METHODS OF FORM NG W RE BONDS FOR W RE LOOPS AND CONDUCTI VE BUMPS

CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] Thi s application clains the
benefit of Provisional Application No. 61/386,701, filed Septenber 27,
2010, the contents of which is incorporated herein by reference. FIELD OF
THE | NVENTI ON [ 0002] The present invention relates to the formation of wre
bonds for wire | oops and conductive bunps, and nmore particularly, to

i mproved net hods of form ng such wire bonds. BACKGROUND OF THE | NVENTI ON
[0003] I'n the processing and packaging of semi conductor devices, wre

bondi ng continues to be the primary nethod of providing electrical

i nterconnection between two |ocati It hi tween a
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specifically, using a wire bonder BEM&S known as a wire bondi ng nachine)
wire |loops are fornmed between respective |locations to be electrically

i nterconnected. The pgrd@s-Rer@isnedsookelaeEDiApgLIGATION 00ps are bal | bondi ng
and wedge bondi ng. [0004] An exenpl ary conventional ball bonding sequence
i ncl udegoogd) forThingpmication claims the benefit of Provisional Application No.

61/386,701, filed September 27, 2010, the contents of which is incorperated herein by

reference.
FIELD OF THE INVENTION

[00062] The present invention relates to the formation of wire bonds for wire
loops and conductive bumps, and more particularly, to improved methods of forming

such wire bonds.
BACKGROUND OF THE INVENTION

[0003] In the processing and pa'ckaging of semiconductor devices, wire bonding
continues to be the primary method of providing electrical interconnection between two
locations within a package (e.g., between a die pad of a semiconductor die and a lead
of a leadframe). More specifically, using a wire bonder (aiso known as a wire bonding
machine) wire loops are formed between respective locations to be electrically
interconnected. The primary methods of forming wire loops are ball bonding and

wedge bonding.

[0o004] An exemplary conventicnal bali bondi;'ag sequence includes: {1) forming a
free air ball on an end of a wire extending from a bonding tool; (2) forming a first bond
on a die pad of a semiconductor die using the free air ball; (3) extending a length of
wire in a desired shape between the die pad and a lead of a leadframe; (4) stitch
bonding the wire to the lead of the leadframe; and (5) severing the wire. In forming
the bonds between (a) the ends of the wire loop and (b) the bond sites (e.g., a die pad,
a lead, etc.) varying types of bonding energy may be used including, for example,

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

[C005] In connection with the formation of wire bonds (e.g., a ball bond, a stitch
bond, etc.), bonding parameters (e.g., bond force, ultrasonic energy, etc.) are used.
Often, certain bonding parameters are input into a bonding program by an operator or
other user of the wire bonding machine. However, the seiected bonding parameters

‘may not provide a desirable wire bond. Subsequent variation of the bonding



free air ball on an end of a wire extending froma bonding tool; (2)
formng a first bond on a die pad of a sem conductor die using the free
air ball; (3) extending a length of wire in a desired shape between the
die pad and a | ead of a leadframe; (4) stitch bonding the wire to the |ead
of the |l eadframe; and (5) severing the wire. In formng the bonds between
(a) the ends of the wire |loop and (b) the bond sites (e.g., a die pad, a

| ead, etc.) varying types of bonding energy nay be used including, for
exanpl e, ultrasonic energy, thernosanic energy, thernoconpressive energy,
anongst others. [0005]In connection with the formation of wire bonds
(e.g., a ball bond, a sti

ndi t bond
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par anmet epsraeare i nput into a bondi ng program by an operat or or ot her user
of the wire bonding machi ne. However, the sel ected bondi ng paraneters may
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i nproved nethods of formng wire bonds in connection with the formation of
wire | oops or conductive butISMARURVERE IEENTEN| NVENTI ON [ 0007] Accor di ng
to an exenplary enbodi nent of the present invention, a nmethod of formng a
Wi re bondoogi ng aAwdor@ndtngh @gnmschiembotisngnt oﬁ/irdexdese'rﬁhievmtom@i i ncl udes
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gener at ing aramet er s formng a wre usi ng %galgonthm
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is vmthll‘?'n erm rance o one sel ected target
bondi ng geoeratesl bapdingevargragtees (isdatergriaing ifdhe et GAY B FEFFGT RiPtist nent val ue

ifot hg %ﬁlﬁé%énti?cﬂ@aﬁ@'o@%@ﬂrﬁ\af @rt bbeM i Withi€ @ prdédetermaled @clofantdief f or med
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DESCRI Pﬁh%r%d% tgﬁéw NS&within the predetermined telerance; and (6) generating

revised bonding parameters for forming a subsequent wire bond using an algorithm

and the at least one adjusted bonding adjustment value.
BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The invention is best understood from the following detailed description
when read in connection with the accompanying drawings. It is emphasized that,
according to common practice, the various features of the drawings are not to scale.
On the contrary, the dimensions of the various features are arbitrarily expanded or

reduced for clarity. Included in the drawings are the following figures:

EIGS. 1A-1D are block diagram views of ball bonds useful in explaining
methods of forming wire bonds in accordance with certain exemplary embodiments of

the present invention;

FIGS. 2A-2C are block diagram screen shots of a wire bonding machine
illustrating a method of forming a wire bond in accordance with an exemplary

embodiment of the present invention; and

FIGS. 3-5 are flow diagrams illustrating methods of forming wire bonds

in accordance with various exemplary embodiments of the present invention.



[ 0008] The invention is best understood fromthe follow ng detail ed
description when read in connection with the acconpanying drawings. It is
enphasi zed that, according to comon practice, the various features of the
drawi ngs are not to scale. On the contrary, the dinensions of the various
features are arbitrarily expanded or reduced for clarity. Included in the
drawi ngs are the follow ng figures: FI GS. 1A-1D are bl ock
- diagram views of ball bonds useful in explaining nethods of formng wire
bonds in accordance with certain exenplary enbodi nents of the present
i nvention; FI GS. 2A-2C are bl ock di agram screen shots of a
Wre bondlng rrachlnelllustratln g awre bond in
accordance with an exefpl I“zﬂ‘ %%ﬁ‘%%ﬁ gg%\?&%v%\[ﬂég invention; and - 3
- DETAI LED DESCRI PTI ON OF THE I NVENTI ON [ 0009] I n accordance with certain
exenpl aripoesbodi mbnssominthwity certaim exempient relPdinerde esSe Pre6Pt forming wire
b?nd)s (Qn\gsntloxbarlrbce@%qér i%f'ngrvﬁrel &Q:B§ (e l@<'3-|b|all B@rﬁuisof&flre(l@dﬂﬁlm&ll btﬁdbugps
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can use e ﬁ’rﬁf"é?%ﬁ‘tﬁhéﬁomh“c%ﬁ%%@"tsﬁ(?ﬁ AN Seh Ot 1he "‘ﬁ‘?eot?,oé'g‘é’g n%Ige stored in
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certain % qpvfsg%rgc%ﬁcgglugg%% WPormtanﬁom&ﬁﬁQ&loh WEhE BRhce@N@olltagont rast to

convent i 0 ods ndi ng paraneters are not 1 nput

par amet egtgred i gteedatia Sttﬂlﬂéu"eﬁ\?féﬁ'tq"\ﬂé rpYipet PPEIAREPLCEr e desi rabl e bondi ng
responses such as a target bonded bail dianeter. The stored-process

know edgmdin]t he datétst exehplagserhyqpiroents pf iheqremtes indettanr ldited to a
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to achi eygntzBe HRst b&dienibag dRefleC eagbred ipsdceesskriceegige itt the ddesi r ed bonded
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derive rwith sediiowie dignpieranvire Fpeaf rask mpieEdlEAgiag Aﬁéfﬂfrr IHY (Bhj 58 the nt
val ues (@véntivef iﬁﬁ@pﬁra‘ﬁﬁi@érs%hd Ao R2dHBEsB Gndvacdy e e )deril ©bdrkinds used
herei n, ;gatlrgm%'?errsrr]to ac le e the 8 s1re5'%nre%rcl)th(r:l%‘war\égtlengclcs (g gI thgg?rgd randed

ball diameter). The initial derived bonding parameters may not achieve desired wire

bond characteristics, and as such, the aigorithm(s) may derive revised bonding

parameters after receiving bonding adjustment values (e.g., from a user of a wire

bonding machine}.

[C011] As used herein, the term “target bonding contro! value” is intended to
refer to a value provided to a wire bonding system useful in connection with an
algorithm(s) to provide bonding parameters for forming a wire bond. Such values
relate to a characteristic of a wire bond (e.qg., a characteristic of a ball bond).
Examples of target bonding control values include a bonded bail diameter value and a

bonded ball shear strength value.

[C012] As used herein, the term “bonding adjustment value” is intended to refer
to an adjustment made to a wire bond characteristic useful in connection with an

algorithm(s) to provide revised bonding parameters for forming a wire bond. Examples



refer to a value provided to a wire bondi ng system useful in connection
with an algorithn(s) to provide bonding paraneters for formng a wre
bond. Such values relate to a characteristic of a wire bond (e.g., a
characteristic of a ball bond). Exanples of target bonding control val ues
i ncl ude a bonded ball dianeter value and a bonded ball shear strength

val ue. [0012] As used herein, the term "bondi ng adjustnent value" is
intended to refer to an adjustnment nmade to a wire bond characteristic
useful in connection with an algorighn(s) to provide revised bondi ng
paranmeters for formng a wire bond. Exanples - 4 - of bonding adj ust nent
val ues include (a) a bonded ball strength adj UStn§g<ﬂﬁ% a gonded bal

di anet erof an4id9 ABHEEMEE yaluesjBrud( B 2 FoNHed B"H SURRPTsT ente §§%an

i nt er methbécChbdir @imbier adiststamgnt) a anml:ie(de:)auauelgonah}p@:meslpI(a)san adj ust ment .

0013] As i ad ust rent.
oter t onanaRaNE Bk Mkl Eha ) PpaRNsed RARRSURHITILL ey such as (a)

bal I bond) such as (a) a
bonded ball strength, (b) a bonded baI K
hei ght, KO@33n i nferRstMreinctBreNT | Wre g‘?ﬂfj %@)’acée"ﬁ‘aémdg B‘g%i‘ng?%éﬁf‘?r 0014] As
used her®ztharaddratit ef awirbdodd Kggparmiboed) suCivar ¢4) 4 onkind il stoertdibse ski l | ed

in the a(lbpa bﬁﬁd%ﬁa%%qetgp (& B8nde b@llm@(bﬂmaﬁin H&a‘?ﬂe&)’hc%ré‘ﬂlé &nlondi ng

machi ne ormation of a wre bond) . Exanpl es of
bondi ng hP&Aed BFESRIFEL ude (a) a bond time for form ng a wire bond, (b) an
ultrasonic energy profile for formng a wwre bond, (c) a velocity profile
of a bondioiglt ool Aassed heapiprtiacthres“imnblmman@'ﬂftt@édwh@h if lgrowindeihesg a wire

bond, ( ds)ktlfé fif 88 a@f) is Pdrlded 'tg?ef%raepatrgﬁeifeﬁ' @Secy a R bohdind/&REhiHOIN Orm a
wi re bond ? an €electronic fla ener Fﬁ’ for fo mng a free
ai r bal Ithe fergiatiey 053 WHRAPCRY (%-Br @éjaBrbBFFl eE’ﬁ""’g%gj %é’? ?FE”%PW?‘@ %bond.

[ 0015] Flifciudeai) lal bost tiateetor wirmegonide HO0d, f(o) are ditresortdoerdraygpiobieded on 104

gﬁo\?m’ i E*gﬂ}q'ﬂg%% il 'gp"@b?t %Q/%Hi'p%leb&@b&%ﬂg%& a%Q@a;(pY‘&%hé‘s é 9&%:&92 is

ecifically, free air (Snot shown)
i s for melacasian for ferping e wer@nﬂoca aufé‘?en@*r 57l sroepers et %eﬁﬁa'bFf“ elsenbly or
the |ikewo fEfrmeafmh%aaoaur(elyahlemcsrosuearam &t eddngy priopledbr foonids adrdecd 102 and

is then tl( roe&hg%obgndkog% bonéfb%”ﬁ‘q‘@%‘n% S&Qjafter referred to as bond

pad 104 I'ons, other than bond pads, are
cont enpl at ed The free air ball is bonded to bond for
exanpl e, [O&iﬁél ng FHe-cd Iygtratesswing BonshiGyiprmed an bendi r&fe?f‘t'ﬁ H’ﬁa 8;' wire
bond 100bdnétpaadiepyd aboaishe Hoedingdodandedheraltbol 10D js showbah kindptified 100) s
formed a%d'ntarlg;%fst!\p% Ecaliw Q%?S‘}i bgﬁl(rllot%'ham?)t |§rf? l‘ﬂgd oﬁ an®nd of Rfedibgaet er of

t he bondet Wi des ortro e center of the bonded
bal | )  anesiftsarielactlig figres- gﬁtassemb'v mt@ﬁétkér Th%lfre? air Spik 15 SERGART 7 ¥he top

view of konderghedil102@Rd igxhEh Gweldd to bonding location 104, hereinafter referred to
as bond pad 104 (but other types of bonding locations, other than bond pads, are
contemplated). The free air bail is bonded to bond pad 104 using, for example,
bonding force, ultrasonic energy, etc. In such a manner, wire bond 100 (which may
also be termed bonded ball 100, or ball bond 100) is formed and is defined by bonded
ball diameter “d” {i.e., the diameter of the bonded ball at its widest portion, typically
the center of the bonded ball) and bonded ball height “h”. Diameter "d” is also shown
in the top view of bonded ball 100 in FIG. iB.

fooie] FIG. 1C illustrates a potential problem during the formation of bonded
bail 100. More specifically, interface 106 is provided between a portion of bonded batt
100 and bond pad 104. Interface 106 is illustrated to indicate poor intermetailic
connection between bonded ball 100 and bond pad 104, and may resuit in a poor
electrical connection, peeling of bonded ball 100 from bond pad 104, etc. FIG. 1D
illustrates pad spiash 108. That is, when the free air ball {which becomes bonded bali
100) is bonded to bond pad 104 this may result in “pad splash” which relates to an



[0016]FIG 1C illustrates a potential problemduring the formation of
bonded ball 100. Mre specifically, interface 106 is provided between a
portion of bonded ball 100 and bond pad 104. Interface 106 is illustrated
to indicate poor internetallic connection between bonded ball 100 and bond
pad 104, and may result in a poor electrical connection, peeling of bonded
ball 100 from bond pad 104, etc. FIG 1D illustrates pad splash 108. That
is, when the free air ball (which becones bonded ball 100) is bonded to
bond pad 104 this may result in "pad-splash” which relates to an
undesirabl e | evel of disruption of the naterial of bond pad 104 during the
bondi ng process. Proble wth t e _worse during
copper WAEBBIRFYR oUE B0t R TR iR Bend e LBLPEPST R AG 1D
illustratressa Pepleashwith sddsptash terad fortt madewtise dexteadppacwios sosral pad 104
that t hedugqg tl*?eoiluagﬁr% Q%Ftﬁe%%lﬁ&%re[ Oﬁ%nll_:)llﬁstr%&s?ac;sﬁira% §|§t‘gﬁ.l:é fbed screen

shots of Wre machine which illustrate exenplary w re bondi ng

t echni qu%‘i*‘cat%hel:#"@”tfﬁmsé bﬂ%%Pa‘t Eodgthat gh" RAFePEEB MBI S re bondi ng

machi ne) selects one or nore "target bonding control values.” In the

i |l ustrdwed7zgxanpFis. 2AWC pessihbifedsaregetshdte vk miredonding maghing@#dichbonded

bal | di %m“sh%ge @{% t&%@{?@\% RbIhg 3 88RIquss . rﬁf\&feh)zAaé asérl(é lgstahaipaﬁéxorrmwever it
a

i s understoo addi ti onal "and/ or di ffe rovided. In
FIG 2A WEhPngigrmechined spliects 98¢ BbRGEY tB‘équ BI” %Toégrogga”% f"a&'ﬁet bondi ng
control ivakiaesd emad1phea$wd') ppstiblatdrgetdpehdinglcomra fvali®s fhooderhisal! dANimhetet he

sel ect ed, al.Agls GaMke stveqlgug 420lsp8s] RiwedRl hel uhadaBmben such as wire

mat eri al orit eW|re bond |n machi ne gener at es
bondi ng qsiart@ﬁ@'taélﬂéor er?'&r%ﬁteﬁé‘ﬂﬁyd?e %YOV\F?% BoAG- ¢ ‘iBe“ o "FaF'eE6Ad of a
Wi re | oophdedbiiediameteras titntagdet domdingchrand véioe, @ndrhastreut eftarger elizonds) a
user analf%éerﬁlc}oﬁg (J\Pthmﬁg Weét%d Q%%(&%%%Pvgﬁé nmp'a% I%]\; thQP:n‘Mrh%tt@rQnd( s)
meet s certaln Cri ter | a. OI’ exa criteria/characteristics my

i ncl ude Ublues wise nvsetial @nd dipraessr) @R EIGOaERB Of BN hePeB¥tP#ANINEal ue or ot her
criteri %&B@Eéoﬁcﬁalngtdaeaﬁne@mmoe@aMn SIUCRire bbhe(d. 4/ & bail Baridesfiastites may

relatetot a r strepgt t he
bonded B8P Wé‘ie@ﬁirmapﬂréo 'ENérrerPé’Pg? it nqu qt}l’w,"g ﬁggr?ggﬁt %;,%gg $plash. I f
certain fofmetmes@bcmd(s)eml@ﬁmm'faéﬁ@rwtsft |b@fsd(é)r'@e¢fétcerd@§ic'f*"§ﬁﬁeF?fhe user may

adj ust thenfid kel &&éﬁé}@ﬁ@;ﬁ&t@ﬁﬁ&% IS, inoM@Y (Ebut h@t bé'slﬁﬁ:teﬁi tafitesbrent results
in varied bondin

anet e rlthmof the wire
bondi ng Wéﬁﬂﬁ@“g‘ﬂyﬁ’tﬂé’esoﬁé’&’?r Cé'gqria%%af%tﬁﬂséc I iesﬂ’géﬁ*c is provided with
an oppor drilerid/gharacterstiys owe reletenortbe tfe isanded hbll dwwad Binengtidjbgaderelal! val ues.
In the iklysir %@@o@a@rwu%,gthleem@mmégmc bRAM 8 a@ma PBA oINS, UeS

i ncl ude a bonded shear strength adj ust t:};- ‘ﬁ t%%l di amret er
adj ust ne‘?ﬁ'ta"‘a"f%‘i’ﬁ?é:ﬂ't?fﬁ/ Fhanasrefintic Ef’ed?[tﬁl@ﬁfa N Uﬁ?"erp%? Y35 profil e

adj ust megitteriathract brastids, perckrs pleasder’ adqi]usmmmresu[t@m\&]rmtbemdlnCne ball bond is
formed (EM Blgegep;aéﬁégﬁ&l Q@B\P'QQ {&@Lﬁhrrgbiaphﬂ% fe @Jnd%ﬁ AAGheNMeAS Shown in

FIG 2A), assune t e actua ond aneter is actually 38
m crons. Sﬁeﬁ'f'gﬁj*dh'“d:lﬁa%%thec ¥RET IfSRIOYASH WES |af‘é’pP‘EF‘1'P6‘H|tP YaYrong @ (rsYe P’ﬁe bonded
bal | di agmbei bovﬁﬁngsﬁﬁﬂlsthﬁnl:{/ﬁlesZBn thd Rlugs 8ted 2RArAPIE Stht: eerhplag/ebriaig|

di amet er%cgagtfl%%;{mqﬁs inclu %a Wnnde'a (S;PI %‘%{reﬁgtﬁ‘%ﬁ% s%@rﬂhé ‘B@*deu%%ﬁ interface)

is provi user tO ' se engog a p us S|gn
("+") todlmra@eaﬂjmetnm;ﬁd@aormﬁd|baalhawﬁt@@Juwneat ANDSrEetgHc prai®d t o | ower t he

bonded bgdjlistHepfahe s boRl pRaYp&Eh adiDitricrpe of interface 6 - may be
provi ded to adjust the bonding adjustnment values. In FIG 2C, it is seen

t hat the%&@eg:ll has Jfal 36d, 1iN%niQ %?rg g/\rltara %onéﬂgﬁn Bialifd W .

resul t ati on-o certaln ers as determ ne ythe
al gor t hmngyonsfastshewniin BIGh @AY 355UMBEN ﬁbe actedl honded pdlcdinBRiaed apRP|Y di anet er
nmay be i BgHRaeRd hSubh a BEQIRE uﬁ@mhh@eﬂ%ﬂorrﬁﬁhufbmadeﬂsmbIboﬁiﬂ@irmler of 40
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As shown in FIG. 2B, a GUI (graphical user interface) is provided that allows the user
to hit {or otherwise engage) a plus sign (“+”) to raise the bonded ball diameter or a
minus sign (*-"} to lower the bonded ball diameter. Of course, any type of interface



in accordance with certain exenplary enbodi nents of the present invention.
As i s understood by those skilled in the art, certain steps included in
the flow diagrans may be omtted; certain additional steps may be added,;
and the order of the steps nmay be altered fromthe order illustrated.

[ 0020] At Step 300 in FIG 3, at |least one target bonding control value
(e.g., bonded ball dianeter, bonded ball shear strength, etc) is sel ected.
Referring back to FIG 2A, the user selected the target bondi ng control
value to be the bonded ball dianetes, and has selected the target to be 40
m crons. At Step 302, bonding paraneters for formng a wire bond using an
algorithmand the at |east one selected tar et bonding control _val ue are
gener at €@y ¢ Provigpd Goadiug e PRNBEhIYTMeGt Yt B‘??p IBfFIﬁng%’tb'aﬁ%eé‘)thPrs f or ned
usi ng t hee gedtenarastdiasdongeranetars. Séth Strepgd0E| reauttiet eriatioretfi on i s
fTB.de as cte il etnglﬁé p%lt?a%"lda%érs a%%%%er:?xn\%d%S/ltﬁgta%grthﬁl'fsg%ftrlﬂé)\ﬂﬁié B&Mtr(:)l Val ue

of the forne et erm ned tol erance. If t he answer
to the qoeshinecichthastispbagedibgll d"?@@“ertfﬂ%b% RerepRRdicry Paeaieters are
accept edyedfredb e 88I dibnetdtaranswnebnd)0 the question at Step 306 is "No"
then at Step 310 at | east one of the bonding adjustnent val ues are

adj ust ed[n dg\r%‘] Step F&é@g & e ﬁ&@a.?&@ﬁfs%s@%%a{o@s JF RrapRenRl Ml or a
e

subsequ re bo using an algorithmand the at |east one adjusted
bondi ng 1B@FEPEHaNER With eTain erﬁ@ﬁla%%a%wa@rﬁ' HORIEEEY 'MEFYY dSat Step 304
and the gfdesess HaRbd @R AUMtHd art, ertdiet @eps inatdedrnin tedfovadia@aers 306 | s

ff t . the. bo o[ 0021] |
af e:O TRlg e @d. LD ORI BBRAREY BL Sulld? AG AP B inBLRRs A pel 002111 N

er m na ‘whet' her the at |east one
sel ect edalteaeﬂgfe@mbm@ndﬁ’gl“éﬁmtﬁél value of the forned wire bond is within a
predeterm ned tol erance; however, additional or different determ nations
may be nﬁﬂﬂow'th u\es&@ciootta Fidve3, fao reasidovd teegeb bontindg-orntekeatyd @.9.i n St ep 406

of FIG Brind@d ?5%{% Bo%e& %alm%[) dﬁ&hv\é}@)tlggéleéﬁadl ﬂ@éFnr@%thd’e bond

characteris pr edet erm ned
t ol er ancEG- F&rtthhefﬁ“—‘f ﬁelf-'C‘EEIdGhe Sa'“gétx%ﬁ'ﬁlr‘@scoﬁ‘fm's‘@&ﬁ tgdedPaPdEf 5AY from Step

?06 0}‘ F&Qneeéraerna I':%B@W@ctéh s &p@etS@ﬁe 4508icrobd 0 At 5tkp,30ancorebg. - 7 |-
0022] At |G 4, at val ue
(e.g., %%8@5“—’55 *:0(5 R e i edgJS %) %ﬁ%rlﬁggﬁi%ﬁﬁ%aﬁgo et cq)er |Pés sel ect ed.
Ref er ri ngrigadknding frgol 2ﬂue tafﬁegmﬂﬁ@tecée%éﬁeééﬂﬂhéwﬂrﬁrb@@‘i (B&rRIPYRCcont r ol
val ue toybenbiie) EQ’BH\% Bsh Hélg%ﬁata&rd bc&ﬂ&ghﬁﬁarﬁ@cbgctm(ttémma,arget to be 40

m crons. At Step 402, bon in usi ng an
al gorit hﬂ?tﬁ"r‘i‘ﬁi”?tﬁ@ ‘%Wa985§ ﬂ ﬁ‘écﬁ 5t Sne 5 9918% b}é\%ﬁtgr oq%@al ue are
gener at edaludbf tﬁeeprrwﬂmlreequdrlewmlndi F(r@ﬂetarfg*ﬂ%b)"tfﬁﬂ% rlétflﬁcﬁ'i‘é‘g?r Bre formed

using t hﬁme%@&{o%ta‘%%té}%@d i%%@@&ﬁéf%h%rb%ﬂmﬁb p&a@f&té@@re @ccd@cb@%msﬁ@tl on is
made as to whether the at | east one sg{)g rac%erﬁégftl c of

h
the for mBeR-wif e fswET F%t'\ﬁl FUEPHPE TRy ﬁe et”oﬁttél' n%lg) ot Iges answer to
t he questhHednaihg Stiptrdkdf viaies ¥esadjddean Aihﬁebé’oﬂaa; reyispdh benvBtgerasaragtersac cept ed

at Step r S t hen at
St ep 41051:% geln!érl;ag r§@§l¥&qHérﬁ %?&H%‘r}gﬁés?\tﬁ%og?ﬁ@%lnégge g‘trlgai%‘ttkéne %@f a

Step 4loadm@te$p@wnmdmtmﬁn§éﬂﬂ%oﬁ%ﬁr‘ma PaFMENHE I & @Bﬂ%dr
subsequephd WelRodeed toritidmuaguis titd gaeiniihati@ndaddat $tbp 306 is affirmative and

the bonding parameters are accepted at Step 3G8.

[0021] In Step 306 the determination was made as to whether the at least one
selected target bonding control value of the formed wire bond is within a
predetermined tolerance; however, additional or different determinations may be made
with respect to the formed wire bond. For example, in Step 406 of FIG. 4, a
determination is made as to whether at least one wire bond characteristic of the
formed wire bond is within a predetermined tolerance. Further, in FIG. 5, examples of
such determinations from Step 406 of FIG. 4 are shown at Steps 506, 508, 510, 512,
and 514.



| east one adj usted bondi ng adjustnent value. Then, a subsequent bond(s) is
formed at Step 404 and the process continues until the determ nation made
at Step 406 is affirmati ve and the bonding paraneters are accepted at Step
408. [0023]Step 406 in FIG 4 may be replaced by a nunber of

determ nations regarding characteristics of a formed wire bond(s). Steps
506, 508, 510, 512, and 514 in FIG 5 are exanples of such determ nations.
Referring to FIG 5, at Step 500 at |east one target bonding control val ue
(e.g., bonded ball dianeter, bonded?ball shear strength, etc) is selected.
At Step 502 bondi ng paraneters for formng a wire bond using an algorithm
and the at ast one seI Gt tar t bon trol va e generat ed.
At Step [9(932 a W F"é 'b? g%BSto?”ewarrggt %&?)Coflgo#%?unea@ ‘Usi ng t he
gener at e:ubnbmbhihcgarpauearmneﬂecsbalmhe&wrmﬁ etq} igledlented. nBafEongibeci®de as to
whet her thaez,?QHQGQerQ@ie&eB%heg@rgét%o%;hBIcBnt?olFJE@Q&B BE Hwshab@Obar ance. | f the
answer to the question at Hg " n%tt hg grb%ﬁgss proceeds to
St ep 5083‘3'11@6{'@@%“#1%%?@%”&6 rg{fﬁé%?? R "é{‘fm'ﬁe‘gt 8 *P 9% hen at Step
518 a baldraretiegitor fvemohioregwiae purst nemg av algoethivsarddj e st wdst(aegelecied a nmanner
simlar Lol Natd J:otmr@ﬁq@edaeer%ﬁg@tedz%s@@@u aam@sfsﬁ%d%pa@%mfpar anet er s
are gener a

usin orithm and the adjusted bondi ng
ad; ust metife Q%dﬁbare AEHd ‘&'@JB@é’ﬁﬁ%’ﬁ‘fe‘jﬁoﬂ“g'“ﬁﬁﬁﬁ(‘?f‘a?s Af GHRe aﬁd t he
process dedritiffioh s ShePadtbuhethérsthprad tesisoreortected egrelnidichanaciafistic mat i ve

rESPONSCyl %%ﬁ%&%‘ﬁg 63hd govgﬂa §ngéec}’¥?&fn’ﬁnécf‘c%|eﬂ{n%e%ﬁch@%ﬂs&é?% g oceed to

Step 5080 termnation 1s made as whet her the
bonded bateptiorgatayien é‘ﬁﬁ issY% ‘tthemthe RanduetReram9ied A DPEERKEET S 4% answer
to the quesdiRwento tStereﬁﬁ)B altStepYﬂ&’; ist Ne'nthtahet ptreaelessatmaet:mmdfth@ St ep
510. If the answe t ues t 8,1bS . at Step
520 a bald" sﬁ'ga?r%%sém qd’ra] P n < %}}us?? ﬁeﬁ?gé dj lﬁére" ?ngiﬁgl n a
manner spareeters a;retghaqraieldlfgrsq Fs'ehséﬂu@fﬁ V‘F“IECQWQIWQ ‘Fﬁéfﬂor'ﬁtﬂ‘j’ 689 ¥ Mondi ng

par arTet o 36 aBABRH BRIy SiGknidht AhORI T Absdenastindts) asfobabd ali aret er

bondi ng adj ust nent en, uent wre for med and
t he proc%é 4$%FD?HEEQr8°e§f§%" Biygs Uﬁlt{g %?‘%? S ?en?r]tg%é% 4P

af fi r mataffienatyspodsies bandproaaraiodtent areashentdd Bt4ps48H6 and 508 vvhere t he
process can then proceed to Step 510. [0025] At Step 510, a determ nation

is gade o 2 V\MEtle@fzxdehﬁ Fb@rlﬂﬁﬁytb@rbpﬁhﬁaiy ShlBigtoh det@rminktibris a

predet er m ne 0 q n e is
"Yes" t HERPEHY %?E?Egeé'gt‘ 058 852e‘fwwv$oné(§)l &%?% éﬁgbgnssi\#érs §% o%td%égquestl on

at St ep BIIGi 5 ateNxamples of amchSieégnBQaziO@Sbéleerrme‘-arFigtfr @i §tep PRt ng

] et o e o o e e er at e

usi ng anStEA"gEY iR %\eﬁ?f)(‘?%e&a%fﬁggggb%gl'r\g REREAY g? ?'étl?fd?wgbo%'EF ﬁogn%adj ust ment

val ue. Ty araalgotitbecarente wi leesthoredies)ctddstafget herdglinepntriokbvalkcorreéss ret ur ns

to Step é&@ratyl“ At g%ﬁsa W@tﬂoﬂﬁlg %qu% o@ﬂlr@BBﬁJsW%tﬂoMﬁed' esnpise is

provi ded”at” each o wher e proces an then
proceed g¥nesitedhbodng FW@’?G‘]EEI @’t’-étﬁp?;f? age‘i?é‘f"é?th‘?"n'éf”aéiﬁ g do ﬁ’ﬁa@' as to
whet her tHaachasdlesl eadnl id wikien mairaddteenipedfdidrendes Iintehinawer tprteelet er mi ned
I h h
toler ancguestlon ét §tt g%@%‘:\? YE%’ ghgﬁftl%ﬁl%ké%rbrgéee(% ﬁ%@&goé sIf tN@%nsv@elﬂ%(p the

process procee answer uestion at Step 512 is
"No" t hetheguesiiemtspep %@1’5 Eniet Wep L Step ptbHe P?'bh%ﬁd’f’ﬂ@”%laﬁdﬂ?m‘?éht val ue is
adj ust edvdige @ adjlstedd elRNAGS mShidrlsanildr @o tiAtIustrites i EICEdB).NTHENG.  2B) . Then,

2l ust caPHTey Rl PsisEiss P RRRERT LA HTpAd R, At fgang he

adj ust ed?®
subsequehtighti rredive Rd{vsiméns Vﬁblﬁnﬂdeanajswmqwéws§>Oﬁ<&£§h'rsrﬁ%m‘t%" g e 506.

Thi's pr OB.%%éssquufnhsnﬂéeﬁey@é@ | T8 p?cfcfeéd’cff&ftlhﬂ@, Jr@isékﬁ)élﬁlanhﬁvep‘légjdnd@d at each

224& epsp:%(\)r%ed at Siep%JO% WREI’E%%Q procegs ceanttrllwgn lrocégee 3 56§1en proceed to Step

[0024] At Step 508, a determination is made as to whether the bonded ball
. diameter is within a predetermined tolerance. If the answer to the question at Step
508 is “Yes” then the process proceeds to Step 510. If the answer to the question at



[ 0027] At Step 514, a determnation is made as to whether the bonded bal
bond pad splash level is within a predeterm ned tolerance. |If the answer
to the question at Step 514 is "Yes" then the process proceeds to Step
516, and the bonding paraneters are accepted. If the answer to the
guestion at Step 514 is "No" then at Step 526 a splash | evel bonding

adj ustnent value is adjusted (e.g., in a manner simlar to that
illustrated in FIG 2B). Then, adjusted bonding paraneters are generated
using an algorithm and the adjustedsspl ash | evel bondi ng adjustnent val ue.
Then, a subsequent wire bond(s) is formed and the process returns to Step

506. This process contl nues naffirmtive spopse i s ed at
cach of SrbsS Bowo” G5 R 55, S balGeRicter bR A S RRE M ERLYE T e
proceed (t@. Shepnbider smﬁrtm@labtﬂnstratgd paFi&EreBpr Sheay ediasrcépo@ﬂng [0028] It

Wil . t t t 506,
508, 510 EAGEIEHE deldtaleBg oR AR d“%?‘ﬁ%?&??@g@r’eg%egéfﬁ'@ﬁ@of Lhese
det er mi r?é’ﬂ‘i%‘ﬁ%”webemﬁﬁd%s‘ftﬁe‘é”%’fc Vs 3 OETRd & QTS r(? 4" or

di ff er ent Siei 206 THit poosssraytimes matesn pOGRIferefloGse 6 pradddd Bfeathef
det er m naLLOAS: IRESHAERNe oclenm PRAproll 1y spd2. and 514 i's

sati sfi nmet h an procee to the next determ nation. That

can S?oirb&’é%a”?tlxzxtéﬁq%%‘?ﬁ%g?“ﬁeiﬁ whobl Wt wrbfsbocordfi el on.

However ,shaarcitraaqtrapprithaccd piesleteonined olierade. THhae ansver agte qylesticneat
determ r@:&ﬁ@ § Jﬂaf)ésbtfleme?rb&gék \Sk&k_’@éé t é@ﬁ@ﬁpﬁrm@aﬁ@eet@ﬂiewegmt s may

be nmade) term nations are nade In Steps 506,
508, 510at %19251%!1?4“}\’0 akgn &f fstet‘a"’f”ﬂ?eb%lb'ﬂ?%‘bﬁ‘i”%’igé“ aﬂ]du&%‘f%@e%‘s? Ye*made (in
St eps 51ddjush@d{c.®2, a bddnerSEhiar to Reathioustiang ip XIGMAB) eMsenayiusteen be

vari ed/ aoddnHSl%ep%rarllgcgéogryaé@atteg%s%ta}ﬂogéorﬂﬁﬂvéngecﬁle BAL&LMpall SREPVEd Wire

bondi ng
strength bondmg ad;ustment value. Then, a subseguent wire bond(s) is formed and

the process returns to Step 506. This process continues until an affirmative response is
provided at each of Steps 506, 508 and 510, where the process can then proceed to
Step H12.

[CG26] At Step 512, a determination is made as to whether the bonded bail
interrmetallic profite is within a predetermined tolerance. If the answer to the question
at Step 512 is “Yes” then the process proceeds to Step 514. If the answer to the
question at Step 512 is “"No” then at Step 524 an intermetallic profile bonding
adjustment value is adjusted (e.g., in a manner similar to that illustrated in FIG. 2B).
Then, adjusted bonding parameters are generated using an aigorithm and the adjusted
intermetallic profile bonding adjustment value. Then, a subsequent wire bond(s) is
formed and the process returns fo Step 506. This process continues until an,
affirmative response is provided at each of Steps 506, 508, 510 and 512, where the
process can then proceed to Step 514,

[0027] At Step 514, a determination is made as to whether the bonded bail
bond pad splash level is within a predetermined tolerance. If the answer to the
question at Step 514 is “Yes” then the process proceeds to Step 516, and the bonding
parameters are accepted. If the answer to the guestion at Step 514 is "No” then at
Step 526 a splash level bonding adjustment value is adjusted (e.g., in @ manner similar
to that illustrated in FIG. 2B). Then, adjusted bonding parameters are generated using
an algorithm and the adjusted splash level bonding adjustment value. Then, a
subsequent wire bond(s) ié formed and the process returns to Step 506. This process
continues until an affirmative response is provided at each of Steps 506, 508, 510, 512



be achieved, particularly in connection with copper w re bonding.

Exenpl ary inprovenments include inproved UPH (units per hour), inproved
consistency in wire bonding results, decreased yield | oss, anongst others.
[ 0031] Al t hough the techniques disclosed herein have |argely been described
in connection with the formation (and analysis) of a single wire bond, the
present invention is not limted thereto. That is, it is clear that it may
be desirable to forma plurality of wire bonds using the initial generated
bondi ng paraneters. Then, wire bondscharacteristics of the plurality of

¥m re bonds (and not a sihngl e wre bond) can be anal yzed. This may provide
or a nore accurate nethodol ogy. For exa term nation be made
as to weedrét. wieragt Bgass cat %%éﬂf@&eerﬂéa o%]ef’ §5 @Bglf’grp@@f“r%%rﬁdl ng
control avakttepteand/ or of the at | east one sel ected wire bond
characteristic) of the plurality of formed wire bonds is wthin a

pr edet e&%asji tol g @nsgapma&ea@h&%& QURHRiBARIASI: STUcbET SpaYes,agi ng
appr oac nean val ue a ngt ot h ers - may be applicable

to var yiaeg: %éé%?”%lr‘*ear?ﬁ‘&? iraiting: dndnengIiy @ f8ftien °5%he§ﬁy of a nunber of
W re natdedradimtiopd3PpAntdueugh givee npetbs@nturkiny earditonalrasliftreet descri bed

primari léétélﬂnmt: ﬁ?ﬁ??toﬁt"%ﬁtehe formation of a first wire bond of a wire

| oop, it TS not ereto. The teachings of the present i nvention

Cetond DORARI of aIEEy S| thsp o 2 G BB e ve bR oy SIECT L

bunps) fsuopeIR, wsiisg4 ds sdtisteciictierige orethedgsinrryosead ﬁ@ rK‘EE<0034] Al though the
i nventi o d.&; ﬁalﬁlloHStrﬁgctlgdanaé}ﬁrnQﬁ@@rrééﬁ%qsebﬁ{ugﬂ Bk Wo{nhed' sf sLeB68 vbRrespeci fi c

enmbodi nent s I nvention 1s not intended t ed o t he details
shown. F#e ﬁ@th°d\ﬁéﬂl%%i3§e?rffﬂ?r!eld@é?rm?§’oﬁé9 bSé“aH‘ﬁcf’é Sfer‘l’n‘gt%e tAPTs within the
scope angbweaBbgeudf aresphrvahenhs refuitdie Mahisysadmnd the uﬂeummateq@ameivng from

the i nveDQat r'ngc!I-'é indi\\mlagll\) (%ngag'brjgsrqléte adjustments may be made), and then after all of
the determinations are made (in Steps 506, 508, 510, 512, 514) and ali of the
appropriate adjustments may be made (in Steps 518, 520, 522, 524, 526), the bonding

parameters may then be varied/adjusted.

[c030] Using the methods provided herein, improved wire bonding resuits may
be achieved, particularly in connection with copper wire bonding. Exemplary
improvements include improved UPH (units per hour), improved consistency in wire

bonding results, decreased yield loss, amongst others.

[0031] Although the techniques disclosed herein have largely been described in
connection with the formation (and analysis) of a single wire bond, the present
invention is not limited thereto. That is, it is clear that it may be desirable to form a
plurality of wire bonds using the initial generated bonding parameters. Then, wire
bond characteristics of the plurality of wire bonds (and not a single wire bond) can be
analyzed. This may provide for a more accurate methodology. For example, a
determination may be made as to whether an aggregate of the at least one selected
target bonding control value (and/or of the at least one selected wire bond
characteristic) of the plurality of formed wire bonds is within a predetermined
tolerance. Such an aggregate approach may be an averaging approach, a mean vaiue

approach, amongst others.

[0032] Although the present invention has particular benefits in connection with

copper wire bonding, it is not fimited thereto. The teachings of the present invention



1. A method of formng a wire bond using a wire bonding nachi ne, the nethod
conprising the steps of: (1) selecting at |east one target
bondi ng control val ue; (2) generating bonding paraneters
for formng a wire bond using an algorithmand the at | east one sel ected
target bonding control val ue; (3) formng a wire bond ,
usi ng the generated bondi ng paraneters; (4) determning if
the at | east one selected target bonding control value of the forned wire
bond is within a predeterm ned tol ei@nce of the at |east one sel ected
target bonding control val ue; (5) adjusting at |east one
bondi ng adjustnent value if the at |east one selected target bonding
control A brawTicatets virred tyaes & WEA N T Wit VR UAL FOdne" ?J'R’e?féit er mi ned

t ol er anGgimmRAds wire materials. (6) generating revised bondi ng paraneters
for formng a subsequent wire bond using an algorithmand the at |east one

adj ust eﬁu ggﬁll ng ﬂﬁbrﬂ@w{ﬁ@bre\é@*ﬂﬁvenaomﬁgs B@éd@cmedcdrﬁiamlylwﬁdﬂ%sﬁé& step

(1) inc es selectin | east one tar val ue such

cont
that theoabe foé@?i'orb?fea firgt Wit PBuhe hYrENMPr i (}%ﬂ %tﬁdgg‘i’rﬁﬁ’es{hgt | east one
of (a) aesir@igstorthapresenbanveetiorbabl bek palicableerabydrmty penef Wity) bandghear

strengt han ﬁg,\g‘?rr %xeg‘gjrkd segbn-grb%ngga&flpgd@ﬂooﬁl 4 Wbllaé"&ﬁfdgttﬂ/esbtuﬁ{bs((é)g i ncl udes

sel ecti ng one tar control value such that the at
| east orréud ByHes) THORRS YFPICHWIE PR a'ébwgplag M2%¥BEer of a bonded ball of a
wi re bond.

[c034] 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.



4. The nethod of claim1 wherein step (2) includes generating the bonding
paraneters to include at | east one of (a) a bond tinme for formng a wire
bond, (b) an ultrasonic energy profile for formng a wire bond, (c) a
velocity profile of a bonding tool as it approaches a bonding |ocation for

formng a wire bond, (d) a free air ball size where the free air ball is
used to forma wire bond, (e) an electronic flame-off energy profile for
formng the free air ball, and (f) a bonding force profile for formng a
wire bond. - 12 - -91 -The nethod of claim1l wherein the

algorithmof step (2) is different fromthe algorithmof step (6).

6. The nmethod of claim 1 wherein the algorithmof step (2) is the sane as
the al gd¥hathnft-gimatep (6). 7. The method of claim1
wherein step (3) includes formng a plurality of wire bonds using the
gener at ed bondi ngipar afreteghcsi.of forming a wire bond usi@g aWiee pasdiedNafhing ai m 7

mherein&ﬁéﬁﬂﬁﬁégc%ﬂg%ﬂgqﬁaggg@5@1ning if an aggregate of the at |east one
sel ected target %ondlng control value of the plurality of formed wire

bonds is within thegg edet er.m ned %ol 9. The net hod

er ance. _
of claim1 whereif MUt Pt 5aF %Fﬁé%”gppﬁPﬁgmﬁ?gﬁfa wire bonding

machi ne. 10. The nethod of claim1l wherein step (4) is
per formed on a w £® gj'@ﬂ@pﬁ@ bﬁlﬁti}iﬂ ﬁ@‘ameters for forming a Wll”e:Pf!'ld ?ﬁgg t hod of

cl ai m 1 yhsfeihangiePat 183stioRs kald@ed s@betbinamgtdotraitvalueast one bondi ng
adj ustment value to include at | east one of (a) a bonded ball strength

adj ustment, (b) a Alike BHANRIE! RGeS b Hondihg badnf2efided bal |
hegghtladLusénentfgﬁﬂeﬁg%giH%ﬁ?ﬁ%taf i C g%ofile aafug%%ent, and (e) a bond
pad spl ash adjustnent. o 12. t hod of. form W re bond
using a wire bondK?kFQﬁHWﬁ%%FtF%@tWﬁ?ﬁﬁﬁE@@@ﬁﬂ?@?ﬂngHggs @ﬁgq@lﬁ

of the formed wire bond is within & predetermined tolerance of the at least one selected

target bonding controi value;

(5) adjusting at least one bonding adjustment value if the at least one
selected target bonding control value of the formed wire bond is not within the

predetermined tolerance; and

(6) generating revised bonding parameters for forming a subsequent

wire bond using an algorithm and the at least one adjusted bonding adjustment value.

2. The method of claim 1 wherein step (1) includes seiecting the at
least one target bonding control value such that the at least one target bonding control
value includes at least one of (a) a diameter of a bonded ball of a wire bond, and (b) a

shear strength of a wire bond.

3. The method of claim 1 wherein step (1) includes selecting the at
least one target bonding control value such that the at least one target bonding control

value is a diameter of a bonded baii of a wire bond.

4. The method of claim 1 wherein step (2) includes generating the
bonding parameters to include at least one of (a) a bond time for forming a wire bond,
(b) an ultrasonic energy profile for forming a wire bond, (c} a velocity profile of a
bonding tool as it approaches a bonding iocation for forming a wire bond, (d) a free air
ball size where the free air ball is used tc form a wire bond, (e) an electronic flame-off
energy profile for forming the free air bail, and (f) a bonding force profile for forming a

wire bond.



(1) selecting at |east one target bonding control value, the at |east one
target bondi ng control value including a dianeter of a bonded ball of a

W re bond; (2) generating bonding paraneters for formng
a wre bond using an algorithmand the at | east one sel ected target

bondi ng control val ue; (3) formng a wire bond using the
gener at ed bondi ng paraneters; (4) determning if the at

| east one sel ected target bonding control value of the formed wire bond is
within a predeterm ned tol erance of iphe at | east one sel ected target
bondi ng control value; - 13 - (5) adjusting at |east one

bondi ng adjustnent value if the at |east one selected tar ggt bondi ng
control value of Bhe f&hnBENRACECBEhY WherHBENSFIHAMRESPReY St er ni ned

t ol er ancgfrerafcrom the algorithm of step(®). generating revi sed bondi ng paraneters
for formng a subsequent wire bond using an algorithmand the at |east one

adj ust ed, bondi ng &d] ysﬁ'ﬁ'@ﬁ]ﬁa’ch\é@lo\d@éaim 1 wherein the algorithi®f sttRg2ymRtthed Of claim
12 wherein stetg i ncl udes selecting the at | east one target bonding

(1 .
control SEENCRS BECKOHER ot 18P &) | east one target bonding control val ue
further includes a shear strength of a wire bond. _ 14. The
met hod of cl ai m 1Z. wheled method pf ¢laim it vdhaneie stapd B peiuagf offaingr | east one

target b&&%ie@%f%&ts&hsMéhélﬁnesdé%rawha&o&ﬁgg fdrame@ed. one target bonding

control value is a dianeter of a bonded | of a wire bond.

15. The nmethod of claim 12 rein. ste 2) .J.hcl e dng.d.he
bondi ng par aneter$to inel§ é’gé’t?dfa'é?agt%de%%)"Ske%((é‘;l%gﬁlg%n%%%r?&r'r@n?éﬁﬂforn1 ng
a W re bumwdegathdf dn atlpsayeretceddriget peating eontist valer ofithe PRRliKY &° bond, (c)

a vel oCi & Rfrk b8n@ is HithRNEE Reede@Pirs: toleraRBr 0aches a bonding | ocation
for formng a wire bond, (d) a free air ball size where the free air ball

is used to forma wre_pond, (e I onic f Af L LORI- A% s of i | e
for form ng the f Pee ain?e aefi]o,(1 aﬁ%%?)ﬁg&%@%ﬁn@gbﬁgg p? o?ﬂne for for mi ng
a W re bowite bonding machine. 16. The nethod of claim 12 wherein the
algorithmof step (2) is different fromthe algorithmof step (6).

10. The method of claim 1 wherein step (4) is performed on a wire

bonding machine.

11. The method of claim 1 wherein step (5) includes selecting the at
least one bonding adjustment value to include at least one of (a) a bonded ball
strength adjustment, (b) a bonded ball diameter adjustment, {c) a bonded ball height
adjustment, (d) an intermetallic profile adjustment, and (e) a bond pad splash

adjustment.

12. A method of forming a wire bond using a wire bonding machine,

the method comprising the steps of:

(1) selecting at least one target bonding control value, the at least one

target bonding control value including a diameter of @ bonded ball of 2 wire bond;

(2) generating bonding parameters for forming a wire bond using an

algorithm and the at least one selected target bonding control vaiue;
(3) forming a wire bond using the generated bonding parameters;

(4) determining if the at least one selected target bonding control value
of the formed wire bond is within a predetermined tolerance of the at least one selected

target bonding control value;



17. The method of claim 12 wherein the algorithmof step (2) is the sane

as the algorithmof step (6). 18. The nmethod of claim 12
wherein step (3) includes forming a plurality of wire bonds using the
gener at ed bondi ng paraneters. 19. The nmethod of claim 18

wherein step (4) includes determning if an aggregate of the at |east one
sel ected target bonding control value of the plurality of formed wire
bonds is w thin the predeterm ned tolerance. 20. The net hod
of claim12 wherein step (4) is perigrned offline froma wre bonding
machine. - 14 - 21.The nethod of claim 12 mherein step (4) is performed
on a wire bonding machi ne. 22. The nethod of cla mﬂere n step (5)

i ncl udes sel ect i nEP)tadiusEng peigast %ﬁé’ob‘éﬁalaﬁb’sﬁﬁﬁrﬁé’fﬂl’fﬁﬁt ¢ at 'Gest 0(5"E'“| ncl ude at
| east Or&,ele@tfed(tar)geﬁbmme@nbai Valiid dreng Edrmadjwist toedtis ndtbyithin thended bal |

di anet er $%ust ménc a onded bal |l height adjustnent, (d) an

i nt er met"af %ﬂw? e a jus ment, and (e) a bond pad spl ash adjustnent.

23. A met hod of formng a wire bond
met hod conpri si ng(ﬁ)tf@%gﬁaébé r%fseg%onglﬁé%%ra%eters ob%pmmg s%%@ugn the

wire bond using an algorithm and the at least one adjusted bonding adjustment value.

13. The method of claim 12 wherein step (1} includes selecting the at
least one target bonding control value such that the at least one target bonding control

value further includes a shear strength of a wire bond,

14. The method of claim 12 wherein step (1) includes selecting the at
least one target bonding control value such that the at least one target bonding control

value is a diameter of a bonded ball of a wire bond.

15. The method of ciaim 12 wherein step (2) inciudes generating the
bonding parameters to include at least one of (a) a bond time for forming a wire bond,
{b) an uitrasonic energy profile for forming a wire hond, {c) a velocity profile of a
bonding too! as it approaches a bonding location for forming a wire bond, (d} a free air
ball size where the free air ball is used to form a wire bond, (e) an electronic flame-off
energy profile for forming the free air ball, and (f) a bonding force profile for forming a

wire bond.

16. The method of claim 12 wherein the algorithm of step (2) is
different from the algorithm of step (6).

17. The method of claim 12 wherein the algorithm of step (2) is the

same as the algorithm of step (6).

18. The method of claim 12 wherein step (3) includes forming a

plurality of wire bonds using the generated bonding parameters.

19. The method of claim 18 wherein step (4) includes determining if
an aggregate of the at least one selected target bonding control value of the plurality of

formed wire bonds is within the predetermined toierance.

20. The method of claim 12 wherein step (4) is performed offline from

a wire bonding machine.



(1) selecting at |east one target bonding control value, the at |east one
target bondi ng control value including a shear strength of a wire bond,
(2) generating bonding paraneters for formng a wire bond using an

al gorithmand the at | east one selected target bondi ng control val ue;

(3) formng a wire bond using the generated bondi ng paraneters;

(4) determning if the at | east one selected target bonding control val ue
of the fornmed wire bond is within a predeterm ned tol erance of the at

| east one sel ected target bonding ceptrol value; (5)
adjusting at |east one bonding adjustnent value if the at |east one

sel ected target bonding control value of the formed wire bond is not
within the predet@tni né¢ reejhed ghdaim Awherein step (4) is performgy g @it i ng
revi sed paadhncRReaneters for formng a subsequent wire bond using an
algorithmand the at |east one adjusted bondi ng adjustnent val ue. 24. The

nmet hod of cl aim23.,wh i AT s 1] t t one
target bondi ng cog%roﬁﬁ%a ﬂ%gggzﬂ%%h%?gkﬁgﬁgféfgggbagﬁgSgggﬁgyhggﬁding
control least gee pendingeidiysiernidaiveodngwes al legst oge phifdédPopdsd P3f a wire bond.

(Zjﬁ.eTthe r&%h%i éﬁﬁus@rhé‘li!tﬂgba%l Mﬂﬂlé@bél! ghstetédridjustabnides asehest balgheidie at | east

ar ge ondi ng cantro al ue. s t t bondi

control gfi?étfs eric’ls (fg Q@ H%&Fmgﬁa}r{lgﬁéﬁﬁe %%Ugﬁ%%&,eaﬁwggﬁg% bb’%ﬁ%sd SHidsn” AT 9T DORELNY
adjustment.

23. A method of forming a wire bond using a wire bonding maching,

the method comprising the steps of:

(1) selecting at least one target bonding control value, the at least one

target bonding controf value including a shear strength of a wire bond;

{2) generating bonding parameters for forming a wire bond using an

algorithm and the at least one selected target bonding control value;
(3) forming a wire bond using the generated bonding parameters;

(4) determining if the at least one selected target bonding control value
of the formed wire bond is within a predetermined tolerance of the at least one selected

target bonding controi value;

(5) adjusting at least one bonding adjustment value if the at least one
selected target bonding controt value of the formed wire bond is not within the

predetermined tolerance; and

(6) generating revised bonding parameters for forming a subsequent

wire bond using an algorithm and the at least one adjusted bonding adjustment value.

24, The method of claim 23 wherein step (1) includes selecting the at
least one target bonding control value such that the at least one target bonding control

value further includes a diameter of a bonded ball of a wire bond.

25. The method of claim 23 wherein step (1} includes selecting the at
least one target bonding control value such that the at least one target bonding contrel

value is a shear strength of a wire bond.



26. The nethod of claim 23 wherein step (2) includes generating the
bondi ng paraneters to include at | east one of (a) a bond tinme for formng
a wre bond, (b) an ultrasonic energy profile for formng a wire bond, (c)
a velocity profile of a bonding tool as it approaches a bonding | ocation
for formng a wire bond, (d) a free air ball size where the free air bal
is used to forma wire bond, (e) an electronic flanme-off energy profile
for formng the free air ball, and (f) a bonding force profile for formng
a wire bond. 27. Thegmet hod of claim 23 wherein the
algorithmof step (2) is different fromthe algorithmof step (6).

28. The nethod of claim23 wherein the algorithmof step (2) is the sane
as the al gorithm @b st & (eyrod of claim 23 wherein step §2) iTHRISFESASGBE 8 ai m 23

wher ei n e Galarhdelsutl acifderaiidagt éhabiladkivoyd aievibr friagdsvitsbag, t he
generated bon deof claim29

di ng paraneters. . , h .
wher ei n 61 8p “ttzfi)sgi"ﬁéf“ffaégm&iﬁfé’F RN iwftreabr?nqa’g(gfaeééa-l?gt@[@ge at | east one
sel ect ethdndingerbol Beridinmgoasbes # bonding lgeatisin fenterpingEawire §ongh (P weRiai r e
b?ndls ! S'DaWsEZ}Va\quyhe@e Heare! SF pAiNg dsdPloab AN Gowire bond, () an electronicHkmeTdie met hod
o ot oe iy o 0 g6 o RSE D b5 S B IS, ™
per f or megiroboral. Wi r e bondi ng machi ne. 33. The nethod of
claim 23 wherein step (5) includes selecting the at | east one bondi ng
adj ust ment val ue t9 i nghdigRul d eRFH 28NEhedéin (i) aigorhondediebab) isst rengt h
adj ust nent , %b&a bgnded,%@{u gia ter adjustnent, (c) a bonded ball hei ght
adj ust mefitereparoRins ALRTINE A5 Yr of i 1 e adj ust ment, and (e) a bond pad
spl ash adj ust nent. 34. A nethod of formng a wre bond
using a wre bondi28g mAkhmethodtdfslaife2BRNERiRbS JPHENTIHE sEpdgs isdhe

(1) sel egdhdgk @k dfpsimOngebagget bondi ng control val ue;
(2) generating bonding paraneters for formng a wire bond using an

algorithmand the at |&ast NG FelffLeUidtHslepR8NAl8eLRRANNGl Val ue;

pluraiity of wire bonds using the generated bonding parameters.

30. The method of claim 29 wherein step (4) includes determining if
an aggregate of the at least one selected target bonding control value of the plurality of

formed wire bonds is within a predetermined tolerance.

31, The method of claim 23 wherein step (4) is performed 6ffline from

a wire bonding machine.

32. The method of claim 23 wherein step (4) is performed on a wire

bonding machine.

33. The method of claim 23 wherein step (5) includes selecting the at
least one bonding adjustment value to include at least one of (a) a bonded ball
strength adjustment, (b)a bonded bail diameter adjustment, (c) a bonded ball height
adjustment, {d) an intermetallic profile adjustment, and (e) a bond pad splas_h

adjustment.

34. A method of forming a wire bond using a wire bonding machine,

the method comprising the steps of:
(1) selecting at least one target bonding control value;

(2) generating bonding parameters for forming a wire bond using an

algorithm and the at least one selected target bonding control value;



- 16 - (3) formng a wire bond using the generated bondi ng
par aneters; (4) determning if at |east one selected wire
bond characteristic of the formed wire bond is within a predeterm ned

tol erance of the at |east one selected wire bond characteristic;

(5) adjusting at |east one bonding adjustnent value if the at |east one
selected wire bond characteristic of the formed wire bond is not within
the predeterm ned tol erance; and (6) generating revised
bondi ng paraneters for formng a subpsequent wire bond using an algorithm
and the at | east one adjusted bondi ng adjustnent val ue.

35. The nethod of claim 34 wherein _steg ) includes selecting the at

| east one target bBYrfelinting & ovirerasnd waingdhe genrratsd Popde? BaeMeRsY one t ar get
bondi ng control value includes at |east one of (a) a dianmeter of a bonded
ball of a wire booq degarthir(il) if at Rhstaonesdateergt vire$ord dvemaetetishivdof the

36. The rTipntuah WII’OB% W?m%‘l ¥|\Q I‘rﬂtn@& @Delahte bithk Hg%§st%%le§§ltett@g wifde at

| east ond t&r |ng co val ue such that the at | east one target
bondi ng t@@ﬂtch?mact@aﬂ!fe is a di arret er of a bonded ball of a wire bond.

37. The nethod of claim 34 wherein step (2) includes generating the

bondi ng par amet er gs5)taujushiod adeastoneemstingrrgjustmera)vae ifohel at ea® dner f or mi ng

a wre bo ( rakd b&afi@hotf vfHH B8 @ Wi re bond, (c)
a vel oci ie‘%%ted ‘W‘i @}gghgxa%&ggﬁ.ﬁ%ﬁgg%@aeg Vlgté apgrloa%thes a bonding | ocation

for for rﬁrﬁ@etamw%tomwe e a free air ball size where the free air ball
is used to forma wire bond, (e) an electronic flanme-off energy profile
for form ng t he fl(e)egmieratibglréviseanmn(ﬂmp rardroetdisfgr foorioe 2sHbISALEM or f or mi ng

awre Pond usnng azrsalgontgm anddhe FRa8BS04; Qe ol My 3djushedivaivkhe

al gorlthmo Ifferent fromthe algorithmof step (6).

39. The net hod of claim 34 wh | gorith e sane
as the al gorithm 5,]5 st 'le'lb §5ho o?clalrn Qs wahe emn steﬁg]lﬂ?ﬂﬁée%pse%%% tf% alrt] im 34
wher ei n isdepné Brgenaindolgsofitoeinahg seickhatdhe eiyleaft off AFIBARASINASPHER't he

gener at %!&Otﬂg{hg& ﬁ%a@%ﬁdﬁ&s{a) a diameter of a bonded ball of a wire bond, and (b} a

shear strength of a wire bond.

36. The method of claim 34 wherain step (1) includes selecting the at
Jeast one target bonding control value such that the at least one target bonding control

value is a diameter of a bonded ball of a wire bond.

37. The method of claim 34 wherein step {2) includes generating the
bonding parameters to include at least one of (a) a bond time for forming a wire bond,
(b) an ultrasonic energy profile for forming a wire bond, {c) a velocity profile of a
bonding tooi as it approaches a bonding location for forming a wire bond, (d) a free air
ball size where the free air bali is used to form a wire bond, (e) an electronic flame-off
energy profile for forming the free air ball, and (f) a bonding force profiie for forming a

wire bond.

38. The method of claim 34 wherein the algorithm of step (2) is
different from the algorithm of step (6).

39. The method of claim 34 wherein the aigorithm of step (2) is the

same as the algorithm of step (6).

40. The method of claim 34 wherein step (3) includes forming a

plurality of wire bonds using the generated bonding parameters.



- 17 - 41. The nethod of claim40 wherein step (4)
includes determning if an aggregate of the at |east one selected target
bondi ng control value of the plurality of formed wire bonds is within a
pr edet er mi ned tol erance. 42. The nethod of claim 34
wherein step (4) is perforned offline froma w re bondi ng nmachi ne.
43. The nethod of claim 34 wherein step (4) is perforned on a wire bondi ng
machi ne. 44. The net hod of claim 34 wherein step (5)
i ncludes selecting the at | east oneihandi ng adj ustnment value to include at
| east one of (a) a bonded ball strength adjustnent, (b)a bonded bal
di anmeter adjustnent, (c) a bonded ball height adjustnment, (d) an
intermetal |ic profitl e Hj metheesf claghdO (eprel BiERAHaAULSS Sess i ULt ment .
4&;. The Jreidypshael O,Tyhgiameagt c}m@e@c&dtthﬂ_:%eaborhcm@sagm&ge\éa? ﬁcrhewmnnpﬁﬁao?g)
characteristic. includes. at |east one a bonde all strength, a
bonded HEPPE%Wgﬁg?@#fSPg@"f'Hgﬁggﬂnﬁgﬁfm'g%ﬁ%t, (d) an internetallic
profile, and (e) a bond pad spl ash. ) ) )

42, The method of claim 34 wherein step (4) is performed offline from

a wire bonding machine.

43, The method of claim 34 wherein step (4) is performed on a wire

bonding machine.

44, The method of claim 34 wherein step (5) includes selecting the at
least one bonding adjustment value to include at least one of (a) a bonded ball
strength adjustment, (b)a bonded ball diameter adjustment, {c) a bonded ball height
adjustment, (d) an intermetallic profile adjustment, and (¢) a bond pad splash

adjustment.

45, The method of claim 34 wherein the at least one selected wire
bond characteristic includes at least orie of (a) a bonded ball strength, {b) a bonded
ball diameter, (c) a bonded ball height, {d) an intermetallic profile, and (e} a btond pad
splash.



