METHOD OF OPERATI NG A CLAMPI NG SYSTEM OF A W RE BONDI NG MACHI NE

CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This application clains the
benefit oNVOW0B/01P98VI si onal Application No. 61/226, 921, PCIriusdo1dol33820,

2009, the contents of which are incorporated herein by reference. FIELD OF
THE | NVENTI ON [ 0002] The present invention relates to wire bondi ng machi nes,
and nore particularly, to inproved nethods of operating clanping systens on
wi re bondi ng machi nes. BACKGROUND OF THE | NVENTI ON [0003] I n the processing
and packagi ng of sem conductor devices, wre bonding continues to be the
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[000%?.] II'rns application claims th bene |t 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.
BACKGROUND OF THE INVENTION

[0003] In the processing and packaging of semiconductor devicés, 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.

[0004] An exemplary conventional wire bonding machine includes an indexing
system for moving a workpiece (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
workpiece. A device clamp (also known as a clamp insert or a window clamp) is
lowered to secure the workpiece from above. The device clamp defines an aperture(s)
through which a wire bonding operation is completed. FIG. 1A illustrates workpiece
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 raised position and device clamp 106 in the lowered

position) wire loops 100a are formed in a wire bonding operation.

[0005] 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 exenpl ary conventional w re bondi ng machi ne includes an i ndexing
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clamping systems for wire bonding machlnes
SUMMARY OF THE INVENTION

[0009] According to an exemplary embodiment 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 clamp 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 to a second height above the

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

[0010] According to another exemplary embodiment of the present invention, a
method of operating a wire bonding machine is provided. The method includes the
steps of: (1) providing a workpiece supported in a bonding position by a heat block of a
wire bonding machine; (2) lowering the heat block to a first position below the



cl anpi ng systens for wire bondi ng machi nes. SUVWARY OF THE | NVENTI ON

[ 0009] According to an exenpl ary enbodi nent of the present invention, a

met hod ofwoperiatiizsg a wi re bondi ng nachi ne is provi ded. PChaSeembioezsst ncl udes
the steps of: (1) providing a workpiece secured in a bonding position by a
device clanp of a wire bonding machine; (2) raising the device clanp to a
first height above the workpi ece, the device clanp renmaining at the first
hei ght for a first predeterm ned periodl-of time; and (3) raising the device
clanp to a second hei ght above the workpiece after step (2), the second

hei ght b th f t h Kk hap t f hei ght ..
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the steps 03tep§ ) thRr<xdndipasitisn wﬁ&mﬁﬁaﬁw&ﬁ&ﬁ’éjwbﬁkpi@c@%q'tﬁlegﬂrﬁps' tion by
a heat bl ock ﬁ a wre bonding machine; (2) lowering the heat block to a

first positf6H°Bel ow the - 3 - workpiece, the heat bl Cck renmining at the
first position for a first predeterm ned period of time; and (3) | owering
the heat block to a second BRER RPESSRIRTEPHWF{THE REMNKIDGECe after step (2), the
second position being further away fromthe workpiece than the first

posi tion. B_IHOEE] DESCRhdPihlvE€MiobRs Bt uRRAMBONGTBom 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. 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 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 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 workpiece of FIG. 2A with the
heat block and the device clamp in a full open position in accordance with an exemplary
embodiment of the present invention;

FIG. 3 is a timing diagram illustrating 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 block in accordance with an exemplary embodiment of the present invention; and

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

present invention.



[ 0011] The invention is best understood fromthe follow ng detail ed
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t he presenttioldveritdsRidn/height for a 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 workpiece is given some time to settle
(e.g., cool down, etc.) before moving the clamping element(s) to a full open position for
indexing.

[0013] 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
(exampies of which are illustrated in FIGS. 5-19).

[0014] The clamping elements used in‘ 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, etc.) such
that the element(s) have an initial/partial open state as well as a full open state. By
adding an initial/partial open sfate for at least one of the clamping elements,
workpiece/leadframe distortion (e.q., bending, warping, etc.) may be controlled and
minimized during the un'clamp motion (i.e., during relaxation of at least one of the
clamping elements). Additionally, associated vibration of the workpiece/leadframe is
also reduced. The timing, order, and amount (e.g., 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 programmable. As will be appreciated by those skilled in the
art, by reducing the distortion of the workpiece (e.g., a leadframe strip), the damage to
wire loops formed on the workpiece is also reduced.
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exenpl ary enbodi nents of the present invention, nethods of operating a wire
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bondi ng machi ne, are provided. In the bonding position, the clanping system
of the wire bonding machine may include a heat block for supporting the

wor kpi ece during a wire bonding operation (i.e., during the fornation of
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wor kpi ece i rame to wre formed on the
Wor kpl ece Itéesré;‘ ubsgd[xré%tpgaal open state, and then in the full open state. Furth r, the
clamping elements are operated concurrently. That is, in FIG. 2B, both heat block 104

and device clamp 106 have been opened to their respective initial open positions
concurrently. As will be clear from thé 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 elements may be operated separately, in various different orders and timing
sequences.

[0017] Referring now to FIG. 3, a timing diagram is provided which illustrates
the status of a device clamp and a heat block of a conventonal wire bonding machine
teéhnique, At time tp, both thé heat block and the device clamp are in a closed
position. At time t,, the motion of both elements toward a full open position begins
(i.e., the heat block stérts to lower below the workpiece and the device clamp starts to
raise above the workpiece). At time t,, both elements have reached their full open
position (i.e., the heat block has reached its full open position and the device ;lamp has
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time, allow ng for workpiece 100 to cool down or otherw se reach a
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and the device clanp are in a closed position. At tine tl1, the notion of
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bondi ng ”aCJLisQe% vﬁﬂeQﬁeSjeIre%gnts are in their 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.

[0020] Each of FIGS. 6-19 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 (hot
concurrently) (of course, their may be a time delay between steps D and E). In FIG. 8,
the elements are moved to their initial open positions separately in steps B and D, ‘and
then moved to their full open positions concurrently in step F. In FIG. 9, the heat block
is moved to its initial open position 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



[0018]FIG 4 is a timng diagram according to an exenpl ary enbodi nent of

the present invention. At tinme to, both the heat bl ock and the device clanmp

are in awbasadipysition. At time t1, the notion of bot rCEluSa@0ng238DWar d an

initial open position begins (i.e., the heat block starts to | ower bel ow

t he wor kpi ece and the device clanp starts to rai se above the workpiece). At

time t2, both elenents have reached their initial open position (i.e., the

heat bl ock has reached its initial open-position and the device clanp has

reached reached its initial open position). The tinme between t2 and t3 is

the tine that the elenments remain in their respective initial open
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el ements are noved to their ful] open positio e the process is

conpl et e, a%o&gi%ﬁ@g\ﬁﬁf’ @pitg@ebmﬁ}eﬁﬁgfsnadiH?d f%ﬁ‘ﬁ%‘é‘;‘%ﬂ’fﬁ@é‘w%. 6-19 varies

sonmewhat f remc@Era@tly 5t sten OH(t@Se isnaindial opanheesitioe firibe heatelapkvethit o t heir

full open pgghiplnat seRaABALHRI devich RS rdkednd its idifif tope® pSditidnediistep)s; ( of
course, thejr rrha\ﬁy be a time del{ﬂ]% .beftl en st%gs Etang. . ln hFIt(né! c? t he
el ements ar BEABVEIFVIE 4358 ' 7'R4 PdfS BBegf?F”p‘%S’é'i M BheteR Lo dsdy BE Vet P'etdps B
and D, and toieredoireéhitial opérepositfonl dt stapefin apd sheni thm Seatdriaisris brered thitsst ep F.
I(?hFI éi 9, ﬁuh%p@ﬁ@%}sit@n%&épﬁ:.mﬁl/ﬁd. 0P the %ed'ti&.' &ddh iét)rﬁ_%@d RO®4 fn?t%ﬂo@etn Zt teﬁ B
e device clanmp has no initia n position in.thi s exan [ en

bot o eror S angt HE0 e tess PRAEF: SEHK S BRBIFAI0 T teBn e va g Jem: st op D
At FI G 10, theméhedeytcelslaoukis irgisddowwetsddl openi positioniat steb Fopechtheoshe hea

block is lowered to its full open position at step H. At FIG. 18, the device clamp is

raised to its initial open position at step B; then the heat block is lowered to its initial

open position at step D; then the heat block is lowered to its full open position at step

F; and then the device clamp is raised to-its full open position at step H. At FIG. 19,

the device clamp is raised to its initial open position at step B; then the device clamp is

raised 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 for the heat block in this example).

[0021] Thus, FIGS. 5-19 illustrate a non-exhaustive exemplary list of techniques
within the scope of the present invention. Of course, other techniques are also
contemplated.

[0022] Although the clamping elements described herein are a device clamp
(also known as a clamp insert or window clamp) and a heat block, the invention is not
limited thereto. Other clamping elements are contemplated. For example, a different '
element (e.g., a clamp finger arrangement instead of a window clamp) may be used to



- 7 - at step B, then to its full open position at step D, then the device
clanp is raised to its initial open position at step F, then to its full
open posiwpantiatii®sep H At FIG 11, the heat block is Pomdarseaone23st s
initial open position at step B; the device clanp is raised to its initial
open position at step D; then the heat block is lowered to its full open
position at step F;, then the device clanp is raised to its full open
position at step H At FIG 12, the hegt block is lowered to its initial
open position at step B; the device clanp is raised to its initial open
position at step D; then the device clanp is raised to its full open

posi tion at sepuethE workpiage frieen doue. bkewiRe iR certaiepruicatéons @g efegiant efhen
position at thahemelt bibtk dolufa beldsed tH SuppBAlthdWekKickSfrb@WRIRd to its initi al
open position at step B, then to its full open position at step D; then the

device cla rais i evi ce
clanp has %(?2;??]“ %th&%h tlhg pte%lell!t |9 %Pﬂrp%%rilrﬁa(?ﬂi @%scﬁtge%gﬁr&otnil]ﬁt,\/\gt he devi ce
clamp is raP%‘%&“ﬁB’rleﬁgh F'ﬁmf’i“ale'e@??é‘h('rﬁysq”t'l‘@ﬁ' %&enﬁoé'BO'Banq méd @788 heat bl ock
is |owered pexitidng itiigihdti imhitedRBE-eROSHO erdnme, thé apvitd cdang (éritea hbmtbiock) ement s

are oved Rk el o Wy SASLRAB 40N SARGHLBOLLY o8 A iER e polligF! G 15

t he device t hen-

bot h el emrenfi€: g}p@sﬁﬁvéﬂ"tf‘@sﬁqﬁ@ﬁd 4 feleysenO @%ir%qféﬁd'éﬁfifﬁiﬂﬁﬁ*@ﬂsl(?gat“ step D
(there is npositiink, BposRBB, RO.$ bid Atdniplatkdle heat bl ock in this exanple). At
FIG 16, the device clanp is raised to its initial open position at step B;

{hen, the dSYdqAC! AMcksin b SBY Enbddin{hik br ABERBASHLdRn Hasb SRfY ! NEn

t he heat bl oc s | ep and t hen
the heat bl AR PEWPERERY Pfroptss: sushpe tﬁ‘?feﬁ’ﬁ'%%"i“tq Rfzeae- Eeping deiy Bl G 17,
the device wlstrgred or deatrited, it ¢ dléas thatia timé depetoyidse piovidedbetsieepsith t hen t he

heat block Lgpd ompihed g%’n lftcgrté? Hh%'st%@%@gn%ﬁbéu‘n%ﬂ 1?& gt ?r% tRat Bt@?ﬂaﬁcﬁe

devi ce cl anp |s rai se tion a and

heat bl ock f&/iesasregatt o moye fepyard Hﬁé’rf efR%‘i“tei 'Bﬁﬁ'ab?peé‘t@ﬁ‘“llf‘s AKthepame 18, the
devi ce cl anpmeptheainagdeddd théis rdspedtivalbonii@n (pakistaxaimpkf tr&tremua opehen the
heat bl ock i e ot1e heat
block is | Oe\ogsldogg‘)egt%etrg?t tfrﬁes QM ln%k hQ\RaI %ﬁ&%ﬁﬂt‘ir’ng 'aelgys trﬁ)gﬁg{lﬁﬂ Vi co
clanp is rafeenuept pasgiop(pig- db@hﬂﬂ)d@F'ﬁ PRHtiE) step H. At FIG 19, the device
clanp is raised to its initial open position at step B; then the device
clanp is ralGa5]t o iWsnfhmdmg)pammmsiﬂpif&mnteammsdelmdjjelam@ﬁtvtehe (hemt block is

| owered to éléxﬁﬁ‘%&%len%ﬁﬁrh @%'d%h@é‘cl%p?é ﬁ@at%lo(:k haQE réa%h;ﬂe ut’s%&él%e@pe“
position for t in this exanp 5-19
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of the preswiitopempesittancane: @L0MOO0Mskisecohdse 100-ECH0I rqlisscanis; 310sH000

cont enpl at egly, @;i&%@ :ﬁl&éw&ﬁh Fnh%e@érﬁlgp'NeﬂiaﬁltWéyaﬁwos\;&%ﬁr'vQﬁQalhﬁét@r'\é% are a

device cla nown as Insert or wWn

bl ock, t he Yq)ﬂamgmﬁ@[emqnﬁfrpgb(le e Flasss! PositinB (i-¢:1 aﬁtﬁﬁﬁ g PRt s ar e
cont enpl at euﬂsed Iaonn@waapbnedm@, aihd f(2 piteinttiabbamrokitior: 0100 anils} 35O rhilsn§ezo0
arrangenentmhpsatngq(é of m ﬂi\M ndow cl anp) may be used to - 8 - secure the
wor kpi ece from above.” LiKewi se, in certain applications an el enent other

than a heat[obl cjk COLéId be us Softge epgort t he wor kpi ece f

elo
ertain asp fe

nt invention have been descn(aed asp a series
of discrete steps occuring in succession, independent of one another. Of course, the
steps could overlap if desired. The order of fhe steps is only intended to indicate when
a certain action commences (e.g., when the device clamp 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 clamping elements (e.g., a device clamp, a heat
block, etc.), the invention also may applied to muiti-step closing sequences for
clamping a workpiece prior to performing a wire bonding operation.



[ 0023] Al t hough the present invention is primarily described using only two
positions for each clanping elenent (i.e., an initial open position and a
full operwpasiwiimyp it is not limted thereto. For exanpCe/uskéie/oamss2 ce
clanp (or the heat bl ock) may have an initial open position, an
internediary position and a full open position (i.e., 3 positions with
associ ated tinme delays). O course, additional positions (e.g., 4
positions, 5 positions, etc.) are cont2naplated. [0024] Certai n exenpl ary
enbodi ments of the present invention include a tine delay bet ween steps. O

course, suc el a uld be zero. 1f no tine illustrated or
descri bed, &(ﬁisi cl eg'i’e %a?”?é{‘vf—‘[‘%‘ Wélaﬁﬁl'@%wpydtobvgr'%? ‘f%é‘%{‘ H¥ ween such
st eps. Fur tteemjiques éeludinge tar eadmplef ballending fissingey tapil@onkendingriopyto(e. g., the

heat bl ock @ﬁ%oﬂ%‘éi%rrﬁ'vﬁ%oﬁ&é}r Ive&d?: HEAMRg Y the@gf‘é t'bolrt%iﬁl%?stohn\éﬁly' ni t' al
ctive positions

open positions at r

OPen RSl LS chhen; A bR Bb G e FRE fod IS b STy T ruRRL 1 ore,
have di ff ertmmts}ti me del ays before noving on to a subsequent p05|t|on (e.qg.
their full open positions). [0025] Non-limting exanples of predeterm ned

tinme del ayS[doeb\zveen A&ho@h@m@méﬁl@n% AR Rited @n@descx%ed&ié’r&@wﬁh&é@sen@e heat

bl ock, etc. t)a spe mnt%dlmen s %t fn%ent ne;gn m{e%bé) t beq:m §e%)t A cl:lé%grpl ng el ement
IeaV|ng|tS|P|(i|6f ?lonf nove 8 P pen pOSItIOI’]

are: 0-10, otowni IRPih§éof@ﬁ@l§, quOiBZBQPGFOWaYrPﬁ magécbfr'?ds‘xietay@@ﬂtm"ﬂ@@S?ﬁplelaﬁéeconds;
and 500- 80Gangd bficz@maRAS. of NRHdimSlahi MitheXedepbehg Bormth¥ eiviehigd. di st ance
noved by a clanmping elenment from (1) its closed position (i.e., a ful

cl osed position used during wire bonding, and (2) its initial open
position: 0-100 mls; 3-50 mls; 5-20 mls; and 10-15 mls. - [0026] Certain
aspects of the present invention-have been described as a series of

di screte steps occuring in succession, independent of one another. O
course, the steps could overlap if desired. The order of the steps is only
intended to indicate when a certain action comences (e.g., when the device
clanp or- heat block starts to nove to its initial open position or ful

open position). [0027] Al though the present invention has been descri bed
primarily with respect to nmulti-step opening sequences for clanping

el enents (e.g., a device clanp, a heat block, etc.), the invention also may
applied to multi-step closing sequences for clanplng a wor kpi ece prlor to
performng a wire bondi ng operation.



- 9 - [0028] The present invention has applicability to various w re bondi ng
techni ques including, for exanple, ball bonding (using a capillary bonding
tool to uwoOrasienial |y formw re bonds), wedge bondi ng fagiusgoia/owmsdye t oo
to ultrasonically formw re bonds), and ribbon bonding (using a ribbon tool
to ultrasonically formribbon bonds). [0029] Al t hough the invention is
I1lustrated and described herein with reference to specific enbodi nents,
the invention is not intended to be |+rtmdted to the details shown. Rather,
various nodifications may be nmade in the details within the scope and range
of equivalepts, of the clainms and w thout departing fromthe invention. -
10 - What i &M 59AY%*9% 1. A net hod of operating a wire bonding machine, the

met hod .
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 workpiece, the
device clamp remaining at the first height for a first predetermined period of tfme; and

(3) raising the device clamp to a second height above the workpiece after
step (2), the second height being further away from the workpiece than the first height.

2. 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 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 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 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 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 to
a second position below the workpiece before step (3}, the second position being
farther away from the workpiece than the first position.

4, 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 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 to
a second position 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 workpiece provided, in step (1)
is supported by a heat block of the wire bonding machine in the bonding position, the



conprising the steps of: (1) providing a workpi ece secured

I n a bonding position by a device clanp of a wire bondi ng machi ne;

(2) raisiwg2pheia®si ce clanp to a first height above theCharskpioness2t he
device clanp remaining at the first height for a first predeterm ned period
of time; and (3) raising the device clanp to a second hei ght
above the workpiece after step (2), the second hei ght being further away
fromthe workpiece than the first height: 2. The nethod of claim1 wherein
the workpi ece provided in step (1) is supported by a heat block of the wire

bondi ng nachine .in the rther sing the
o onsor T OheEg nlien o e BBRE bl WP olsend B RPN SrufiotiRled ' "
wor kpi ece clatewitheevarkpipaetbefire ptep 23), thehleea dlack droaining ehpzﬁrﬂrﬂ@oatiom Fos af i r st

position fogec&@@r@@ai&npﬁ&ﬁ@érpamaﬁ@ By sy%v@r.ntgltﬂ@heaaladzc(@ak&m' ng the
heat bl ock to.a nt W|th step

ce_conc
(3. the-sctORm BECH B NOBEISHE R LD ARBIPAEL BHIVTE ST I BEHitn the
first posi tpasitiondengdanhsrapdy Gbmcthaiwerkbiagh drasi the fitst positidcpi ece provided in
step (1) is supported by a heat bl ock of the wire bonding nachine in the

bondi ng position, the. rrethcednéuuba Bﬁéla!ﬁpﬂﬁhér%inrlﬂe%ﬂ(pﬁécéﬁﬁ)vﬁfed il $tep l(Oner i ng

the heat "bl ek o8 of 18k, BB SRR BERSIADRUBEAR RE R ANCHEIRA vl Th Step

pr edet er m n@ethpefurdgr écfmmsm thaﬁtﬁpé 5f: (ﬂbl%’ﬁf"ﬁﬂgthem@ah@a‘tk tgladtrkt RagitiRnsecond:
posi tion bepaw tH@ewcwamkdal tﬁeﬁcﬁe b@fgqnﬁ t5d Rt blbkk rdrienif@ 60 f@ﬂsjo&.t.emd@eﬂ ng

farther a\l\%cgr{doprﬁaqurml erlo fElrrpg‘gggAqfﬁl)lflcl)v{resnlng?ﬁsp t%n)ck to T?éaca thod of

claim1 wherein p1'ece oVl suppor y a heat
bl ock of t heosikion delowrde wgrhm@hﬁﬁer tep (‘ﬁéﬂubb?faﬁerﬁ@eqo@% the gecond wesitiet hod

further congingfaRgert dwayFtoaPeOlorkfidde thoVEel fivet gddgioheat bl ock to a first
p05|t|on bel ow t he wor kpi ece concurrent with step (2), the heat bl ock

) e heThe o Pl h&od B o ArSPGROAIRE UBHEIL pRMARATA Oy 0f) | T

and (5) lowering the 0 a secon sItro | ece
after step *esyppomé by 8dGAHLIPESIT IO NIrd &PHENG @ﬁﬁﬂi@?'"&ﬁ&?owquﬁ@”mﬁ}ekpl ece
t han t he fimethopestHer 6dmprising 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 workpiece after step (2) and before step (3), the second position
being farther away from the workpiece than the first position.

8. 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 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.

9. 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 a first position
below the workpiece after 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 concurrent with step (3), the second position being
farther away from the workpiece than the first position.



5. The nethod of claim1 wherein the workpiece provided, in step (1) is
supported by a heat block of the wire bonding machi ne in the bonding

posi ti on,wohelvareroBod further conprising the steps of: @¢x/useaweniasg2t he
heat block to a first position bel ow the workpi ece before step (2), the
heat bl ock remaining at the first position for a second predeterm ned
period of time; and (5) lowering the heat block to a second position bel ow
t he workpi ece after step (2) but concunrzent with step (3), the second
position being farther away fromthe workpiece than the first position.

6. The method of claim 1l wherein the, V\Dl’ﬁ}éi ece provided in. terg t%1) IS
supported by a heat BPock TS METHEY QF FaIMhb WARTEE e MRrKRECR Rrov AP A

posi tion, tisupmiteddyfaireahblockcathe Wit hgndihg mettepsindhe bérind pasitionnthet he heat
bllock to a kil ﬂﬂﬁ%rtcblﬁﬁrlgﬂ’f‘d EHWs{erbeofm@?)Wé?ﬁﬁ tREE&E Bioek &Pa bédition fifovineat

bl ock remainin he gom tion Second predeterm ned period of
time; and (Hf b%?ﬁeﬁa"wﬁ@"w S%P&ek to a second position bel ow the

wor kpi ece after step (4) but before step (2), the second position being
farther away from thdlworKpi metdod hbelairhe whhnestthpw'rmi&@ﬁ provided in step (1) 7.

The rreg hgdbi@fsu oa&emblf Bt Bibék éhfhﬁewe%eh@ﬁ@niaemwé metﬂebanﬁﬁfﬁosftﬂa)w the
supporte e wr

R onl ChetelTitng” raFeiats toa Sisth o (a7 [isnly Bt Blopdiso'3 mSﬁ@"t he heat
bl ock to a balewthepuywkpiperafise siew (Rha@ndeftkpiter 63)bekdeat !slo@ve(rr_a)mnqaté:hheat

bl ock remai ﬂlsﬂaos&tontf&ea §dcbid pr@@&b;m@@d Bg{od%fs.%oaﬁd w)aaﬁérﬁrgr&@ﬁgatperl od of

t d t |
hor ol ate ibet SRt A0S an BRara he Wbt SRS LB E RIS TN 08 ng
farther awafprthemawaytfeormtekpirewecetthamthetferstf pasision posi ti on. 8.

The met hod of claim 1 wherein the workpiece provided in step (1) i's
supported by a heat blZOCleféfméﬂﬂed‘bfﬂ@ianMéﬁéﬁw B GlFpRece Provitdo Bdh 1Y)

position, th r|3|n e ste . (4). ring the heat
bl ock to a ' %ué%s g Y i o @ 8“”3 b??(‘%) 'BE? '(5'(r)Je1e E%ne%ng{ 8\/&%"hg“eheat
bl ock remai Methgd éttrtftelﬁéomprrsmg ’f}b©§FGIPﬁ(9ﬁ (ﬂbhmrls@ﬁ@mabb@d@m W‘ﬁh@%’tb’érl od of

time; and (Sdow m@eﬁérmgeéemtehgﬁb (B, W6k né bR BGRNMNY aSiHel A& Joskionvrdrize
wor kpi ece aft

d
oo beae o T SR e T I T L e
9. The net h@fdpvofhecxmkm@ ames@prm,ﬁ@e mpkq)b@@@nphemfa@bleriawaytf@m te) is

supported byoRpib&athalbiRCirsOfositleg. W re bondi ng machine in the bondi ng
position, the nethod further conprising the steps of: (4) lowering the heat

block to a first posii O”T»Q.- rJn&Wo& Q%Mi(%%ﬁw E,féc rév%)ed nt\ g@EZ?f"t

bl ock remaining at thé firs od of
time; and (ISPUPROWEH iPH@ ﬁeﬁbblﬁ@‘a(tf tb*F WHR bpediag §@é’ﬁﬁ‘ﬁ'n Sib?ﬁ‘q}ﬂg B‘é‘%‘t&ﬁ

wor kpi ece castod FetHer vbrhprisiiceipe Gips of:N@) seeAng tHeaRiat blotk fed MGt paitidner away
fromthe \mtgelf&i/ ﬁ']%%érpﬁgceta%r gtieE) %E),QI%S Léait %%ck réma]n%ng'} 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 farther away
from the workpiece than the first position.

14,  The method of claim 1 wherein the workpiece provided in step (1)
is sﬁpported 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 after step (3). '

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

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



10. The method of claim 1l wherein the workpiece provided in step (1) is
supported by a heat block of the wire bonding machi ne in the bonding

posi ti on,wohelwatised further conprising the step of: (4pCrrasesriongshe heat
bl ock to a position bel ow the workpiece concurrent with step (3).

11. The method of claim 1l wherein the workpiece provided in step (1) is
supported by a heat block of the wire bonding machine in the bonding
position, the nethod further conprising3the steps of: (4) |lowering the heat
block to a-first position bel ow the workpi ece after step (2), and after
step (3), the heat bl ock renaini ng at the first‘ﬁosition for a second
predet er mi ned peri od (6} 'oWeRRI thedigat Blpck A iRpsiea bRIYthe WeERIECy e second
posi ti on beheat Hiduk revoaikipig et ehesfirtteposisipe for(Afjrst prieeetsmaoetpgiodiof fioe; bed ng
farther away fromthe workpi ece than the first position. 12.

The method of clai m k3yRekrhdtHeRaMOb&PSLCRATONIsARA beRwSthe Rokicbleck S
supported b bl ock

a hea of, th re bondin chine in the bondip
ool i on. ¢ RAS BTG PEAEHOF TR P PR SRLREn 87% oty EPoHnas FitMohe heat
bl ock to a Ppsitian.positi on bel ow the workpi ece after step (2), the heat
bl ock remaining at the first position for a predeterm ned period of tine;
a?? (5) t | owering the ilseat Thé Q@&o@%f@a&?@@%eﬂ?ﬁihbimkﬂwﬂf%\ﬁdﬁ mv@femk)i ece
after ste . : itio | . rawa i ece
than the §i fOUs sielfseG R edt Bk I eR8hAg0 bGIIY, FBYCe oM e YREE, 250
t he wor kpi eBengircowmpehdet ithe edwd further sompifsit the$tepy ofi (Heeaising heldewiret he wire
bondi ng machiafe th @ fir-tehelRPOEbAE tROFbIkbRBe cdrErrémiI@tstépi() @k devBPElREbNY t he

oL O (AU Sl DS bl B9 Qe PR Ll o,
for a secontheptedidecemp tﬁéoﬁep@rdi hedphd Bbevertbe warapiers Foncgwenti with sthe (Heklte bl ock

to a seconds@ard height Hef OrrthBeawlITidph BeavdiRbiedcanst 8 frsheidnbe second
position being farther away fromthe workpiece than the first position.

14. The met hod of cl ai-m 1 ' . ‘ (o] in. ) is
supported by a heat b%ck%@ﬁ{eﬁggvﬁwlg'%% |%%%rr%1§r¥fb\r¢gg%% ptrﬁlé&tggﬁéfekg

posi tion, the HEIHEE tPihe heat blskiy theibARdips BOLHAPLYE device)clangmel TRy ehe heat
bl ock to a pesiing @acHyed, e inbegoddirker ecpadfiitheStepp of:3)) raising the device 15.

A et hod of r.ati . W i i 1Si t he

St ops of : . coi 8o/l igh SERUNE B HBE i el B 0, BTRILS LMy
posi ti on beltWAiting ahbekisitdeht faie sKeand RedseRMiradenenra gf e 3l () rajging

Ioosi tion f(ﬁfhea:lefvicé%ll“an'@rted@eecﬁdﬁ rrea;ia RBfveQte %rt&pﬁe{&e;afta’ﬁﬂep (3),k the secondf (3)
owering t . . ; I ne . Wor Kpl ece after step
(2), the seﬁ%ﬁﬁ ﬁgggl f?ﬁﬁ#%‘éﬁr@%ﬁ%%@%%ﬁa@% &%ﬁ%@%‘r kpi ece than the

first posit I. on.- 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
remaining at the ﬁrsf height for a second predetermined period of time; and (5) raising
the device clamp to a second height above the workpiece before step (3), the second
height being further away from the workpiece than the first height.

19. 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 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 concurrent
with step (3), the second height being further away from the workpiece than the first
height.



16. 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 clanp of the
Wi re bondwogoneainidse, the nethod further conprising thePsTAs2010/0423821)
raising the device clanp to a first height above the workpiece concurrent
with step (2), the device clanp remaining at the first height for a second
predeterm ned period of tinme; and (5) raising the device clanp to a second
hei ght above t he workpi ece concurrent -w#th step (3), the second hei ght
being further away fromthe workpi ece than the first height. '
17. The method of clajm 15 wherein_the rkpi ec rovided in ste 1) is
secured to the heat %IOOCk%%mfwgd%ﬂa'i“’hggﬁ’ggﬁeﬁ ﬁ%{)‘péecﬁgm"@@gérl‘ gtﬁé of the
wi re bondi n{l)rinedvureg, tottirehent bloddinf the bhreding pogitidngiyregdeavive camepsf thé wir¢ 4)

rai sing thepgeidLBadlifdBhd Peob FlrfHer B&h%ng@ﬂ@‘é{%pt&?ﬁ@?\%i&% BfefaevRBCUr I ent
with step (%és’n t he d,eg ce cl ang remaini n;]:; at the fi hei ght for a second
pr edet er ni n€aMB&P P EG196F 2R9VRENe WAEPIES) “PGIET NG T HEPdNi ce clanp to a second
hei ght above the workpiece after step (3), the second height being further
away fromthe workpi éde t hagmeledfor glgim hzwhrein the workpiece provideddn stfhe net hod
of clai m 15(mhesureditb ena\Rdak BioBie B tAE BY¥hdlRpbstioht it dellcel fanfsrith@dirko the

heat bl ock | n the bgndi osition by a device clanp t he wire bondi ng
mmehi et neMARETmART Bk PeRR Pl Yol P 5805 P Blsioia deiBiibe dovi ce
clanp to a €lpmpto Adirgineichbahaye tirreworspiepd efter stapriGurthedevigd ddme respritiag, t he
devi ce cl ang thefPdt Mefd@t A% alsB@nhiiprdetdt@i@Rtpefiod otirR@CMHAL SPFAIR] B Hehid

period of tine; and (5) .raisin he device cl a t second hei ght above
Phe. vior kpi eUEMBAS BrecopssRhEatie HECukyeF whsraFp @i e SF6R7 e muillp £ om
t he wor kpi esethehawat frem the werkpietegthen the first height. 19. The nethod of claim
15 wherein the workpiece provided in step (1) is secured to the heat bl ock

in the bondi ng positixn byhaémédet @ecigindi® whkrelnBe WoFigidee pebvitdnmetapne, the

met hod furthegr. ri.si t e o (4) raisi i to a
first he gh{ﬁésb%e%‘%dﬁé%%*seeﬁ?@éﬁemaﬁ?@%ﬂdgé%éos@%%d%*&%&?@% SEME he
devi ce cl anfPndErgeneihing. Hte mefdod furkher peDRMng toe sters et dANraRinadide devirhed
|t0ﬁr i od Ef téiamp t@adirs(tﬁ)aitgha@atﬁivaghé \h@'kg@&’é ffﬁercgt@rm) gwt lﬁgf&et@mdgh&h@ht t ﬁbove
e wor kpi ece.co , ste e_second hej Furt her
cvey 1 om ¢ PG T AR AR nbighe b 0 e G gl LSS MG 1
The net hod #Td G &ipng Shagryiceiclmpre agscwst fkaight ghexs the avorkpiese afer tpp (4,
secured to thageb®athel)h06king FurtHee aRANAOMAGHO ABHDIH tHaY the HRY heightc! anp of the
wi re bondi ng nachine, the nethod further conprising the step of: (4)

Coen ()16 device CIATP i RSl IPkinBh oy Rnbidfh OYIRILREE SFARGT Sitb M (1
provi ded i n(13fIecpres tp sheshaat Ploak inghe RendiedPosHiondl 3 Fevids<iasumefithe WiBsi t i on
by a devi cebarldaigpmadhirtel ehevhét@od arthen gommaitigide stdpe ofrethatkidgihk ievice

conpri sing N i.S| ] V| fl hei ght
above ¢ ho vt i E8s ignt Mok ASHIRELPARE LG AR oical e "0 T 1t
hei ght for VEECHRTP FMaiEterint A &6t heighbler afseeqngwredgtRImMiney negpd phigmehe

devi CS ﬁ | angndt @) eaiasgmcbéwbgmnpat?ca@c&ﬁﬁmléabmmafomﬁecstae:pq £tép (axt _heh
secon el g | ' I el gnt.
22, "The mettdoere aeatah Y R no bR Bt SRl ot AR dfecky it vt 2
secured to fiReN#igdt bl ock in the bonding position by a device clanp of the
wi re bondi ng nachine, the nethod further conprising the steps of: (4)

rai sing the device clzanp Tie @ethiod ot clhig ghivhateovide woekpiaae lppovidee iaktepr St ep
2) but bef j ol I nei ght for
(2) @5 % SkERd(Sne ﬁéaggelg{fnﬁﬁengbﬁa;ﬁ%Egggdngﬁmdﬁﬁcet{%%méVJ.}@ g

a second predeterm ned peri ;anc ai si he 'device clanp to
a second het?od’ﬁtngdﬁﬁﬁ‘i’é‘etﬁ@ e RH (S spRiising 1p step)of: @géa'§'é%8??o‘j%é?ght bei ng
further awayarhp tora hbightatrokpittecworkpiate aftee stdpr (@) ahe(3ht . 23.
The met hod of claim 15 wherein the workpiece provided in step (1) is

sgcured to the hegat BEockrhdimbihed BPALIn 95 Wﬂé@eh{ {p8 Wk;ﬁec@%\‘&v@&d%@ of the
W re bondi n(q machi ne, further co ,r|n5| ng e : ! 4)

f t he net hod the st s%f._
i Sing ¢ ha AW BN Rt BOF e RENARG PTHAPEY i JARLRd S 8T st ep
(2) but beftmnegingtregrh(®) thethethdefurber cdraprsingetimistepagf: g#) taind thestevieei ght. f or
a second pr k ney i L e h Si ; i elanp to
a second he(?gﬁ% ?%%E\F}gqf 'ﬁ?ﬁﬁﬁ%@é@? %égg&g{eg%evz%)seggg E\It})lgfg?@ﬁsr%ﬁ%ﬁ{n ), the
second hei ght being further away fromthe workpiece than the first height.




24. The nethod of claim 15 wherein the workpi ece provided in step (1) is
secured to the heat block in the bonding position by a device clanp of the
W re bondwogoneaiidse, the nethod further conprising thePsras2ab/04138)

rai sing the device clanp to a height above the workpiece after step (2) and
(3). 25. The nethod of claim 15 wherein the workpiece
provided in step (1) is secured to the heat block in the bonding position
by a device clanp of the w re bondi ng- Bachi ne, the nethod further
conprising the steps of: (4) raising the device clanp to a first hei ght :
above the -

the first \r,:ge)ﬁ hghgggﬁlgggfgégén%ﬁglpeeég eé%‘ﬁg%ggp(d t%cf %Bd (?)”Elsﬂ\'gr{g ?%\5 ral SI ng
t he device @?’aﬁﬁ)@éecanééé'éhkﬁméﬁ Hretwailsigce QOH@J"W@F Rj5h stee Bbribaisacerd  wi t h
step (3), thegHeengduditir@hby Femge fwsFiphee tranayie Firdmelghe wor kpi ece than the

first height. 26. The nethod of claim15 wherein the _
wor kpi ece provi ded 'QGSteﬂwe(r%éthhéoisﬁﬁer whitehfife BERpicRE &%.db@.rf]&go bondi ng
position by a device W re bondl ng |ne he et further

conpri si ng A& Sewgd tfhe r(egs blpek ‘§|th@b?'}?@9dé\ﬂt'86 b&‘ Iaafjr?ﬁ'cf’ Glagprqf tha Wik ght
above the wankpigesshbef theenah@pfuftpr, cdnipeisthg\the stepd P4 ¥ raismigrthagevade t he

first el dNbartpts 2aeR0nR ALECRISLILIEL RATLALD) UhiBeu ATk Dlenitin) N0 the

device clanp t secon bove

bef ore st epat(tm first Relahtsfaed ﬁ%F°ﬂ%Pbel‘i’?teﬁ"@i”ﬁ€| Peifc ‘ﬁéﬁmea\ﬁ@ (P} '@fﬂ’\gﬁée ﬂB\f“FPpl ece

t han the fida&hp beea gdond height above the work@dce affee stept(npbutafefccé sepn(1)5 tiveher ei n

t he workpi g o ock in the
bondi ng possl%??rg{l %/h(é%g'&gr?u@]{ee?%réﬁpmhsch?%W\ﬂ?eqettlﬁao gﬂpﬁ%'gﬁ% ne, the method
further conprising the steps of t he device clanp to a first
hei ght above the wor Kpi ec eHB‘FtBP‘égE%'@B‘ kSZYhEQF'Héh%IE’QTkE?C%PE’Hﬂe?MF% ng at
the first hggdecdred tattedreondlogkiedie¢ bormiingegbsipion ibge deivict ickmep altie W59 rai si ng

the device (g, %B rh&h e SERMAn LA BRES éb?r%\éﬁmtg*%ﬁe %55&' ‘?E)era?smg%e EE\%S (4) and
(2) but before St P‘fsh‘ t he second bei n

er away from
wor kpi ece tHRIRP fhe" oy e Workpiece before Step {3 e A ARG, m 15
wher ei n t heatwbe fipt Beightpbow betedd predsteepingd perigl cfeions; eddt(B) talstngnbatebteock i n

the bondi ngcmﬁﬂotég&ohahé\gﬁt%oe@c@m% £ stbbé @)%e%psut%ﬁ;l?é Qt%p the

met hod further CO%P Wg (4) railsi ng device clanp to a
first hei ght)dBsy ﬂ@e ?‘P@b”‘-’e%‘émﬁfe?‘?ﬁaryé‘ rp Eig wgjpie %@aaé‘?ﬁ firgt RgigfKp
remaining at the first height for a second predeterm ned period of tineg;
and (5) raising the d&vi ctheohethpd bbclaimsdcwemteinghgvorkpisoe eravied iostkpi ece
af t Er st epqﬁs &)sedildd t3the HebBELISACIANMe BEHAY pd3RioR By falde e iapHe thd Rife t he
workpi ece bonglng mache, t%e metﬁoc} further comprising the steps of: (4) raising the device
ctamp to a first height above the workpiece before step (2), 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 steps (2) and (3), the second

height being further away from the workpiece than the first height.



