20/ 01/ 2005 -1 | NDI VI DUAL SELECTI VE REWORK OF DEFECTI VE BGA SOLDER BALLS
TECHNI CAL FIELD 5 This invention relates generally to sem conductor device
manuf acturing. More particularly, the instant invention pertains to

nmet hods and apparatus for renoval and replacenent of i ndivi duaIZOAéjlzfd:O tive
sol der balls on an el ectronic conponent. BACKGROUND 10 Integrat® I'TCuit
sem conductor devices (ICs) are small elpctronic circuits forned on the
surface of a wafer or other substrate of sem conductor material such as

silicon, gal INDFVADFAL SELECTING REWORKPOFDEFHCEIVICBEY 50EDER BALLS
fabricated simultaneously in |arge nunbers in wafer formin an array over

the active surface of the wafer and tested by a probe to determ ne

el ectronic characteristics applica c! i nt ended use of the IC s.
The wafer is then subdivided or "S?Egﬂg%'Flﬁgpo discrete 1C chips or

di ce, ands>then fuiThisénvention edstessgaerdll esl semitdhdattbedevice @ RBusing "Mopackaged
for customer gﬁ.e %‘Hr&gﬁgh varjous, wel | -known individual die IC teésting and
packagi ng t &t ne nstant gy eRjiongsHaing tmetbedsiand pprprgtusior esmavaland and

| eads over ch¢ LSS dividehl BsChs LN and flip-chip
packagi ng. Depﬁg%coelﬁfre\g upo(ﬁwtd%l’ gﬁﬁ%?{%eéﬁhgﬁggmcr |pf8§rft' each wafer
Is singulated into at |east a few dozen dice, as nany as several hundred
dice or even as nany as several thog&ed di screte dice when |arge (such as
30 cm wafers are enployed. Mechani BERRQYNR v cal interconnection of

di'scr et e 1em conduatghtedicfuitddnticthdubRf fbites AOSLIALRIRIER AT il N S

circuit board (PCB) 1s often acconplished w array o er balls
or bunps pr ojfereddrag the sufachof mwafey er stherf substratd oftshaicoadvice ekt iabsuch @ €,

t hese external:. interconnection .elenents uysually having a_spherical or
near - spher i c%ihcog’tﬁfggl,m gﬁ?’ﬂ%‘?ﬁﬂn °§P¥H§"e:+h§)ri€ q%%?#ﬁre @HEPP‘%{’ package
conpri ses t heimdlhesm it in 296 nurhbérd it Whidr Rﬁﬁhﬁ%gﬁ%%ﬁﬁé%&iﬁ%ﬁ%ﬁé&e

sem conductor die, or chip, is nounted active ace down over t
carrier substWaigrend dasted drvtaaobg totdetermisiecbactrbzit KlsaranteristiopappliGibkite tRO of t he

wherein' The TMSREAIRERLERICSOTRE AT RER ruBlive o Rde Ter 4B o 16 e 1y
large than, tchipsloatiee,aind titnfankéraested, aishRbRAMiIB eoRporh® ahd pikhged
for customer use through various well-known individual die IC testing and péckaging
iechm’ques, including lead frame packaging '(éonventional and leads over chip, or LOC);
Chip-On-Board (COB) packaging, and flip-chip packaging. Depending upon the
20 relative die and wafer sizes, each wafer is singulated into at least a few dozen dice, as
' many as several hundred dice or even as many as several thousand discrete dice when
large (such as 30 cm) wafers are employed.
Mechanical and electrical interconnection of discrete semiconductor dice with a
carrier substrate such as a printed circuit board (PCB) is often accomplished with an
25  array of solder balls or bumps projecting from the active surface of the semiconductor
die, these external interconnection elements usually having a spherical or near-spherical
shape, although other shapes are known. Such a package comprises the aforementioned
: ﬂjp-chip package, so called because the semiconductor die, or chip, is mounted active
surface down over the carrier substrate, supported by the solder balls or bumps. State
30 of the art flip-chip packages may comprise so called “chip scale” packages, wherein the
lateral footprint of the package is the same as, or minimally large than, the lateral

dimension of the semiconductor die itself.



-2 20/ 01/ 2005 Several nethods for form ng solder balls or bunps on a

wor kpi ece are well- known. In the early art, a preformed sol der ball was
manual |y placed on a seni conductor die using 'a forceps or pincer. In

| at er devel opnents, pre-fornmed balls have been deposited on bond pads on a
sem conductor substrate using a single-ball 5 nounting head or fag/di/409k!
grid array (BGA) nounting head, using va@uumto retain the ball(s) on the
head prior to placenent on the-workpiece. Flux is applied either to the
pads or the bal | sSguerabmettwdb firl foymiag soldertball M bumps@nheackkpieonire gwetled t o

si mul t aneous apply, all, balls of a_ B for. a sem conductor die are
preferred beMHB&%Wﬁ&aPFF??’&ESFO Brsliaél.quﬁ‘%‘ﬁé]?ibﬁll"?@ﬂn%tate 10" of

the art, bal kepGbbfliugor deusiFRh BKER (ﬁgﬁc@f. nﬁqateﬂhe%ifopﬁfen&;kﬁﬁgi)&&d%fan@ full

waf er prior to sem conducto ation therefrom upwar ds of
10, 000 bal | shamgybepredepositaibn amdpaladrea sqmicarduttor substrate nging atsingte-fallocess.

evapor at | bn. HorEtng r & FRLbICHuAY (AN aradcsia Varaendosaieden of
evapor at ion, : : € . 0
these procespgys) cthd BSadYor té Plaéement 53 {lﬁtvi'dggiaecelb?’hgﬂg iagﬁlﬁf%i;é?tﬁer {plife SOl der

balls are tenporarily fastened to the bond S eating to a
sof t eni ng t epgsisraathertalla pdooto ball pksepemtssi on during application. The die

with the array of ,pall.s placed thereon ig then subjected to a thernal
"reflow' step to N?’e. P etaﬁéc‘b‘g%ﬂ‘%edttﬁs @P%@V&PP ai‘d’r?ﬂ? Pg%Bthg’ﬁé and
then coofed bemidandiRidr Uitehrd plefred Pcdute mfamgg in85cH1cB8s. th ROLASL BaRt ©
preform of any shape ma%/ be placed on a netallized bond pad and nelted to

form a gl®buphtheart, b d argaya puayfeverebld formed ercilbof the dict béa lfdhwafengriorfhe bal |-
shape is aff d surface,tensi on. of e sol der d | der - ttable
bond pad or gﬁ‘%@'ﬁ"ﬁ%@& ﬂfeesé%%'émzﬂ%%"%e ‘é*n%‘ﬁﬁ{ﬁﬁemo@ﬁ@?b Ry Sepiaced v,

ot her non-sobﬂqmmtﬁr@btﬁhggﬁgﬁmgéﬂﬂ@céggteri al s surroundi ng a bond pad or

receptacle 25 may be utilized to assist in preventing undue sol der spread
or collapse into Sdjrentbhsolderhalls may be formied gniarwarkpiece byt procéssesjofor danmage to

formng o pok geratopciBaidfhag B ghnind YU I REGR. FR D P PO or
ot her woil%pi despartitudarilimitdtiensubsequent attachnment of the BGA to a carrier

substrate. The .fo!hllowi ng .di scussi on E)ertai ns to rrerelal a few of such
. one version, the solder balls are temporarily fastened to the bond pads of a die

by heating to a softening temperature and/or by compression during application. The
die with the array of balls placed thereon is then subjected to a thermal “reflow” step to
return the balls to substantially spherical shape and then cooled to harden the balls.

20 - | In another version, a solder paste preform of any shape may be placed on a
metallized bond pad and melted to form a globtilar or “ball” shape fixedly attached to
the bond pad. The ball shape is affected by surface tension of the solder and Eolder-
wettable bond pad or cup-shaped receptacle on the semiconductor die. Alternately,
other noq-solder wettable passivation materials surrounding a bond pad or receptacle

25  may be utilized to assist in preventing undue solder spread or collapse into adjacent

~ balls (resulting in short-circuits) or damage to the die surface surrounding the balls.
_ Numerous problems may occur in forming a BGA of a large number of balls on
a semiconductor die, wafer or other workpiece, and in the subsequent attachment of the
, BGA to a carrier substrate. The following discussion pertains to merely a few of such
30  problems. ' |
Where a perforated multiple ball vacuum pickup head is used to simultaneously

place all of the BGA’s solder balls on a workpiece, a common complaint is that one or



30 problens. Where a perforated nultiple ball vacuum pickup head is used to
simul taneously place all of the BGA' s solder balls on a workpiece, a
comon conplaint is that one or -3 20/01/2005 nore ball-retaining holes is
not filled, resulting in workpi ece bond pads or other term nal areas
devoi d of solder balls. In US Patent Noj, 4, 871,110 of Fukasawet®1/205 4
proposed solution is to provide a second perforated pl ate above the pickup

head to retaln{bégg | eping extra balls acr 0ss t he
surface to ensure t Jg?;gh@%&ﬁs tgﬂg&r’gesﬁiﬁ%gz‘bwgﬁ %MS% ¥ 284, 287
of WIson et adrmuﬂll!amhsedevbnbofrsbm}bam TICUIR) Patsht . 4rsqm1m 6KPkka@fwasqlafler
bal |l s by a nul ti-bal ckuP tool, and |loss of solder balls while

contacting t h&RH® %qhm@n.lﬁ oprpYids a pegond mrfprat%plp@fabowtbeplckm kred thhal | s

are only partlr@}glhxh BHRIERLS and nev t the m of
the flux bath. 10 U, &, Patreﬁt%'Hg S&g&i@%ff Sfacﬂ?as %ﬁjé’c&o psur t?’%'cﬁﬁ]gses a
sol der bal $ athokshm:ﬁiled apparatus in which flux is separately applied to

each pad on the se ducg@ §g4bstrate prior to attaching the sol der
bal |'s U S Patent U ygih0%7 W ilean ot al. denotes twel problemss emepsisinigal |

at t achment nﬁbﬁ%ﬁk’dﬁ bf’&)l@ﬂ'ﬂzﬂl%l)y ?ﬂfulu-@ﬁfﬂ ylgols dngSf? (l)llfl%fbgﬂ%w ¢ Nead

are dipped in flux prior to acenmen ref not es
that when a s&butactingthémiveth ﬂuxtmlarﬂw{h:athf Il thelyefeiencd, boliér baRs ¢ ®hKhaktihlip

b 1 th, t ' de of what is d t
orect Tho. pirtRBHERLiRIR TF TS @hves ibidoBomel o todh dor bal|s.
Shat e bally b ckup U ssmisnete, b 13 SR of 8 iiGe PHLRES SR [ RhACHNO

solder balls on conductive pads o wor kpl'ece.” An exanp
descri bed in @ppratpg llPéthleh flukiis separaely, @ﬂﬁedib eer;&ld@mﬂlﬁenﬂd:ondhd’toﬂﬂihbﬁfhte

vacuumis use old on a tubul ar pickup head. Wiile
sonet i mes usegnﬁp%%fa $ °r§8ﬁﬁ’é€£%f sol der balls on the workpiece is few,
its use in forningUS) RaterdNo! 5BEHOS bSS&ERE & Alr édJBtaf‘sG ﬂgmﬁﬁé]ﬁra' ly

e

very sl ow, Iabor-| nt ensi ve, and expensive. In the I\/Ura
ref erence, Arethgshsing a multiskall head.pThespldsr h&lbcbnl”th@hbad,farwhpﬂmdhdﬂunpﬁoml e

~sol der bah of a se .of ¢ ers. ho bal |l s
of differi }i’;]g ?I %E@g“%pﬁﬁéf?@zig% re?éﬁchn%tﬁ%ﬁat (S‘asf’gﬁgﬂgﬁli?ﬁm&bﬁhl‘gat i on
of a sol der bdhth, itrisircconeretbin algeddvewyrveipin witht sqhége® N&ERAtion is made of

what is done to correct the pickup head having an incomplete array of solder balls.

Single-ball pickup heads are known in the art for the purpose of placing solder
balls on conductive pads of a workpiece. An example of such is described in U.S.

20  Patent No. 5,506,385 of Murakam1 et al. in which vacuum is used to hold a solder ball
on a tubular pickup head. While sometimes useful where the number of solder balls on
the workpiece is few, its use in forming multi-ball BGA’s is contraindicated, being
generélly very slow, labor-intensive, and expensive. In the Murakami et al. reference,
the apparatus uses a sprmg-bxased head which holds a smgle solder ball, picked up from

25  one of a series of containers holdmg balls of differing sizes. Flux is applied to each
pad, followed by application of a solder ball and thermal reflow resulting from a laser
beam focused on the ball.

U.S. Patent No. 5,695,667 of Eguchi et al. describes an apparatus for forming a
BGA of solder balls on a workpiece. A first multi-ball pickup head is utilized to apply

30 the majority_of balls to the workpiece. A camera is used to detect elﬂpty pads (i.e.
having balls missing therefrom). A second, single-ball pickup head is used to fill in
empty spaces, and the workpiece is heated in a furnace to reflow all of the solder balls.



beam focused on the Fall. U S Patent No. 5,695,667 of Eguchi et al.

descri bes an apparatus for formng a BGA of solder balls on a workpiece. A
first nmulti-ball pickup head is utilized to apply 30 the majority of balls
to the workpiece. A canera is used to detect enpty pads (i.e. having balls
m ssing therefron). A second, single-ball pickup head is used t@ofd1/d006n
enpty spaces, and the workpiece is heated-in a furnace to reflow all of the
sol der balls. -4 20/01/2005 Solder balls installed on the workpi.ece may be

defective in vari Solﬂemylsinsﬁllédoxﬁﬁﬁm&ir?iec’trb@‘Eed%btib@i#@ﬁhﬁv&ﬁs.(Fi)'ﬂd t hus
not be adequately cqonnected tQ both a die and the carrier substrate during

bondi ng), or SXaRPieA hallmay bsandersize (and thusmet be adeanately sonracteddepothartie bal | s

frombeing a 2 t ri bstrate, or spread to 5
contact an agj acgtr?tgrlr%%: l E ) ggﬁéier% ol{bggﬁ’%%zﬂ ﬁ{erpasay Mgy bs qyErsize ( rgﬁen} n shape,
resul ting i nothdgfadjatémt ballxaruin being hdeqageiytionded 1 thotAREr absttatd]BY sppudltai N a
surface ipclusion which prevents or inhibits proper reflow A solder ball
may al so he FP¥agtagadiacent gﬂl)i e prider bal @aay) alsorhg irragwlarrin shapeeresulingint
therewith. | t 0 S .defegts. are. sinply dealt
wi th by rem\g?fﬁgﬁvaeﬁ%gﬁg't h@é@gfbgé% S(ggﬁlbgﬂ%’}\ayafgg%eanmmrgf ?(fﬂcéué}? n3 tarting

10 over. Theptaveptaior inhibsts proper reflow. (Al soldes balS tiay Ao bemiisdligabd wWRRAYPAd)g and
expensi ve. Nonﬁiﬁgéﬁlrégfe above-indi cat ed references appear to recogni ze or

address such™p™t ectivg contast thasewiivphale curesnt staieiof theeat, michidsfegisiazat i on
S ot + SEAP SRR SO hod i Lol SRS ki .

continuing red lon I n device dnmensions, a

( pi t ch), 18nd overc TheSriepairrisithne vary tiindsednsaming, matBfifl-cofsumihp ahdexpeative.si ze i s
decr eased, ttp{z re%ﬁ.tgi e no .-unq:i'f rmty in ball dipensions has been observed
to increase. ' 19REMIESPOVEINGICRIE IGICIERGEE APREAR O TeCOBRIZE 19T gddrassspchupreblems.on i n
ball placenent i L5 € | rm&?asga ifheFiHM -LQ= . tact nust
be avoi ded. The ﬁ%?ﬁl{égﬂ%ﬁgﬁs 0 baFl@Brequt}o?lg%htS%&B%ﬂ:Hugﬁﬁerred to
each sem condutegrated girenits€l{}is)tme sestlted inpprontiouing sedbctionin siseide dindetisiondal | s,

extra sol der s,  and der. bal, 20,out si de of the _acceptabl e ranges of
si ze or 'sh apg Rﬁﬁime’tér %ggl %F’@%&"*cﬁbiaegmmﬂg Pgﬁnhﬁrﬁﬁgﬂgﬁ"g a%éféeéﬁ ated by
the ongoilfy. thobalEyiiiabedréiea, R bV Son-MilirAlty il 641 EhellsiofORSblsh
sem conductor devices and the like. The BGA format has been used with
di screte con@®bsaryeddodncaenset Likewiseraspitelybecomes. finer a much greater precision in ball
placement is required, inasmuch as lateral ball-to-ball contact must be avoided. The
increased numbers of balls required to be transferred to each semiconductor die
enhances the opportunity for missed solder balls, extra solder balls, and solder balls

20  outside of the acceptable ranges of size or shape. Thus, the problems indicated

hereinabove are exacerbated by the ongoing commercial race to further miniaturize and
densify semiconduf:tor devices and the like.
The BGA format has been used with discrete conductive elemeﬂts other than
solder balls, such as conductive epoxy bumps,. conductor-filled epoxy bumps and the
25  like, each of which presents its own set of problems. However, solder balls such as are
formed of tin/lead alloy compositions remain the most widely used conductive elements
in BGA constructions. This is primarily because solder is relatively inexpensive and
the technologies for ball formation and placement are well 'developed.
The use of flip-chip technology with solder balls has numerous advantages for
30  interconnection, as compared to conventional leadframe type packages. Flip-chip
provides improved electrical performance for high frequency applications such as
mainframes and computer workstations." In addition, easier thermal management and



sol der balls, such as conductive epoxy bunps, conductor-filled epoxy bunps
and the 25 like, each of which presents its own set of problens. However,
sol der balls such as are fornmed of tin/lead alloy conpositions renain the
nost wi dely used conductive elenents in BGA constructions. This is
primarily because solder is relatively inexpensive and the techH#0Bi08s
for ball formation and placenent are well.sdevel oped. The use of flip-chip
technol ogy with sol der balls has nunmerous advantages for 30

i nt er connect i redyced susceptibilitg do tlectemipantid MttferdneA@MBARd ¢ ges.
Fl i p-chip pr,ovigdes i %ove.d electrical perfelér rrané\gﬁf or aﬁ%aﬁéigguency
appl i cat i ons BisEirenee (KFd) emissippssarg inbersohplurdermape lsatalltspldasballs mag baddi t i on,

easi er ther L2005 ~ 5 reduced susceptibility to

el ectr omagng?(ih < 5@}% er ?@%n%@%ﬁ%’%gﬁ’aﬁﬁf&?%ﬁé’gaéﬁwm "r‘f?"étdfee?”éﬁge (RFI)
e ssi ons ar eappriaeh eorservEsisrfage afes ¢reds BRthte”) Rl alBFricd ShtsEatldBYd P@rgmg gnsely
packed in_a BGA array within the footprint of a sem conducto I e, which

approach’ onsEEYernUEber a%@ceaﬁ@&_lv(lméan agybstreie Whiloprevidiag pinembenaf /0’ afoe and.
permts a 5 géa@ﬁggrwégﬁg‘%géegg{)fc)@htca%h}egabgig\é&l\}éfe%&iﬁon a substrate while

provi di ng a nunber o each fM&&kcess of that achievable
usi ng | ead franes.Various ausmatiorsytensrhasy bécateydpid f&%&ﬂﬁ\éﬁkﬁﬁﬁ%& or
accurate al i.gniggjggat%nd %%laﬂl ng the solder balls of an installed”BGA to the
contact sited? & 5pJderballg of ainstallsd BGAdo thy contaptsitenof ANmbstitE Fnro21 of
Bendat et al.eddinpf 0S€P t] rohe..1Q0 which is ipserted

bet ween a sem conduct or 2 PENQ'%Q%Q’%bASf;Br% é(t'lzgef%. %lég?sgf ﬁé@’f’aergﬂﬁ‘@i?wgﬁsed

vi deo i nmelfles which isdnstirted hetsvetine saniosidustor dizahda suishteltyBe jotREAEr S t 0 be
accurately al§gned whiJle they are narrowy separated. The probe is
retracted anaé'ﬁﬁﬂmpf’wvﬁﬁ%’é‘?%es Hhsghie andsihe sybstratg parmit the éwo njembarsdo her

system di sclfeadtel &1 whit g2 0 rih ety at., an 15
apparatus for ali gn}inarygénand posi %l%ﬂé@%?@%ﬁ gh%:gr?pﬂg% c?%ds%nd&%kage
utilizes vi deldvo membessbroughtitogeshepfind juinedi e surface and the test package to
which the die is t e, oi ned. .DI.SCLOS OF I NVENTI ON The present .

i nvention provi deslgaag?}g%rhsg%e%ﬂlsgﬁﬁ H‘éﬁ Fatent Ng,$Ua3 1808 Farwerthgbalg an20

i nterconriéct appaatisifyr Lipfidgianll PesiGorBiFa 81 od S‘@’HE&%@Q L Gilize
sem conductor substrate, car r?er substrate aor t rysg}pg‘fr:ktag%m C %gl%g%nent
wor kpi ece. representations of the die surface and the test package to which the die is to be joined.

DISCLOSURE OF INVENTION
The present invention provides a method and apparatus for fabricating a reliable
20  interconnect assembly comprising a BGA on a semiconductor die, larger semiconductor
substrate, carrier substrate or other electronic component workpiece.

More specifically, the present invention provides a method for extracting and
disposing of single defective solder balls placed on or attached to attachmeﬁt sites (e.g.
.pad or receptacle) of a BGA on a semiconductor die, larger semiconductor substrate,

25 carrier substrate or other electronic component workpiece.

In this discussion, the term “defective ball” refers to a solder ball which has a
high probability of causing difficulties in bonding to a carrier substrate, testing and
subsequent use. Thus, a defective solder ball includes one which is outside of the
acceptable limits of size, shape, composition, surface finish and includéd contaminants,

30  isinaccurately placed or iisjoined to the attachment site o the workpiece.



More specifically, the present invention provides a nmethod for extracting
and disposing of single defective solder balls placed on or attached to
attachnment sites (e.g. pad or receptacle) of a BGA on a sem conductor die,
| arger sem conductor substrate, 25 carrier substrate or other electronic
conponent workpiece. In this discussion, the term"defective bal20/0l/200&r s
to a solder ball which has a high probability of causing difficulties in
bonding to a carrier substrate, testing and subsequent use. Thus, a
defecti ve- sol der Ll ne whigh is tsi de of . the. acceptabl e
T ts of sise. shgerestl At S5 biideta b S A SudleplplicinEgnoR

cont ani nant s deféotivessoldea balli b e hiyachinefisite Facatddtiyai predlotisly bitacRl] dFeimet site
on the workpi ece. 20/01/2005 -6 The present invention also provides a

met hod for aceldewbaly placing a non- defective solder ball on an attachnent
site vacated by an-preyl > i pball . Th hod
of the invention i@e?p{)%? ﬁdgﬁ%@%ﬁ%ﬁ??@@i&?g@sﬁﬁ égﬁéép e‘?‘f‘{g O{t}/;ﬁgyﬁotf 5
wor kpi ece Sandvdrkpiesqaithe speoific meghdaybywihich tHetsoldeobalie fwebepresiousty attavhed i ousl y
attached to the workpiece. In addition, the nmethod i s generally applicable

to thermal | y 198 EorEBicss fyjaddition, the methediis senerally anpligable torthermallp seftansa
useful int h%oﬁf%%ﬁﬁfb?%ﬁ Qe $hipe J)ﬂ'io?nsﬂggtigﬁqse% ih B seRYREM
r’p atus wth a

single-ball extracto acer appar corrosion resistant
capillary tube, hdatencthahef theinventin, ¥ siaglesbal exitiactor/placebsppdfaas. with a 10 BGA
formed on a workpjece,is fi r_?t sganned or otherw se tested to detect and

i dentify the §595PRgssistant sapillary fubey heptercand ptionsh vacsumysourgsmay beseds i of
: . e .
the extraet orgghabhhed %Pefg&g%ié@e {sHirst ¥chhndd of 5&9:&2% t@téd tot(ﬂ?ﬁcgﬁﬁgg h?:g

sol der ball and | owere ntact the sol der and app
soften or nelthe pbsitiandfttmy defettive dobdep ballse b capiliaey tube of theiekirastor/plader on al one

may be enpl oyed to repove a,conpl et el |ted solder bhall from 15 the
wor kpi ece. qﬁpﬂ’ﬁﬁ_‘?&}sll?, e RRYUeRes QU ey ‘gﬁ%ﬁg&vﬁéogﬁblﬁql@ﬂdt verpdtocontact the o) |
through the GapebhiRbid dpphendbh sofitn BEMEI iR sB18et bAL Thnd Bhb&fimeht, T8I t the

ball, assist in releasing’it fromthe attachnent site. In either instance,
t he capi'| | ar ycapillaey sdtion aboing sy belemphasiet dalremvert b completelypineltétbsodden ball fram
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sol der 20 conghaicysillary tube and, as heat is applied to soften or melt the ball, assist in releasing it
' from the attachment site. In either instance, the capillary tube with either the melted
ball material therein or a softened defective ball held thereon is then lifted and moved
to a location where the ball material or ball is released, such as into a waste solder
20  container.

The single-ball vacuum extractor/placer apparatus ma)" then be used to affixa
non-defective replacement solder ball to the vacated attachment site. A fresh, non-
defective solder ball is picked up by the capillary tube using a vacuum drawn

_ therethrough. Flux is applied to the vacated site or to the solder ball held by ihe
25 capillary tube, and the capillary tube lowered to place the ball in the desired site. Heat
~may be applied by the heater to temporarily or permanently (through reflow) bond the
replacement solder ball to the workpiece. Alternatively, the reflow step may be
accomplished in a furnace. The result is a workpiece in which defective solder balls are
quickly and inexpensively replaced without wasting a‘large number of non-defective

30  balls, and without reprocessing the entire workpiece.



The single-ball vacuum extractor/placer apparatus may then be used to affix
a non-defective replacenent solder ball to the vacated attachnent site. A

fresh, non- defective solder ball is picked up by the capillary- tube using
a vacuum drawn therethrough. Flux is applied to the vacated site or to the
sol der ball held by the "25 capillary tube, and the capillary tud¥01/3Wr ed

to place the ball in the desired site. Heat™ may be applied by the heater

to tenmporarily or pg nent | through reflow) bond the replacenent solder
ball to the worKkpi g‘é{e%/?\F‘PHP‘ﬁé i2PRATgLUs max be gpiraled manpallypgr ey inghde wliqushed

in a furnace. dEBRes 6fditdmitondn MRTSKRS BERlchity Wi ' ' Lehgl s are
qui ckl'y and i nexpensively repl chge?vm t hgu?y%ggﬁﬁg&faﬁﬁg%geﬁ%ﬁg%acé?g
non- def ect i ve 289 replacing s belistidentified epbeingdefectiyet he entire workpi ece. -7

20/ 01/ 2005 An extr r{pl acer apparatus.may be operated manual ly, or may
i ncl ude vari ous diﬁé‘%"é‘ ‘s"%?"%ﬁ“&%{ ming the dentafisation, extrastionppd plgcement

defective bal Iskepass distlbsedhefkt 418 alsb REntemPtedsl Witk (_Q%g I
identified as being defective, Exenpl I(ilF:yBappar g?@lsﬂ?%r egfgllrg%xéﬁgmt he

i denti fi cati otvealipn.guthoyhlimitingghepresmmtinveRticntte ie: easmplles désofibell. herei n are
al so contenplated as within the scope of the present invention, wthout
limting the present invention to the exanples described. BRI EF DESCRI PTI ON

OF DRAWNGS The fol | owi ng dr SBRIEFSDESCREITIONON BRAWENESAL ures of the
i nvention, wherein; 10 FIG | is a schematic isonetric view of exenplary

apparat us for extr doedolpvang drawingsilustgteadotsfestuzes of the devention, whereiin a

ball -gridqgrray in C t t.h a nethod of the invention, FIG 2.is a

top view gf@ a wor kgﬁgbg{sﬁ%s{agg}]yﬁvﬁ I%m%mgmwc%r%ﬁ%?lﬁ?y apparams for seytracting and

ther eon i ncl udéplaringes defeetive ssdbelpl faith aall ribiindy b REbREInANN ERALALe N 15
| .

accordance with a nefhod of the invention; F IS a cross-sectional side
vi ew of a wor K75 W¥EAY9B der with a semiconductor die havi ng a BGA t hereon

L o o RO M b 1
2; 20 FIG 4 iBOA theaean intlhding defectivead]depballsiteibé ¥xtfiled WA repldded i €W Of a
bal I pi (_:k Yo t %gcl:ordance with a method of the inventidn;

' . FIG. 3 is a cross-sectional side view of a workpiece holdér witha -
semiconductor die having a BGA thereon including defective solder balls to be
extracted and replaced in accordance with a method of the invenﬁon, as taken along

- line 3-3 of FIG. 2;

20 FIG. 4 is a partially sectioned, partially cutaway side view of a ball pickup tool
following extraction of a defective solder ball from aBGAona workf)iece, in
accordance with the method of the invention;’

FIGS. 5 through 16 are schematic side views of a capillary tube illustrating the
steps relating to the extraction and replacement of a solder ball in a BGA in accordance |

25  with a method of the invention, wherein:

FIG. 5 illustrates the approach of a capillary tube to a defective solder ball;

FIG. 6 illustrates the seating of a defective solder ball on a capillary tube;

FIG. 7 illustrates the softening and extraction of a defective solder ball by a
capillary tube;

30 FIG. 8 illustrates the disposal of a defective solder ball;

FIG.9 illusjrates the attraction of a non-defective solder ball in a ball“reservoir
by a capillary tube;



followi ng extraction of a defective solder ball froma BGA on a workpiece,
in accordance with the nethod of the invention; FIGS. 5 through 16 are
schematic side views of a capillary tube illustrating the steps relating
to the extraction and replacenent of a solder ball in a BGA in accordance
25 with a nethod of the invention, wherein: FIG 5 illustrates ph®i1Aepsoach
of a capillary tube to a defective solder_ball; FIG 6 illustrates the
seating of a defective solder ball on a E,Sépill.ary tube; FIG 7 illustrates
t he softening and traction qof a defective solder ball by a capillary
tube; 30 FIG 8 ifﬁslpgﬁ?sgéteﬁﬁ@fm&lﬁpn@wda eaveceldey balk Spaeyballa) | . FIG 9
illustrates I‘é@@rv@frtb'j'%(&éiﬂ&?ng@ non-defective solder ball in a ball
reservoir by a capillary tfube” 20/01/2005 -8 FIG 10 illustrates the
removal of a non- E3.ddtillugtraiesitldeinsdrtidn of a mm-defdutive soldadailintora flux a

capillary tube, FIG 11 illustrates the insertion of a non-defective sol der
ball into a f¥&°reservoir; 5 FIG 12 illustrates the renoval of a

non- def ecs i ve sol ¢gs, 193hstittes bR e aflobieteb - 1 P! G
13 illustrates the alignnment of a ftl uxeg sol der lﬁé;%o?de\ffmb%“gﬁ\s/dg%%lt%g?m .

att achment sifiom oflwareB@oein;FI G 14 illustrates the contact of a fluxed
non- def ective sol all with a. . 10 vacated attac nt, site of a BGA; FIG
15 illustrates thg%'h@rlhﬁuai'eéﬁ‘%wg@fnegt ‘?qa ‘hti‘B‘& ﬁ%‘a‘?rggﬁé@fh yxaatsdder bal |
with a vacabggthticnGRoratBeAte of a BGA) FIG 16 illustrates the

retraction of a capillary tube fromthe reworked attachment site of a BGA
15 FIG 17 is a s&Henkkillostiatesrthe cantact pEaflutedarenipfeative suldeyiball edthappar at us

for extracting,a repl acin fective solder ball froma
bal | - gri ?i(-fjlarrV gat?ﬁggS@g?rgﬁﬁ%&;ﬁﬁ?‘ﬁ a nmethod of the invention; and
FIG. 15 illustrates the thermal reflow of a fluxed non-defective solder ball with
a vacated attachment site of a BGA;

FIG. 16 illustrates the retraction of a capillary tube from the reworked
attachment site of a BGA;

15 FIG. 17 is a schematic isometric view of exemplary automated apparatus for
extracting and replacing a defective solder ball from a ball-grid-array in accordance
with a method of the inven.tifm; and

FIG. 18 is a schematic chart characterizing control routes between a computer
controller and optical devices, positioners, switches and video output of an apparatus

20  useful for extracting, removing and replacing a solder ball in accordance with a method

of the invention.

BEST MODES FOR CARRYING OUT THE INVENTION
The invention comprises an improved method and apparatus for reworking a

25  BGA including one or more defective solder balls mounted on conductive sites on a
surface of a workpiece. The workpiece may be, for example, a semiconductor die or a
carrier substrate bearing circuit traces such as a printed circuit board (PCB). Usually,
only a small fraction of semiconductor devices employing BGA’s have defective solder
balls, and very few devices have more than a few defective balls. The method of this

30 inveption permits easy extraction and replacement of only the defecﬁve balls, without

removal of or adverse effects on the good (non-defective) solder balls.



FIG 18 is a schematic chart characterizing control routes between a
conputer controller and optical devices, positioners, switches and video
out put of an apparatus 20 useful for extracting, renoving and replacing a
solder ball in accordance with a nethod of the invention. BEST I\/?)ES FOR
CARRYI NG OUT THE | NVENTI ON The i nvention rglénrrpri ses an inproved nEtHdd0Bnd
apparatus for reworking a 25 BGA including one or nore defective sol der

bal | ted ' i t.es. f f kpi . The ,
wor kpi ece may bo, - P Sectfiall), i indihn htfun o Pend 1 ikiRies cxtassne o o
bear i ng ci r cuiand tephcing ﬁtfdtti&és@ld&rﬂan(s?dfggm%ﬁang%gcg_P fecﬁjﬁé@lde)”

s have

only a small féﬁction of sem conduct or devices enploying B
def ective sol datispgadiydefined ay asglderhellouhitts aslessoerentod cwillyaobablyf iepair an

def ecti bal | f ' ' t ] t t ti
ond"r epl acemerPeaplecioBEs: baheion B figh thdt KGR Gefl i BSH i Byt s oo s
ef fects on5t hef geovorkpiece (Sahizohduetr dsbrdicr Batlstrtte) is DoRGO B st/ 6 a

g,

specifically, the inyention pertains to a nethod for identifyi
extracting = af§TPINURE PRftesn gheandpctive sifey eier capa¢r|spbstratsf  HnB@removed and

wor kpi ece. A [ d . ' r |y defined a sol der bal l
whi ¢ EI unl ess q(é:‘%lférégg%{ g‘d , wd‘fe?e%‘ ?g%}?ﬂlg{@) a?w‘%%ﬁ?f%%thve S8G’§‘P B@f 1y yegt @y short-
connecti on t hreroyjting,fopen-sinduitisig dxedthertpgoblersis) Aehidering/ Bsefel$ the WMLl e 5 Of

t he wor kpi ece@gaﬁg conductor die or other substrate) is bonded,” flip-chip
style, to a Wﬁ‘ﬁﬁ"ﬁ&@ﬁ el ather disa gorneripd testhe sarrisnsubsicate, rsielr as in

b t e.1oUnl I ' . - def ' I bal |,
subst r at e.1gUnligS&sé 6P modfi ?%?guﬁg%n%p{agtlge?o&d'ﬁﬁ?ﬁﬁ% Ial\fgf) e §€1§§f&?ﬁfi ng

the defective sol der bal may resul

or ot her problofaBGA ehceonlp@ne seh fssarke defeatbas tbnin@fhe WRRkSER, ariNfled he
carrier.subst rahe.as Eetlc}#‘ Otlaﬁ?ﬁaﬂi ce connected to the carrier substrate,
such as in 10 ‘Tacgalotshe soldsn $ ISHme SASTISE, crpensives prcthwastefalofimaterils.

removing all of then8Rlnkhodéd ths invel %e%i&érgﬁ?sﬁﬁcg?id{xﬁg are

def ective, cleaning the workpiece, aun ’%?Qr(llmr eplacing al sol der
ball's is tine idaifigdientacteddremdhe workpiede, whispbafiids, afl replacedibglaresh Boldie
met hod -of ¢khe y,fjventi on, each defective solder ball is individually
identified, extracted fromthe workpi ece, disposed of, and replaced by a

‘.fresh solder 15 bdhk meitod oftlidiader®fon pheTerabty @it AnRpFirsus Wheh Wil bk 2€S an
apparatus whi C(an\ﬁneé Lcrgig as an extractor/placer apparatus 10. T
As depicted in FIGS. 1, 2, 3 and 4, an exemplary manually operated solder ball

extractor/placer apparatus 10 includes a base 12 and a workpiece holder 30 such as a

20  “precisor” for retaining a workpiece 40 during extraction of one or more defective
solder balls 50A, 50B, 50C, etc. and replacemént with good or non-defective solder
balls 50. The workpiece holder 30 is shown as being attached to positioner 22 through
precisor arm 64. Positioner 22 controls the movement of the workpiece holder in X-
axis 14 and Y-axis 16. Positioner 22 includes Y-axis positioner 26 mounted on

25  base 12, and X-axis positioner 24 mounted on the Y-axis positioner. The X-axis
positioner 24 is moved by rotation of actuator knob 34, and the Y-axis positioner is
moved by rotation of actuator knob 36 for alignment of a ball attachment site 62 (see
FIGS. 2 and 3) on a workpiece 40 with vertical axis 32 through a pickup head 20,
described below. In FIGS. 2 and 3, a workpiece 40, typically a semiconductor device

30  such as a chip scale package, is mounted on a workpiece holder 30. An arrangement or

-pattern comprising a BGA 70 of solder balls 50 is shown attached to attachment
sites 62 on the active surface 72 of the workpiece. Typically, the solder balls 50 are



denoted herein as an extractor/placer apparatus 10. As depicted in FIGS. 1,
2, 3 and 4, an exenplary manually operated sol der ball extractor/placer
apparatus 10 includes a base 12 and a workpi ece holder 30 such as a 20
"precisor” for retaining a workpiece 40 during extraction of one or nore
def ective solder balls 50A, 50B, 50C, etc. and replacenent w th 28834086
non-def ective solder balls 50. The wor kjpdece holder 30 is shown as being"
attached to positioner 22 through precisor arm64. Positioner 22 controls
t he nmovenent insfalled simubtaigoiuely evitioa vhelti-ball teel. FHhe BGA 7@ isctlepictedi for ex@mplary

X axi s posi ¢ PBIRGTes 35 SRt Dier Soieate e bl o by S AR e 5
X-axi s posit - . =axi s
posi tioner 24uingralS0/£050R/ands0Rt, i UM SUA RpleseHiOdn (HABRiAd balBRhidRGil Yo X1 S

positioner is noved by rotation of actuator knob 36 for "alignnent of a
bal | at t achmke gicomnegtiorf dwing trindivg of therRGA )70 dmthe bandikg sites of 4 Gubstrate.

vertical axi h a pi,ckup hea 0 descri be elow. In FIGS 2 and
3, a workpie 8%6?’5{%§Eearﬁs§‘%?%§?ﬁ°8?ﬂ‘ﬂ’iﬂ%ﬂ OGQV?I@ée‘gW%sW st B b scal e
package, is mpRivehtedjRentdolkiRf billsSOrdn? boiRling3Pith e sabsaRd SoRRE b soPat tern
conprising a BGA 70 of solder balls 50 is shown attached to attachnent

sites 62 on wt¢mesgatsiabhallavhi¢huis outof alignmpwt witl thp aitasbmeimysite 62C) and hakss ol der
balls 50 are -10,20/01/ 2005 instal.l ed sinultapeous| y. wt mul t.i - bal |

tool . The BGRn%’OmF gcqygﬁf’%%e?d %ngggg%ﬁg 3.‘1%" a Sﬂﬁsshﬁ'gesé deé&"ﬁé@?r’i‘bayt Puae

def ective solug@ésifabllylefectrRaR$ cbinétlel td AfaicthtadideybdIlsy, BT Rla¢ noPB4ke 50B and
50C. Ball 50A represents an undersized ball, which will not” nmake a

connect i 3R d@esapipbiaseataswith thegamBrsutstrateo t he bonding sites of a
substrate. 5 Sol dgr. repr nt s. nacceptabl y | ar or oversized
bal |, whose hei gh?%rrlﬁy'rf)' %fglgo%te’ E) Jaggg?ﬁm g‘ﬁ9§r B'?;ﬂe‘f)’ %ﬁ&??t(g#?%%%di ng with

t he substr at eppietud¢0 alslinclaREa bﬁﬂEfcﬁﬁlﬁonEoﬁ:oﬂﬁl:ﬂ heall D6 Rvliish Buttadhed al | gnnent
with the attachment site 62C, and has run onto the active surface. During

bondi ng wi t h throughtao] amm28 tarL-gxis pegitipnes 68 Thebalkpiekup head2@ isicontsolably
electrically . adl r. | . ke 10
acoept able canSABRAAGHE VAN ZAM LAY, roR bl B achBlir il 36l Ipalf BBty B2
shown i n 151 G3ontroliabie i a rotational idirectionr48pbautst-axia pRa Tae pekiPhald 20 incladesdes a

bal I pick t qol., or cgnt ac d .20, whjch.is attached . through tqQol arm 28
to z- g;(i s ) Bosafolgqllgweqapﬁgyy ‘T’h%gg EPYI“%%PE{H" H’é’lgksfteé dg i"é‘“‘g’dﬁ{eﬁ%ﬂ‘f"gg‘!&bﬁl

diameter to be encountered, enabling a solder ball 50 to be retained at the lower tnd 44

Y

of the capillary tube 42. The lower end 44 is configured as a seat for supporting a
solder ball or other solder preform 50 by suction force from a vacuum or negative
20  pressure source 46. The capillary tube 42 is preferablyforined of a corrosion resistant
material such as a stainless steel. |
Also shown in FIG. 1 is a microscope 60 which is useful for inspecting aBGA
on workpiece 40 to visually detect defective solder balls 50, for aligning the éapil]ary
tube 42 to a defective solder ball 50A, B or C or to a vacant attachment site 62, and for
" 25  determining the proximity of capillary tube 42 to a solder ball 50. The microscope 60
may include an integral camera 61, not separately visibie, and a closed circuit television
d_isplay (CCTD) with memory (see FIG. 4) for use in inspecting the workpiece 40 to
identify and retain the locations of defective solder balls 50A, 50B, 50C, etc. and to
permit accurate positioning of the capillary tube 42 relative to any defective solder
30  ball 50 and an attachment site 62. In one embodiment, the microscope 60 may be
- focused through the capillary tube 42 to align a defective ball with the capillary tube-
axis 32 and determine proximity of a ball 50 on workpiece 40 to the capillary tube 42.



novabl e al ong vertical Z-axis 18 by rotation of actuator knob 38, and may

optionally be 15 controllable in a rotational direction 48 about Z-axis 18.

The pickup head 20 includes a hollow capillary tube 42 having an inside

di aneter 43 which is less than any ball diameter to be encounte &?ﬁ 2005

enabling a solder ball 50 to be retai nedoﬁ} the | ower end 44 Ié

capil l'ary tube 42. The lower end 44 is configured as a seat for supporting

a solder ball or t er sokﬂgl r ef or suction force froma vacuum or
o ot

50 b
negative 20 pr ess St 98‘6’6'3 Fxffagtor/nigesr apparatup, Femay alsey f or med
of a corrosi dﬂclh@éébi]ﬁﬁberv@iﬁB@fér%’up]ﬂ Pa%e}gﬁscﬁ&&'b@lllg %ﬁggw&o 3“0‘“’” in

FIG 1 is a mcroscope 60 which is ‘use |nspec I'ng a
wor kpi ece 40 fux ipsesveir 8%/intewhish adefsh selilerdbatl D aeny Hoaligped, 50d afdefeceivd i Ng t he
S0A, or Cor to a vacant

[ t defecti
g? Ito 1310 h?nre%t sﬂ?‘gep le ’gtn%r feg?i% §’§ %@Fﬁ?ﬁﬁ%ﬁ‘%‘%ﬁ&bﬁlﬁyanﬁlarmhq F\ar y tube
42 to a sol deshot¥a) éacﬁefmmalmsemmpﬁm@&servam&ﬁiﬂé&’e@ta%ﬁﬂ %96 | camera
i $pl a

61, not separat el YFI visible, and a closed circuit television y (CCTD)
with menory (@bl tgbesmore gasilysecdssedibyghecipillagy tuhe4noDKfdran apphbatiomay

I dentify and i.on f def.ective solder balls 50A, 50B, 50C,

etc. and to l{)erm ré@%ﬁpﬁégeﬁb%s bofiin ‘hh’é‘f‘ the capillary tube 42 relative

to any defective Snie(hémﬁﬁr)bﬁhéleSQll pleRuRbr @htadCRAE NG ﬁﬁl&%ﬁe@& Flf}n 40n€

enbodi ment, the njcr oscope 60 be focused throug e capilTary tube 42
to align a defoBywriseEa bedy 4\/&"'@?11 @twépmﬂ&r&mUWcamnaryuﬂﬁﬁﬁdattheharw ne

roxim:t of I e, 40 tube 4

20/ 01/ 20%)/15 As%dgéglmaﬁm@]gﬂiéa{aﬁgwgf}%%@ aé&‘ﬂ“ gfﬁl‘iﬁ?néégf” éﬁﬂ%%s 10

may al so |nod1ﬂ‘e|$ntasdﬁ£xlolfsd$ldaﬂfald§>60 mECHno?S@BFMé%ﬂMﬁ%QZ? ﬁr bﬁg' 50
I ch res SO er

to the caplllb(ga% %34& flux reservoir 82 intdo wh
bal | 50 may Pi5 ﬁ%rnama@ﬂf@&mtbentmah chamberchs fiding 83 and therebgdei vi ng
defective sol each of
_the ball rese%gw?ﬁg%éd@?&%gg}% %Qgg % Qcﬁb? &&egeﬁ4mggapﬂmab| e
to be nore eat§b¢ 92 mybesmﬁmedmwwlsphgﬁchltbbﬁ té ford dcbh@lyditld ARddat us
may be ul%ed ‘{ngl ar% ggo;gsf qu known in the art. The exenplary single
bal | pi cKtip & B Roted dhovesassgldenbat] §§ may b%@ﬁ’é?d@e@n@%wul} 54
attached to t i11 fibe bod
e o IR oM RRcs oo i B chud) bSR3 200 10,

54, and may be mterchangeabl e wth cap for
use with vacuum assist into the interior or bore 58, to be subsequently expelled therefrom as

waste matenql. Alternatively, a gentle vacuum may be applied through capillary

tube 42 so that a softened or partially melted solder ball 50A, 50B, or 50C will be held
20  atthe end 44 of the capillary tube 42, but molten solder in or on the ball will not

generally be suckgd through the capillary tube. The capillary tube 42 is formed of a

corrosion resistant, highly heat conductive material such as stainless steel. A

particulate filter 87 in filter housing 84 is positioned to intercept bits of solder, flux,

solder paste, dust, etc. which may be sucked into the capillary tube 42 when vacuum

25  source 46 is placed into communication therewith.

A precision ground, clear glass window 52 provides access for a vertical
microscope view into the chamber 56 and through the capillary tube 42 to a solder
ball 50 or attachment site 62 below the tube end 44 and along capillary tube axis 32.
Microscope 60 preferably includes an integral, focused light source 78 as known in the
30 ant, light source 78 being to illuminate workpiece 40, preferably through clear glass
window 52 and aligned capillary tube 52 or, optionally, through optical fibers 53

(shown in broken lines) extending from window 52 to locations adjacent capillary



different sizes of solder balls 50. The interior 58 of the capillary tube
42 has a dianeter 43, and communi cates with internal chanber 56, fitting 85
and thereby to conduit 86 | eading to vacuum source 46 (see FIG 1). The

| ower end 44 of the capillary tube 42 may be configured as a partially
spherical seat to nore securely hold a solder 15 bail 50 under 2044005 As
not ed above, a solder ball 50 nay be nel %d by contact with capillary tube
42, and the nolten solder material drawn Dy capillary action alone or with

vacuum assi Sty,Hetp t uentJ elled

t herefrom as \fas?aghﬁggﬁug@a?ﬁdcg%@er na{ft\lllgr ?/f [gm%geﬁ?’#%r lﬁu?ﬂlmn appl Il ed.
t hrough capi Mmkgaededlﬂmsﬂ@ adight ktﬁi‘rceaSSS(@lfxdvaﬂﬁdarél{cnﬂaéi icatried byRbélem2g! der

bal I 50A, 50B, or SOC will be held 20 at the end 44 of the capillary tube

42, but nolten soilgerarm?8szndatached slidgrbay$7 are yerticallyaneyable ssala@@e tbiasid
thr ough the g gﬁpbﬁﬁ@f TRk O-Bhf‘oofglpﬁ%ﬁ 0 Pﬁéﬂ@%éigbes Pﬁgi){% a8 tp%tvr’l?eor rosion

resi st ant, eat con five nateria
parti cul afe fthd ¢apillagirtube 42 is loweret otk @ldbé balk S| @lsd Ibw&eﬁﬁiaﬁ& tb 0bApresyidn bi t's

of sol der, sol de dust, etc. which may be sucked into the
capillary tul?gﬁlf’fp lié@ﬂ%gﬁp@ﬁﬂ}té@h@@f?@ b‘FlaS:B@PCP?Rt@blthﬁﬁﬂmibémeon
vertical i S oasRbadle i inal hE S ond bt SERH B BT oy
tube 42 to aesmh;ﬂ@rasabaabingﬁﬁnngGSanmanthdrbﬂWemmetcﬁﬂaﬁeiZ&mdhehdeuba-&md 44
and al ong capillary tub Xis 3 0SCQ, O preferably includes an

i ntegral , f oSk ?/‘?W‘?%ﬁﬁs@@é%“&m B‘?waﬂ?h@alyerbgﬂtan dcpshianedour ce 78
bei ng to 1p! I uni nats medsRlaE $1G Y, e RELITRrbubdV WAl F IR M C O 52

t1onally,

and aligned capillary tube 52 or, ers 53
(shown.in br dicatthe latiestp aetmnperdﬁumgwhmh mﬂstlfﬂamt!ﬂsdﬂam @g&hﬂbﬁ&eﬂdvaﬁ@mt

| 20/ 01 2 t.ub d f d t th d 44 th .

ot her 2par SAidkr balPsd, “Theienter a0 s Bin Rt depticionsiancs sIgREnts LABE. oo

(shown in br r b6r0e89 leading 't(%iccm&oil%lls 6&@9 s%ﬁglg-gﬁ%r tfkg flyt ached
posi ti

slider bar 67 are vertically novable re atlve Z-axls r 68. In
addi tion, tociutEtmopshova indi6i ured to be spring-biased so that when 5 the

capi | | aryst ube 42 soI der w resi stance to
conpr ess?llon of tﬁgig%ﬁéﬁﬁgg&\%tﬁ?% &}e g4 %l’b@]g% Oﬁiﬁ%rﬁﬁ?‘f""fp‘(‘f hai ng
unaccept abl y ldsef dmmxnomewn)?ﬂﬁy 68 oHerRed PAliRPAAST PeariBlbnE axiR32dpuypr kabl e

design, but. i s sho of
g the mtenyg; 5? of the caplllary tube 42, to project on a solder ball 50 at the end 44 of the

capillary tube 42.

In FIG. 4, an example of a workpiece 40 is shown with an array of solder ball 50
20  mounted on attachment sites 62. The workpiece 40 is mounted on workpiece holder 30.
A capillary tube 42 is depicted having extracted and lifted a defective solder ball 50C
from an attachment site 62C.
FIGS. 5 through 16 illustrate exemplary steps used to perform the extraction and
replacement of a defective solder ball 50A in a BGA of a workpiece 40. FIGS. 5
25  through 16 presume that a defective solder ball 50A is not reduced to a completely
molten state and drawn into capillary tube 42. waevér, if a defective solder ball 50A is
completely melted and drawn into bore 58 of capillary tube 42 either by capillary action
or application of a vacuum, the steps illustrated by FIGS. 7 and 8 are modified only in
that the molten solder material is drawn into capillary tube 42 in FIG. 7 and then
30  expelled therefrom into a defective ball receptacle 74 under positive‘ air pressure while
still in a molten state. The steps illustrated by FIGS. 5, 6 and 9 though 16 remain the

same.



exanple as a biasing spring 69 nmounted between the tool arm 28 and a slider
bar 67 such that upward forces on the capillary tube 42 will be absorbed
and cushioned. 10 As illustrated in FIG 4, a heater 90 surrounds a portion
of capillary tube 42 to heat the latter to a tenperature which wl|
sufficiently soften, e.g. nelt or reflow, a solder ball 50. ThetWE42005 90
is shown as having electric resistance. elenents 91 and power cords 88

| eading to a controllable power supply and/or tenperature display output,
not shown in FIG nzFIGlé,amﬂmlqlsp@mlmlhmrmtmmmdeﬁuﬁeﬂaabagganwhﬂar bal |
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extraction and_ replacenent of a def ective sol der ball A In a

wor kpi ece 402 shightapward biasing foreg Wlayd)emph‘tﬁm thdmpllhr)dkube& away Romdler bal I

Cube. a2, Howd ufilal A ARG Y o Sl St Mol ol Bl e

drawn into bamhﬁﬁntsﬁte 62p] ihbaapmwb@e@ %ﬁlﬂtvlﬁ@\funpﬁelﬁﬁ@ﬁédeEEMd 11304 OF
appl i cat &&pa anuum the steps illustrated by FIGS. 8 are

nodi f i ed fetrachng slightly frem attechment site fRA oBichia lles'aclma\mechaumm omyibel ary
tube 42 in Fkrﬁhegom élﬂﬂﬂ%%oadgd(&ﬂédo%i 0 \gﬁvﬁ EIT;I%B']%FI‘& f%%%e%ﬁl bal |

receptacle 74 under e alr pressur state.

The steps il Bolsnmdibadg p(ywé‘rbﬁi ox&rco&e&hdre&a&ﬁl@%he &Bthe §pEg it fetrat Aol
20/ 01/ 2005 -13 ﬂd l h(gloiméd rt icul ar solder ball 50A has been identified

as being und&q8 dr Altermafivel B2 SPFinG MaK B Lsedity exighdthezapiflary bal |
pi ckup head Bbeiss i B B sbebes sl bvhé%esweh&dﬂé‘f ondégum on. the

caplllari tube 42 is | owered ace the ca énd 44 on the
def ecti vé3bal | 50HIG. M@p@tstthedtfatﬂvewsldat baibiﬂﬁehbmg)lméiﬁmﬂ&ﬁmkﬂoﬂé& td albe
disposal site, such as defective ball receptacle 74, shown in FIG. 8. The defective _

solder ball 50A is discarded by interrupting the vacuum provided to capillary tube 42.

Another option, not shown, is to reverse the pressure in capillary tube 42 and use a brief
puff of air from a positive pressure source to dislodge the solder ball 50A.

20 - Anon-defective (i.e. “good”) solder ball 50 is then attracted by vacuum in the
capillary tube 42 from a solder ball reservoir 80 (FIG. 9) and picked up from the
reservoir (FIG. 10). ‘

As depicted in FIG. 11, the capillary tube 42 then submerses a portion of the
carried good solder ball 50 into flux 83 within a flux reservoir 82. When the good

25 solder ball 50 is lifted from the flux reservoir 82 (FIG. 12), a coating of flux 83
(exaggerated for clarity) will cover a portion of the good solder ball 50, enabling
effective attachment of the good solder ball 50 to a vacated attaéhment site 62A.
Altemnatively, flux may be placed on the vacated attachment site 62A prior to placement
of good solder ball 50 thereon.

30 The fluxed, good solder ball 50 is then aligned and positioned directly over thé
vacated attachment site 62A, as shown in FIG. 13. The capillary tube 42 is then
lowered to place the good, fluxed solder ball 50 on the attachment site 62A (FIG. 14)



5 end 44. The heater 90 (see FIG 4) is activated to soften (e.g. nelt) and
detach the defective ball 50A fromattachnment site 62A, as shown in FIG
6. In one enbodinent, a slight upward biasing force nay be applied to the
capillary tube 42 away fromthe attachnent site 62A to facilitate rel ease
of a heat-softened solder ball 50A fromthe attachnent site 62A0/01R805
capillary tube 42 and vacuum hel d softenbd sol der ball.50A 10 then
retracting s%ght:'}q{qfrom attachment site 62A. Such a retracti on mechani sm
may be int pwphactiig undup eompressinederse oo tlergviod, fhixedisolder edlH0! Mhey t ube 42

fornms a part,.t.h sol enoi d bej.n owered to over retractive force
of the spri nBla%}rqg P n. r 56 ?11"818 ag%}%—gq% elg&?‘f}s‘g‘%g\%ﬂi Qﬁégﬁ todpadvertent .
Al ternati vel yverunSiTithe @piTRYy fBe BifPAh. ' The@%piflg thhe4TRBbAtbd{osonbhlRe 42 unti |
it is desired to retract same, when the solenoid I's powered. 15 FIG 7

depi cts the @ptieelly gefloyooriomplri¢ly meltAhdssldeg ball £6,gdiningdt tortheattachment t o a
di | site, fective.ball tacle. 74, sh in FLG 8 Th
ef oot ves s St LIRS 180ARF ke Kty ity %05 TeRbufa fserharalies dseticolieny qed

to capil | ary bhllbe (fBPexanle) ohersizePididR ball SOB PRIV ase ivﬁth%ﬁ’noﬂﬁi’@ﬁriﬁ%et:@@& o
pressure in capillary tube 42 and use a brief puff of air froma positive

pressure source tdhepressélacaing extrasting and replaging defetivesalddebalistSDhe (i . e.
¢

" d’ | d b, 0 | t t.ed ' h . il tub
43T o & sor (B e e ohd oeoifecBigh i ool S0 S ol e > 7
reservoir (Fi6 praédss. VarisieRiept 6ftht feflodmallbe dulttnAc hnd & skalipReor4dc hen

submersei a portion of the carried good solder ball 50 into flux 83 within
a flux raQer Gesthodamd appaspfus flloysod 25 sol der ball 50 is lifted fromthe

flux reservoir 82 (Fk C | flux 8 a r.at for.clarity)
will cover a portfxgr?h%ni]ﬁ%%gg’d& 2"3?5’%?’@%‘?6&%,“‘%%?‘%@““ q@ﬁ?&é‘e
attachment ofappdaratug dddepicttdlizy FIGal knd8esthbedl willt kgt dbfets; Wilhtertdht € 62A.

Al ternatively, flux may be placed on the vacated attachnent site 62A prior
to pl acenent 2ddjtiopal sutomateddeatprgs. Thevariquy eamponguts vfithe pppatatts 1 ae sol der

ball 50 is t | L [ 3 .
att achmélnt s?t6 gtr(gizeg?ﬁggos gﬁe?dr?t OI“—‘P@g fgﬂ"mﬂ%“‘a‘gél/"?ﬁr%‘%% g ruoﬁ)g(’%géf&lqén t hen
| oner ed 18 plcenjunttiva withoahprdpriatequiograinsl end dma in dsEbcixted hemaitytstorhgeeddt &ite 62A

églc)(cji 1}|4Lx;aé4 cge]%g%%/l% 5pr§\%'%lg o npalrga(zllvri] gu%Juet Wi 0c erng l%ls gaesyfdgtreggon?oi} the
) defective solder balls 50A, 50B, 50C, etc., and precise alignment of the capillary
tube 42 of the ball pickup head 20. '
FIG. 18 schematically depicts the control lines 110 linking the control board 92,
20  memory 94, keyboard 96, video 98 and the various controlled components of
apparatus 10A. _
A workpiece 40 is mounted in a workpiece carrier or holder 30. The holder 30
is mounted on a workpiece positioner 22 comprising an X-axis positioner 24 and a Y-
axis positioner 26, both of which are controlled by integral electric drive assemblies,
25  which may comprise, for example, linear steppers or fine-pitch screw drives. The
positioner 22 is controlled by a program stored in memory in the control board 92
and/or in memory storage 94.
A microscope 60 with an associated camera 100 is positionally controlled from
control board 92. Althoﬁgh defective solder balls may have been found in a previous
30  inspection operation, the microscope 60 may be manually used with eyepieces 76 to
veﬁfy solder ball faults, However, a video display 98 of the output of camera 100

makes the task much easier. Automated analysis using conventional “machine vision”



bi asing spring 69 serves to limt any force on the good solder ball 50 due
to inadvertent overrun of the capillary tube end 44. The capillary tube 42
is heated to soften, or optionally reflow or conpletely nelt the sol der
ball 50, joining it to the attachment 5 site 62A (FIG 15), and 502(2/ 0
capillary tube 42 is retracted to seek anot her defective sol der V20%50
(for exanple, oversized solder ball 50B) -5- for use with anot her workpi ece
40. The process of locating, extracting and replacing defective sol der
bal I s 50A, 50BethedOmapbe employed inor tomaeeisont6f realytinkevides st pHotographd sfct i vel y
accelerate th prﬁcess Vafri OES' steps.of the nethod may be aut omat ed, and
an exanpl e of USFEHVE Sinfacs o erkRiste ‘g(gwﬁaﬁt%e%g%mageﬁg agpighBOA Tote, 17,
an extract or/ pite@hac is gdagg K ratus 10
depicted in FIG 1 an delgggli%gieoclil% %I%Cre paegcg{r’%%dgrsétﬁ%rﬁjﬂv&?ﬁ' l@%r%?gifn%gmg
addi tional aumgsalsedeewplayedto rapiily canpaeimdivddyabsvbder baltyf 50t dTevorkedeatous | OA
are cont r§)l I %ndﬂm%é .a Co ter control, hgard 92 i ncluding at |east one

T S‘&%S%"gﬁ]uc Bens; grohrAcidense sth visuallypeserptible dafeatsdianages n

m cropr ocessor

associ at ed mepPiichaft ted Bfmedoryshelase 4. SR g.yxl]g% BArforh 65 &ggl ar ged

vi sual output which enables easy detection o ective so bal I's 50A,
50B, 50C, et cPositonede vigivdbe woikpincer? fvin amebliapadglat M, i.e.ubmgsRpafg t he bal |

pi ckup head 2Q. . 18 .sch t.ically depicts the control |ines 110 |inking
t he control bgg? gigfon%‘@"ﬁgﬂ%Y’f]w?)b?Xk@ES%?ﬁa%?y PRHE M YBAYNEE he vari ous
control | ed codpengintiondf deRPRW 1dés bas00 S0B! ki, 8ke cﬁQoiéée RO ohd @

wor kpi ece_carrier or holder 30. The holder 30° IS nounted on a worKkpl ece
posi t i onet0 22awgliyyicameng may be eanpleyadots enable exultiple perspeativé views.s posi ti oner

26, both of ks rolled by integral, electri rive assenblies, 25
whi ch may comrrggl?%(se,@or grﬁg&géhac%ﬁeé lq%%ﬁglé?w‘g?sgﬁtﬁég e’(StFn‘faP él-‘ﬂF?"é‘l‘?nég? é%le

drives. The hodidntalyaota@iBlel ifi directiondl06@BokY RrtRAPAESTh 84@E6S thdr menory in
the control bogrd 92 and/or in nenory storage 94. A mcroscope 60 with an

associ at ed cafBfTescope/camers sembingtion mpy be ratated ahout 4 horizontabmtis o showaibg 92.

Al t hough def egfb¥a 080§ Y n found in a-prewjous gég

i nspection operation, t’?ﬁig %*%’s@%‘p%qwnﬁ‘ﬁg’%“@rﬁ%Fﬁmaglad“%%“ pi eces .

76 to veri$y sutrdsgopbeipabilityinag be bioployed as desitédleo di spl ay 98 of the out put

of canera 100 nakes e fask nmuch easier:. Automated anal ysis usin
ArpeliFoufalied mackn

conventional " nach machine vision system available from a commercial vendor of
such equipmént may be employed. For example, and without limitation, such systems
are available from Cognex Corporation of Natick, Massachusetts. For example, the
apparatus of the Cognex BGA Inspection Package™ or the SMD Placement Guidance
20  Package™ may be adapted to the present invention, although it is believed that the
MYVS-8000™ product family and the Checkpoint® product line, the latter employed in
combination with Cognex PatMax™ software, may be especially suitable for use in the
present invention.
It is noted that a variety of machine vision systems are in existence, examples of
25  which and their various structures and uses are described, without limitation, in U.S.
Patents 4,526,646, 4,543,659; 4,736,437; 4,899,921; 5,059,559; 5,113,565; 5,145,099;
5,238,174; 5,463,227; 5,288,698; 5,471,310; 5,506,684; 5,516,023; 5,516,026; and
5,644,245, The disclosure of each of the immediately foregoing patents is hereby
incorporated by this reference.
30 Vertical movement of the single-ball pickup head 20 through Z-axis positioner“
is controlled from the control board 92. The Z-axis positioner may also be controllably
rotatable about a vertical axis as shown in FIG. 1. The capillary tube heater 90 is



20/ 01/ 2005 -15 nmet hods may be enployed in a conparison of real-tinme video
or still photographs of the active surface of workpiece 40 with a stored
digital imge of a nodel BGA 70 to. detect unacceptable variations in size
and pl acenent of solder balls 50. Digital inmaging nmay al so be enployed to
rapi dly conpare individual solder balls 50 of workpiece 40 5 w 26/0d&9Dgn
speci fications, or for coincidence with_jg.sually perceptible defects,

I mages of. which are stored in nenory storage 94. An-auxiliary canmera 100A
may be posi bdrfoBEblE CONIEW | f ' le 114, i.e.
along sloping line 112. ; Cor)rbtﬁibﬁlitgg%ﬁg&g?gﬁzfégmgmégg%gﬁggagay enabl e
mor e accur at eontpdlingrvarywmm from aofacawh eairie/46. laladéditiohahbweniEdss, of INBdefediGe et C.
O course, e than,o 0 auxi |iary,camera, be_ enpl oyed, to enable
mul 1l o per SULIEPRRS PR ket Rofrits 8h B IBB T it 84 rered PO Ie fromiias

| |l bp, b '
ateral |y extemedbbadop, %&?ﬁkbl@@p%&%fﬁ@éﬂ%ﬂ% ﬁa('gle’)é eBRMQEE@Je%x, Rf

direction 106 about a vertical axis. In additi m croscope/ caner a
conbi nat i dn Adylepévertall $0AdSEHLHAC, an Mtachmenttsitt 62a defative halhweckptacla?4,aw 108.

It may be no tin. ul aut omated,.system . a canera w thout visual
15 ni croscopégg%%a FT?WV%?“%%HWW@B%Q% "¢&d. A sel f-cont ai ned

Tachi ne Vi i on sy Shee®bdol el chisiingy ORISR o/ RALRE sOlier SIS RroRfY Pent
may be enpl oyed. For exanple, and without limtation, such systens are
avai | abl e fr B&/ckgnex papessowhethenthobalNadefektivedugoad butaristosatedfor exanpl e,
the apparat feo e Cognex BGA | nspection PackageTM or the SMD Pl acenent
Gui dance 20 PackageTM may be adapted to the present invention, although it

.i's belieted that WsoulW¥SnSROMETY RIS tshs RNV RO it hﬁn@?@{d&%ﬁé&?tﬁo&)T

product line, the |latter enployed in conbination wth Cognex Pat MaxTM
sof tware, mayx¥epledhetem ‘flyx yefersioiany suhstanseused in ¢anjunstion svith a soldenbalbn. | t

: Cod th >oF . ) P ) ) ot
exanpl o5 of 2 SR ferele PTHe e (RARE Lt 3G o optf sltfocidtalisef | peo,
wi t hout |imi seldembut also solder pastegietiots 5r $thbrifeOfhAs us@dwﬁﬁg'ﬁé@ a défeéidto sbider

4,899, 921, 513%?30559; 5, 113, 565; 5, 145,099; 5, 238, 17 5, 463, 227,
5, 288, 698; 5, ., 310; 5, 506, 684; 5,516, 023; 5,516,026, and 5, 644, 245. The

di scl osupe of eaclyspbshRendELbisGh Yapi(pﬁn%%%\ﬂgte Q@&&'ﬂtq% a'BGA%H %Q%ng
' ncorporat ed dg%/ec';[i\?el sildref I)aellrseSBXESOB 50C, etc. The inventi . thod al ids th
, 30B, 50C, etc. The inventive method also avoids the
wastage of a large number of good s.oldér balls 50 which occurs when an entire BGA is
removed. It avoids excess use of flux from repeated attachment of the solder balls of an
entire BGA. The method also avoids repeated heating of the workpiece to reflow an
20 entire BGA for removal and then again for ball replacement, which operations may, if

the heat budget for a device is exceeded, result in irreparable damage.

The methods /and apparatus described herein present many advantages in
reworking a BGA workpiece, including higher reliability, lower cost, reduced ball
wastage, etc, As used herein, the term “BGA” means and includes any array or péttem

25 comprising a plurality of solder balls on an electronic component workpiece, and is not
limited to an array comprising rows and columns of balls, or any other specific pattern.

The embodiments of the invention as described herein are intended to be
illustrative and not restrictive, and the scope of the invention is defined by the appended
claims rather than the preceding description. Those of ordinary skill in the art will

30  recognize and appreciate that additions, deletions and modifications to the disclosed
embodiments, and combinations of features from different embodiments, are possible

and easily effected without departing from the scope of the invention. All variations



30 Vertical novenent of the single-ball pickup head 20 through Z-axis
positioner is controlled fromthe control board 92. The Z-axis positioner
may al so be controllably rotatable about a vertical axis as shown in FIG
1. The capillary tube heater 90 is 20/01/2005 -16 controllable gﬁ»&@g
fromthe control board 92, as is an OV OFF val ve 102 controlli m
froma vacuum source 46. In addition, novdments of the defective ball
receptacle 74, ball reservoir. 80 and flux reservoir 82 are all controllable
fromthe contthatlfalbwithih tBPmeith tsd b@imds bbhe Bﬂ‘?‘édt Rk daiffed! HOvIGAPAL! ary
tube's end 44 abpve any of 5 a defective ball 50A, 50B, 50C, an attachnent
site 62, a def‘@é‘l"@&@t &eto, prsthsrefarq intended tg be gmbmepdby thedelowivgclagos. and a
flux reservoir 82 is achieved. The nethod of the invention may be used
sinply to renove solder balls froma BGA for any purpose, whether the bal
is defective or good but m slocated or extraneous. 10 It should be noted
that various terns are used herein in their broad sense. For exanple, the
term"flux" refers to any substance used in conjunction with a sol der bal
at the time it is reflowed. The term "solder ball" includes not only
preformed balls of solder, but also solder paste pellets or other preforns
used to replace a defective solder ball 50. 15 Use of this nethod results
in rapid and accurate rework of a BGA 70 having defective solder balls
50A, SOB, 50C, etc. The inventive nethod al so avoids the wastage of a

| ar ge nunber of good sol der balls 50 which occurs when an entire BGA is
renmoved. It avoids excess use of flux fromrepeated attachnent of the

sol der balls of an entire BGA. The nethod al so avoi ds repeated heating of
t he workpiece to reflow an 20 entire BGA for renoval and then again for
bal | replacenent; which operations may, if the heat budget for a device is
exceeded, result in irreparable danage. The net hods /and appar at us

descri bed herein present nany advantages in reworking a BGA workpi ece,

i ncluding higher reliability, |ower cost, reduced ball wastage, etc. As
used herein, the term BGA" neans and includes any array. or pattern 25
conprising a plurality of solder balls on an el ectronic conponent

wor kpiece, and is not limted to an array conprising rows and col ums of
balls, or any other specific pattern. '



The enbodi nents of the invention as described herein are intended to be
illustrative and not restrictive, and the scope of the invention is defined
by the appended clainms rather than the precedi ng description. Those of
ordinary skill in the art will 30 recogni ze and appreciate that additions,
del etions and nodifications to the disclosed enbodinents, and s@ubhogs i ons
of features fromdifferent enbodi nents, ajg possible and easily effected
wi t hout departing fromthe scope of the invention. Al variations

20/ 01/ 2005 -17 that fall within the net@sABAS bounds of the subject matter
cl ai ned, or iﬁ:h.arle ui val ent thereto, are therefore intended to be
enbraced by t %—-&r& clainms. -18 CLAI M5 20/01/2005 What is clained is:
1. A nmethod for colrect AngethodiRt esitdctifig Babfectdve tAllakidayrapon ai cRt@&i¢ oni ¢
conponent wor kpi ece, the pethod conprising: 5 identifying at |east one
defective sol A¥PPYENt wakpiser.dhemetipd pomprishe: espondi ng attachnment site of a
ball grid arr ty ve
sol der bal ? ﬁ{?@’lcapl %#gélgqgg%ﬁw%?d&ggg?%ésgﬁaégggfrﬁr eég %‘gﬁ%ﬂ ﬁ%@a hﬁﬁeﬁﬁ%nt
site and repl aci ngsntdﬁeeballlgdsanagne adefrkwitdeyendsol der ball with a

non- def ecti ve sol bal d.on th cor 0 att achnent
e o Tht 1 e R o JoaB e A ey De PPN s ERGNSS G Vet 12 2 e
ball grid array lnc@tﬁ*&psﬁdiﬁg)mcm&méﬁ@lmﬁme blﬂgme dt Qeabt e\ iV sokler 2.  The
net hod of claim1l, wherein identifyin east one defective solder ball

and extracting the a@w@&gpn&q&ca@r erb@llslapweﬁ?ntbawacatewﬁnﬁwg ingent i fyi ng
and 15 extpacting ol RIg r

conpri si nglbext ract %g ar?g{ gl%klﬁjfatg?%ﬁﬁ&gﬁ%%@é%ﬁ%@%l tﬂé}% de%mg 0Ifle
plurality of defectheimllgpiddeny bahidstuwbed arayediatidchinentig tbd: Werkpsaob der balls
of the ball grid array in undisturbed arrayed attachnent to the workpiece.
20 3. The nethod of claim1, wherein the at |east one defective sol der ball
is extracted by indivi duaklehod@Btiaid 1} Wherélh id@&S}in® Kb esebReddfactive soldar

ball to effectuate
ball and extracting the at least one defective solder ball comprises identifying and

15  extracting a plurality of defective solder balls, and further comprising extracting and
replacing each defective solder ball of the plurality of defective solder balls while
maintaining other solder balls of the ball grid array in undisturbed arrayed attachment

to the workpiece.

20 3. The method of claim 1, wherein the at least one defective solder ball is
extracted by individually heating the at least one defective solder ball to effectuate
release thereof from the corresponding attachment site and lifting the at least one

defective solder ball from the corresponding attachment site using a vacuum drawn

through the capillary tube.
25
4. The method of claim 1, wherein extracting the at least one defective
solder ball further comprises individually heating the at least one defective solder ball
to a molten state and removing molten solder from the corresponding attachment site
into the capillary tube by capillary action.
30

5. The method of claim 4, further comprising assisting the capillary action

by application of a vacuum.



rel ease thereof fromthe corresponding attachnent site and lifting the at

| east one defective solder ball fromthe corresponding attachnent site

usi ng a vacuumdrawn through the capillary tube. 25 4. The nethod of claim
1, wherein extracting the at | east one defective solder ball further
conprises individual [y heating the at |east one defective sol de0f4f2005¢0 a
nolten state and renoving nolten sol der fri8m the correspondi ng attachnent
site into the capid | arsub fithdioreaRhli! Aol diling i md N6, BELORA Of -
claim4, further conprising assisting the capi ar§ ac % on Iby appl’ication
of a vacuum 20ldenbatD@Bh the@apiliary Thise, peditiodngthe abaidafiedtivefsoldehisall @othpr i si ng

lifting the non-defective solder, ball. wth the capill .tube, positioning
t he non- def ect\ia\gaeei%qrggpongmgla Brhopy sit egtdpgct@? B%%‘Bgf%‘ivﬁcjogﬁ ]har?ifﬁ’ﬁt site
and heating t heanafpdghRab taige 3R dardebRtive &lddrdam to bdm 18 tHeQBREERhYLE t O
cause the non-defective solder ball to bond to the corresponding 5

at t achment °si tatachmentige. et hod of claim 6, further conprising lifting the
non- def ective solder ball using a vacuum provided through the capillary
tube, and heating the non- defective solder ball through the capillary
tube. 10 8. The nethod dhe alethiathdf claim 6t hrthecamyprisiignitiapme nomdefettive t o t he

non- defective I ball prior to,th osi.tionji.ng thereof aon the vacated
cor r espondi ng SOE{%{ g@[fﬂﬁél?ﬁa ﬁ%P'é‘?l pyayided tg"f?g‘gﬁrﬂleﬁaﬂhﬁ‘?y tabes ppd lpcating thepop-

conpr i si ng appiefictige 54146t bl tHrb@zAS Bipfthry B! espondi ng attachnent site
prior to positioning of the non-defective solder ball thereon. 10. A

met hod f orl0 enovi ng and replacing a solder ball froman attachnent 20 site
of a ball grid arr on t I rkpiece, -t he net hod
conprising: verti c?l{l y a Pé‘g“{t@g %ﬂ%g%i¢%§p€%€%%%b§?n§oqu QP ﬂbealmn' of a
bal | grid arr alefestivasolddrdall paoi to the positioning thereof on the vacated corresponding

attachment site.

[

15 9. The method of claim 6, further comprising applying flux to the vacated

corresponding attachment site prior to positioning of the non-defective solder ball

thereon.

10. A method for removing and replacing a solder ball from an attachment
20  site of a ball grid array on an electronic component workpiece, the method comprising:
vertically aligning a capillary tube with a solder ball of a ball grid array on an electronic
component workpiece;
lowering the capillary tube to contact the solder ball from above;
heating the solder ball with heat conducted from a heat source through the capillary
25 tube to facilitate removal of the solder ball from an attachment site of the
electronic component workpiece;
retracting the capillary tube to extract the solder ball from the attachment site;
retrieving a replacement solder ball from a source of replacement solder balls using the
capillary tube;
30  aligning the capillary tube over the attachment site;
lowering the capillary tube to place the replacement solder ball in contact with the

attachment site;



conponent wor kpi ece; lowering the capillary tube to contact the sol der bal
from above; heating the solder ball with heat conducted froma heat source
through the capillary 25 tube to facilitate renoval of the sol der bal
froman attachnent site of the electronic conponent workpiece; retracting
the capillary tube to extract the solder ball fromthe attachnme2d/0ER0GS
retrieving a replacenent solder ball from@ source of replacenent sol der

balls using the  capillary tube; 30 aligning the capillary tube qver the
attachment si B%%tmgg%rﬁplﬁgem%%%ﬁaau dhrgugh the canillasy fibg af Wéstﬁ%fg‘ucs@eémt

sol der ball in contagt qmirtfladelifent ﬂ&e@SQMOnlait(; fire afthh2Qf¥oand?0- heating

the repl acenent solder ball through the capillary tube at |east
sufficiently traracinsthe cipllarg titecodeeitassrgl thereplagérhent soldentmllt o t he att achnent
site; and retracting the capillary tube and rel easing the repl acenent
solder ball. 5 11. The nethod of claim 10, further conprising heating the

sol der balf suffi gient ffie methoedBElRint DG fodhed @bmphiahiLhdatih® th soRlef BNl St at e,
and drawing the solder in a nolten state into the capillary tube. 12. The

net hod of cl aiswifisiently ty redige thospldar sherepfin amioken Hatgandsawing dirgildenn & he
capillary tub j:ld t i the solder in a nolten state
P et . - 3g diftn AR e il APhRg,

thereinto. 13. e net , further conprising heating the
sol der ball sufficiently to release a bond thereof to the attachnent site.

15 14. The net hod claim13, .furthe rising.drawing a vacu t hr ough
the capi 1 ary. tube 1o r Shamstipd e glsmioh i oirpdite Ak £ rasdiffioe |
tube during t hie capflabypeibé @ fatilietedbwinkThe IdMder iRh hRtewitaeltRdreind), wherein
renoval of the solder ball conprises 20 renoval of a defective sol der

ball. 16. A nethod for extracting and renoving at |east one defective

sol der ball from g8 at G4¢ el of bfafin h0, Rrth&'cbmPFibifly ALY 1R soffdr BhifCt roni ¢

conponent wor kpi ece, conprising:
sufficiently to release a bond thereof to the attachment site.

15 14.  The method of claim 13, further comprising drawing a vacuum through
the capillary tube to retain the solder ball at an end of the capillary tube during the

retraction thereof,

15.  The method of claim 10, wherein removal of the solder ball comprises

20  removal of a defective solder ball.

16. A method for extracting and removing at least one defective solder ball
from an attachment site in a ball grid array of an electronic component workpiece,
comprising:

25  placing the electronic component workpiece on a support;
viewing the ball grid array of the electronic componenet workpiece under
magnification to identify and locate at least one defective solder ball in the ball
grid array;
positioning a ball pickup head comprising a capillary tube over the at least one
30 defective solder ball and extending the capillary tube to contact the at least one

defective solder ball;



25 placing the el ectronic conponent workpiece on a support; view ng the
ball grid array of the el ectronic conponenet workpiece under rmagnification
to identify and | ocate at | east one defective solder ball in the ball grid
array; positioning a ball pickup head conprising a capillary tube over the
at | east one 30 defective solder ball and extending the capill a)/0d{2885t o
contact the at |east one defective sol de2lball; 20/01/2005 -21- applying

heat from a heaﬁglﬁfﬁgtﬁ%&f'&g a%@ﬁexctﬁgoyﬁfaﬁ{e% at Mtglfey t%l ge ttg Eﬁe ??‘tls%ﬁ%ietn 46?%% def ective

solder ball to east weakén a hétY eo att Se on the

el ectroni ¢ conponenbldecakld atlesast mealteni atgnt ieer&if té Sastachmentdat estlieve sol der
ball fromthe attachnent. site with the 5 capillary tube; retrieving a good
sol der bal | from aS€6HPHE CHPPYKBUVIEPEES: bal | s using the capillary tube;

positioning t h@m@ﬁﬁ% tHeak YeabtWRie dgfé@tﬁvetseﬁieﬁﬁélpﬁm atﬁkﬂxﬁént%ﬁ%@f’tﬁﬂ g the

capillary tube to place the good solder ball In contact wt e attachnent
site; 10 héating t ltapijaydulsol der ball with the heater through the capillary

tube at | east ufficiently,t use the good solder ball. to bond to .the
ttachment i (eTeunh P oo Bafi ORER Sl BP0 T Stk beliheind e 8 Y Bitier
ball. 17. The pueitibamlg tfe cabillary thbe ofer tHetackamenpkiti Ng cool i ng the at | east
one 15 defective g_ol der noving the capillary tube and the at | east

bal |, 5
one defective &0 ’é‘lgtll‘fa‘fapﬂi%mae fagRlage;thzoadisgider balbim copaciavidh the giachment

conponent wor kpi ecgygnd rel easing the at |east one defective solder ball
fromthe capillary tube. 18. The nethod of claim 16, further conprising
appl yi ng sl f i hehténg thhgeed sodder ball wiith the heaten iroughgheledpiltary wbe soleastr bal | to
reduce it to a nol ten: slat

and..r enpyi h | ten sol der terial with
the capillary tube Uusing 5?‘5 faeuggsEhecgg?#qu‘gﬁfr;’alz&n?%‘r‘iﬁoil?an?ﬁg"%fiﬁ%an f claim
18, further caopadtiag g capilay tbe o re@adduhe §odddrbgll. nol ten sol der materi al
through the capillary tube. 25
17.  The method of claim 16, further comprising cooling the at least one
15 defective solder ball, moving the capillary tube and the at least one defective solder ball

to a location remote from the electronic component workpiece and releasing the at least

one defective solder ball from the capillary tube.

18.  The method of claim 16, further comprising applying sufficient heat to
20  the at least one defective solder ball to reduce it to a molten state, and removing the

molten solder material with the capillary tube using at least capillary action.

19.  The method of claim 18, further comprising applying a vacuum to the
molten solder material through the capillary tube.
25
20.  The method of claim 16, further comprising applying sufficient heat to
the at least one defective solder ball to cause it to release from the attachment site
without completely melting and applying a vacuum to the at least one defective solder
ball to retain the at least one defective solder ball at an end of the capillary tube prior to

30 the removal of the at least one defective solder ball from the attachment site.



20. The nethod of claim 16, further conprising applying sufficient heat to
the at | east one defective solder ball to cause it to release fromthe
attachnment site wthout conpletely nelting and applying a vacuumto the at
| east one defective solder ball to retain the at | east one defective

sol der ball at an end of the capillary tube prior to 30 the renp¢/al/2065t he
at | east one defective solder ball fromtpe attachnent site. 20/01/ 2005

-22- 21. The method of claim 16, further corrpr|5| ng: retrieving the good
sol der ball fromtAk solbcwedpdgbelams b dathasspmarisingh t he capillary tube

b I

Igagltopo%iangf a{ he gogoggggﬁderdetbrmﬁl?%ﬁ{dﬂ% MCé %ﬁgﬂge@pé%@%&alﬁﬁhpmt hod
of claim 16, furt hmbedag)rapplymgragfapmnﬁdtrmghqhat:aplﬂmmbsmnd of the nethod for
extracting and_reno | east e defecti o] nder control

01)‘( a prgg?amﬁwlﬁngﬁﬁ%%&g@sﬁ?&e ‘itgﬂ‘?%‘?oed'lsﬁge:‘vl\é/"leihs g? tEﬁc Fﬁ‘t%*} wher ei n

viewing the ball grid array of the electronic workpiece under
magni fication is perforped using a nachi ne vision system 24. The nethod of
claim 23, further B&cl u@hﬁ@eﬁ@ﬂﬁéclﬂm1@i@ﬁh@i@ompgsla&per@mlmtulwstm 9fat i on

with the pr Og'ErFe'HI&Ho 09%91950?191 c? fe ﬂ]gdqgtlﬁafts(;n%rd %Cﬁ% s%?deﬁgf %Xdef* gon(:t%rfpar €

the viewed bal array vm array a ocate the
at | east one dﬁapmgrarmned)hmimprbedskorl n the vi evved ball grid array. 25. An

apparatus for extracting and replacing an individual solder ball nounted
on an attachnent site on an el ectronic conponent workpi ece, the apparatus

20 conprigpng: a sgppor trhé ARttiod W eRirh 02/ WkPéid §icWinSihe Bhll gfi& ﬁerPH]ptﬁ@e nt
wor kpi ece thereon;  a solder ball contact head, conprisin a capillary

tube confi gur eléctronie sippkpiccgrnteranagnifisation isingeformes usmgrmq vigipr gtstashi c
conponent wor kpi ece and to replace the renoved individual 25 solder ball
wi th anot her solder ball; and a heating device operably coupled to the
capi | lary tube; a g#ructlhe eettond odiclagnRBgfutther indpdihg asiyg theheachinkvisidre
I ndivi dual SOlsgsﬁem?r? l:omﬂngatlsolillbvssnltht telp?clglr%nned microprocessor and data stored in

15 memory to compare the viewed ball grid array with a model ball grid array and to

locate the at least one defective solder ball in the viewed ball grid array.

25.  An apparatus for extracting and replacing an individual solder ball
mounted on an attachment site on an electronic component workpiece, the apparatus
20  comprising:
a support configured to receive an electronic component workpiece thereon;
a solder ball contact head, comprising:
a capillary tube configured to remove an individual solder ball from the
electronic component workpiece and to replace the removed individual
25 solder ball with another solder ball; and
a heating device operably coupled to the capillary tube;
a structure for aligning the capillary tube with the individual solder ball in substantially
transverse orientation to the electronic component workpiece surface; and
an assembly for controllably extending and retracting the capillary tube toward and

30 away from the surface of the electronic component workpiece.

26.  The apparatus of claim 25, further including a vacuum source selectively

operably coupled to the capillary tube for drawing a vacuum therethrough.



transverse orientation to the el ectronic conponent workpi ece surface; and
an assenbly for controll ably extending and retracting the capillary tube
toward and 30 away fromthe surface of the el ectronic conponent workpiece.
26. The apparatus of claim25, further including a vacuum source

sel ectively operably coupled to the capillary tube for draw ngZ28/01&2808m

t her et hrough. 20/ 01/2005 -23- 27. The appdPatus of claim 25, further

i ncluding a struct e f n qrt X and
Y-directions. 28. T e agg‘grééaﬁé&o C hlg w%?ﬁ?t’ltuhﬁga’lsﬁgﬁmc?fﬁre Ctm%wl ng
apparatus 5 calngﬁmgmtr@dlefsuppomgrﬁ-fandai rlmebtmnd ori entabl e over the surface
of the el ectronic conponent workpi ece when the el ectroni c conponent

wor kpi ece is received on the support. 29. The apparatus of claim 28,
wherein the view n@BSapp%@fabﬁarétﬂ§M{q|ﬁ§1 B furf@r ﬂneﬁaﬁlg%r\@e\ﬁhg %gba?éfﬁzp' ece for
manual view ng and a canera for generatlng an el ectronic 30. The
appar atus of cloafigyredformagnifisetionsidingienigbls overghe surtage ofthe ﬁleetnombl e f or
illum nating t Gogomponent, wor kpi ece. 31. The
appar at us of p%H%%mgécgﬁﬂl%P Eﬂee egé %ﬂic E}’)en 5(?tle°ﬁéspr§°?1¥ed %nOtI]:}?I gur ed
for transn155|wmp@d at least a portion of the |Ilun1nat|on fromthe |ight
source therethrough. 20 32. The apparatus of claim 31, wherein the sol der
ball contact head is configured with a window in alignnent with a bore
extendi ng through tjye Ca!%'ak)ﬁefré’tus S8 m A3 whiRh BPRRWAL 91%1&8' I1faed e
wherein the solder ball contact head is 25 conflgure east one
optical filfer ls@s% pRg frpactyericqedoringrual vigwingf andm catneral fpgmnermg ag eleamehic
extending to g gation to transmt the received |ight onto the surface of
t he electronlc cGnponent wor kpi ece. 34. The apparatus of claim 25, further
conprising a source of non-defective 30 solder balls in proximty to the
sol der ball

cont act, hea . . . . .
30. dI‘he apparatus of claim 28, further including a light source orientable for

illuminating the surface of the electronic component workpiece.

15
31.  The apparatus of claim 30, wherein the solder ball contact head is
configured for transmission of at least a portion of the illumination from the light
source therethrough.
20 32.  The apparatus of claim 31, wherein the solder ball contact head is

configured with a window in alignment with a bore extending through the capillary

tube.

33.  The apparatus of claim 31, wherein the solder ball contact head is
25  configured with at least one optical fiber positioned to receive light from the light
source and extending to a location to transmit the received light onto the surface of the

electronic component workpiece.

34.  The apparatus of claim 25, further comprising a source of non-defective

30 solder balls in proximity to the solder ball contact head.

35.  The apparatus of claim 25, wherein the structure for aligning the

capillary tube comprises a machine vision apparatus including a camera, magnifying



35. The apparatus of claim25, wherein the structure for aligning the
capillary tube conprises a machine vision apparatus including a canera,
magni fyi ng 20/ 01/ 2005 -24- lens, at |east one programed ni croprocessor and
menory having data stored therein representative of the surface of the

el ectroni c conponent wor kpi ece and topography thereof. 5 36. Thgoappgs at us
of claim35, wherein the nenory further isgludes stored data usable by the
at | east one programred m croprocessor for identifying defective solder

bal I's within iehe aaleastpne pograpedppanpocssafand trrwimurﬁﬁavingléateistnredhbera'n | east

one programe roces amed to con | east .sone
movenents of - [RESHRTs RS FHARE of e HleRElRC Spsga b Ree i RERan g
devi ce. 38. THereapparatus of claim 25, wherein the solder ball contact head

is resiliently biased to absorb upward forces from contact of the
capillary tube with a 15 solder ball of the array. 39. The apparatus of

claim25, gurther gacl uﬂh@%grag%fdg%&thhgﬁ Qﬁé%lﬁefhé o mo@%ﬁﬁéﬂ H@hdessfkdpct I ng

the capillary tube toward t cont act
data usable by the at least one programmed microprocessor for identifying defective

solder balls within the array.

37.  The apparatus of claim 36, wherein the at least one programmed
10 microprocessor is programmed to control at least some movements of the solder ball

contact head and operation of the heating device.

38.  The apparatus of claim 25, wherein the solder ball contact head is
resiliently biased to absorb upward forces from contact of the capillary tube with a
15  solder ball of the array.

39.  The apparatus of claim 25, further including a retraction device for

selectively retracting the capillary tube toward the solder ball contact head.



