CONDUCTIVE BUMPS, WIRE LOOPS, AND METHODS OF FORMING THE SAME
CROSS-REFERENCE TO RELATED APPLICATION [0001]This application claims the benefit of U.S.
Provisional Application No. 61/165,679, filed April 1, 2009, the contents of which are incorporated
herein by ref8RAEE 21D OF THE INVENTION [0002]The present invehfidfrefdé¥t8?donductive
bumps and wire loops utilizing conductive bumps, and to improved methods of forming conductive
bumps and wire loops. BACKGROUND OF THE INVENTION [0003]In the processing and packaging
of semiconductor devices, conductive bumps are formed for use in providing electrical
interconnections. For example, such bumps may be provided for: (1) use in flip-chip applications, (2)
use as stand-ofeHRHctdVS: PYMRR WABH 4R B AlRMENHeNSHOn ROBMENGTHEPAMRIONS,
amongst others. Such conductive bumps may be formed in varying techniques. One such technique is
to form the conductive bumps using wire, such as on a wire bonding machine or a stud bumping
machine. [0004]Numerous technigues for forming conductive bumpﬁﬁ%n a wire bonding machine or

bumping machine are disclosedh %‘Rﬁ‘éﬁéﬁP‘% E%%Fdé\(gr?tlﬁgﬂi DD AND APPARATUS FOR
VACHINE') 500 5 Ftent 1 1o 7o oo T ﬁ’é“‘%%ﬁﬁ%ﬁéﬁ%@?%%%ﬁ?ﬁv“é’ BUMPS

! aten : entitled " : -
AND WIRE LOOBE BB IcH 208 natr et ) ST e R G B TS G 1
illustrates an ”éf(%rﬁﬂﬂ%ry sequence of forming a conductive bump on a wire bonding machine or
bumping machine. At Step 1, free air ball 100a is seated at the tip of bonding tool 102. As will be
understood by those skilled in the art, pridEEeRSRETHEFNENTEN 100a has been formed on an end of
wire 100 that hangs below the tip of bonding tool 102 using an electronic flame-off device or the like.
Wire clamp 1¥PR2dIso shbbhenpaesriprventibe wiiasgogitoduatiyeil hemmibrsteddany those skilled in

the art, wire 10 impvidediay rumiFe sSBaabomine/saaabtAsdet Bheva) cOMEEcliO® bumps and

wire loops,
BACKGROUND OF THE INVENTION

[0003] In the processing and packaging of semiconductor devices, conductive
bumps are formed for use in providing electrical interconnections. For example, such
bumps may be provided for: (1) use in flip-chip applications, {2) use as stand-off
conductors, (3) wire looping applications, {4) test points for testing applications,
amongst others. Such conductive bumps may be formed in varying techniques, One
such technique is to form the conductive bumps using wire, such as on a wire bonding

machine or a stud bumping machine,

[0004] Numerous techniques for forming conductive bumps on a wire bonding
machine or bumping machine are disclosed in U.S, Patent 7,229,906 (entitled "METHOD
AND APPARATUS FOR FORMING BUMPS FOR SEMICONDUCTOR INTERCONNECTIONS
USING A WIRE BONDING MACHINE™) and U.S, Patent 7,188,759 (entitied *"METHOD
FOR FORMING CONDUCTIVE BUMPS AND WIRE LOOPS"), both of which are
incorporated by reference in their entirety.

[o005] FIG. 1 illustrates an exemplary seguence of forming a conductive bump
on a wire bonding machine or bumping machine, At Step 1, free air bail 100a is seated
at the tip of bonding tool 102, As will be understood by those skilled in the art, prior to
Step 1, free air ball 100a has been formed on an end of wire 100 that hangs below the
tip of bonding tool 102 using an electronic fiame-off device or the like. Wire clamp 104
is also shown at Step 1 in the open position, As will be understood by those skilled in
the art, wire 100 is provided by a wire spool on the machine (not shown). Wire 100



extends from the wire spool through wire clamp 104 (and through other structures not shown) and
through bonding tool 102. [0006]After free air ball 100a is formed (prior to Step 1), wire 100 is drawn
upwards (e.q,, using.a vacuum control tensioner or the like) such that free aj @%il is seated at the
tip of bondinqgv%(z)?li%éogzsshown at Step 1 of FIG.,1. At Step 2, bonding tipcalfi Qiﬁ%&n%s%ith other
elements of a bond head assembly including wire clamp 104) is lowered and free air ball 100a is
bonded to bonding location 106 (e.g., a die pad of semiconductor die 106). As will be understood by
those skilled in the art, the bonding of free air ball 100a to bonding location 106 may utilize ultrasonic
energy, thermosonic energy, thermocompressive energy, XY table scrub, combinations thereof,
amongst oth&tEREHIERBSI B9 1aReat theatal Wik $862Pid bR 5 BRGNS I SEAFEH Tt Step 2
(where the behded)feeg Hirdalhrmeydimandse t62med bonded ball 100b), with wire clamp 104 still open,
bonding tool 102 is raised to a desired height. This height may be referred to as a separation height
(from viewind @ae6 B of FI&fidr, foreatabiaticld tads iomeedd poiot 103thpd heereraised seokrthat bonded

ball 100b is ngylpstaerSeaIedi edin.h BORGINERabAIZ): MeSIEn GuumithaviFrelamsnl Q8aill open,

bonding tool 102 is moved in at Jeast one horjzqntal direction_(e.qg., the is qr Y axis of the
machine) to s'?nséeg_?ﬁq]ﬁé %%%#a%%ns otﬁaqei %ﬁffg{ik}’_"ﬁ%&egﬁo%tﬁ?ﬁgg P’ré\%gges?a? tesirable top
surface for a eoHENZA0R BOM{RieptvilsoribenrisRams ebAMeaadir AR DO RFEEIRAIMGOb and the
rest of the wirdatopassatitnidhe rdparatien thevebatvadn batGie poSdrondirigetooinl 03bigeraised to

SOt RO SRR IR Aat R VbdBLRBIS0) 98 BIRIATIIDN = cosed,
en at Step ondin is raised to bre cqnnection between honded ba whic
g mow bes o6 SRR B CEE b O B s BRI e s R diee (hee
102 may be FEIREEPRS HA EIEThSRATTIREIPTESE B S8 Yt WhiklafFeiBcRURRINRAIoRE SpetRNice forms a
free air ball oarveingstasl i€ 0 dfigres100. [0008]Forming conductive bumps using such conventional
techniques involves certain deficiencies. For example, during the smoothing motions in Step 4, the

connection bgtgeznp bondaddrati=EGiband tite resbatithcaviie tinyesdatvad: dtoweitep, N certain
processes thg,HRDRRLeBHAGY P& WRANRE AR RAUHKRGSH e sanneetonBraltRIsmaturely

(that is, the copnection may separate during the rise to tail height shown. at Step 5 pripr to the closing
of clamp 104 .Oﬁ‘ gﬂﬂﬁ%eB’rg é-'{%’lge%ggp];ﬂ%t%ﬁabsgcutros,a té%sW?rde gﬁi‘ﬁa\ﬁl@sphg{ﬂ%%(ry %r the next free air

ball (that is, WHETH 1008 P rFBRFsInoRI9NE (FRShyaEs BRRIACH1F dnterRADERS 8Nhd such a 3
problem the swradbgingpin Stdm:d raay lasee duck distdotidat! the | cOthdstionds geotserbab BivibE
weakened; hgweyebn s, RANehos. i%@ﬁ%@ﬁ’ﬁ‘,i'&@tmﬁ%@é&\é%geﬂgheﬂﬁ%@ﬁ,es%%@ﬁm_szth@ resu_ltant
bump surface, Xet anaieLrglom thatma (eaul 188 longal 1helfgo RN is on the wire
tail. These pr%lems tEnd 16 result i ylefa lossand me hsistency among the conductive bumps.
[0009]FurtheM#SHRMG S SEBREUERdSRFHHasRidMnsiedl BRINOE: gl 328t HhPERE'S Fe process)
involves certalies chbikcing s raket dor o cfodestiva plemiherod migtiavtakansrthefaheaetiion ketiedre physical
configurationge tef Swis e et Haa-dminEhase whalkeigesiessnaest tharppadydormed
second/stitchoonds and poteniabshertiallrengtions. AARHTTE hypolcbespigiad provide
improved conductive l_JmE)s, an ) ] ,

wire tail height), and then wire clamp 104 is closed. Then at Step 6, bonding tool 102

is raised to break the connection between bonded ball 100b (which may now be termed

conductive bump 100c) and the remainder of wire 100. For example, bonding tool 102

may be raised to an EFQ height which is a position at which an electronic flame-off
device forms a free air ball on wire tail 100d of wire 100,

[0B08] Fbrming conductive bumps using such conventional techniques involves
certain deficiencies. For example, during the smoothing motions in Step 4, the
connection between bonded bail 100b and the rest of the wire is weakened; however,
in certain processes the connection may be weakened to the point where the
connection breaks prematurely (that is, the connection may separate during the rise to
tail height shown at Step 5 prior to the closing of clamp 104). If such a premature
separation occurs, the wire tail that is provided for the next free air ball (that is, wire
tail 100d) may be short (i.e., a short tail condition). In an attempt to avoid such a



improved methods of forming the conductive bumps. SUMMARY OF THE INVENTION _
[0011]According to a first aspect of the present invention, a method of forming a conductive bump is
provided. The method includes the steps of: (1) bonding a free air ball to a bonding location using a
bonding tool tpridéematbescedtbiz (25 teaising aidb oediingdteutidbat étredrineifian itttta wire clamp
fhpeg, wg_ile I?%)(H%Qsﬂl&wwet??@ﬁ%wlﬁwh%%w &kl]ﬂng kg_aoesislnhai %ﬁ@@%ﬂ%éb&x%@d@_lmtﬁ) Iowerir}g

e bonding to a smaoothi eight with the wire_clamp, still closed: (5) smQo r surface
of the bonde gﬁ?,svmﬁ%nésvélpr%hglé%ﬁétg [ %‘I’orggé,uﬁgf:ﬁ%g &% Bon |ﬁ'g';%g§?;e£§7 Hrjlé%’sa:rr%sugigbonding
tool, with the Wile9@/EpvHRrEkSSNVED ¥ibisdrate the widal banste rrahlenehtfaged Wﬁlﬁg‘tﬂé bonding
tool. [0012]Acgeldlilngstaral Secoriiaspeetaiiepresentdnve bliomsa method of forming a wire loop is
provided. The method includes the steps of: (1) forming a conductive bump on a bonding location, the

step of forminggigaqonductiverumerinslydingdabansisiy adsaesatidll tumpoadinguacation using a
ponding tool 19,18 8, BafIsd.aal By singaihe i el igia fask g ieiebt it Aatie clamp

open, while paying out 'wire continuous with the bonded b (fc closmg the wire cl mp; (d) lowering
the bonding toBFEELERERHIAY Helghe Rite iRl FAPE4SRHE L6 iB<en; {‘gfasﬁ’?l%fﬁﬁ%uaﬁ upper surface
of the bondedThasie withlenaasitend|&erssstitiivlesedy fetmpdreburidrigdo S aisch(R AESIAERhe bonding
tool, with the wikgtdlsinp sdiltiehased, to separate the bonded ball from wire engaged with the bonding
tool, thereby forming a conductive bump in the bonding location; (2) bonding a portion of wire to

another bondipglpgftion using theJaandingstant«R) exiradingia seeaih efwise:fiemihpsperded portion
of wire to the condtd,cté'\l/e %Hfr’nﬁﬁﬁdi’% bgéndin n enedb%fr%hg length of wire to the conductive bump.
BRIEF DESCRIPTIGN® RAWN %C[%%% he invention is best understood from the following

detai“led description when read in conne%%%%mgﬁ épq_ggc&vgﬁ%%g drawing. It is emphasized that,

[o011] According to a first aspect of the present invention, a

method of forming a conductive bumgp is provided. The method includes the steps of:
(1) bonding a free air ball to a bonding location using a bonding tool to form a bonded
ball; (2) raising the bonding tool to a desired height, with a wire clamp open, while
paying out wire continuous with the bonded ball; (3) closing the wire clamp; (4)
Jowering the bonding tool to a smoothing height with the wire clamp still closed; (5)
smoothing an upper surface of the bonded ball, with the wire clamp still closed, using
the bonding tool; and (6) raising the bonding tool, with the wire clamp still closed, to
separate the bonded ball from wire engaged with the bonding tool.

[0012] According to a second aspect of the present invention, a method of forming a
wire loop is provided. The method includes the steps of: (1) forming a conductive bump on a
bonding location, the step of forming the conductive bump including (a) bonding a free air ball to
a bonding location using a bonding tool to form a bonded ball; (b) raising the bonding tool to a
desired height, with a wire clamp open, while paying out wire continnous with the bonded ball;
(c) closing the wire clamp; (d) lowering the bonding tool to a smoothing height with the wire
clamp still closed; (¢) smoothing an upper surface of the bonded ball, with the wire clamyp still
closed, using the bonding tool; and (f} raising the bonding tool, with the wire clamp still closed,
to separate the bonded ball from wire engaged with the bonding tool, thereby forming a
conductive bump in the bonding location; (2) bonding a portion of wire to another bonding
location using the bonding tool; (3) extending a length of wire from the bonded portion of wire o

the conductive bump; and (4) boading an end of the length of wire to the conductive bump.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] The invention is best understood from the following detailed description when

read in connection with the accompanying drawing. It is emphasized that,



WO 2010/120473PCT/US2010/028824 4 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 owg%g&,?zg%%clarity. Included in the drawing are the foIIowinglj@H{%%wmng FIG.lisa
series of diagrams Illustrating a conventional appgoach of forming a conductive bump; FIG. 2

is a series of diagrams illustrating a method of forming a conductive bump in accordance with an
exemplary embodiment of the present invention; FIGS. 3A-3B are side and top block diagram
views of a conductive bump formed according to the technique of FIG. 1; FIGS. 3C-3D are
side and top block diagram views of a conductive bufmgp formt?,qlc acgorging é?etﬁgti ngcréiié/e (5%chnique of
FIG. 2: and accordingieseommonePaeitha 18 VR IFEHHG S EkR SR O oop In

) rming a wire
accordance with cntexaniprdireentiotineé theovarieusrtessem ten BoHUBEYT AXPET SRS SRYSSHON OF

THE INVENTARNARQ14ihaicestain excarpiany ereindmsnimofifie-gresent invention, conductive bumps
are formed. An upper surface of a conductive bump is smoothed, for example, using an XY smoothing

motion of a bonding tool. After dapositing snaheadingekaties alidsaliadem sbrsanductive bump,
but prior to th smoothing of mg upper surface, the bonding tool is raised to a desired height (e.g., a

tail height) wi %r?ﬁgmr%oc%'r%p open.prhen the wire clamp is closed and the bonding tool is lowered to

perform the upper surface_smaothing of the gonductive bump. This process.re in a slack length of
wire between the top of th’é%%bﬁd?n%%%rb s"a%fdﬁ {ﬁ%r%ngf'tcl)@ﬁs(t)%)n ﬁi@%@rﬂeﬁf A%@ﬁ%?npletion of the

smoothing ofa®iissfyer RLiPe de aSEaReapER 1 UirRs ISERENME o8 MEadiRea 8 bp A48 the conductive
bump from thevemainnder of the wire. In this process, the slack length of wire now facilitates a
desirable wire tail length, thereby substantially reducing the potential for shorts tails and associated
problems. [0015]Thus accerdingieibe regeninmvepbankdisngra \saveothimgbphatassbisee Step 6 of

FIG. 2), the W%%'&"&%JﬁﬁﬂgiE‘&%‘Q%&&W&\h@bwﬁt@?“a”y reduces the potential for (or even prevents)

the wire from passing through the bonding tool creating a stoppage in the process (which may result in

a short lail error). In contrasho seySgURISRAMH ERAMBRETMRIAIR BrbiedRimRadkaliahhe
smootning Is -
J formed according to the inventive technique of FIG, 2; and
FIGS. 4A-4B are diagrams illustrating a method of forming a wire loop in

accordance with an exemplary embodiment of the present invention.
DETAILED DESCRIPTION OF THE INVENTION

[6014] In certain exemplary embodiments of the present invention, conductive
bumps are formed. An upper surface of a conductive bump is smoothed, for example,
using an XY s.moothing motion of a bonding tool. After deposition and bonding of a free
air ball to form the conductive bump, but prior to the smoothing of the upper surface,
the bonding too! is raised to a desired height (e.g., a tail height) with the wire clamp
open. Then the wire clamp is closed and the bonding tool is lowered to perform the
upper surface smoothing of the conductive bump. This process results in a slack length
of wire between the top of the bonding tool and the bottom of the wire clamp. After
completion of the smoothing of the upper surface of the bump, the bonding tool is
raised to separate the conductive bump from the remainder of the wire, In this
process, the slack length of wire now facilitates a desirable wire tail length, thereby
substantially reducing the potential for shorts tails and associated problems.

[0015] Thus according to the present invention, during a “smoothing” process
{see Step 6 of FIG. 2), the wire clamp remains closed which substantially reduces the
potential for (or even prevents) the wire from passing through the bonding tool creating
a stoppage in the process {which may result in a short tail error). In contrast to
conventional techniques (where the wire tail is formed after the smoothing is



WO 2010/120473PCT/US2010/028824 5 complete), the wire tail is formed before the smoothing
occurs. Yet another advantage is that the wire tail will tend to be stronger as compared to conventional
processes becausl% 5104s7gmothing motion has occurred to weaken the Wirg é?,% %ﬁ}%sggducing the
potential for AEtShE e ors. [0016]FIG. 2 illustrages an exemplary sequence of forming a conductive
bump on a wire bonding machine or bumping machine according to the present invention. At Step 1,
free air ball 200a is seated at the tip of bonding tool 202. As will be understood by those skilled in the
art, prior to Step 1, free air ball 200a has been formed on an end of wire 200 that hangs below the tip
of bonding tool using an electronic flame-off device or the like. Wire clamg 204 is als stkown at Step 1
in the open pEERIACloSS YRR R Tir et BSRE RGSTRCA(BRGFE Step if,‘\ﬂ/tirgrﬂ% 388Fwn
upwards (e.gis teihtha vietainvabriend terisicienotiae ikapaiRthtther TreBtgR D ATEBRSs seated at the
tip of bonding:teahstObamsbawyahsticn Azefdctared Al viiared, thendiagdnoti2oehiatemg:vith other

elements of a opoq %@pf&sggﬁ?%émgw ing wire clamp 204) is lowered and free air ball 200a is
bonded to bonding ?ocation 206 (e.g., a die pad of semiconductor die 206). As will be understood by

those skiled jgfig.art, the-ponding.efiee.ait ball 200540 bondinpdacatign 206 mayatlips ultrasonic
energy, thernosonic energy, thermocompressive energy, table scrub; combinations thereof,
amongst othé’t”tédﬁ?ﬁdlﬁ’éé’?’[@(’ﬁ%‘]ﬂﬁ@Pﬁgﬁmﬁﬁ‘%f”fﬁ%@'%‘fraﬁﬁﬂrﬂﬁ'@at%tﬂ??(@ﬁeée(ﬁd%‘ﬁm?@'Sﬁ-’:*p 3) other
motions may $econfieetedtml dosSkdd sEaed xamel &pafolhdfngiteanzlzbefowifide: endsosided ball
200fb before %;Bftfségﬁhe’gﬁfzﬁtﬂswfi%m&ls&ppﬁtﬁeé Ei@-bZiQZ@%%Q@s@E@@%&&e@MENﬁnS and
configurations_of.bo all 200h are cont ted.. r free aj is,honded to
bonding |ocaﬁéﬁ'%gg§g§‘éé‘§“ _sa”éa!‘é“{ﬁ%‘%%%é%°f§g‘é%a%%§ﬁ]%§ E?’u?v?é ‘ﬁiﬁ%ﬁf‘éﬁged ball 200b),
with wire clarfp"E6PstMIed]En, Uﬁcﬁﬁ@“ﬁb%f’?@’?q@‘?é‘ﬁ‘éﬂ‘tﬁtf&&g B F&igREAPSIESS. This height may
be referred to as a tail height (from viewing Step 3 of FIG. 2 one can see that the tip of bonding tool is
separated frokfi%dHded baifteofisaethke heRfryseimedeeivrtarierstootitha diffelet heights may
be selected. \igwladheeigyerntion isvaotlimitedtthietratsipsxeonplaryikahges furthieheighthddBetween
26240' mills ang%%%év&?gg %Qé?tﬂam%&hfwg{m I.m gt Q%Meqtfmﬂmﬂxéo.@pmts&tﬁzﬁ, Wliore Cl?mp ;
is closed, At Step 5, ing too is_lowered to.a desir, [ . ) y.be referre
toasa separg%%%eﬁ)o?%t roﬁ?‘%&m‘fﬁ% §%§er§ of £ %S %f %%gﬁggﬁegge%géaﬂﬂgﬁ%l%ﬁg@gggn lowered

such that the ¥t Bshdmigws6r2 624 Te PRIV RPR dh RRERAaheRfies location 206 (e.g., a
2010/120473RE 4 SPSHIQP88RW6die 206). As will be understood by those skilled in the art,

the bonding of free air ball 200a to bonding location 206 may utilize ultrasonic energy,
thermosonic energy, thermocompressive energy, XY table scrub, combinations thereof,
amongst other techniques.

[0018] After bonding of free air ball 200a at Step 2 (but before Step 3) other
motions may be completed as desired. For example, a fold of wire may be formed on
bonded ball 200b before Step 3 such as is described in U.5, Patent No. 7,229,906. Of
course, other motions and configurations of bonded ball 200b are contempiated.

[0019] After free air ball 200a is bonded to bonding location 206 at Step 2
(where the bonded free air ball may now be termed bonded ball 200b), with wire clamp
204 still open, bonding tool 202 is raised to a desired height at Step 3. This height
may be referred to as a tail height (from viewing Step 3 of FIG. 2 one can see _that the
tip of bonding tool is separated from bonded ball 200b at this he'ight); however, it is
understood that different heights may be selected. While the invention is not limited
thereto, exemplary ranges for this height are between 5-20 mils and between 10-20
mils above the top of bonded free air ball 200b. At Step 4, wire clamp 204 is closed.
At Step 5, bonding tool 202 is lowered to a desired height. This height may be referred
to as a separation height (from viewing Step 5 of FIG. 2, one can see that the tool has
been lowered such that the tip of bonding tool 202 is just barely in contact with an



upper surface of bonded ball 200b. While the invention is not limited thereto, exemplary ranges for this
height are between 0.1-2 mils and between 1-2 mils above the height of bonding tool 202 at Step 2. At
Step 5, by Iowering} bonding tool 202 with the wire clamp closed, a slack Iea%}h %1\6\2&% Oe has been
provided bel8l 438" 385 of wire clamp 204 and above bonding tool 202 , with wire clamp
104 still closed, bonding tool 202 is moved in at least one horizontal direction (e.g., along the X axis,
the Y axis, both the X and Y axes, another horizontal direction, etc.) to smooth the top surface of
bonded free air ball 200a. Such smoothing provides a desirable top surface for a conductive bump,
and also weakens the connection between the bonded ball and the rest of the wire to assist in the
separation thepepeswEess. AsresbpbRafy tHHileheiinvaRidents BREARAGRIECtion between
bonded ball 26@mfwhichmgey oo vhisdhtsymesleCcostdigetivie bampl280¢ patwktrelIrdmainderaf wire 200.
For example shonding 19dl20%gsPaomisasldp an ERQPeioky Whislns SRanancthickman
electronic flame-off deivice f rm§ a frieeka]ir ball op Wiéegﬁ%'ala%%g% é)é‘nwi;gvg e% #)ré ote} rﬂ%%ﬁﬁ%with raising
bonding tool DS AP R ES RS h &t teop 7" Gifrasonic ener y or the like may also be applied to

facilitate thre&timges1aRR R4 R TR ETTHR P AHRAL §edr HoMEy ts 1308 19Drlide wire tail
200d. [0020]l61dskG, Roritiedeightad Bomdireg tacit282abBteps Heatdristios samephoweheX it is

understood t*st%ltstfvﬁeggéeéf]g Beth RRechanashasIsnind iR clrRdgdicsRestiaagainmdhe

esired smoathing. rqviding the e of wire .200e in this_proce ior to tearing
wire 200 to sé%oa?g ‘&%ﬁ]ﬁ%@%“fﬁ?ﬁg '2%6@?@:1&1' t%g‘}%ﬁ?g?ﬁgf'e*?%f’ \r/‘voi?r’('aéi‘fﬁ?dae T ‘éazr?r‘gécig wire tail length
200d is providedaceias atrrnBettiMe JUBPs RO AHWERKERS Hhe e ioaRIYSiFBe S8  the next
free air ball hasiging ledoesthe tie afibotdingdobl 2R salimsiahtiniheredacedt Hes 7a desirable level
of horizontal sgRQIRINGcAT he AP IRbad i SRR LT hewe s thshdebaianty akef

complications related fo premature separation. [ ]The smoothing at $tep 6 fOFIgSO. 2 may vary
considerably.nllad’r%%R?p%f%@ ?ﬁ‘gsgé'lﬁ% %J[?e?agg)gﬁ%rﬁgcf E:?‘oenrs?s aé?ga? gi%g erﬁoztr?zéntai motion of

bonding tool PFMReeS8NRHIBISERAFACBAY BRI baRDE08 AELMANNGH BRPLHSEE “tultiple
motions (e.g.abaskandddeineivdiffereatfdirections; aitchpthay Weeptol/RIEY iof thizssA@Gothing operation.
Further, the sipaQihing maliedmabbemampletely RolzaahasshrubinaseR 7 pumraschave both
horizontal and wertical ¢, HpWard o downward) compRaeRls, iy, hecRTIagHhe sidace may be

sloped in a gi?/réﬁgtﬁrectilon as |_sa(¥e3|re8?|§la)ﬂ er sti e smoothing step of Step 6 may be combined
with the loweRAge trouahthe1p 27 8ptsing feoh 2B70gon' = Y IBb Y Y80l 202 of Step 5 into a single
(e.g., simultaneous) motion. That is, the motion of bonding tool 202 may follow an angled path (e.g.,

downward antPR2e rightiadEhotviiha Iighbsfbrasing, e 10% 8HSeaF SBRSPdadhertH ioothing of
Step 6 are conopiated iniausidgietoodtibiat DG Bbtausebthehdogat ddalvslrefl Horz onabsim&othing of

the top surfaggOfa&canductive hepssan Bavsbamccomplished, a more desirable conductive bump is
provided. Referring to FIGS. 3A-3B, a side and top block diagram view of conductive bump 100c

formed accorggiq a conyeniignaldghpiguadRRERY istes-d heoe Hrandngscats plustrativarngly, and not
intended to illustrate the actual sharp?e otfi th% c%ndﬁtb%tti)vgm%rtnh% gnc%g% %gjvg Qﬂné%%ogc includes lower
surface 10002"'&5%%88(5%365%"%5&%% oca |%nlts£c as bonding lI-ocat|()n 186 In FIG, iﬁnﬁnd an upper
surface 100c Hesizatiawiie sl dpnesineRP iy Prodrry SiEp's HrenereniaAlE Bk BER ARSI looking at
the top view eheaniduat\w@dighpvik@Go, fthren aheanettUiopeais ndi deridGg bétosighiitarmfypendiiter than
that of lower syxfags 1OERFAkSHRMRIRhe BHIfasaspaRf WpesrbiReatdPlabommyharbetween
50-80% of the surfece area of lawer surfage 10062, JOOZURSISIAY 19 ERSAn0raaaldaand op
block diagra Ve ot

premature separation.

[oo22] The smoothing at Step 6 of FIG. 2 may vary considerably. For example,
the smoothing operation may consist of a single horizontal motion of bonding tool 202
across the top surface of bonded ball 200b as shown in FIG, 2. However, multiple
motions (e.g., back and forth, in different directions, etc.) may be provided in the
smoothing operation. Further, the smoothing motion may be completely horizontal as
shown in Step 6, or may have both horizontal and vertical (e.g., upward or downward)
components. Thus, the smoothed surface may be sloped in a given direction as is
desired. Further still, the smoothing step of Step 6 may be combined with the lowering



conductive bump 200c formed according to an exemplary embodiment of the present invention is
provided. These drawings are illustrative only, and not intended to illustrate the actual shape of the
conductive ctive bump 200c includes lower surface 200c2 b %g%gb ing location
(such as bo%ﬁ%ofggék%ﬁ 206 in FIG. 2), and an ypper surface 200c1 tha? as 22%@02%%%,[%(1 (e.g.,
using Step 6 of FIG. 2). As can be seen from looking at the top view of conductive bump 200c, upper
surface 200c1 occupies almost the same area as lower surface 100c2. For example, upper surface
200c1 may be between 80-98% of the surface area of lower surface 100c2, and pehaps even 90-98%
of the surface area of lower surfef\ce 100c2. This iqcrgal\gsé?r in th(-%- relative su{[_face reta ofttge upper
surface of a BRRNGIREBRIABAR DIEH LIS R fSuder LTHARRISHHIRTIRD id M 15a4f partially
attributed to thetisrebaetfingrizehi@Rsmmotainy trasnsedaidu(accofding werthangresEift itghention.
[0025]The prasenbitvantis) n)avhaeebgenettoiesmg@ndugiivea hdmesina thime Soémpplieations. For
example, the&m@e@ﬂyabgnﬁgg,mig&nnection with flip chip interconnections, Another exemplary
application is conductive bumping associated with wafer testing of devices. Yet another exemplary use
Of the conduciiygayms 18 25,518 1ol /C81EXA MR 05 A RN RETMHAL B PLIMBSTAY De Lsed
as a stand off'in connection With stacked die wire bonding. Further, the inventive conductive bumps
WO 2010/120874¢sE49 154590 Ta70288 58 3rrmPhenaded 387 desHaRTr IALITHYR RO Rith stand-off
stitch bondingéde8SBaforidng BiGih 34-RBstatde iINFIGDIAX-dBI[BORGENGH amdigtivates

conductive by 085 whichdaahae e meshosrensinelotqiion sebadedy. TRiead wiaga of
semiconductqy dig 308}, %m{g%%ﬁ%g‘%%é@aﬁtbsiﬁH&Pé%E“EH %Maﬁé‘ﬁ% éﬁﬁaéecgnulﬁ%%ame 408).

For example, conductive bum een formed accor ma to the metho e%%ribed in FIG. 2 or

another methB™ e cORTHE YRy BRLBAT IRGLARS P ErRSHHER A T8 AR HEL dP R 2R%Rect bonding
location 408aqeatjoniésiutfingdondda bicksidibindnitIg) b conrtactirpeisnfasiddciGhalatustrates

continuous wisgelpopdbiReRrviding atestdpal iserconnesiicneiveen fant fiogrig4R8aeog conductive
L e ey

formed on lead fi 08a wire 4 continuous with first bond E?‘fr%fo? @&)ﬁtended
toward condUBR R AESUrRRER, PO ATHE IS B RUGRF RS2 L BRETEREE 108 formed
as a stich bomeyopedmtdaenvid {50ool §8bsarfacs, argadcewer sumsrad0Bets as a stand-off for wire
loop 410. [0027]The bonding of wire portion 410c (e.g., second bond 410c) to conductive bump 400c
may be a clof€82ddp conirefrrdtediSSFeEBRnmpldearddositintiofitheriondigdool may be
monitored, whesgindhe wlkasonie anpigy aprplieddiing deepndiaenpbavine Rastionr 4iderto conductive
bump 4006 IWERES-0 Romilhe bREIng anldeanningia RIRFBIRRg do: Resiiala dflore specifically

prior to the formation of second bond 410c on conductive bum%g Oc, the bonzdggg ‘tool descends

toward condUlHSEBEMS 260! KRR iRl SR CRRANERE AU BTG Y5 LiREMIRIAG il portion 410c
carried by thddysdivrdeasotPasr] kanded dthvae sundip 1 Doetiend Leitalh bopdisigdpcasivaréPériglosition
may be estahiighed avheisthe reterencel positioms bean ey dathed dmple ptiveyisipac af pusition, a

z-position slightly, above (e SRPRGRRSHR e SRRAIPIRAF:BRAIM S ZoResijprviiptrdltrasonic
energy is applied during second bond formation, aé-ﬁosmcgﬁ] faqﬁ(régd ermined time after impact
ultr

{
between the BORATTTOBFRATRE MfiE ™SIy SE StHEFSH % OSSR RIBIe RPR applied to

n, ltrasonic
form second Beffiera 200ctapisbedBorrenie-pBHicH Wecu e SoreE AfVeWRINBIRse & @the
ultrasonic enekgs peaydredonses onthefaredtepaet ofpowdmpatical pod:theThindicgasoingaching the
Irefert'eSng; p?%%i?ﬁw@&%éfﬁ@%@%-r&%ﬂe %ﬁé#@;@&%&%ﬁé@a{%&w@sdﬁﬁ i@(&&ﬁ%ﬁ@@nfﬁﬁ @%amg_le, tt>y altt
eas o of the energy lev. .g., with or without a predetermjned,time dela on onding too
reaching the L%‘gafeﬁgﬁ%v‘f e°(§e @-%%éﬂgﬁss%tc{ﬁﬁ%??ﬁtéa | ralt |ﬁ%?f88lltaggg ot ?fr?\%g ﬁé%‘@é’gag into
conductive bgfMpetuog. ther iexariies IreopHEgSRFifimsgpgot invention.

[0025] The present invention may be used to form conductive bumps in a
number of applications. For example, the bumps may be used in connection with flip
chip interconnections, Another exemplary application is conductive bumping associated
with wafer testing of devices. Yet another exemplary use of the conductive bumps is as
stand offs. For example, the inventive conductive bumps may be used as a stand off in
connection with stacked die wire bonding. Further, the inventive conductive bumps



WO 2010/120473PCT/US2010/028824 9 position may be selected relative to a reference z-position.
That is, after the bonding tool reaches the selected reference position, the z-position is monitored

(e.g., using %%&3{%2%& or other technique) to determine when the bg%g}ggzgcg&bggﬁghes the
e ion.

predetermined posi f course, other techniqugs of determining the predetermined z-position
(and/or the reference z-position) are contemplated within the scope of the present invention. [0029]The
inventive techngiques disclosed herein are particularly applicable to copper wire bonding. Copper wire
has certain physical properties that tend to exacerbate the potential for short tail errors using

conventional fumping tachniouiesa TRYS b BERSE AR CRliPBPLRYisas.RIFRPINEBENEfits to copper

wire bumping and bondi rocesses. Of course, the inventive techniques are also applicable to other
types of wiregB %9 ﬁ‘f%%ﬁ F?HF%%SF&SQ%Z%Uminum, and Pd coated Cu wire bonding.
[0030]Although the present invention has been described prima%with respect to certain exemplary

method stepd IPZ$ledeteffindd YHIER RS SHAUMNRBURE AR5 EVel B35 BeersfRIRehAY) be
rearranged obomditiedo@tiadditionét stepézmay Hesaddedmivithihither deopetof thenpresdmtiinvention.
[0031]Althougitheeny eipissisd by sitaterk ansbdescsiDad hesrin 1l relarerse i seatlietive
embodiments, (he, 'Qé’&”ﬁos”déeﬂofto'r”teé‘.%%éj&ﬁjﬁg mied q,the 9&@%&?@@9%&. Pk ¥ﬁél°“5.
modifications may be made 1n the detaile within The scope and range of equivalents o?t e claims and

without deparBiRg RO ATIRE R ENHSHPTEFe LBYOPT 901 75 BERHTELER DAY SEEP AT \RINEER Claimed: 1.A
method of forbeindjrg deratiostiash Genp, thedniedrudtedmyfrisadframe 408) to conductive bump

400c. FIG. 4B illustrates continuous wire loop 410 providing electrical interconnection
between lead finger 408a and conductive bump 400c. As is known to those skilled in
the art, bonded portion 410a (e.g., first bond 410a) is formed on lead finger 408a.
Then, length of wire 410b (continuous with first bond 410a) is extended toward
conductive bump 400c, Then, wire portion 410c¢ is bonded (e.qg., second bond 410c is
formed as a stich bond) on conductive bump 400b, Thus, conductive bump 400b acts
as a stand-off for wire loop 410,

[0027] The bonding of wire portion 410c {e.g., second bond 410c) to conductive
bump 400c may be a closed loop controlled process. For example, a z-position of the
bonding tool may be monitored, wherein the ultrasonic energy applied during the
bonding of wire portion 410c¢ to conductive bump 400c¢ is turned off upon the bending
tool reaching a predetermined z-position. More specifically, prior to the formation of
second bond 410¢ on conductive bump 400c, the bonding tool descends toward
conductive bump 400c. After impact baetween the bonding too!'(including wire portion
410c carried by the bonding tool) and conductive bump 400c at a certain z-position, a
reference position may be established (where the reference position may be, for
example, the impact z-position, a z-position slightly above the impact position, the
smoothing z-position, a z-position where ultrasonic energy is applied during second
bond formation, a z-position at a predetermined time after impact between the bonding
too! and the bump, amongst others). Then, the ultrasonic energy is applied to form
second bond 410¢, that is, to bond wire portion 410c to conductive bump 400c (where
the ultrasonic energy may be turned on before impact, upon impact, upen the bonding
tool reaching the reference position, ete.).

[aa28] Then, the ultrasonic energy is turned off (or reduced, for example, by at
least 50% of the energy level) (e.qg., with or without a predetermined time delay) upon
the bonding tool reaching the predetermined z-position such that the bonding tool does
not drive too deep into conductive bump 400c. For example, the predetermined z-



the steps of: (1) bonding a free air ball to a bonding location using a bonding tool to form a

bonded ball; (2) raising the bonding tool to a desired height, with a wire clamp open, while
paying out wj i s with the bonded ball; (3) closing the .ﬁé‘fgmézssz 1 (4)
lowering th%%ggﬁéﬂ%%?to a smoothing height wjth the wire clamp still c??)ge ; (5)

smoothing an upper surface of the bonded ball, with the wire clamp still closed, using the bonding tool;
and (6) raising the bonding tool, with the wire clamp still closed, to separate the bonded ball
from wire engaged with the bonding tool. 2.The method of claim 1 wherein step (1) includes bonding

the free air ball tg the bonding Jo ag'[on sing at least one of ultrasonic ener th%r os%n' energy,
and thermocdjr%deggsW/aeye%erg!f/e.c% ﬁee!é:tﬁveet%% o claim 1 o(se‘rgé?ﬂ';@ﬁet(ﬁ’ %%FJdtegh%?} ﬁr%g the free

air ball to the BEhERAERSCHECIF GSIAY RIF NI BHR oFRFaRSHHOB M RN A SsBmits¥ieigy, and
thermocompressige:etetgyyasttid2)carstgubpingl ateticino iviianiYid dokel mioa vviresbdmginigemachine.

4.The method,Qfsekaim L ayhRigin stepr (@Liae]udrs raising ke beasinieniapliendedesicesheint, the
desired height being a EaiIJ}eli,tht of bumpinp%g[oc?ss. 5.The m tp%d ofhclatinw 1 Whergiﬁlgtep (2)
includes ralsﬁboﬂ?e on (and/orthe reference z- ition) are contémpiated withinh the scopeg ©

present invention.

[06029] The inventive techngiques disclosed herein are particularly applicabie to
copper wire bonding. Copper wire has certain physical properties that tend to
exacerbate the potential for short tail errors using coniventional bumping technigues.
Thus, the present invention provides exceptional benefits to copper wire bumping and
bonding processes. Of course, the inventive techniques are also applicable to other
types of wire bonding including, for example, gold, aluminum, and Pd coated Cu wire
bonding.

[0G30] Although the present invention has been described primarily with respect
to certain exemplary method steps in a predetermined order, it is not limited thereto.
Certain of the steps may be rearranged or omitted, or additional steps may be added,
within the scope of the present invention.

[0031] Although the invention is illustrated and described herein with reference
to specific embodiments, the invention is not intended to be limited to the details
shown. Rather, various modifications may be made in the details within the scope and
range of equivalents of the claims and without departing from the invention,



bonding tool to the desired height, the desired height being between 5-20 mils above an upper surface
of the bonded ball. WO 2010/120473PCT/US2010/028824 11 6. The method of claim 1
wherein stepYé4) includes lowering the bonding tool to the smoothing heig Hg;_?t ip portion of
the bonding SIHE I ¥ohtact with an upper surfagg of the bonded ball. mﬁ . t2ggéﬁpethod of
claim 1 wherein step (4) includes lowering the bonding tool to the smoothing height, the smoothing
height being 0.1-2 mils higher than a height of the bonding tool during step (1). 8. The
method of claim 1 wherein step (4) includes forming a slack length of wire between the wire clamp and
the bonding tool by lowering the bonding tool to the smoothing height with the wire clamp still closed.
9. The metho¥ At cRafr?! rerein step (6) includes applying ultrasonic energy during the raising of the
bonding tool to pass at least a portion of the slack length of wire through the bonding tool to form a
wire tail. 10. The etho# sredhaiheiiEnein seagYBYYARALIEs WSIRAHYBIEREBBA% 8nergy
during the raighagdéss ending tool. 11. The method of claim 1 wherein steps (4) and (5)
occur at least partially simultaneously.

(1) bonding a free air ball to a bonding location using a bonding tool to

form a bonded bali;

(2) raising the bonding tool to a desired height, with a wire clamp open,

while paying out wire continuous with the bonded ball;
{3) closing the wire clamp;

{4) lowering the bonding tool to a smoothing height with the wire clamp

still closed,

(5) smoothing an upper surface of the bonded ball, with the wire clamp
still closed, using the bonding tool; and

(6) raising the bonding tool, with the wire clamp still closed, to separate

the bonded ball from wire engaged with the bonding tool.

2. The method of claim 1 wherein step (1) includes bonding the free
air ball to the bonding jocation using at least one of ultrasonic energy, thermosonic

energy, and thermocompressive energy.

3. The method of claim 1 wherein step (1) includes bonding the free
air ball to the bonding location using (1) at least one of ultrasonic energy, thermosonic
energy, and thermocompressive energy, and (2) a scrubbing motion of an XY table of a

wire bonding machine.

4, The method of claim 1 wherein step (2) includes raising the
bonding tool to the desired height, the desired height being a tail height of a bumping

process.

5. The method of claim 1 wherein step (2) includes raising the
bonding tool to the desired height, the desired height being between 5-20 mils above
an upper surface of the bonded ball.



12. The method of claim 1 wherein steps (4) and (5) occur through a downward, and angled, motion of
the bonding tool. 13. The method of claim 1 wherein during step (5) the upper surface of the
bonded ball js smo%g{%g)zby a horizontal motion of the bonding tool. P&:E{&é@T&}&&QﬂhOd of claim

1 wherein dt‘frﬁéoé?ep the upper surface of thgbonded ball is smoothed by a motion of the bonding

tool having a downward and a horizontal component. 15. The method of claim 1 wherein
during step (5) the upper surface of the bonded ball is smoothed by a motion of the bonding tool
having an upward and a horizontal component. 16. The method of claim 1 wherein ultrasonic

energy is applied to the bonding tool during at least a portion of step, (5). _ 17. A method of
forming a wire loop comprf&ing thTé'gt@ﬁghS% Q\f/\f%'ﬁbl.L&H‘fﬁﬂﬁgﬁﬁ?ﬁb@%%ﬁd%gﬁﬁye ° (zl)

forming a corfvidingetbahip e anmentting hsighiGucthdatagierferising ke dondingitRebaip including;
(a) bonding ackerdinialkiouwppandirade eatienbasideg adinnding tool to form a bonded ball;
(b) raising the bonding tool to a desired height, with a wire clamp open, while paying out wire

continuous with the bondegl, ball; The metholCRRHAA iRvéie KRMA} includes IdWrayering the
bonding tool {o,a Smqgthing height With ANe.yire HURAMiSIPREGht being 0.1-2 mils higher
than a height of the bonding tool during step (1).

8. The method of claim 1 wherein step (4) includes forming a slack
tength of wire between the wire clamp and the bonding tool by lowering the bonding
tool to the smoothing height with the wire clamp still closed,.

9, The method of claim 8 wherein step (6) includes applying
ultrasonic energy during the raising of the bonding tool to pass at least a portion of the
stack length of wire through the bonding tool to form a wire tail.

10. The method of claim 1 wherein step (6) includes applying
ultrasonic energy during the raising the bonding tool.

11, The method of claim 1 wherein steps (4) and (5) occur at least

partially simultanecusly.

12. The method of claim 1 wherein steps (4) and (5) occur through a

downward, and angled, motion of the bonding tool.

13. The method of claim 1 wherein during step (5) the upper surface
of the bonded ball is smoothed by a horizontal motion of the bonding tool.

14, The method of claim 1 wherein during step (5) the upper surface
of the bonded ball is smoothed by a motion of the bonding tool having a downward and

a horizontal component.

15, The method of claim 1 wherein during step (5) the upper surface
of the bonded ball is smoothed by a motion of the bonding tool having an upward and a

horizontat component.

16.  The method of claim 1 wherein ultrasonic energy is applied to the

bonding tool during at least a portion of step (5).

17. A method of forming a wire loop comprising the steps of:



(e) smoothing an upper surface of the bonded ball, with the wire clamp still closed, using the bonding

tool; and (f) raising the bonding tool, with the wire clamp still closed, to separate the bonded

ball from wire engaged with the bonding tool, thereby forming a conductivlgc%gggb%% ngi)onding
onding tool; 3)

location; (2) Boh |3hg%1mggrtion of wire to another bpnding location using the

extending a length of wire from the bonded portion of wire to the conductive bump; and (4) bonding an
end of the length of wire to the conductive bump. 18. The method of claim 17 wherein step
(3) includes extending the length of wire from the bonded portion such that the length of wire is
continuous with the bonded portion. 19. The method of claim 17 wherein stefpé%jncludes
bonding the free air ball to(t]rfef‘HHHBﬁ@ R eV E SR Tea LesAR IR e S RE & B fosonic
energy, and thiexmocootpessive ewkidng: 20. The method of claim 17 wherein step (a)
includes bonding the free air ball to the bonding location using (1) at least one of ultrasonic energy,
thermosonic energy, and thermo¢antpressy/e eaetgybainth (2 parsitngdboagion oisong ef mmdnGtable of a
wire bonding maching,, W%&Q;Qj&g&@gﬁgﬂu82010/028824 13 21. The method of claim
17 wherein step (b) includes raising the bonding tool to the desired height, the desired height being a

tail height of a bumping process. (b) raising the bonding tool to a desired height, with a wire clamp

open, while paying out wire continuous with the bonded ball;
{€) closing the wire clamp;

(d) lowering the bonding tool to a smoothing height with the wire

clamp still closed;

(e) smoothing an upper surface of the bonded ball, with the wire

clamp still closed, using the bonding tool; and

(f) raising the bonding tool, with the wire clamp still closed, to
separate the bonded ball from wire engaged with the bonding tool, thereby
forming a conductive bump on the bonding location;

(2) bonding a portion of wire to another bonding location using the

bonding tootl;

(3) extending a length of wire from the bonded portion of wire to the

conductive bump; and
(4) bonding an end of the length of wire to the conductive bump.

i8. The method of claim 17 wherein step (3) includes extending the
length of wire from the bonded portion such that the iength of wire is continuous with

the bonded portion.

19, The method of claim 17 wherein step (a) includes bonding the
free air ball to the bonding location using at ieast one of ultrasonic energy, thermosonic

energy, and thermocompressive energy.

20. The method of claim 17 wherein step (a) includes bonding the
free air ball to the bonding location using {1) at least one of ultrasonic energy,
thermosonic energy, and thermocompressive energy, and {2) a scrubbing motion of an
XY table of a wire bonding machine,



22. The method of claim 17 wherein step (b) includes raising the bonding tool to the desired height, the
desired height being between 5-20 mils above an upper surface of the bonded ball. 23. The

method of clgj in step (d) includes lowering the bonding tool toptﬁ@ %y {1eight such
that a tip poﬂgz%)goﬁ%%gnding tool is in contact ygyth an upper surface of t elgéyn%% ghgl . 24.

The method of claim 17 wherein step (d) includes lowering the bonding tool to the smoothing height,
the smoothing height being 0.1-2 mils higher than a height of the bonding tool during step (a).

25. The method of claim 17 wherein step (d) includes forming a slack length of wire between the wire
clglllmﬁ) ang the bondintho%lby Iov;;lﬁg(ijﬁg%ﬂkltﬁq Q@@g&iﬂ&% ipqlierthe s?fcapogihiﬁamﬁgmsw.i@w wire clamp
still closed. . metho clai in st C V. ic energy
during the rai SRS b B oL 07 bt s e ey e 2 S SRReAFe MR | e
bonding tool t&r¥68R%-a wire tail. 27. The method of claim 17 wherein step (f) includes applying
ultrasonic energy during the raising of the bonding tool. 28. The method of claim 17 wherein
steps (d) and (e) occur at Rast pAhgamgiipiupfpaisushywherein stepdbrins'wdetidirBe dffim 17 wherein
steps (d) and e des sdhiughde<daameric, anddnigiect bt deaiod thenbendingdools above  30. The

method of claéwl}p%gytggp%i&q)qrgﬂg SteRdgbhe upper surface of the bonded ball is smoothed by a

horizontal motion of the bonding tool. 31. The method of claim 17 wherein during step (e) the

upper srface ofthe bondeg ball 5, Speeihed o PLINE BORRLIRAVOMg Bwnard and

a horizontal component. WO 2010/120473PCT/US2010/028824 ) .
bonding tool to the smoothing height such that a tip portion of the bonding tool is in

contact with an upper surface of the bonded ball.

24,  The method of claim 17 wherein step (d) includes lowering the
bonding tool to the smoothing height, the smoothing height being 0.1-2 mils higher
than a helght of the bonding tool during step (a).

25. The method of claim 17 wherein step (d) includes forming a slack
length of wire between the wire clamp and the bonding tool by lowering the bonding
~ tool to the smoothing height with the wire clamp still closed.

26. The method of claim 25 wherein stap (f) includes applying
‘ultrasonic energy during the raising the bonding too! to pass at least a portion of the
slack length of wire through the bonding toot to form a wire tail.

27. The method of claim 17 wherein step (f) includes applying
ultrasonic energy during the raising of the bonding tool.

28.  The method of claim 17 wherein steps (d) and (e} occur at least

partiaily simuitaneously.

29. The method of claim 17 wherein steps (d) and (e) occur through a
downward, and angled, motion of the bonding tool.

30. The method of claim 17 wherein during step (e) the upper surface
of the bonded ball is smoothed by a horizontal motion of the bonding tool.

31, The method of claim 17 wherein during step (e) the upper surface
of the bonded bail is smoothed by a motion of the bonding tool having a downward and

a horizontal component.



14 32. The method of claim 17 wherein during step (e) the upper surface of the bonded ball
is smoothed by a motion of the bonding tool having an upward and a horizontal component.

33. The met f claim 17 wherein ultrasonic energy is applied to the bogd; ing at least a
portion of stléag(%gi}.l&ﬁ(%} 34. The method of clgym 17 wherein during step /4 ngg{%%smon of the
bonding tool is monitored, and wherein an ultrasonic energy applied during the bonding of step (4) is
turned off upon the bonding tool reaching a predetermined z-position. 35. The method of
claim 34 wherein the predetermined z-position is selected relative to a reference z-position, the

reference z-position being g smogthing height of the honding topl during ste %ee). acsD- The
“method of claim 34 Whereinﬁfhe pﬁhe%g%&rﬁf%g%cg&é%gf seletted ?%%gti{fé) 'fo aurpe%grrgﬁcg Z-position,

the reference-BEhoodsschal) ismreshedfystigrtrvatiere fentipa ke ey ait HRE SR8 Ang step
4). Barizbheangethpehehiclaim 34 wherein the predetermined z-position is selected relative to a
reference z-position, the reference z-position being a position of the bonding tool a predetermined time
after impact deformation bgtwveemrid tberhbordingtool andike encaditrstengihiobppiied amd (2) the

conductive b"maobonding too?&rﬂ&%?‘l‘é&@?g 3&@%@&&1}{%5@” during step (4) a z-position of the

bonding tool is monitoréd, and wherein an ultrasonic energy applied during the bonding of step (4) is

tured off upon the bonding,tool teaching & Rredeloryied £ 1paRlfiRg ip! @ AIdslerBingd tme delay.

39. The method of claim 38 Wherein the predetermined z-position is’selected relative to a reference
z-position, thétefaaies LHdSiRK R AShbsiRiAG ARG ENRRG 15D IM I Sep (o).

40. The methoondfrgainstes Whaseinrihe gfetsiethsmeddingdsitiondshirdetngdelativioed & reference
z-position, the,gefgggnce z-position being an initial z-position at which ultrasonic energy is turned on
during step (4). 41. The method of claim 38 wherein the predetermined z-position is selected

relative to a reference z-pogjtion e fREHINEEFROSKI UM BRI R PRSHEEER-Rin¥dQ- position is
2010/120473Fs)e e;rt:lt%gdS r'ze(?a:\lt(:)\/g § %%%f%?ence z-position, the reference z-position being a smoothing

height of the bonding tool during step (e).

36. The method of claim 34 wherein the predetermined z-position is
selected relative to a reference z-position, the reference z-position being an initial z-
position at which ultrasonic energy is turned on during step (4).

37. The method of claim 34 wherein the predetermined z-position is
selected relative to a reference z-position, the reference z-position being a position of
the bonding tool a predetermined time after impact deformation between (1) the
bonding tool and the end of the length of wire, and (2) the conductive bump.

38.  The method of claim 17 wherein during step (4) a z-position of
the bonding too! is monitored, and wherein an ultrasonic energy applied during the
bonding of step {4) is turned off upon the bonding tool reaching a predetermined z-

position after a predetermined time delay.

38.  The method of claim 38 wherein the predetermined z-position is
selected relative to a reference z-position, the reference z-position being a smoothing
height of the bonding tool during step (e).

40.  The method of claim 38 wherein the predetermined z-position is
selected relative to a reference z-position, the reference z-position being an initial z-
position at which ultrasonic energy is turned on during step (4).

41. The method of claim 38 wherein the predetermined z-position is
selected relative to a reference z-position, the reference z-position being a position of



the bonding tool a predetermined time after impact deformation between (1) the bonding tool and the
end of the length of wire, and (2) the conductive bump. 42. The method of claim 17 wherein

during step (4).a z-position of the bonding tool is monitored, and wherein #J} i ergy level
applied durin Qﬁglé} B ingg%z]%g%s(%]f

cl)%ﬁé’lﬁ’g of step (4) is reduced ypon the bonding tool reac ermined
Z-position. 43. The method of claim 42 wherein the ultrasonic energy level is reduced by at
least 50% upon the bonding tool reaching a predetermined z-position. 44. The method of

claim 42 wherein the predetermined z-position is selected relative to a reference z-position, the
reference z-position being a smoothing height of the bonding tool duringastep (e 45. The

method of claffif #3HHELoR AE SASHRIIRTA LS BOSR B R ST ETRa R l?ﬁ/@'f"(?'ga(@fg?gnce z-position,
the reference bopdisaideebenddameandiel the tasiton twilsicnd I iRisbei cansieriivistimred on during step
(4). 46. The method of claim 42 wherein the predetermined z-position is selected relative to a
reference z-position, the reférencéhe-pesivdrobelmiga peditairofdhedisiaditg) toateptetettrmined time
afte(rj imtpactbd@if@ﬁaﬁéma miga%eﬁﬁr(%m% Egﬂ‘?iﬂlgr_gi‘@l'a;mﬂtﬁbﬁqﬁi@(é@W{MG}%QT@MB@{;@@d (fzz hthe
conductive bym , . The method of clai wherein during. ste - of the
ponding tool 1 gancing P Stdh e e o O R R RO e
(4) is reducedP@P8Athe bonding tool reaching a predetermined z-position after a predetermined time
delay. 48. The method of claim 47 wherein the ultrasonic energy level is reduced by at least
50% upon the bonding toofReachihg BM¢iasess Hsite 4L YWissRIBAha S ITRECRIERIIDT 8KENF 47 wherein
the predeterminkdestt positicenis selecipshrelatbuniiing tedfereacedrzr pgsititrietheneferensieiarposition
being a smoothing height of the bonding tool during step (e). 49. The method of claim 47

wherein the predeterminecka:positiemistselearadaipiatvaiioraifaies pras:repositon; fbeueddasence
z-position beipg ap. initial,z;pesition-at which JULRSONIELRRIMA S WHICHION SMHEY St {Ahg WO
2(110/120473PCT/US2010/028824 16 .

-height of the bonding teol during step (e).

45,  The method of claim 42 wherein the predetermined z-position is

selected relative to a reference z-position, the reference z-position being an initial z-
position at which ultrasonic energy is turned on during step (4).

46. The method of claim 42 wherein the predetermined z-position is
selected relative to a reference z-position, the reference z-position being a position of
the bonding tool a predetermined time after impact deformation between (1) the
bonding tool and the end of the length of wire, and {2) the conductive bump.

47.  The method of claim 17 wherein during step (4) a z-position of
the bonding tool is monitored, and wherein an ultrasonic energy level applied during
the bonding of step (4) is reduced upon the bonding tool reaching a predetermined z-
position after a predetermined time delay.

48, The method of claim 47 wherein the ultrasonic energy [evel is
reduced by at teast 50% upon the bonding tool reaching a predetermined z-position.

48. The method of claim 47 wherein the predetermined z-position is
selected relative to a reference z-position, the reference z-position being a smoothing
height of the bonding tool during step (e).

49.  The method of claim 47 wherein the predetermined z-position is
selected relative to a reference z-position, the reference z-position being an initial z-
position at which uitrasonic energy is turned on during step (4).



50.The method of claim 47 wherein the predetermined z-position is selected relative to a reference
z-position, the reference z-position being a position of the bonding tool a predetermined time after

impact deformation between (1) the bonding tool and the end of the length of wire, and (2) the
conductive bWiRE016/120473 PCT/US2010/028824
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50. The method of claim 47 wherein the predetermined z-position is
selected relative to a reference z-position, the reference z-position being a position of
the bonding tool a predetermined time after impact deformation between (1) the
bonding tool and the end of the length of wire, and (2) the conductive bump.



