A wire bonder and nethod of calibrating a wire bonder Field of the
present invention This invention relates to a wire bonder and a
nmet hod of calibrating the wire bonder. Background of the invention
Wre bonders are conventionally used during sem conductor assenbly
and packaging for making electrical wire connections between

el ectrical contact pRésredondesand AREIKBICHIFalibPitingdWirdbshéet rate, or
between el ectrical contact pads on different sem conductor chips.

Specifically, a bonding wire is fed froma wi re spool containing the
bondi ngield oEthietprestph itvelatiodi ng tool, such as a capillary, for

perform.ng a wre bondin r 0Gess si,n nbj, nat.i f heat,
pr essuﬁlb'sgwamtﬂque 95:3?@ \@Wg?paéer Gl %8%89 Hg E@Pﬁﬂg e%?‘?g?ﬂﬁ'g wel ded
to a connection pad of the sem conductor chip or the substrate. The

wre bﬁggl#&?uﬁﬁgfﬁ%‘cinb&t%t solid phase wel ding process, wherein two

met al | "e bondi ng wire and the connection pad
sur f acWirearamdbiscarg h:omrermtlmalm tusedh deringsersiconduCoc assdnmhs and paakagiag dor making

i nti m&l@ct?i%]t@ﬁ:é ’coﬁh{'cﬁif)ﬁéf) ri')eﬁzvhe%ﬁi E'Igctﬁéali égnﬂc?@ahg%nggi Q%migérﬁ)dﬂﬁto?aéﬂ and a
pl ace, resu I'n e formation of a wre bond. | T'bration of
bonder gubisyatee @uibetneencelesiveat soplaet padsapt difieant isemmanguciarr ehips. Spemflcaily, a

differ S&"dlr‘@ﬂe r O??&ﬂﬁ’érﬁ a it oﬁpﬁgﬁﬁaﬂ%ﬁ%ﬁ]e%lnblh %rb%oﬁ% %Br?dnﬁgf gp%éch asa

i ncl udes | ow ng st ep an external ser Vvi
or opt FaRdllaryifer @m@mg@vwfédwﬂ@gmrwe@éoﬁy &Sinp s eemigination af heahipressure and

bonder ulﬁaédrﬁnigﬂd%ﬂ hel bdhdffy vﬁ?&Pi‘s'bloﬁﬂéﬂ & \Peldedsz m%gloﬂq»a'a%%é@amlcon uctor

results such si ze, ball shear, nunber of ball [ift, bond pa
peel i ngiRf &he Wtfsé’aﬁ’ul-rhe "E"tecbO"dHWde%SSLﬁ|%?"Qrpf'@§% Sfelling poeess. bR} two

to cal mbfaeukenétbﬁalé)gredtﬁeq:scmam@amdamhb ft@nﬁ&a@mb@@i sm’fatc@ﬁa@ursught into intimate
vi bration an bondj ng. resul ts. above net ?
cal i br S8 (&n H’gaeﬁeé ARHE ! ‘%H%at? GPMB ﬂacfmﬁﬁewwgﬂ@m” usion of atoms takes

place, resultlng in the formation of a wire bond.

Calibration of wire bonders is required to ensure performance consistency across different wire

bonders. At present, the calibration of wire bonders includes the following steps:

1) Using an external laser vibrometer or optical vibrometer to measure ulirasonic vibration of the
wire bonder’s transducer tip or capillary tip;

2} Recording bonding results such as ball size, ball shear, number of ball lift, bond pad peeling
after wire pull, etc.; and

3) Using an external force sensor to calibrate the bond force based on the measured ultrasonic
vibration and recorded bonding results.

The above method of calibrating wire bonders has the following shortcomings:

1) As the method takes a long time to measure the bonding results, for example the ball size and
ball shear, a user normally derives these measurements based on a limited range of ultrasonic
vibration of the wire bonder’s transducer tip and this affects the calibration accuracy.

2) As the use of the external laser vibrometer or optical vibrometer involves other equipment for
measuring the ultrasonic vibration of a wire bonder’s transducer tip, a long setup time may be
needed.

3) As the method does not simulate the actual operation of wire bonders, it may not be inaccurate.
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1) As the nmethod takes a long tinme to neasure the bonding results,

for exanple the ball size and ball shear, a user normally derives

t hese neasurenents based on a limted range of ultrasonic vibration

of the wire bonder's transducer tip and this affects the calibration
accuracy. 2) As the use of the external |aser vibroneter or optical

Vi gr ongj s ;Eh?evekt\m&l @cﬁrbﬁrseﬁsmi MBTﬂ%s faddiltltﬁf%ﬁ%q[]iplﬁ@ni he cdlifra@s Ml Gire bbonder,
vi brati o a . Wr nder transducer tip, a long setup tinme may be
neededcalﬁ)‘zﬁguoﬂsc’fYVHE%H%‘%%@%?%‘? 338‘?9 Wkl ate the actual operation of

Wi re bonders, it nmay not be i naccurate. 1 4) As the external force
sensor g d equi pnment to calibrate the wire bonder,
callbra |oné5§$ﬁ l%q'\’%'h)lg ers may take a long tine. Sunmary of the

i nvent Adimstaspeat st thagpeotiono$ atwire hondertomanising: ipa pracesdoariiflebond head coupled to
conpri N I

he. pr Sedteesstot CRGREER el oo BT cofi s ofeiend HEad i 8RRy too
iii) ameonigdng tl*tedmndrhmdmd bpodm@@dbbaldg Idemble bhtheomdihegd t tormbesi elegtrical
dri vab|grBhreBfonl9tdedea ef'n(ﬂzot'n e ShE Gt §L'1b%ﬁ!ate tBRﬁ{{rh{hBE‘s%H icdhductor die is
bet ween a sem conductor die an a substrate

senm coR@UBiedrusiige aj Ronedingnwises asd iy a beAsYIing ctmnr:e ;cogplgdite)the bond head, the
measur Hégsﬂ%b'dé%lcﬁq}émge%etréblé ﬁ'?n%ﬁé\ﬂet'ée ornfdin %?%Sdbrnljﬂg pﬁgﬂweccg tp:?'bﬂﬁ’dmg

operableto measure a deformati on ﬂ%n |n pOI‘tIOI’]
wire a¥rems gndrngng de! issdivenvih ﬂﬂﬁy bpﬁ@ fﬂﬁ@ﬁdt%é@l@e@b theo haRERg tvw@ % the

bondi ngemrcérﬁiubibr Hmuém@ b‘o@lﬂﬁg%ﬂfondin%a\‘ﬁc%latr hfie BRI2EM @wnhg&}ed td: derive at
particul ar, the ssor i s configured % derive at | east one

Cor r el BEFANLRARANAN PRIVeRE A Megsw ‘Fé’?iﬁ’ﬁm?ﬂ?ﬁ' fthg RendipgherHen ped e GRerating

and anp@pmewuasfgtr@am@remfdeqf iyt b@nmréethboaméast idnp @6Hvear éoriciioAt against a
| east on er. tion ai nst ,a predeternmipned correlati

bot weeh SORETHRST SofAalh PaePe IR bR iau PR o) I8 irS, bREet e 'a desied
def or nagfbmmatioh dof hiee bamtiighgorpar; tandritl) @ditrate the epbdting gacanbdier @fptﬁéarmenlgander

par ame o) e W e r he ¢ i.son_bet we

Fanet Biedgu Pl Be s A < Hersh PCacEral RatP g, HIca oo g ermined
t he detwrataiiohah thef defhendliondi tiee padingoporbaraagesist tthee opsretirat pargmeter of the wire
par arreﬁﬁd f the wire bonder. A second aspect of the invention is a

met hod of calibrating a wire bonder, the wire bonder conprising a
processor, a bond head, .a bonding tool drivable by the bond head to

form ag &.644 \ﬂgl;lsc df r{ﬁgrﬁ%ﬂpﬁpﬁi&ugnmgﬁlgwrbaﬂb@ﬁﬁq %O\Qﬁjéf'%%ﬂ&erdltl*?e W}g h?onder

substrate to t he sem conduct or

Wi ro: GIEPrENGERNIRTEREOrdSvbans bessh b bending fashsiivedla bache boad kaadoto Grm an
bondi nge@REd h’@é’fcéﬂ?@Etldrﬁoeft\l?éé?ﬁﬂséﬁlcérﬂﬁjcB? BQ'd?\Q aV!urbgtrété td Wﬁcl’?%déeﬂ'gconductor

tool is driven by t ond head to connect the bonding wre
seni cofi@iTMgHntgd éS‘W 2 tt%‘é'”ldﬂ@i A pdreasering %@r@ PReEahle e, m?wr%tdeﬁmmaﬂon

conpr i &i Bordi ﬁrﬁ&ﬁth@f is fdl‘hﬁéd/atrtﬂe %bndilﬁ@%re%%@%ﬁ&ﬁgafdopﬁ d?ﬁbﬁ\’%?'i‘he bond
t he neasured def i on and an operati

or bon din
par amet%d 1B FORTRS! WPNE’B”@B%H@? 1o t8$FEYGOR “‘{)‘Pfe':}'%\’t”alt%gqn digogion; §%‘€P'f'ca”Y’ the
cor r el meihog @tgﬁprismg fhepé@ﬂ@tﬁr rdefigielg Catr leebBioh@NcddRIANBR NbdthEerP AR ahédXired
para

wi.re bonder and a desire t|on 0 bondi n
Por ¢ crsrorgation B B arHRg PPn SRt AR PR AR PAIACHeGs" NS WS PR AGHTR g the
based ainletkte oo rgeaved (mrrbleﬂ@magaihue aapretietaﬂmnem eoftelatiore hetehethat bdrating
and the m ne rre ation of the tion of the ngi n
port 1 o ABERRREhEHIESefPh it daafueloateR Ui dhgGaloht =af Fibrng e
descr i queraiing giarariegerctf dive wigs bonder based on the comparison between the at least one derived
correlation and the predetermined correlation of the deformation of the bonding portion against the

operating parameter of the wire bonder.

Brief description of the drawings



Preferred enbodi nents of the invention will now be described, by way

of exanple only, with reference to the acconpanyi ng draw ngs, of

which: Fig. la shows a wire bonder having a bonding tool for wre

bondi ng, while Fig. Ib shows a schematic arrangenment of the wire

bonder of Fig. la; Fig. 2 shows different correl ati ons between an

oper at Preferpett ambbeimeafs ainthiel hvesionivll cowr e idesdritbeti by avap st exafnple brigewith
air ball defo shows di.fferent correl ati ons between an

oper at fﬁ%{%%éﬁ@% %?C%Wghﬁ%%ﬁ@%”%c‘g "%ﬂﬁ‘ t he amount of a free air ball

deformation; Fig. 4 shows different correlations between an operating

par arre r 191f sl?owg %_,Qn'; %aébr%%r %%Lh{)%ggﬁﬁ?& tt1oeol %P%[Péf b?okdlﬁ {Aﬁl?e %fgh 1BaéHows a

def or ma |on correl a
oper at Smﬂmcamﬂ@mmoetha(wm@bh@er\d bigat#;on setting and the anount of

a freepp é spﬁy&é d:ﬂ?lfeﬂf c???rte'la‘ﬁans E&&@%&O %’gegg’%@@ %rénﬂ@tepof %M’[rﬁoﬂ et{FLrSHt and the

enbodi ows a wmre W re bondi
W re b@ng@mtoi@ eg@ithell geformationan upper cl arrp 102 and a Iovver cl anp

104 f oFjcoBhS Jilff&gnlt éb‘?reméﬁ e afo PR ét@r 31‘(%151?] Fbrck 2nd B amount

fromavmre spool (not shown anngavvlre- using a
pneunafi ZreRdl bl qdeB\Aioss an air tensioner 107) ||) a transducer 20

for prpgug bﬁ&ﬂé@ﬁé@ﬁ%@l&lﬁbﬁy@étW@éiﬁarﬂoHéré}&g"MaFa?néigm'arlﬁforin'ahan gbtting and the
bondi n t ool a capill acz 22) through which the bonding wire
)

105 is th@u%?rﬁﬁaw dgfgrestien: an an el ectronic flame-off (EFO

torch Eig05fsapwegamersat corgeiapng Ibemeeh Gl opdtAieh paendier ¢TrEaY Gable fibRBoRkétting
tail en vmre 105; v) a contact sensor 112

bal | at
rgspoﬁgl(g@etaﬂmé’ﬂm zi’cffeeoaé‘te%géﬁ and vi) a neasuring device

(shown in FIG 1 as a p03|t|on encoder 10) novable relative to a

| i near e ,120.t0 det a position of the capillar

22 W tﬁéﬁgggg(e?cr{ptlog ‘ﬁéﬁ %*ée‘BS'EFEﬁs&e“i\ vmpre bondi ng procesg of Y
the wire bonder 100 w || now be described with reference to Fig. 1 a.
First, th e I

bai 1 boAa s ARS8 borchl, Hh 2 e il RARGIEY! T oer
top s uqzlalape 08fand aslewet oadipctOdrfodiantroting dver mnyaoerdoi a oodisg mateel Garitiat is fed
v @ SREf I ifRddok) (nBlkrduh g 5%1%4&&0%% {m&a@l%gum@ 18 G esan air

100 fornms a second n parti
sur f actengienarhtO7) ek frasgescar2d ipfunﬁ@dttcm@ Lﬂtﬁ@ﬁ@h@gwwah@smsmguwre bmn% m)

wre | Ml%ﬂ?@%wﬁe&s@%ﬁpﬂlﬂ? ﬁ?'tnrogﬁﬂWhﬂ:ﬂdthé %nﬂﬁ?%re@(@m i%fdttifnng wire

the wire bonder 100 has bondi n | ead f
116, tPROCINgHV) AR elRChgNic @arﬁwﬁ&EFQ) tarcau 1r1869r gﬁrﬂeeaxvag af remrtcwéil%ea@e to create

bond sal@Be hafalltahg tAIRSRI &fthé BEnd W|ré aby; ¥4 tontR®8éidoP RES radhokive to contact
pr edet er m ned gom tr{dovés It shoul oted that before the capil | ary
h

29 mvtégwg%o jests A %\E@@%“WS'S wceﬁ own in FIG. 1 as a position encoder 10) movable

relative to a linear scale 120 to determine and measure a position of the capillary 22 with respect to
a reference position.

A wire bonding process of the wire bonder 100 will now be described with reference to Fig. 1a. First,
the wire bonder 100 forms a first wire bond — in particular, a ball bond wherein a deformation of the
free air ball is caused — on a top surface of a semiconductor die 114 arranged on a substrate and,
more specifically, on a lead frame 116. Thereaiter, the wire bonder 100 forms a second wire bond —
in particular, a wedge bond — on a top surface of the lead frame 116 using the bonding wire 105
such that a wire loop connects between the ball bond and the wedge bond. After the wire bonder
100 has performed wedge bonding on the lead frame 116, the capillary 22 is moved in a direction
away from the wedge bond such that the base of the capillary 22 is positioned at a predetermined
position. It should be noted that before the capillary 22 moves away from the wedge bond, the
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3 upper clanp 102 is closed and the | ower clanp 104 opened to

prevent any tension that m ght prematurely break the bonding wire 105

fromthe wedge bond. Once the base of the capillary 22 is positioned

at its predeterm ned position, the lower wire clanp 104 is then

closed to exert a gripping force on the bonding wire 105. Thereafter,

t he capppéraclym@ 2 oeds wiwged ahd rthdr éowenwirynf nmnobéﬁed/\md}gevmrmhyummrdmat might
br eak ht,. 1N ull the

i o9 BedliioR P aiin Bolqifis B 405 B nk Weflhd Bind. OrBE e (18 o TR deBRanc22 s

and Ssepasittres d fie ptmiatérmlgen\/po:et[oromeﬂowen wileeclavapd d 64 kxotheh tlosémrexertwgnppmg
a| I o] { I r r

ffor%] l)ﬁ [ﬂ% Qon%ﬁ@s\’g%]ﬁ]b@ 'llhgre%hg'l] r'?el c(::iitpﬂlaﬁxa gﬁé}\%dgh Y ¢ \é\%{} ?ranathe wedge

f r ane boed umdmbeg aad-axig h)aa taltsbremf hmghtcroondestmqmﬂshe bortdirey wioa 1 05awayf from

the b OW-J' \ﬂ%%d@'hll%ﬁldl?ﬁs tch%tteeo% ﬂatn@.qu ‘?ﬁatfbrr %@@lsgzrﬁ egfthe Bgno?rgqoﬁfre %y from the

22. A new orta ﬁ tuni ng
i nt r odwedae apencie feeeg virenteh olia |Ierfgtrd@4h5t@etlalty sirpias (e @ Ftrmtefrﬁwdawe ua&ﬂetngth

def or mghj %ogecbohe hévleR %Gfdeﬂe%ﬁrpﬂo%ﬁv‘{%etﬂeq% fEhENY 6°frhé‘ i feer%h that is

air ball rmat on agai nst one or nore operating parameters o

wire béweed coggsiends ¢ fe potiemebiiecbangindewirs Rz gl brefaisies Aignt Bieckase of the
setting |||Eppgg head deformation settings and/or XY table preset

vi brati on anplitude settings, as delivered by the wire bonder 100
during wire bonding. After deriving a correlation curve, a processor

of theAwhde rhahiher pmdbinty:mmer metﬁodal@gy m&it a il 86@fdr NE dnthRIBEST whiehVeses a

and cali brate e Wre ensat i diff ren
Dt wea ARG P o arae O e Pbcalt bl B Taan e deing & spseiligh between the
di f f er extbnivefraefrdeosic Balsdefammaiion aghihdtromkean nice lopsatitid parameterper the wirendader,

of ¢ he Ui & o a0 Sl Biove gt geR Mg TRB e, Hib gRaGH Bhings
t he poand/oXY &btsopteset Yibratonamplitudd seitings, las nidliveesttbyltBe tmrerhnea@amemdheng wire
bond h i . .

oo SAAELbL OB LRI SR L SR Bl AU b o
t r ansdpredefinzg. mBeter myrvguand calitiralg, thenwvige tonders by avtecompsmsating ther difidrence
whi | e BLOREn IS %@eﬁﬂdp%weﬁ}e tﬂ@ér\a%ie?%un%@cﬁgﬁ aﬂee Elvfe BQA&@&;% be

a nmeasurenment resolution o |cu

posi t i edlibeaiebigdiave the sameoperiognancg aseeﬁ%wtéemmtaneﬂmnatu on of the
free air ball to the sem conductor die along a vertlcal Z aX|s

fol |l ow ng t he application of the ultrasonic energy,

pr essufig; ThdiQER shemadic pEarpemeatotthe wirs doaderiog raatoheelﬁteéﬂn 5&@ Y&y Asgghiown in

121 t oFghighhé B@s@ﬁﬂé’ncﬁ@é&m 01@ cb§p[§@w)h %Qnd Reden s tdﬁ%eﬁﬁjré; ke bohdheall |?J%S|t|on
bond he@i contro er 14 controls a Fg driver 13 notor 15 t

move t A Bl %acﬂ@a'ew qeﬁ%rrf@a?ﬁ P y"frééomw.n%w W@P%&lova@bwire%onac driver

const ang tgothe $auskicen2@ Duriag adlortuliag, IonRAultréamntcfterrehhe Vatainwhiletdifer factors are
ul tras%dchrl ver 18 Cﬁnt rols. the transducer

| ,
Ul tras bt Shob i fonuielathy st MagscramanrpsRItaRiof ghispstayt gigrpms. In
be def partiadarathequoditiogleyicdjer tibes C@rﬁ‘gumttb omeagiiret the defokmatendfche fres gy ball to

d thg _bond Th d
roasur S BB EIR T R0 aheleAEs S8R orferBR SarE a1 65 lradtdkngray. e
t he r ebaid metmck naioh lvé thecrind dlead d apartdéor vikBatiohhe ame&sSizbleniitio ehidhitke bond

free a . mation using the position encoder 10 and the

i nearhéaghfé 'Lfgﬁlé\/gl | now be described in detail. First, the bond

head controller 14 noves the bond head 12 towards a conducti ve pad on

t he se i PASSE fr r

cont ac%ﬁﬁﬁgqco dl]g'ttlﬂsy)ﬂdgg Jf {eongrem cortl EC% @r%toaldﬁ%f ian@?‘lﬁé:tgr%%teo move
cont acthedeond bead 12ang thel C@@tllaryc%ﬂ Iwyict diraielat Mlleseameatam Ipeeskureennad free air ball

bal | 244 ;EP‘rqtﬁehcﬁh&Dﬁ%Uquvlﬁtr%%qlcod?w%p 3 % t ucﬁatnaauc%ir 80 ]t&%ﬁ%lgrfhe ultrasonic

electric clrcuit 1s accor n arrange
energy to the free air ball 24. The free alr ball 24 Wl|| be deformed accordingly by the combination of

the ultrasonic energy and the bond pressure acting thereon. The bond head encoder 10 will

4



After the free air ball contact, the capillary 22 is successively

| owered towards the conductive pad on the sem conductor die 114, the
encoder scale 120 neasures the distance as noved by the capillary 22
until the free air ball 24 is fully deformed by the capillary 22.

Thus, the encoder 10 and the linear scale 120 are capabl e of

measur megsareZhé exieht ¢fodefdreiationt pf e ftdeeaif bale24aand el thel edsnitsratcioto ths central
caused 8¥ &E}{ésonlc energy - or any other parts of the wire bonder

100 t h&TRAESe  motion of the capillary 22 (eg. the vibratory notion

of the XY table 121 or the corresponding notion of the bond head 12

to pro I

wre bonaseesBBRh e Rasd QHERISatotoeifl B con B oot Y AREG Yyl Scare
wher ei n2@wdlafourreadasoripagfindei@ilf ree air ball 24 is caused The position

of the capillary 22 along the Z-axis is then neasured by the position
encoder 10 immedi ately after the ball bond is fornmed. By conparing

t he po§lr¥tn de bend head: gpitrdlien ¥4 movee dhebeod hane dRdowiids o4 cenductie 9@@ on the

bond i §eﬁ1%6ﬁﬂ%féttﬁ‘gfé HSE bt tﬁ@%‘a&é QR 1 frEE'ea[rC@e[?I' bdridots e %’?‘d&cﬁ\féep&ﬁ%ﬁ the

of the free air ball 24 just contacts the conductive pad on
sem coRRMIEPRuCHr é"eﬂM Sirke laeneRtRC! S#n9RT 12 ecHesiiaally Bpringpiep rb@twqeaéh%ﬂree air

ba: : 28a1c 80 ahe tlﬁﬁfaéé’\dd tu@ﬁtfe plﬁéijt §rhﬂ1’é£‘sénﬁ]cdﬂcﬁctol2dltet he, %ﬁ[@lé&{capﬂﬂﬁﬂt@écc%@dmgly

col | ec ata rel ati o a correlation between ultra

curr enEor'@@@ ?’VéP‘gﬂaq RIGFRIEME G ﬂ%ﬂ Ireddloped §|?8t”Pﬂlé:'r8%’l§\r?em?ﬂd W'?eé‘etﬁ%lgﬁse of the

ga| | ?ﬁé@éﬁméﬂ tho@dﬂ@thelrmhmt/@p@d &ethel segfconatigoidrad 114, ABds, the contact sensor
peci t he central . computer i pst.ruct ason

oo To 8 birtonfive B Ehhat nERERN A of e {adrahal A8 Anolhd Bituffpatith the

exanpl eemlﬂ:@rﬁl:métorﬁﬁ@nhfmamdteﬂﬁww slgnetl fnhahgan&daCMndZGemdndmelso be used to

Par - oS TAT 5 PO SRR BosBobr sl BR Al 24, A6 RS e a8 o e

curren‘serorborm@twﬁ\d(eghévm as B) appl ied to the transducer 20 results in

20 m Cﬁ\ﬁgsthgffrgg ?reba‘?r'cﬁﬂtlﬁ@t] # ﬂl'émaéé grﬁuéée{ggi\ggy%e%d tdvxgz (?5?1 hg c\ﬂﬁé{uml% pad

rel ati onsh onic curren vere
bond h@lamelaeralnmduﬁ@r@&ﬂ éi, tbe ealccpdeeécadeH%ahea&wee%thﬁedwtamecam mowed by the

der | vegaoifaHf £815hil e RSLELIPH KouRARRAER o) 1 BHARRIATHBL UAY cliddbr AFand

S a reference/ master curv ; )
corrput the lingar soalesldlsre capeblergt Measring\aeZevphioe Beight) ahtherfisieraickall deformation

correl ad béll%e@%% WRr@Borfc BSsthy 2dr aﬁ%mér ;m‘nsfof R vwerbo%bﬂ 1088h &Y dBke %nawt the

t he typl cal ultrasonic current for achievi nq sane. For exanp
Fig. 2°aenes2? (R the Vraiane melomal the def gbleald! ot ﬂc%%mpa@d"@ mpton o “the bond

t ypi cahéad BChigpnRsk dioriihgibicepsoni ¢ current of 600mMA (shown as A)
fromthe master curve, instead of the higher ultrasonic current of

700mA (shown as B) fromthe machine curve. Therefore, the 20- mcron
free aAécd&ﬁthy,deflﬁHIIn’ﬁbridDrB @@rhieﬁVB;d they witee beddelr | TR benthef cadductive pad of the

can besapy Rt Bh, YenbRea, & bRt iR obfhstire Bl Bhis arfiafine Bosidon o the
def or nedgiltary 22glengltheribéxis issheromehdieediby maspoatmn engodent0 mwédlaaelyhﬁertthe ball
Llr ?PZS (r:]nl%(rzls &(ﬂr?r?reg ?)%?rﬁ%;r gqhgg)]oa[ gnc foihé cgéj ﬁaéy g)ﬁ( t %u%ﬁqﬁﬁegid?%¥ after the ball
var i at bawl iarddmddeagsitse tite pdsition mf n}ge eamlianaey whey toobpse bhijetfree aleball24just
hi , _
T A e 18 o e S ik 0 £ 3 S5 A R oo o e
t he cefiee al baib?ﬁﬁﬂndle meéaspfed. s stiowe ib bigd8rthe serital toraputehts cdllectaacet of data
CAT T o e 0 ol W 2 ol Lt By 30385 a8 v
nmast er aragweof feagl aiball idsforoptiarh Othipr @a@mem/set%n%canealmpé fla@q! ospecifically, the
di ff er eikramREGRABMES 1ss1h§@rdc?g ka@ uhﬁaeomeld%éro g hb pprg\]]:mij%] g]gfefré/{sﬁegﬁgowegn bt the

def ormat 1 on agai nst the force can al so
ultrasecnic current (for example 1 00mA, 600mA and 700mA) to the transducer 20 and the position

encoder 10 then accordingly measures the extent of free air ball deformation. For example, Fig. 2
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curve, which is stored in the central conmputer 16. For exanple, Fig.
3 shows that a 25-micron free air ball deformation (shown as C) is
typically achieved by a bond force of 120g (shown as A) fromthe
master curve, instead of the higher bond force of 150g (shown as B)
fromthe machine curve. Therefore, the 25-micron free air bal
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air ball deformation (shown as C). In this way, a relationship
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settings are kept fixed. Specifically, the central conputer 16
A master curve relating to an empirical correlation between a desired extent of free air ball

deformation and the typical bond force for achieving the same can be preset as a reference/master
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The proposed nethod has the foll owi ng advantages: 1) The test

simul ates the actual bonding conditions and reduces the variation of
the results due to other factors. In contrast, the use of the
external |aser/optical vibrometer in conventional calibration nethods
only neasures the transducer vibration anplitude. By neasuring the
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SO a W I'nt

i nvention may a "scope of the invention as clai ned.
Claims 1. A wire bonder conprising: a processor;

By comparing the derived machine curve with the master curve, a fixed conversion factor of 1-(B-
A)/A can again be defined and auto-set in the central computer 16 of the wire bonder 100, such that
the bond force applied by the bond head 12 is calibrated by the conversion factor. By relying on the
master curve, calibration of the wire bonder 100 is scalable across different machines.

As shown in Fig. 4, the central computer 16 collects a set of data relating to a correlation between
different deformation settings and the amount of free air ball deformation. Other settings are kept
fixed. Each of the deformation settings comprises a specific combination of an ulirasonic current
applied to the transducer 20 and a bond force applied by the bond head 12. The machine curve
shown in Fig. 4 is derived by the following deformation settings: i) ultrasonic current: 100mA; bond
force: 5g; ii) ultrasonic current: 150mA; bond force: 10g; iif) ultrasonic current: 200mA; bond force:
15g; iv) ultrasonic current; 300mA; bond force: 20g. For example, Fig. 4 shows that the deformation
setting iv}) (shown as B) results in 20 microns of free air ball deformation (shown as C). In this way,
a relationship between different bond settings of the wire bonder 100 and the extent of free air ball

deformation is derived.

Again, a master curve relating fo an empirical correlation between a desired free air ball
deformation and a typical deformation setting for achieving the same can be preset as a
reference/master curve, which is stored in the central computer (16). For example, Fig. 4 shows
that a 20-micron free air ball deformation (shown as C) is typically achieved by the bond setting iii)
(shown as A} from the master curve, instead of the bond setting iv) (shown as B) from the machine
curve. Therefore, the 25-micron free air ball deformation achieved by the application of the bond
setting (iv) might not be accurate or repeatable. This can be explained by the fact that the amount
of free air ball deformation depends on other factors such as the type of tooling, the extent of
material variation and the extent of tuning accuracy.



a bond head coupled to the processor, the processor being configured

to control notion of the bond head,; a bonding tool nounted to

t he bond head, the bonding tool being drivable by the bond head to
forman electrical interconnection between a sem conductor die and a
substrate to which the sem conductor die is nmounted using a bonding

W re; 8&ygdomparing the dmae@maut;mele:uwewﬂnhhplmabtércnuh!ee abmnderbieadactbrnef 1-(B-A)/A

l f
or ¢ 1 o OfhlLs BT CRIL 80P 1k L FEAT B Ro P o b= Bnl Poch 8Lk e
head t bowd fones: applied by dhelbord heack12 & ¢diibraseshbyc thechooversiod ﬁm:tcm 8ytrblging on the
bondi ngr}agférrbuﬁg call c% &tﬁ(—pﬁiré’wﬁ 386 is's%al%Blgfa'g%gg %ﬁfe{e‘?]t mac?ln?snder' ve

at | east one corre |on ween e nmeasure orma
bondi ng portion and an operating paraneter of the wi re bonder;

corrpar Sirhil2fy Ahe lré?étﬁ;‘hslﬂﬁ%f feitepest &ﬂréﬂrﬁﬁﬂlﬁfE@%L%tX@taBLQﬁiﬁgﬁf e@ﬁ‘-%s can

correl ati on’ bet oper ratin ar anet er e wmre
desi r edlsa &psiefinad- 45 shpwn Hb':'ﬁo'hdhﬁhgerﬁf@f gqrapiteralidfirst collects g apf erd@taerelaﬂég toa

oper at b&%lﬂ%rnad%é‘én @ffertehtev.waﬁ& %Bﬂ@cﬂe Bages ﬁﬁdém@aqrm@fﬁesw table 121 and
between the at | east one derived correlation and t predeterm ned

cor r el Ht6 Bpewr ot fiee ae Pyl AeleimaonrwhilaleotBerRettngs & 'ﬁ%ﬁx%{bépﬁ%'f'%ﬂ'héhe central
oper at togpiar ws%c@fa trmorvwrrv@r bgrtdaﬁave the )T‘hQaMé r1@1h@nﬁareb9fcréat@tjmerem
1, V\hereln&Hﬁ roce i's (i n ured callb he o;)rera\n:_I g

par anef/ &N g v r%'&ﬁo%‘?P Qfo%‘ » I F‘" 18umyrgad fg dond head
bonder endodet # ek, acwelrnglynnédrseremﬁé akieAgofIAdeadiebar deddrmiabién. \Wok @xaplgeFig. 5
'S an shows that an applied amplitude of 10um (shown as B) by the bond head 12 results in 20 microns
of ball deformation (shown as C). In this way, a relationship between the different vibration

amplitude as delivered from the XY table 121 and the extent of free air ball deformation is derived.

A master curve relating to an empirical correlation between a desired extent of free air ball
deformation and the typical amplitude for achieving the same can be preset as a reference/master
curve, which is stored in the central computer 16. For example, Fig. 5 shows that a 20-micron free
air ball deformation (shown as C) is typically achieved by a vibration amplitude of 10um {shown as
A) from the master curve, instead of the higher amplitude of 15um (shown as B) from the machine

curve.

By comparing the derived machine curve with the master curve, a fixed conversion factor of 1-(B-
A)/A can again be defined and auto-set in the central computer 16 of the wire bonder 100, such that
the amplitude applied by the XY table 121 is calibrated by the conversion factor. By relying on the
master curve, calibration of the wire bonder 100 is scalable across different machines.

The proposed method has the following advantages:

1) The test simulates the actual bonding conditions and reduces the variation of the results due to
other factors. In contrast, the use of the external laser/optical vibrometer in conventional calibration
methods only measures the transducer vibration amplitude. By measuring the extent of ball
deformation relative to the ultrasonic current/energy and/or the bond force/pressure of the wire
bonder in actual operation, the proposed method directly measures from the bonding results of the
wire bonder and, advantageously, the bonding accuracy can be improved.
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ultrasonic current delivered fromthe bond head to formthe

el ectrical interconnection between the sem conductor die and the
substrate. 4. The wire bonder of claim1l, wherein the operating
paranmeter of the wire bonder is a bond force delivered fromthe bond
head to formthe electrical interconnection between the sem conduct or

di e an@) tseths phgtosed enethdsl. relidreomitirecbdranhiesd edcodbraamd the eeherlecompute, both of

oper at | p t.er, , i re bonder .is a .defor ion.setting of .

the. botneBBRR e Wrk 8ol fo BRTEibedy S TRIGT S SirkS bl pgeurng and
def or méine-bmirge hisrigerepynipiprees wechiabilinass. dforedvea rthe tdsting tme @and woste e also
and a Rongd, force, both of which are operatively delivered fromthe

bond head to formthe electrical interconnection between the

seni corpdresmirdal defatmation ratglideformaiion sgeedl han b aleo bwadeed and chlibrated.,
wherein the operating paraneter of the wire bonder is a vibratory

setti n? of an XY table of the w re bonder.
t should be appreciated that other embodiments of the invention may also fail within the scope of

the invention as ciaimed.



8. The wire bonder of claim1, wherein the neasuring device is a
position encoder. 9. The wire bonder of claim8, wherein the
position encoder is configured to neasure the deformation of the
bondi ng portion along a vertical axis. 10. A method of calibrating a
wi re bonder, the wire bonder conprising a processor, a bond head, a
bondi n§laimel drivable by the bond head to forman el ectrical

I nt erconnection between a sem conductor die and a substrate to which
the sem conductor die is nounted using a bonding wire; and a

measur ilng déwitsbander cammsising: measure a def ormation of a bondi ng
portion thahgir(%c %;rred at the bonding wire as the bonding tool is
driven by t ond head to connect the bonding wire to the

seni conduct 8rooaf degd gounrd tedhelPragesssr.tthe Rrocesrer peinE saniigsigst fostontjolimetion of
steps @febond head; deriving at |east one correlation between the
measured deformation of the bondi nghportlon and an operati

par anet er oft BORENGFGoEMBHAgd fo the bond heads thaalpandgartae! b&tnglc@é@@'e &y the bond head

deri vee finr & aletibal amatoeﬁﬁe@o@rb@ﬂ@eﬁrmmdomfoeldﬁ A aRRbYPAS 16 %lch the
oper at %gﬁﬁgar aneter. of the wre boader and desired deformati on of

t he bo NYRGHY s Manped “Smga@é‘ NGWIEi Y t he operating parameter

of the w r eahnedderinddedce @Buﬁlé‘@t@ﬂfépﬁdﬂdsl%hdbme/\ﬁ\%asdrmg caiatwobqaesﬁg ep&@able to
deri ved correld’;leﬁl on_and, t he @ r edet er n d correl ati

dot or nEICROH e GrOTHERHONY: HEPeBIeERogPn PRes s B PR Pats ddverdiy the
t he wi bendiesedieo conriktt thélbending hod tmfhe(sbmidﬁhdlﬂztor\dnﬂlethb Bdmeingtoepionf

cal i brating eratin arapeter. of the wre bonder includes the
use of a Conb%rﬁg‘ﬂﬁﬁpgoggipsgir%conm red to

derive at least one correlation between the measured deformation of the bonding
portion and an operating parameter of the wire bonder;

compare the at least one derived correlation against a predetermined correlation
between the operating parameter of the wire bonder and a desired deformation of the
bonding portion; and

calibrate the operating parameter of the wire bonder based on the comparison
between the at least one derived correlation and the predetermined correlation of the
deformation of the bonding portion against the operating parameter of the wire bonder.

2. The wire bonder of claim 1, wherein the processor is configured to calibrate the operating
parameter of the wire bonder by a conversion factor.

3. The wire bonder of claim 1, wherein the operating parameter of the wire bonder is an
ultrasonic current delivered from the bond head to form the electrical interconnection between the
semiconductor die and the substrate.

4. The wire bonder of claim 1, wherein the operating parameter of the wire bonder is a bond
force delivered from the bond head to form the electrical interconnection between the

semiconductor die and the substrate.

5. The wire bonder of claim 1, wherein the operating parameter of the wire bonder is a
deformation setting of the bonding portion.
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12. The method of claim 10, wherein the operating paraneter of the
wire bonder is an ultrasonic current delivered fromthe bond head to
formthe electrical interconnection between the sem conductor die and
the substrate. 13. The nethod of claim 10, wherein the operating
paranmeter of the wire bonder is a bond force delivered fromthe bond

gead t g f gr Thé gﬂeeioﬁ@érrdf eRim anaéremrthedbﬂoaﬁattmtng co@risesna csmisigifonrof an
ie and_ t he .substrat claim

oper at HigSeis 2trb Ang s tond et b RuaRch 8o Sreli b eIV Eorthe B head to
t he bofutinrthe plectricaintercdimeclitrebetetbotheakmidoadustdrdiie afietheisnbstiate.
deformati on setting conprises a conbination of an ultrasonic current

and a bond force, both of which are delivered fromthe bond head to
formt Ae el &ébe miabondet ef c@imett wosreibethesmerdting eanetondlidheowirdi mondedis a

t he SUP@]FE%&%?WE&?\; ?nljggtﬁ &qﬁe&re%@#@ 10, wherein the operating

par ame atory setting of an XY table of
the wire bonder. 17. The nethod of claim 10, wherein the nmeasuring

devicegis ag Qﬁdré bQﬁHe‘?BFagiﬁ{] whiein m%égasbhl‘?é;déviceq%gi[p%%gn eM3BELT N

the step of deriving the at |'east one correlation en the
measur ed deformatlon of the bonding portion and the operating

par aneger ofpd m@re%dn%e,benasrm @0mb?ﬁ?%euﬁﬁﬁnt%oﬁ&slhtdoﬂfbﬁé@?qjﬁ{eagé}e the
nmeasure the deformati on of ortion along a vertic axl s.
deformation of the bonding portlon along a verhca axis.

10. A method of calibrating a wire bonder, the wire bonder comprising a processor, a bond head,
a bonding tool drivable by the bond head to form an electrical interconnection between a
semiconductor die and a substrate to which the semiconductor die is mounted using a bonding wire;
and a measuring device operable to measure a deformation of a bonding portion that is formed at
the bonding wire as the bonding tool is driven by the bond head to connect the bonding wire to the
semiconductor die via the bonding portion, the method comprising the steps of:

deriving at least one correlation between the measured deformation of the bonding portion
and an operating parameter of the wire bonder;

comparing the at least one derived correlation against a predetermined correlation between
the operating parameter of the wire bonder and a desired deformation of the bonding portion; and

calibrating the operating parameter of the wire bonder based on the comparison between
the at least one derived correlation and the predetermined correlation of the deformation of the
bonding portion against the operating parameter of the wire bonder.

11.  The method of claim 10, wherein the step of calibrating the operating parameter of the wire
bonder includes the use of a conversion factor.

12.  The method of claim 10, wherein the operating parameter of the wire bonder is an ultrasonic
current delivered from the bond head to form the electrical interconnection between the
semiconductor die and the substrate.

13.  The method of claim 10, wherein the operating parameter of the wire bonder is a bond force
delivered from the bond head to form the electrical interconnection between the semiconductor die
and the substrate.
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14.  The method of claim 10, wherein the operating parameter of the wire bonder is a

deformation setting of the bonding portion.

15.  The method of claim 14, wherein the deformation setting comprises a combination of an
ultrasonic current and a bond force, both of which are delivered from the bond head to form the
electrical interconnection between the semiconducior die and the substrate.

16.  The method of claim 10, wherein the operating parameter of the wire bonder is a vibratory

setting of an XY table of the wire bonder.

17.  The method of claim 10, wherein the measuring device is a position encoder.

18.  The method of claim 17, wherein the step of deriving the at least one correlation between
the measured deformation of the bonding portion and the operating parameter of the wire bonder

comprises using the position encoder to measure the deformation of the bonding portion along a

vertical axis.
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