., ~e3eeVb\: 66TV?H3a 8 January 2003 *~00002* ' 1 , PLACEMENT SYSTEM
APPARATUS AN “\\“ Lrrrrererrerererrerererrrrererrrrrll *166166*
FI.ELD GF THE is invention relates to an appar at&idaniaty @08od
for the placenent,g@rents 5 on a surface, and in particular, but not
exclusively to an apparatus and met hod flor pl aci ng sol der balls and fl ux
droplets on a ball grid array (BGA) substrate in the nounting process of
integrated circuit cogponents. ON .1 o B

t echni ques have beconmelabEM g IEM ALEARA TS AND METH@Ra 1 ng‘mMII“M“!‘MM““I‘M“
hi gh-density | C conponents onto circuit boards. A regular array

sol der balls is deposited on the circuit board at points where the | &&#&*of
an | C conponent may be desiredFIEHLIDOFAHBHEBEVENTION | C conponent may then be
nmount ed on the baqard. and. conpections are nmade between the | eads of the
conponent and t he' olPYEHQRFEIaLes 1o gn apparafus é%fwﬁpﬁ%%r the plagementglepaiteye

this ends i Bnd BaldceIhndiPpAradulhe BN hotskcHisBRlyeloSarPpratdtts ARAnERldab, bal I's
must be transferred to a substrate where they are deposited In a

pr edet er m nedecing ssiderpballsrandnflwe droplaitieniasbalb gud erray (BIGA )psubktrate anl.theThe

bal | pick head i.s used faor transferr.ing the solder balls to the substrate
and is desi Sﬁoe“dm?‘%péoé:g?Sy&{leg%% Icgc\“k]c ON5BSs ame array configuration as is
required on the substrate and then subsequently to deposit the balls on the
substrate. It is inportant, indeed essential, that all |ocations on the

circuit board intended to ’ are so provided,
ircuit board i ded HFAGKGRQIAIDRE RHE Y ENFION,| | ded
since otherw se i |1 1.1 1.SS) C. c ot be
properly connected to the board an e entire circul oard may be

| w ]%G& té&kx es lPvadA bécgn{phxﬁ&len&nﬁn&n iCR '}%Q}S %?%Qm[égé{né‘
usel ess. ComvgndemsitplC yompenedts dmé tirquitthoatdsad reguldrarrag b \fiukéd solgdrbahd i ty of

| ocations for receiving solder balls) these |ocations pbeing disposed in the
sanme array ddAtRogtisden By cysuif h@rgégi’ By V@Wﬁ‘ \Hjﬁﬁ;ﬁagf P’g‘ﬁl ’(bﬁ CUBRWER! TBRY P on
the circuit dagadddeo He e&ﬁu@&sazomm]gcoypeﬁed%gﬁ@ ihn 8 ebun®dd SEBRSBatdIgnd | UX

droplets on the array |ocations o he substrate. While such techniques are
general | y efcbarectiors arehapdpriwteern thenlgadseof dlic Sompénent @nddbe tsoldehdaldesi gn
of fast agnd effici ratus for the placenent of solder balls and fl ux
dr opl et s]%i n c?ﬂtgcrg%ﬁpt&%eg%dg real -1ife production system The apparatus
nmust be desi gned Twadhiwak thibenddhla filicgrid@ed) @eichigueairbpiens didas abdeofepught
inturn to a Bosition over the suhstrate, and since the dinensions of the

array and i P2Pamust bt Henslereedsioan FuRstrate viesh they 13 Aenssitd Ingk BiCABIRRNIAR t he
array is s '-@,ng f tp(?&h}qg be
enpl oyed. [Ir'ﬁdlle-II a%'egfj&#{rrlﬁéaﬁ%?yéuctli g%u%erggéggug gﬁé %(ggﬁlgfbélrl BGA sagggtﬁ Sregt.qggs

bet ween | ocatansfiesingathd splhenbaisrtattbt yutstratgrandas deagradftb warrpitekbdlbadshover

t he substrate presenota% challenges to the gdesi n f a ft st uﬁ)nd eféi?i ent
appar at (S STEENHIRRY-BEETEECT /Y BNEAE LG T Sfaef’lﬂ% TAVERE TS thete i s
provi ded apprpaditde balls g1 heistigstuate. [teahtpdrant, eddeBRadsentan thatsUirib&gions on
conprising: (a). neans for supplying a said surface, said supplying neans
bei ng adapt &be £Bctbbeard ingngqdy ot beproyided opith pcsofdsy beil sy sq P&Wé‘%leér FPAY means
for transferying:a saj i eent I , ) 0
transferri ngort llﬁ%g'hsg l?ga{r gg[)lpglrng%”e?%i ng & %g%%ggggﬁggt g%?rr@%? I%Oge[geapgpgrtlj};face,
(d) neans preoungbéad tonheabodrdast therstimsfcirsait Hodrd areyfreniselagy. Ceaventibwally the

recogni s2isng ball pick head is formed with a plurality of locations for ref:eiving solder balls, these
locations being disposed in the same array configuration as the desired configuration
of solder balls on the circuit board. A corresponding flux head is used for depositing
flux droplets on the array locations of the substrate.
While such techniques are generally effective, they present a number of
30  challenges to the design of fast and efficient apparatus for the placement of solder
balls and flux droplets in the context of a real-life production system. The apparatus
must be designed so that the ball pick head and the flux head are brought in turn to a
position over the substrate, and since the dimensions of the array and in particular the

spacing between solder ball locations on the array is small, accurate alignment



and detecting the position of alignment marks on said surface) 15 (e) means
for adjusting the position of said first and second transferring neans

rel ative to said surface in response to the position of sai8Jahuanyi2003

mar ks, wherein said first-and second transferring nmeans are fixed together
at a single position in said first direction and neans are provided to nove
said first and second transferring neans independently of each other in a
second direction transverse to said 20 first direction. In a preferred
enbodi nent otechrhgues mresttbiecemayed. fIhe steedinnl asprodundionr mosdserto itragsiee BGA ar e
noved in said,second direction to,a position. over said surface, and neans
are provi ded®PEFAHORAEIIaraiions: 287 tofguraisly Aliet l?aéh%‘%le&‘r"i PGk Readsoventhe ¢ hird
di rection nogykBkaté GrésBRts SRAIRNSAIh Bfcliesih 8F 8 FAPLYY &ReRnSAdrtsanst erring
means is provided with a 25 respective recogni sing neans, ané nmeans are
provi ded to nove each said recognising neans with respect to each said

transferring neans in said fi i i {d recognising neans nay
conpri se ga_ camera assenbly P?% ﬁgga@ﬂﬁgglgg&ﬁgwgf erring neans is
provided with a rgeedihy WLthe GHRENGSIhEE iagmﬁedaa?garaﬁ@rf& Rh8nPhO¥idagy t O
nove each said recognising neans, 30 with respect to each said transferring

means in sai YeMEMs pn dispidacei GMPiAHg: ti onal |y, preferably means are provi ded
¢ di ust i th C For 4 . Cep h d
tranat erri ng meane ey et aibabidge P48 5858 fid WpebibShtly il el oan s

first position inmotemha fiad directi@nsferri ng means receives an el ement to be
8 Januar

2003 3 ced) and a second position i.n which said transferring
neans i s}loposi ti on‘ggg%ge%&?rﬁég B\FRRsARBtrans ?!’H“%é?ﬁgtﬁrr%{ﬁgq‘%ﬁ“f gt & may be
adapted to transf@y séoh WadfelrihgGhedl SOERA et Glsaf] SIEBRA S1ciRY: Qesa?asposed
in a desired configuration. The apparatus iIs particularly suitable for

transferring fl uxsuifaopl ets and sol der balls to a BGA 5 substrate. Viewed
from anot her bro aspect the present invent.i.an ovi des appar at us .f or
bl aci ng T1ux or opte s troifa Bp 5L Rt ng ot auig e EniBE oL Rsice
conprising: (a) nmrtﬁte‘cﬁﬁgmugaéiubmefaa@ﬂnﬁummgbﬁgaiaauﬂa&ybstrate, sai d

suppl yi ng nmeans being adapted to nove in a first direction, 10 (b) first
transf er F§ ng mean$) msans fensdipging jthegposition of seig|festand geepaid drassfermgeneapt )

second transferri rgﬂati@??d"'s%fcf Qirfabd i?ﬂ‘é%?%é Ithtf;?Asﬂ%rfn JF3hiliSii 9m§rﬁin?ar§§," face,

(d) means provided on at |east one sal ansfterring ans tor
recogni si ng whetenlet@dinsradtsheond dsnsfemmgafieaal rgritred ttogesirek st @singlaipdsition

substrate, (&) s, for adjusting the posi.ti of said. fi.rst and second
Uransf er r| ngeinaish drgriam aad meios e quBgrsdle PAYS ceifoficd 3 p97870

posi tion saigadtdrSRRelnsTBddpEndeIL bLéddh StHedl if 4 §e2bnPBige 3R AAfsVefs@RSELd i ng
means are fixed together at a single position in said first direction and

means ar¥® prbst disgttion nove said first and second transferring neans

| ndependent|ly of @%CFﬁe?eﬁir%grenlb%pﬁn&?gPﬂ% iﬂi/&{?ﬁhiesgirg tﬁéf‘&?&’?&?ﬁd b xﬁ?&iiﬁ’o first

di rection, and ans tor adjusting t osition of each sad
redogni si ng imearevrioled @sqétiectnd éideiios ad d posians oeer dahd surtasnsand meaas d

first direction. Viewed froma.still C{]urth r broad aspect the present

| nvent i on' prBGFRAIE TReERSE B PIoherhErear 1B ions G bHeh S b 8  ace.
conprising: f{éhnabtePBk ¥hiAQudaBaP RIS} 85D dalll RarsidrBhg Heh@Ck pRIVided VAith a

recel ving position, ] ) )

25  respective recognising means, and means are provided to move each said recognising
means with respect 1o each said transferring means in said first direction. Each said
recognising means may comprise a camera assembly

Preferably each said transferring means is provided with a respective
recognising means, and means are provided to move each said recognising means

30 with respect to each said transferring means in said first direction. Additionally,
preferably means are provided for adjusting the position of the surface in the first
direction

Each said transferring means may be adapted to move in the second direction

between a first position in which said transferring means receives an element to be



.25 (b) transferring a said first elenent to said surface by noving a first
transferring nmeans in a second direction transverse to saiq first g:.(}b ction
to overly said surface, (cl transferring a second el enent to'IHHY ace
by noving a second transferring neans in said second direction transverse
to said first direction to 30 overly saidd surface. (d) recognising and
detecting the position of alignnment marks on said surface, (e) adjusting
the position of said first and second transferring neans relative to said
surface in plesgipasda sacontipogitisi iri whick aiid trahsfeming Mican® iswsition8d dveaky 2003
4 (f) noving ?aid first, tran?ferri ng neans in a third direction normal to
sai d surf ac®riasgdEee)) shigyiransiesang aeaas faay bgradepted i wgtransirsa inlurglitydof hi r d

direction n t [ he D bh oy LLian h
transferri nggl%nggtﬁ‘s&}r}%g egeﬁéa{ﬁ ] ﬁlg ggl%éfggg%?ar&eeélrlwng?rﬁ%%géedgghzhéé%?geaé%’son and
i n a rotar yisdpardctlady sabehle fan texiferrprar Ltk edropletssaidd sélber Balth teat Bom. The
position of the surface may be adjusted in the first direction. Preferably
step (d)°isSYP&¥#6r med by recogni sing neans provided on at | east one of the

transferring meaffewel RomCnofieRBride: ashbd C}Hg?ge% f?@%‘é@?ﬁ‘ﬁ@%’%@’%ﬁ%ﬁ%y ded

on only one of the transterring neans an

movi ng one fufr pkaing flwadrepletsrand goldeairedision asallgridecap duldhtraes toroprising:i | sai d
recogni si ng maané? provi ded on said transferring ans identifies a first
al i gnment mar k off) (HENS 9 HPBLY I PRATIRE SRK LRSI, S2 FUAPIYIRg MFalns

further in said g&gEAChIHIBGEdVRNN @ THst ML, Sai d recogni sing 15 means in
said first direction rélative to said transferring nmeans until a second

al i gnmeht mar k i @)ifdgintantfenihg méane ferdtansiemng fwodmpletsitg sadandaceny be
provi ded on both sferrin ans. and s erformed by

preposi tioning i ﬁc(?fts‘ﬁcté’gg itr}géﬁgﬁinﬁé’&ﬁngﬁoqgﬁgsch%gsﬁfdgf) h%jfis)&ggﬁﬁ S?‘%? d on said

first transferri gy m&asprovidtdndVatgass 8hélof bdid trarFertihg 15405 forgcdfads i n the
second direction until the recognising neans of the first transferring

means i denti fi esand dqtecting shq ppsitontof pHermen matks gusaidiedstratad preposi ti oni ng
in the first d [ B ahs %&%d@g&xg@'a o8on btk hf’sg Qﬁdjse%gn&%%fé%ggr%ans

transferring nea MoV seco ransterring neans In°the second
direction until teeiveeceddisshsagterieagsponk td e position daitl afipshextmhdilds, means
identifies a second alignnent 2.. rk on the surface. This nmethod is
particul arly sui Wagled $3¢ fipt a84 ﬁf’goggﬁra%%ferﬁagﬂ%eaaﬁarerﬁ&s@ taResheTet @ sHigle BGA

substrate. BRIEF @iﬁ@ﬂnpsﬁcpﬁgsggi%éﬁn% %aﬁ@{;r%@io%gtigm%ﬁ@%%doﬁr& By

invention will n8W be descri y way of exanple an reference to the
acconpanyi ng dr asdcngs transfemingoheankiigdependently pé esgie othey & wisesondfdimptpar at us
according to a f'lrst enbodaié.}&Tan] of the invention, Fjg.2 is a plan view of
the apparatus of FE§STe © 3 G dueSiios 9d s Fig. 3’ is a side view of the

appar at s of Fi g¢f})means for adjusting the position of each said recognising means with
respect to each said transferring means in said first direction.
Viewed from a still further broad aspect the present invention provides a
method for placing at least two elements on a surface, comprising:
(a) supplying a said surface in a first direction to a receiving position,

25 (b) transferring a said first element to said surface by moving a first
transferring means in a second direction transverse to said first direction to
overly said surface,

(c) transferring a second element to said surface by moving a second
transferring means in said second direction transverse to said first direction to

30 overly said surface.

(d) recognising and detecting the position of alignment marks on said surface,
(e) adjusting the position of said first and second transferring means relative to

said surface in response to the position said alignment marks,



Fig.4.is a plan view of the apparatus of Fig.1l show ng novenent of the ball
pi ck head, Fig.S is a plan view of the apparatus of Fig.1l showi ng novenent
of.the flux 5 pick head, Fig.6 is a perspective view of the8dppaaryt2003of
Fig 1 showing the flux pick head | ocated over the ball grid array
substrate, and Fig.7 is a perspective vi®w sinilar to Fig.6 but show ng the
ball pick head | ocated over the ball grid array substrate. to DETAI LED
DESCRI PTI ON OF P&BFERRED E?@%DI MENT. Referring first] %ilrto' Fig.l there is
shown an appar at Ud) BO¥BBJIaHY s tRHFENg ripeans dhtib diikdefirecyipn teemalnipessid on.
The appar at us CO%Haéé?%n%‘S mej or conponents a BGA substrate support 1 for
hol ding thereon a BGA substrate 2, ball pick head 3 and flux 15 pick head
4. Support 1 is agapiosihg midbeecdnd vrensferdrinp gneans Xn axidsthiyy drettidronormab @ t hat
the BGA substrate 2, can be noved along the X-axis. The X axis corresponds
to the long axis Sdesc“ﬁrgcﬁener ally rectangul ar BGA substrate 2. Ball pick
head 3 and fl ux pg ; : ; 6
whi ch-extends al org Ly e poRHSLBIAL Eon iy SRRy PETRLCLA & B!
corresponds ighe kecond glirsoteamsandsingr totary idirectiont dhout eo taaiscparallel BGeeis ulist r at e

2. The heads,.3, 4 are each adapted.to nove hack .and forth along the
transverse ndéf%g?n'g%ﬁ?oflﬂgn aﬁﬁgélfrfac?ﬁnw\gf’ﬁg]“&gﬁg’etﬂc})"“rfﬁréﬁtéonof respective Y
axi s notors. Bal |ppietdblyraasi(dY isperfori®d By reZogrﬁsiﬁgﬂWﬂnd_ pro¥ided of at ledshBne
corresponding Y axis notor 8 for the flux pick head i's shown in Fig.2 but
cannot be sedrhs Hasfeyring means. Bal | pi ck head 3 and flux pick head 4 are al so
both adapted to J i AN j rs 9,10
such that the pi (t}ﬁo r%\é&gléia?ﬁea{:%ﬁ&ggelﬁg rgl%lés%g?jl?%e{la dgﬁg)\?\g‘b%%ie\?\ngtoﬁwr égéprg?:tq heto t he
BGA subst r atteanferfgmeans, anbiatep (f) nky bepelforthed barmoihg onacfaidedariste e

rotated about a theta, axi sdby, respectjve . theta axis notors 11,12 which act
to rotate thBHFCR ﬁ%gd%ef‘%'} b dirpgtiongpnti peai HEsoRnEENIEs means pEAdesy op h&idar r ows
in Fig.l 30 d4d4 HRAS A6ht{R0% FHNOMEhmeRAhhriPoF thefdced rilSh etk oftl CK
head 4 are al so each provided with a respective canera 13,14 directed

t owar ds t he BEArensfstingmeans fudhersinagid1s8cdntl direstianiapd ewving sadlrecegninmg t he
X-axis wth respect t hei,t respect.ive pick heads.3,4. Caneras 13 4 are
used fo\rM al iraﬁannlgn{n %&p%régg rediof Tefa I¥& Tqei itf)aélggm% Hé?ﬁ{ﬁsaw&%o%‘”é‘%el OoW.
The oper at i ofliggfnehh@arkdpdenfificd. of the preferred enbodi ment of the invention
wi |l now be described. Before placenent of the flux dr ogl ets and sol der

bal I's on the BGA Alipatislrereoogmsipgrgansimay e previdederd path of thentransfersingchni que

to align th i e , r 2 VI N
this 1o shovnoirs HIGRES (&) Hef ¥e el Oipch B drlothBniie, e 1 BrecRH 1 19,
of al i gnnentrepegrksn@mednadomal|on egipdsstdirasfameng mdans laed sudpsbg atid fxst One of
t he pick _heads 4 is noved,into osi.tion.sych that .the res tiye canera
on ¢ hat B cRATSET 1o DA Tele drcart St SRuF Heoebete Gireinbl Honit are o
The canera theRfamyesealsqiagtifibea Krsd¥lignndnd maRe o tieksulees] ah$ prepyEbrdhONg t he

Y axis 10 unti] the canera recognizes the second alignment mark. Once the
canera has rigdbyfrss éuedsion iheateregmsng masnsifermaseopsnd s¢cond Hensferaing gissey at e

can be cal culat g A sLbesdbk DReHRinGEAMARR: ah! GBCColhd Miflitord RS it © DY

maki ng any necessary adjustnents in tHhe eta axes. An alternative

al i gnnment t eebopnipirez neafiobf dreeseobnd hensferokg eads i@ ndfito angvend dighbenhe
Y-direction and for its associated canera 13,14 to be pre-positioned in the
X direction "8t i?“tth% urfzﬁg. canera assenbly 13,14 is able to recognise the

correspondi ng al i BRERRLHIAGE haRRulbhe sSiHbR foRrpPacing Biddr MAROHS Hux QfopRitd er the
recognition of the first alignnment” mark, the other of the heads 3,4 is

moved in theonva BGAesbsoaiewi th its associ ated canera 13, 14 bei ng
pre-positioned in the X-direction to recogni se the 20 second al i gnnent
mark. In this way the alignment process is split between the two pick heads
3.4 each of which recogni RREFIDESORIRTHONI @B THME DRAPVMING®&r ks. Based on i

30 An embodiment of the invention will now be described by way of example
and with reference to the accompanying drawings, in which:-
Fig.1 is a perspective view of apparatus according to a first embodiment of the
invention,

Fig.2 is a plan view of the apparatus of Fig.1,



.the.information fromthe two canmeras 13, 14 the position of the substrate
with respect to the heads can be calculated. This alternative techni que has
the advantage that the travelling time and di stance of the &Janusay@083
assenblies 13,14 is reduced because 25 they are prepositioned in the
X-direction. This pre-positioning in the X-direction is possible because
the location of the alignnment marks on the sanme type of BGA substrate

shoul d be very close fromone substrate to another. The sequence ef
operation w!1l Fig:-31s badedererifhiedappatdtus afdfignence to Figs.4 to ?. Referring
firstly to Fig.i:, the ball pic ead 3 rmvée;é,to a position in the
Y-direction 30 $i&h 1% APaN YW dBe pRRAERIUE ahEigd 3PWiRg mqvemenyoiahebellt he
first alignnment pmy}{ga@f the BGA substrate. Before this novenent of the ball
pi ck head 3 the“canera 13 of the ball pick head 3 will have been

proposi tioned i Fig.has X-pihinr€ewiofnhes epfakats of Figsl sHowdme chovemefeofXhéiflugct i on
with the first alignnment mark. The canera assenbly 13 will then 8 January
2003 retogni ze Pﬁé‘qﬁa st alignment mark and will supply position

i nformation of thag ;al, I r t ). The
bal | pick head 3 b if  PRRBLRe fgthg-agpé&%{:u?iogﬁﬁg'\%/as?}&%ncén&?h%‘ﬁgw
substrate 2 to &eidlocarsdppénthaibalt giddamdyesubstrdie dndl | pi ck head 3 collects a

supply of 5 solder_halls in any manner. conyentional i.n the grt,and which
need not be desd§Bdd ah%eF@CCW%Yléwtﬂ@‘lB’éfq 15 uhg}fd"‘%g ite Bg[ P@gﬁ?eﬁﬂ sol der
ball's fromthe bBalatedSsARPINE bdNigd4Pray kiMathleux pi ck head 4 bearing fl ux

droplets noves (Fig.S) in the Y-direction to a position directly above the
BGA subiétrate 2 such that the flux pick head canera 14 is 1 o |ocated

directly over the j r i inthe Y
direction the can&?x‘;ﬁ‘ggm?#@’ﬁpm@g% ?E@E@%ﬁﬁh%lﬁgwlm‘ft o correspond
Wi th the second RelférgingEidtlym@riig. 1 A&e i$ SRHWELEOAhardnisORBAing B KprafRsre@een
recogni zed this information js passed to the control apparatus and together

with the i smbpdingngef theoRvertionpine appagatuheqmapréssinas 12l comPopens eilfdof t he
Substrate ' [ it on can
be adj ust egﬁ?{ sﬁgfeh%l%&ém@g ?o%%a{#g&gnéﬁégﬁug%\&%%g’ @rﬁle& ggg‘gfdr gt%‘géi tgll‘fgport
can be iadj pidkdetad d. SiygpoX- isradapitedto bef drhvenabmgray X6 axit bata mdter § kathapihek head
4 is in proper alignnent above the subsirate 2 (Fig.6). The flux pick head
4 is then IS sueEE 2 fen be IOV P‘i°8&ttheoxd’ét§o§fﬂ? ?ﬁ%CW?ﬁﬁP‘&Ss‘O&W e

requi red pQsistdronsSeRRrle @g;,% st £ 3LRra®® Fol I owi ng deposition of flux
dropl ets on tshe su strraa eCZ, uhe flux pir(a:lk head 4 is raised again and noved
away fromthe suiadltpiak dedl B and Hax\pick heeclt 4 ere mowrtediona ¢dmmors transverse21
where the flu i ck ;head 3 receives Jurther flux droplets.in.adyance of the
next cycl e”@ﬁr’%(l?]e?agfw @P}éf(tegeﬁkaoﬁlﬁs?r &1 résﬁ’\ﬁﬁflt&&gsﬁs%%nr en\‘éiaél.sl t he
bal | pixgk heatspdnaDicase trandveRe Yhott B bf @B rédiapuldh B hakhbssuR. Thehaddson 20
to a position aligned with the BGA substrate 2 using the alignnent

i nf or mat i oR-prEvsashAdgptediainnyvg hegk epd ferh glonsribe grnsvaese gagmbesicia théad in
the 9 direction a Jhst i Lr i | pick
head 3 is 1('.8 #ee%ﬁ]cino%trhrgg!e ia%gﬁe&%ngioﬁe%?%het‘g aﬁ@g%ﬁﬁgts' ? %g pg{)]i l%%?e%gl@{ss on

t he RGA sulsdtoll & showmeinfHigadl the cagespondinp & mtioamss Lielle flax piblahedds bal |
pick head 3 is then raised ;0 again_in the Z-direction. However, the ball

pi ck head 311%%5‘ ﬁ’c&tz_P‘Ffé’ﬁnl? a‘?"é’t‘élFﬁ/g'}mve. away. Instead the substrate 2 is
moved iy the X-qiieati Alhd!Lafd I i headlt Phrk Q8o 3 mgte_aweé ¥hoQbd fPARONENt S
to be nounted in the substrate, and a new substrate Is noved Iin its place
ready for tdivectsuplpy yespéctivelZderis baitdrs Sdifckuth that dreopiblehsadsSi,hean bhmidzdl | 8
January 2003 ick head 3 is still in a si.tion . suych at, i.t, i s above the
new subst ré‘f’g?%‘?erf'%év “g‘efﬁpeﬁti ‘8@%@?& W?tritgge#‘f‘ﬂ@y*fb!oﬁb?lc%F{Faéiﬁrzr‘e4n?re3 ar ati on
usi ng camerngadidd kehOr@atell absuMRth ANAYy rétpbdiRe Yndh AQEIHOBst O, COWhRGt a
supply of solder balls and the %cle starts again. It will be seen that the
present i nwehtoi rotatpthe\pickeleads pdribwngbtheddvianxageshosn by thy agows digllux and
sol der _hall, transfer ocesses baot h _be.pref ormed, whi e, su rate is
| ocat ed’on “élOélglh&fa%r”ég%bogrsﬁ?wg)oﬁaﬁawlf ﬁga(ggs%n%o U%B%}‘m&aégpé[}raaatlio g%%ports
for the twyopeiRLIiANS eFkchte AuLbHel, | Hatieddt yiowehe BeeBal syyspaes3. cycl e
can be shortened gi/ performng only one alignnent operation for both the
flux and sdlagesranhbl.l4 stpgslapted gemavediens thaix-axiy withaesnesbla their sespastave
assenblies are I nove. | h - di i frar he

al i gnnent (ﬂ')cekr léa‘lllats.)ﬁ,'&'t e eﬁ?scLﬂhL{eg s‘ilsf: éﬁ%’%@%“hg&ﬁg&%éggﬂt% Jrrgts)grgb%dn t he
X-direction. Since the canera assenblies are nmuch lighter than the pick
heads, this sinplifies the mechanism Finally, because the substrate
support is able to nove in the X-direction when perform ng the positional
adj ust ment using the alignment information obtained fromthe two cameras,

o o A= a2 o e . o v



8 January 2003 5 1. A nethod for placing two el enments on a surface,
conprising the steps of: positioning a first transferring device relative
ta said surface so that a first recogni zi ng neans di sposed Sodarsrg 2008st
transferring device detects a first alignnent mark on said surface;
positioning a second transferring devicé relative to said surface so 10
that a second recogni zi ng neans di sposed on said second transferring device
detects a second alignnment mark on said surface; aligning one of said
transf erri ngeloeviThespantosaf the sypirame of ehapieterddentidimaatdiake inveagsor dance
with the p05|L|ons of the first and second alignment marks as detected by
said first WHHNQWOEHEsFibEbgni zi ng means, respectively; 15 placing one of
said two el ement gefp. sabdncibf Ry agan@tqom s LRI ENANBLENL D
device; aligningt er of sai nsferring eV|ces an it ace

relative tocamganndlihere isedaeatigaaenaestiniduet focalipasthé iptukshealls Blaeover Igd  and
second allgnnent mar ks as det ected by said flrst and second recogni zi ng

means, 20 rBYsEREdy Ong wayod apieng ug isshevnér Figs. 23355‘idd5 tlive B&Y 4 mehstratech sai d
surface by §1d98 \Lg}e ggaugepqh &l .ampﬁaft eaug ga g@&gg Bmel'§r Tt hod of
I r

clalmlfur er 1nclu the st novi transrerring
devi ce to asdbsucati2o@ne efrﬁiewxdl«}madshnub muwéthmm Ppogdtiort smch olsdt theawspegtisai d
second transferri nghdew c relative to gaid surf rre hod of claim

e. .3. . Th
2 further |ARIACHGhHRACK @GrS?og.n&e? PR ¢ {1BREn ”é?rgd’é‘h‘flg?do uBstEe én sai d
surface wi thhé@argeraumtmé\re@aﬁingrme mxgea\ﬁuqse Wak Ih@aa is d1§ve§talcﬁ1%' tfle $0nf; €Nt €

| ocati on. 10 8 January 200 he net hod claim 2 wherei'n the steps of
al i gni ngp saumtilothe tacmmfemgmnqsd@m speomcahghmcmtngmaslal Ononehelcemerat ham sai d

surface are carr.ie t t he, second, tra erring device Ie sa

Fhrst tr ancREpTIAG b ruEhh e ks TSP BE YD Ghepe crlra i

claim4 furieeicd RGUYEATEE 4128 AR 1 subSirdtt BY infikinkAdry RB&s Sy HARRIM M h sal d
second transferring device ile said first transferfing device is

posi ti oned methet\f'wth@taga%d surface. 10 6. The met hod of claim1 wherein

sai d one el enent dr nd sai ele i sol der ball
7. The net hod of A(r:llaal m V%l %%Hﬂsegi& g‘f? lrsst? reaons\,qa ¥ gﬁ'ﬁgd e:’is}? goemlms/'s Y pal |

transf efs hefd dniresaor asd €anids hdsasiake rcaimegh UB V4 G bespra-pbhitisndd angkex- head.
15 8. The nethod of claim1 wherein each of said first and second _
transf erri ngirerdionsuch sy s camsirgasserbly de. lis gblego seeagpiss the eREFRSPRIRE ve to

sai d_surf acg k.t i LRIAONIZLAG. STANSHIRNG, B AIG BERARBXESS sy er e

to saldflrst axl s, fur Ing the step o positioning said

recogni zi ngaligmmest ahmhg thehether 20 tireeBepdstd, 4 as smddnabhestunecxnort wvith its

positioning sai.d first aggd econd transferri o said surface. 9.
r

n
Aot hod f oFBHEE G BT ER B SBFdR ) FETGRIGE B ICogRst (G r ay
substrab®, §RORA afpRdedthBarkt BPfiOWvay the alignment process is split between the two

pick heads 3.4 each of which recognizes one of the two alignment marks. Based on

the information from the two cameras 13,14 the position of the substrate with respect

to the heads can be calculated. This alternative technique has the advantage that the

travelling time and distance of the two camera assemblies 13,14 is reduced because

25  they are prepositioned in the X-direction. This pre-positioning in the X-direction is

possible because the location of the alignment marks on the same type of BGA
substrate should be very close from one substrate to another.

The sequence of operation will now be described with reference to Figs.4 to 7.

Referring firstly to Fig.4, the ball pick head 3 moves to a position in the Y-direction

30 such that its associated camera 13 is directly above the first alignment mark of the

BGA substrate. Before this movement of the ball pick head 3 the camera 13 of the ball

pick head 3 will have been prepositioned in the X-direction so that it is aligned in the

X-direction with the first alignment mark. The camera assembly 13 will then



. 25 positioning a ball pick head relative to said substrate so that a first
recogni zi ng neans di sposed on said ball pick head detects a first alignnent
mark on said substrate; moving said ball pick head away frofhJaauans2083rat e
and retrieving a solder ball; 11 8 January 2003 positioning a flux pick
head rel ative to said substrate so that’ a second recogni zi ng means di sposed
on said flux pick head detects a second alignnment mark on said substrate;
aligning said flux pick head and said substrate relative to one 5 another

i n accor dare@enizehthe Hirspabigameismark ark Wil Yipplngosdeny nafoanitfmehtthatar ks as
detected by,.sai d fi 1 ZI @ nmeans, respectively; placing
a flux droérgghgﬁrééﬁéogg §<§§ﬁ§9ﬁ§?ﬁﬁgﬁgﬁ% "the aligned flux pick head;
novi ng said fluxheik ficladeadys tHearmsaiddinstibst-dae@ionldival fromi the @A d bal |
pi ck head and said substrate relative to one another in accordance with the
posi ti ons GRbstraEe Zitp &tbadinpalycynt 2@ mhgrvstbatenitds hepsd 3cpBecivd supplsaifd fir st

Al o subst ParE BNy Ry LARRREY ¥k o TR MBE AT B nod o

claim9 wheegin each of said pick heads noves along a first axis to

position themrelative to said substrate and said recogni zi ng neans  nove
al ong second axe¥hil¢ thehplipiek bepdshisrollpsting sqldeg balinomthe hel spprly waitng t he

step of prepoglLian,RY Al 4 BERRUAE RGIBEY <2PRG) AR YIARRAGYG Second
axes prior to 20 poSitioning said pic eads relative to said substrate.
11. A et hgdsition dayctly amive yhedBEAI sustadte L eadt thhtshe dlur piokt lead camarahl 40k a

plurality of surfaces, wherein each cycle c ri.ses the foll ow ng steps:
movi ng '8 ﬁ?%%fiwﬂa 9yer dpe ﬁﬁgpgiaﬁ}ﬁn%eﬁw Eﬂ%%&fgf this JAQYERG iy thevirce i s
25 | ocat ed ffecS@H theldaitta PPRAS B&H;prgﬁkﬁ%hb@% el s ta'c'ogies@ga WIB #e0N said

surface with a first recognizing nmeans disposed in said f transferring
devi ce; nowsecmpdsaliginfent stark. rQnvsftbe iseqogd ddignmentt mark kasclomed rpognized rthisnovi ng

a second trapsferring device fro third ition to said. first 30

posi 1 on: g et se e GBI CanRgn BAdbA N G R oR a o

surface W tihe BalpficRMead &FRINT T tHDIIRRNDf theSROSAMe Ay BBIdteFBRRAAN thus

transferring device; aligning said second transferring device relative to

sai d susf acke fux pick head 4 position can be adjusted in the Y-direction and 6 direction and the
substrate support can be adjusted in the X-direction if necessary so that the flux pick
head 4 is in proper alignment above the substrate 2 (Fig.6). The flux pick head 4 is
then lowered in the Z-direction to deposit flux droplets on'the required positions on
the BGA substrate.

20 Following deposition of flux droplets on the substrate 2, the flux pick head 4 is
raised again and moved away from the substrate 2 in the Y-direction towards a flux
station 21 where the flux pick head 3 receives further flux droplets in advance of the

next cycle with a further BGA substrate. Meanwhile, as shown in Fig.7, the ball pick

head 3 moves in the Y-direction from the ball supply station 20 to a position aligned

(o]
4

5 with the BGA substrate 2 using the alignment information previously obtained by the
alignment of the ball pick head in the 6 direction and the substrate support in the X-
direction. The ball pick head 3 is then lowered in the Z-direction to deposit the solder
balls on the BGA substrate 2

The final stage in the process cycle is that the ball pick head 3 is then raised

30 again in the Z-direction. However, the ball pick head 3 does not then immediately

move away. Instead the substrate 2 is moved in the X-direction to a further station for

the supply of components to be mounted in the substrate, and a new substrate 2 1s

moved in its place ready for the supply of solder balls and flux droplets. Since the ball



.said first position in accordance with positions of the first and second

al i gnment 5 marks as detected by said first and second reco&nl Zi ng rreans
respecti vely; placing one of said two el ements on said surf&dangryZ¥ss

the aligned second transferring device; noving said second transferring
device to said third position;, noving sg d first transferring device to
said first position and aligning 10 said first transferring device relative
to said surface at said first position in accordance with p05|tion of the
first and sgrenfd.@hi;gMIER, @@s‘itl%% &%h 48k Gk ssimlexﬁéaw fibdtdle 2 l%ﬁlg;%lg
recogni zi ng" means, respectively; placing the ot £ sai of el ements on
sai d surtac heilymajem the fitsheligimeym egerhiiors usitg eamsdre Bibefprel énis mzwealdaﬂS

novi ng said,surface away fromsaid, fi s p tigon, 12. The method of claim
T her of nibte Gyerontareie s PiRA P e Bl bl RTARAIY sai d one

el ement wi th sai g, $areRdeds aRSHRS eegwu%w@nﬁgn ﬁ@dlaeslé Lifibéo&eLFAn@kesSal d
third position, and retrieving sa ot her e SaldeI’S

transf ersi ngir2gy, ctbvlﬂve andi solder ball srahsfeapwdeaes san both deoprefopned twhile. théLS The
met hod of cIab l\/n rgln sai d one rrﬁnt is a qu dro% et and s

ot her el eneft SitréteaJS & Pnﬁérf}gewpiﬁ sott @th%?%ba kaving SEPAfaE1SURPSE F\ each
of said firsgle angl GREMRHs LhANRS SFdilaD S’e%hdl?st}i@wéalwﬁw&s@ cytleSéandé s to

position themrelative to said surface and said recogni zi ng hmeans nove
al ong seconsdhenensd thyapesivenyg andy oat dlignment apeiation doibéthrthbidluxiand|sottieng t he

axos pri or B8 bt PGS A HRedis Ay R B T et PR B evheae
r eI at i vegt Oﬁéir&tl%ﬁr\fll%%erfoﬁ}ﬁn@&ﬂe Agindst Apertibn Ahe Phrk headd thethsEVEDYF | ”03
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5XenCQr! %g0 XSni ] ca caljcajcalcaJca ca cal ca] ca
] ca] ca] ca] cahsakcialabi] tcaz]m]lﬁa]ecx]dm]:ﬁ@] wa&mpdrﬂﬁ!nmg@hy(gaﬁhﬁaﬁal ad]ustrnent
"#} xsni d_Z] ca] ca] ca] ca] ca] ca]ca] cal.ca ca] c@]ﬁéa] ca] cal ca] ca] Cﬁ] caj.calca]c
a] ca] ca] ca] (‘:‘é‘Péa g @&P@&% PrEIOR] %ﬁle $wopspgperas. the pick heads
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bCl sS10% & ()-, 10% & ()-"t109% & ()- 105 105 105, 7- 10%& () - &6F" 109%6& () -
"z 5XdEbC sY-10% & ()-S10% & () -

~10% & () -10% & () - S@0% & ()-S10% & () -

enaBbCl 1098 & ()-, 104 & ()-10% & ()-! &

%40% " & ()-9! 10% & ()-10% & () - CaBbC! ,9

(10% & () - &&MLO% & () - S$109%6 & () - SSH10% & ()-S! 10% & () - ! 8 January 2003
"10% " & ()-zQraBbCl f 110% & ()-f010% & () - &

"10% & ()-S, 1098 & ()-SF+10% & ()-!6&) %0%"& ()-!%g}~?4C 10" f<10% & () -
,@-10% & ()-fOMLO% & ()-!,94 "10%"& ()-3!194

"10% " & ELAIMSS- 10% & ()-0% KC 10" f ST 109B& ()-z 109B& ()- T 109B& ()-
MLOYBE (T-T ~TO9BB& ()- 10" 10"9%®| KIEKC 10" 1098& ()- 109B& () -

z109B& ()-109B& ()- 3gl0%B& ()- S109B& ()-w ydEKC 10" &' 109B& ()- f

L0 %‘) i %Qﬁif&%%% ?'?h%%‘?/%%ﬁtﬁ( g“%%ﬁ‘%( i%?"Qy‘ﬁ%gg%‘%’ %E A?dYNC
10" 10B 10B 10B ; 1g@&6ohihg il dBstetring dévibéFslative to said surface so that a
first recognizing means disposed on said first transferring device detects a first
alignment mark on said surface;
positioning a second transferring device relative to said surface so
10 that a second recognizing means disposed on said second transferring device
detects a second alignment mark on said surface;
alighing one of said transferring devices and said surface relative to
one another in accordance with the positions of the first and second alignment
marks as detected by said first and second recognizing means, respectively;
15 placing one of said two elements on said surface by means of the
aligned transferring device;
aligning the other of said transferring devices and said surface
relative to one another in accordance with the positions of the first and second
alignment marks as detected by said first and second recognizing means,
20 respectively; and
placing the other of said two elements on said surface by means of
the aligned other transferring device.

2, The method of claim 1 further including the step of moving said first
25 transferring device to a location remote from said surface prior to positioning said

second transferring device relative to said surface.

3. The method of claim 2 further including the step of retrieving an element to
be placed on said surface with said first transferring device while it is at said
30 remote location.
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second transferring device while said first transferring device is at said remote

location.

5. The method of claim 4 further including the step of retrieving said one
element with said second transferring device while said first transferring device is
positioned relative to said surface.

10 6. The method of claim 1 wherein said one element in a flux droplet and said
other element is a solder ball.

7. The method of claim 6 wherein said first transferring device is a ball
transfer head and said second transferring device is a flux transfer head.
15
8. The method of claim 1 wherein each of said first and second transferring
devices moves along a first axis to position them relative to said surface and said
recognizing means move along second axes transverse to said first axis, and
further including the step of prepositioning said recognizing means along their
20 respective second axes prior to positioning said first and second transferring

devices to said surface.

9. A method for placing flux droplets and solder balls on a ball grid array
substrate, comprising the steps of:

25 positioning a ball pick head relative to said substrate so that a first
recognizing means disposed on said ball pick head detects a first alignment mark
on said substrate;

moving said ball pick head away from said substrate and retrieving a
solder ball;
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5 another’in accordance W|th the positions of the first and second alignment marks
as detected by said first and second recognizing means, respectively;
placing a flux droplet on said substrate by means of the aligned flux
pick head,;
moving said flux pick head away from said substrate;

10 aligning said ball pick head and said substrate relative to one
another in accordance with the positions of the first and second alignment marks
as detected by said first and second recognizing means, respectively; and

placing a solder ball on said substrate by means of the aligned ball
pick head.

15
10.  The method of claim 9 wherein each of said pick heads moves along a first
axis to position them relative to said substrate and said recognizing means move
along second axes transverse to said first axis, and further including the step of
prepositioning said recognizing means along their respective second axes prior to"

20 positioning said pick heads relative to said substrate.

11. A method for cyclically placing at least two elements on each of a plurality
of surfaces, wherein each cycle comprises the following steps:
moving a surface to a first position while a first transferring device is
25 located at said first position;
detecting a first alignment mark on said surface with a first
recognizing means disposed in said first transferring device;
moving said first transferring device to a second position;
moving a second transferring device from a third position to said first
30 position;
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12.  The method of claim 11, wherein each cycle further includes the steps of
retrieving said one element with said second transferring device while it is located
at said third position, and retrieving said other element with said first transferring

20 device while it is located at said second position.

13. The method of claim 11 wherein said one element is a flux droplet and said

other element is a solder ball.

25 14, The method of claim 11 wherein each of said first and second transferring
devices moves along a first axis to position them relative to said surface and said
recognizing means move along second axes transverse to said first axis, and
further including the step of prepositioning said recognizing means along their
respective second axes prior to positioning said first and second transferring

30 devices relative to said surface.



