-15 mils. -

[0026]Certain aspecti8Rtie preSEREhTEHRAM ERPHEER HRILERBRTeAS '3 RNjRadnclde a time

delay between steps. OF course, such a time delay could be zero. If no time delay is
itiustrated or described, it is clear that a ime delay could be provided between such
steps. Further, even if certain of the steps begin concurrently (:e.g‘, the heat block and
device clamp start to move toward their respective initial open positions at the same
time) they may reach their respective positions (In this example, their initiat open
positions) at different times, and may have different time delays before moving onto a
subsequent positién {e.g., their full open positions).

(00257 Non-limiting examples of predetermined time delays between (1} a
clarmping element (e.g., a device clamp, a heat block, etc.) reaching its Initial cpen

_ position, and {2} a damping element teaving its initial open position to move toward its
full open position are: 0-10,000 milliseconds; 100-5,000 milliseconds; 300-1,000
milliseconds; and 500-800 milliseconds. Non-limiting examples of a vertical distance
moved by a clamping element from (1) its closed position {i.e., a full dosed position
used during wire bonding, and (Z) its initial open position: 0-100 mils; 3-50 mils; 5-20
niils; and 10-15 mils,

[8026] Certain aspects of the present invention have been described as a series
of discrete steps occuring in succession, independent of one another. Of course, the
steps could overlap If desired. The order of i:he steps is only intended to indicate when
a certaln action commences (e.g., when the device damp or heat block starts to move
to lts initial open position or full open position).

[8027] ‘Although the present invention has been described primarily with respect
to multi-step opening sequences for clamping elements (e.g., a device damp, a heat
block, etc.), the invention also may applied to multi-step closing sequences for
clamping a workpiece prior to performing a wire bonding operation.



of discrete steps occuring in succession, independent of one another. Of course, the steps could
overlap if desired. The order of the steps Is only intended to indicate when a certain action
commences (e.g., when the device damp or heat block starts to move to Its initial open position or full
open position). [0027]Although the present invention has been described primarily with respect to
multi-step opening sequences for damping elements (e.g., a device damp, a heat block, etc.), the
invention also maydppliddliggulti-step closing sequences for clamping a WSFkfSIEe&s{s#g6t0
performing a wire bonding operation. WO 2011/011298PCT/1JS2010/042382 [0028]The present
invention has applicability to various wire bonding techniques Including, for example, ball bonding
(using a capillary bonding tool to ultrasonically form wige-bonds), wedge-bonding (using a wedge tool
to ultrasonically form wire bonds), and ribbon bonding (using a ribbon tool to ultrasonically form ribbon

bonds). [0029]Althougy#lag Inventioprisdiiustialies ans-dascieihenainvath seferpnce to spedfic
embodiments, the inygripn s ARdReaded-10.he Imied i fhaheiailsalo Wik Ratdar various

modifications may beU &nade in tl}e detq_g% Wi sI}ln th Scope andqranagg(’a eggfeecgglyoa&%ﬂs of the claims and

without departing fro ?%Sgﬁﬁagn don. - Wedge boriding (Usihig aeOmEE
P 9 g)]nn wire onés(g, and ribbon bonding (using 2 ribbon tool to ultrasonically form ribbon
bonds). -
rogas] Although the invention is illustrated and described herein with reference

to specific embodiments, the invention is not intended to be Himited 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.



- 10 - What is Claimed: 1.A method of operating a wire bonding machine, the method comprising the
steps of: (1) providing a workpiece secured in a bonding position by a device clamp of a wire
bonding machine; (2) raising the device clamp to a first height above the workplece, the
device clamp remaining at the first height for a first predetermined period of time; and (3)
raising the device clamp to a second height above the workpiece after step (2), the second height
being further awaywroeni therpgarkpiece than the first height. TheCniggkoeigtsiaim 1
wherein the workpiece provided in step (1) is supported by a heat block of the wire bonding machine in
the bonding position, the method further comprising the steps of: (4) lowering the heat block to a first
position below the workplece concurrent with step (2), he heat block remaining at the first position for
a second predetermined period of time; and (5) lowering the heat block to a second position below the
workpiece concurrentyith step (3), the second position being farther away from the workpiece than
the first position. 3. The method of claim 1 wherein the workpiece provided in step (1) Is

supported by a heat block of the wire hppding: Wasbinedn:thendinopesition.dhemethod further
comprising the steps Qf. (4dilQwisring,ihe heat block to a first position below the workpiece concurrent
with step (2), the heat block remaining at the first position for a second predetermined period of time;
and (5) lowering the heat block t@1aeaend pasiigacbaiawetha warkpiegrdeiow siapi{d), the second
position being fartherawayfEoxrdRenwrskiiesgthan the first position. 4. The method of claim
1 wherein the workplece provided In step (1) is supported by a heat block of the wire bonding machine

in the bonding position, the methogl fusileine aavpsi sing e step s ofh{4pdonvie ngtpededieblock to a first

position below the wakkpieae-goRGUIHEY With Siepnelnihe heat blesksamainiag.abiieéiyskposition for
a second predetermined period of time; and (5) lowering the heat block to a second position below the

workpiece after step (3), the secOhdpbsgitibadeeingtantierassaypdrongtthebove tkpiecdthemattve first
position. step (2), the second height being further away from the workpiece than the first height.

Z. The method of daim 1 wherein the workpiece provided in step {1}
is supported by a heat block of the wire bonding machine in the bonding position, the
method further comprising the steps of: {4) lowering the heat block to a first position
below the workpiace concurrent with step {2), the heat block remaining at the first
position for & second predetermined perod of time; and (5) lowering the heat block to
a second position below the workpiece concurrent with step (3), the second position
being farther away from the workpiece than the first position.

3. The method of daim 1 wherein the workpiece provided in step (1)
is supported by a heat biock of the wire bonding machine in the bonding position, the
method further comprising the steps of: {4} lowering the heat block to & first position
below the workpiece concurrent with step (2), the heat biock remaining at the first
position for a second predetermined period of time; and (5) lowering the heat block to
a second position below the workpiece before step (3), the second position being
i‘arther away from the workplece than the first position. '

4. The method of claim 1 whereln the workplece provided in step (1)
is suppoited by a heat block of the wire bonding machine in the bonding position, the
method further comprising the steps of: (4) lowering the heat block to 5 first pasition
below the workpiece concurrent with step (2}, the heat block remaining at the first
pasition for a second predetermined period of time; and {5} lowering the heat block to
& second poesition below the workpiece after step {3), the second position being farther -
away from the workpiece than the first position.

5. The method of claim 1 wherein the workplece provided, in step {1}
is supported by a heat block of the wire bonding machine in the bonding position, the



5. The method of claim 1 wherein the workpiece provided, in step (1) is supported by a heat block of
the wire bonding machine in the bonding position, the - 11 method further comprising the steps of: (4)
lowering the heat block to a first position below the workpiece before step (2), the heat block remaining
at the first position for a second predetermined period of time; and (5) lowering the heat block to a
second position below the workplece after step (2) but concurrent with step (3), the second position
being farther awaywftoe thier®rkpiece than the first position. 6. THE HEHEYGI€Rmim 1
wherein the.workpiece provided in step (1) Is supported by a heat block of the wire bonding machine in
the bonding position, the method further comprising the steps of: (4) lowering the heat block to a first
position below the workpiece before step (2), the heat bleck remaining at the first position for a second
predetermined period of time; and (5) lowering the heat block to a second position below the
workpiece after step (dhbit-haforesisR{DHbe.seceNd NeRiing beinadaithas away framnthe workpiece

than the First position,, woribierl B rkpi n step (1)
Is supported by a he%’? E T&é’fi‘ ”Z”é %%;%n%éﬁg%ﬁg}%ﬁif%g ﬁ%‘@ gﬁ%{%ﬁfé&é‘gﬁﬁod further
r

redetermm (]
eat PK ?o St positio lece before step

comprising the steps o‘]"l0 lowerin
(2), the heat block rePﬁ% gf"’tﬁ”&"*%” RS AOR RS c%n%’ﬁ?e eEermlned énodsg) Fhime: and (5)
lowering the heat bIo‘?ﬂf’ifﬁ‘h%@ngeﬁéﬁf%ﬁ%TBWWﬁm@é’eegFFéP%S[‘gﬁ”(Z) and before step (3),

the second position being farther away.from the workpiec he flrg,tgosmo d 8. The
method of claim 1 wherein the Work Ieége roE\‘?l e\%ﬁ{n%? e'gr S sﬁglpzrthe 886‘@" eeé? sg? of the wire
4) 1o

bonding machine in fﬁé%ﬁ%%@yﬁo%?ﬂ%wofﬁgfﬁ?&ﬁga COMmp rlsm 03 S % &of wering the
heat block to a first peifsH BEIBFIRE RoMpRetier sfofd 5?@’6”(?){5%5&5 ?%I%c?( Fﬁ’ Y at the first
position for a secondPpretEeerritmiegeefise TR ML PRIV EMI e 5 hTbersira Bkt ond
position below the werkpit pedeemstebrepddfdirstep¢1F) dpeEdfeine fwmat (@ycilie $&E0ME position being
farther away from thesaioskpisee thancthediest o siepi4) but before 8teP I8, rttetbryondfveitine 1 wherein the
workpiece provided steRriler issypRatted yraaeatblonk ofstheste bonding machine in the
bonding position, the method further comprising the steps of: (4) lowering the heat block to a first
position below the woricilece aftér steph@pairedeataitotivrereiaiimycsitribes firatigrssitisieddila second
predetermined period efdporedanck (Epianeriogibedheainbiogkntolnsecoadqpdsiiombelor¢he
workpiece concurrenhyit siepetIbnibasircandipasitian)beirg Jatkerawaykito avitlepusarkplece than
the first position.  pejow the workpiece before step (2), the heat block remaining at the first position for a
’ second predetermined period of time; and (5) lowering the heat block to a second
position below tha workpiece afier step (2) and before stap (3), the second position
being farther away from the workpiece than the first position,

8. The method of claim 1 wherein the workplece provided in step (1)
Is supported by & heat block of the wire bonding machineg in the bonding position, the
method further comprising the steps of: (4) fowering the heat block to a first position
below the workpiece before step {2), the heat block remaining at the first position for a
second predetermined period of time; and {5) lowering the heat block to a second
position below the workpiece after step {4}, after step (2), and after step (3}, the
second position being farther away from the workpiece than the first position.

. The method of claim 1 wherein the workpiece provided In step {1)
is supported by a heat block of the wire bonding machine in the bonding position, the
method further comprising the steps of: (4) lowering the heat block te a first position
helow the workpiece after stép {2}, the heat block remaining at the first position for a
second predetermined period of time; and (5) lowering the heat block to a second
position below the workpiece concurrent with step (3), the second position being
farther away from the workplece than the first position,



-12 - 10. The method of claim 1 wherein the workplece provided In step (1) Is supported by a
heat block of the wire bonding machine In the bonding position, the method further comprising the step
of: (4) lowering the heat block to a position below the workpiece concurrent with step (3). 11.
The method of claim 1 wherein the workpiece provided In step (1) is supported by a heat block of the
wire bonding machine in the bonding position, the method further comprising the steps of: (4) lowering
the heat block to aviestopusitksm below the workplece after step (2), and afte PSEESE8) MBI ieat block
remaining at the first position for a second predetermined period of time; and (5) lowering the heat
block to a second position below the workplece after step (4), the second position being farther away
from the workpiece than the first position. 12.33he method of claim 1 wherein the workplece
provided In step (1) Is supported by a heat block of the wire bonding machine in the bonding position,
the method further comprising thg,steps, of. [4) lawating: theneatRlosk i a firstinasiferpglow the
workplece after step (2), the heat, biock femal 'Pg@&?@&é&@t QsiHien, for %@J&Q&B@%Hﬁﬂ@e“w of
time; and (5) lowering e dlocic . Second posyon below, e orkplece aficr siep [3). he
second position bein%f'ar?ﬁer away fom the Worpp|e' e'than the g?lrsteposmon. % The method

of claim 1 wherein th&"EIRSIEG BrOVTREH S8R @) Is supported by a heat block of the wire bonding
machine in the bonding position, the method further comprisi e steps of: rl e heat
block to a first position below thelgsorrl?%iggégah tceir!)]fﬁea imgg%ﬁ@ﬂé%t%?f Ee(% pﬁ%#% gé%g;%rst position
for a second predeteffiifEa aMEd Bﬁﬁ?ﬂgfkaﬁéh&‘f'fé)&ew ng the hea nbt?'cfzc%){of}o BJEEORd position below
the workplece before™ B89 5y HRECRREHES SBRRERT BRI FAVERR? SR AFHBAT AR IWEHPTERR than the first
position. 14=R&mEtHsir e Etanter (dhetd P ResiB Y St BrbYIeRd I t1§"%8 supported
by a heat block of théwiiredisimnding saceckinedetthpiisgidiivg poditio RN eHE ntetieg foeth& comprising the
step of: (4) lowering theheat Blook tostiposdiontbelowtreanikpter ctaftbe st Ppsition being 15, A
method of operating arwichandiig maehigethwamethodgesrnsing the steps of:. - 13 - (2)
lowering the heat block to a first position below the workpiece, the heat block remaining at the first
position for a first predeterminediperiotheftithes afwdeim 1 whereln the workplece provided in step (1)

Is supported by a heat block of the wire bonding machine in the bonding position, the

method further comprising the steps of: (4} lowerlng the heat block to a first position '
below the workpiece after step {2}, the heat block remaining at the first position for a
predetermined period of time; and (5} iowering the heat block to a second position
below the workpleca after step {3), the second position being farther away from the
woripiece than the first position.

13. The method of claim 1 whereln the workpiece provided in step (1)
is supported by a heat block of the wire bonding machine in the bonding position, the
method further comprising the steps of: {4} lowering the heat block to a first position
beiow the workpiece afier step (2), the heat block remaining at the first position for a
second predetermined period of time; and (5) towering the heat block to a second
position below the workpliece before step (3}, the second position being farther away
from the workplece than the first position.

14,  The method of claim 1 wherein the workpiece provided in step (1)
is sﬁpported by a heat biock of the wire bonding machine in the bonding position, the
method further comprising the step of: (4} lowering the heat biock to a position beiew
the workpiece after step (3). )

15. A& method of operating a wire bonding machine, the method
comprising the steps of: '

{1) providing 2 workpiece supported in 2 bonding position by a heat block
of a wire bonding machine;



(3) lowering the heat block to a second position below the workpiece after step (2), the second position
being further away from the workplece than the first position. 16. The method of claim 15
wherein the woricpiece provided in step (1) Is secured to the heat block in the bonding position by a
device clamp of the wire bonding machine, the method further comprising the steps of: (4) raising the
device clamp to a first height above the workpiece concurrent with step (2), the device clamp
remaining at the firstcheight fiea second predetermined period of time; and ¥EiraigingeHigstlievice
clamp to a second height above the workpiece concurrent with step (3), the second height being
further away from the workplece than the first height. 17. The method of claim 15 wherein the
worlcplece provided in step (1) Is secured to the heat blgck in the bonding position by a device clamp
of the wire bonding machine, the method further comprising the steps of: (4) raising the device clamp
to a first height above the workplegce concurrent wi h Vi lam Iping at the first
height for a second prgdteg?rripine%(%) ggﬁ%ﬁ;%gzﬁgaft%%%% %%%ginﬁst%%nfg?\ﬁ%gh §I%§ﬁ§£ﬁ%i%%%gond height
above the workplece arter sot%pre@?, iﬁgasec%nWeaisd' rbelnag' ar %rafw'%y 16 ¢ ewoﬁ(plece than the
first height. ~18. The method, of claim. 13 wherein the workpiscs Rioviged.bgier (1) is secured
fo the heat Dlock In I 09 PR IoR Y BN 68,8 AREP LI HUIEAANEHASIAEINR. flie method
further comprising the steps of: (4) raising fhe device ¢ amp to a fII’S%EIght above the workpiece
concurrent with step (gf}swt’ & device clamp remaining at the first height for a second predetermined

period of time; and (5) raising the, device ¢ %ﬁ%@c@ﬁ&%%ﬁ‘?%@%ﬁ%ﬂ}g ay&;ggggqggt&efore step
(3), the second height heing furner auiay flom the werkpiece Al (D¢ NISLNSIN o e e 19 ThE
method of claim 15 w reln‘i € WOIICpIECE provi ed n stefg Is sgcugedcto the heat bui'ock in the
bonding position by a°d&UE"@LIH 5?%@%?@%%5%&%‘ BRIE SR Rethod AT LD brising the
steps of: (4) raking thE&fR/ie8 MFmpLY abnverhe KT EHE WO NhidEe et ety rBiPbefore step
(3), the device clamp REEIRGTS Bediet frlgdrjiatrserd sebiRITred eesmhmET B8 d B RS, and (5)
raising the device clathpderigestwent: herphtdhaviet thevwtrkpiebeiase nermartwith Ssed {8 the second
height being further asvaydriong!thissinpfispiecevthaimtherfirgbitpigietthanltfe-first height. 20. The method of
claim 15 wherein the workpiece provided in step (1) is secured to the heat block in the bonding ,
position by a device clamp of thetWire Bamegifoshalctiite Lhehaieiihbs WrmierceimesiAEttR step of: (4)
raldng the device clafip iEreciteighttabosas bhekibthp iwodicnrrsiifve by widkvistepa(®) of the wire 21 The
method of claim 15 wieriin thehverkpieceprofides nrstep(d jrs sgeuedodhiedwatdeldek in the
bonding position by acgeiies Clapephthedmredepaingsashine;thensethwgl thethaieamprsing the
steps of: (4) raising the-davigeClapsthadisthe ghlRpye-tminer kRiRgRafies; SN £3)«the device
clamp remaining at the.fifshhelght.for AserandBredai Mingshpriodel tneiandEising the
device clamp to a se%g@gtlg%; ﬁugt gygﬁtaf}efW{g%@l&g&&%&%ﬁQh@ﬁ%@@&gmd height being further

e eig : o

away from the workpiece than Irst t. e met of claim 15 wherein the
worlcpiece provided in step 18.  The method of claim 15 wherein the workpiece provided In step
{1} is secured to the heat block in the bonding position by a device clamp of the wire
bonding machine, the method further comprising the steps of: {4} raising the device
clamp to a first height above the workpiece concurrent with step (2), the device clamp
remalning at the ﬂrsé height for a second predetermined period of time; and (5} raising
the device damp to a second height above the workpiece before step (3}, the second
helght being further away from the workpiece than the first height.

19.  The method of claim 15 wherein the warkpiece provided in step
{1} Is secured to the heat block in the bonding position by & device clamp of the wire
bonding machine, the method further comprising the steps of: {4} ralsing the device
clamp {0 a first height above the workplece after step {2} but before step {3}, the
device clamp remaining at the first height for a second predetermined period of time;
and {5} raising the device clamp to a second helght above the workpiece concurrent
with step {3}, the second height being further away from the workpiece than the first
helght.



(1) Is secured to the heat block In the bonding position by a device clamp of the wire bonding machine,
the method further comprising the steps of: (4) raising the device clamp to a first height above the
workpiece after step (2) but before step (3), the device clamp remaining at the first height for a second
predetermined period of time; and (5) raising the device clamp to a second height above the workpiece
after step (4), the second height being further away from the workpiece than the first height.

23. The method ofvefedmipBiesherein the workpiece provided in step (1) is seteF@d2B%Pr3dat block In
the bonding position by a device damp of the wire bonding machine, the method further comprising the
steps of: (4) raising the device clamp to a first height above the workpiece after step (2) but before
step (3), the device clamp remaining at the first height {gr.a second predetermined period of time; and
(5) raising the device clamp to a second height above the workplece after step (4) but before step (3),

the second height being further ayay framhe.workpiscs NaRdRIrbAStatrovided in siéd - The
ded 0, SI6R S5 SEHEedl o NealdRek in the

method of claim 15 wherein the WO{k Iizecet’pr v
bonding position by ab(férfnsgguéfgr%o hégtﬁaet W?F% % len machine, the method further. comprising the

step of: (4) raising the gavieg’ %?gifrﬁg%é’ g tg?éjhf%?bg\‘foé tﬁreis{i?} #Ee ;%%peag'; e E?%”B‘%% eadhet“jir ?%)
25. The method of cI&RAA B i HERS BRE S RBTRE p FEUTHEE " E ¥ 13 secured to the heat block in

the bonding position by a device.glamp,of the wir nding machin method further gomprising
the steps of: (4) raising the devicéé:j'i:larpl}{h etrgeg1 ﬁ?sot ﬁ%i?gndjtg b(%%%fth%gvv&%iec B%eif I stefg5 (2), the
é% the bandi %t e

| a
device damp remaini isf ffgu-reﬁit_%%'eﬁ? HelghtTora sec'%%osnr"é}ae e?r%?n'g%c aen} od of tYVme; and (5)
raising the device clafff'tt? &"8EEdHARLIGHE Wﬁﬁ%‘\ﬁfﬂﬂi%@é@%%#@ﬁé)\ﬁﬂﬁtgf’edije\(@i the second
height being further &F8Y ot JRbHASRYES AP RERATHEGRLS), the device damp remaining

at the first helght for a second predetermined perlod of tme; and {(5) raising the device
clamp to a second helght above the workplece after step (43, the second height being
further away from the workpiece than the first height.

22,  The method of cialm 15 wherein the wurkbiece provided in step
{1) is secured to the heat block in the bonding position by a device damp of the wire
bonding machine, the method further comprislng the steps of: (4) ralsing the device
clamp to a first helght above the workpiece after step {2) but before step (3), the
device clamp remaining at the first height for a second predetermined period of time;
and (5) raising the device damp to a second height above the workpiece after step {4),
the second height being further away from the workpiece than the fArst height.

23.  The method of claim 15 whereln the workpiece provided in step
(1} is secured to the heat biock'!n the bonding position by a device damp of the wire
bonding machine, the method further comprising the steps of: (4} raising the device
clamp to a first height above the workpiece after step (2) but before step (3}, the
device cdlamp remaining at the first height for a second predetermined period of time;
and (5} raising the device clamp t© a second helght above the workplece after step {4)
but before step (3), the second height belng further away from the workpiece than the
first height.

24.  The method of claim 15 wherein the workpiece provided in step
{1) is secured to the heat block in the bonding position by a device clamp of the wire
bonding machine, the method further comprising the step of: {4} raising the device
clamp to a helght above the workpiece after step (2} and ‘(3),

25,  The method of clalm 15 wherein the workplece provided in step
(1) is secured to the heat block in the bonding position by a device clamp of the wire
bonding machine, the method further comprising the steps of: (4} raising the device
clamp to a flrst height above the workpiece before step (2), the device clamp remalning



26. The method of claim 15 wherein the workpiece provided in step (1) is secured to the heat block In
the bonding position by a device clamp of the wire bonding machine, the method further comprising
the steps of: (4) raising the device clamp to a first height above the workpieoe before step (2), the
device damp remaining at the first height for a second predetermined period of time; and (5) raising
the device clamp to a second height above the workpiece after step (4) but before step (2), the second
height being furthe &4y 4t&#1¥ the workpiece than the first height. POYUPREYAEIEA of claim
15 wherein the workpiece provided In step (1) is secured to the heat block in the bonding position by a
device damp of the wire bonding machine, the method further comprising the steps of: (4) raising the
device clamp to a first height above the workpiece befdfe-step (2), the device damp remaining at the
first height for a second predetermined period of time; and (5) raising the device clamp to a second
height above the workpiece-afiersteps (@rand@xbutbetoyeistep {3}, el sBcenahdieightdreing further
away from the workpiggesthansthenfinshigieightse the workpied8 cohbaraiethocsabeainmd sevsherein the

workpiece provided iRcigREhkif8R8WRE, R theheakbleck:n the: hendingposition by a device clamp
of the wire bonding machine, the method further comprising the steps of: (4) raising the device clamp

to a first height above the workpm®te beferesstep (2)a¢ha tevicaclampreina pogdatithedipst height for
a second predetermipgdspesinshel timnasandhib)aisingdhe davice Klanpie asesenddeight above the
workpiece after steps, {2 ddRlndhmSrtand ReABRIRAIReRayaY fomithe werkpiece than the
first height' clamp to a first helght above the workpiece before step (2}, the device clamp remalning
at the first height for & second predetermined period of time; and (5) raising the device
clamp to a second height above the workpiec;e after step {4} but before step (2), the
+ second height being further away from the workplece than the first helght.

27.  The method of claim 15 whergin the workpiece provided in step
{1} is secured to the heat block in the bonding position by a device damp of the wire
bonding machine, the method further comprising the steps of: (4) raising the device
clamp to a first height above the workpiece before step (2}, the device damp remaining
at the first helght for a second predetermined period of time; and (5) raising the device
clamp to a second helght above the workpiece after steps {4} and {2) but before step
{3}, the second height being further away from the workpiece than the first height.

‘ 28. The method of claim 15 wherein the workpiece provided in step
{1} is secured to the heat block in the bonding position by a device clamp of the wire
bonding machine, the method further comprising the steps of: {4} ralsing the device
clamp to a first height above the workpiece before step (2}, the device clamp remaining
af. the first height for a second predetermined period of time; and {5} raising the device
clamp to a second height above the workpiece after steps (2} and {3), the second
helght being further away from the workpiecs than the first height.



