-1 - TRANSFER APPARATUS FOR HANDLI NG ELECTRONI C COVPONENTS Fi el d
of the Invention 5 The present invention relates to apparatus and
nmet hods for processing el ectronic conponents such as sem conduct or
packages, and.in particular, to the §Hngulation, i nspection, sorting
and of fl oadi ng of the el ectronic conponents. 10 Background and Pri or
Art The sorting of electronic conponents, such as packages that have
been singulated on a nounting tape or a singulation jig, is one of
t he key back- nd_Eroces : or e manufacture of Chip-S '% kages
("CsSP") |i KERANBFERARPARAIUS, EANDL L SIRON SOMP =%

| eads (" QFN') packages. In a CSP package, there is a | ead or bal
side (top-surface) for nmaking electrical connections with other
devi ces, &ieldefthedavention| d si de (bottom surface) conprising an
encapsglant for protecting the internal circuitry. The nold side is
20 al s0 commonly referred to-as a marking side as |abels or other
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t hat have sheartibeingsbction, dtifigantrobadifeof the eleatreficitanponents.

- satisfactorily assenbl ed. Accordingly, an inportant performance index
for .25 a machi ne used for processing sem conductor packages is its

i nspeqpi ol RRGoaRA hhd @ribPARUIhpUt . Typically, after sorting and

I nspecti ng, good packages are offloaded to a container, such as a
tray or tube container, and rejected packages are di sposed

~ The sorting of electronic components, such as packages that .have been
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singulated on a mounting tape or a singulation jig, is one of the key back-end
processes for the manufacture of Chip-Scale Packages ("CSP") like Ball Grid
15  Array (“BGA”) packages and Quad Flat No leads (“QFN") packages.

Ina CSP package, there is a lead or ball side (top surface) for making. electrical

connections with other devices, as well as a mold side (bottom surface)

comprising an. encapsulant for pfotecting the internal circuitry. The mold side is

20 also commonly referred‘ to as a marking side as labels or ofher information may

be marked onto this surface of the package. Inspection results on the lead/ball

side and mold/marking side are commonly used as sorting criteria when soﬁing

different packages that have been formed to determine whether packages have

| been satisfactorily assembled. Accordingly, an important performance index for

25 a machine used for processing semiconductor packages is its inspection and
sorting throughput. '

Typically, after sorting and Inspecting, -good packages are offloaded to a
container, such as a fray or tube container, and rejected packages are disposed
30 of in a reject bin. Further, reworked units may be transferred to yet another tray

or bin.



30 of in a'reject bin. Further, reworked units nmay be transferred to
yet another tray or bin. - 2 - Conventional package processing

machi nes sort and inspect the packages individually. The packages are
al so picked up anhd transferred to the,various stations as well as '
of fl oaded separately. The throughput ©f such processing nmachines is
significantly lowered as a result. An exanple of a nmethod to pick-up

5 and sor tofvddiahal 9@0@99@bedb@‘a§n@&ﬁléaﬂﬁ§s i@t Mh&itiﬁ%ilébtitﬁei padkageat ed
in US Patent Nunber 446 entitled "System for Processing

El ect r oni Biidalies ThespAGRAGSS e isg Blsked APeanthiROSEUERI e dREaNS:p
from a t apeuaid Bl péiP ds WMcadel! difatatBly, 2Thé Shiollodt @@@Ce.foc@sg[ ary

tabl e. Concurrently, i1nspections o e package e at ot
segnent s ofachines isosignificanily|lewered @spgarsistie An Axemple @.fe&fnathﬁdatpexmup a

SeaTonL { Qoo S8 a8 JAdINEalaeLYo ARl BANARAL T 1A Blren

transf € pac €s separa EVI-CES
such as aNumtber 29,446 tnnﬂtiec&ctﬁysﬁbmgfdro Rrbeessmgoel?:lbctwnm: eBelitss”.

Pi ck- upadt fer of the S are perfornedlndvdally |ch'
o) ows. HonaNaEtEd pEfibes: tiec DOMBYH rilicr o Aetaps a0y Plitapontd

feature i RoRErest éQ:eﬂéiﬁC&?niém‘ ofRl bt d@bIEOCoﬁélr#é?ﬁlpe%szons of the
I nspection of th of the acka%e is done through a: glass

hol der, whPeRIREYIaKeRIRSE: FtraipRiceeasmenie Siilthe refaRetablt| theaRackages @re of
the qH@' ' hgxt%taftélﬁtogé %ﬁnéﬂ%%QVSHl%@dthS’iolthﬁ By B%adrﬁﬁ%ﬂﬁ%hlch

pi ck-up sorting apparatus I scl osed Pa tent NU
6, 446, 354trensfets the paehaaﬂswepsy@elamfdﬁfer@anﬁm@lrw dvicesosithaasea tube,

Pack T
nead. vashid i v A TEPG e R, RREARACRSEE HER P R RénGt B M
head. Aft eaclcdgeanamgpenfrﬂnnhdynﬂgududﬂ? wlsictk admes aiomptfmcedrtmgtmroaesrmt
~plate h hol f f th

Pead bal | FUnemaie; fépois RBnPnitd fedire feordsr i oxbiges e o Sedobn: o
a tur Rsablipaitidh. anapédien ¢l tAé endld sidepsf thé pRckRagekiatdonerthangat jRsan
alternati ng format. The remai ni ng packages are put onto {he second

hal f of t Heldgnfyhigh payrenderiRspsg Q%WSB“%F@ePQRI%?ﬁél rRBh of tBg Guality of o
POSi tioN e glass and contamination through use.

Another pick-up and sorting apparatus is disclosed in US Patent Number
20 6,446,354 entitled "Handler System for Cutting a Semiconductor Package
Device™. The sihgulated packages are picked up by a vacuum head, washed
with water and dried while being held by the vacuum head. After cleaning and
drying, the packages are placed onto a hot plate having an array of small
vacuum holes for further drying and lead/ball surface inspection. Half of the
25 packages are placed onto a turntable with a buffer plate on top, with pockets
arranged in an alternating format. The remaining packages are put onto the
second half of the buffer plate. The buffer plate rotates when required to position
the packages in a preferréd orientation before being picked up by dual offloading
pick arms. The packages are then picked up one at a time by multiple vacuum
30 heads on the dual offloading pick arms which iransfer the packages to a position

opposite the offloading device for mark inspection. The packages are further



t he packages in a preferred orientation before being picked up by
dual offloading pick arns. The packages are then picked up one at a
time by nmultiple vacuum 30 heads on the dual offloading pick arns
whi ch transfer the packages to a .position opposite the offl oading
device for mark inspection. The packé%és are further - 3 -
transferred to a tray or -a tube according to the inspection results.
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of the packages only. Furthernore, si nce_th(emi)ackages_ are separated
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20 are-aiso difficult, requiring major leveling adjustments from the singufation jig to

the rinsing platform, a map separator and the transfer track. Additionally, this

method limits inspection to the lead/ball surface of the packages only.
Furthermore, since the packages are separated into separate units to be picked

up individually at the end of the track, this reduces throughput c;f'the sorting

25 process.

Therefore, in order to overcome the aforesaid disadvantages in the prior art, it
would be desirable to provide simple and reliable apparatus and methods for
handling singulated packages in groups instead of individually and which allow

30 full inspection of mu[tiplé sides of the packages (such as their bottom and top
surfaces and four side surfaces) efficiently and cost effectively.



30 full inspection of nmultiple sides of the packages (such as their

- bottom and top surfaces and four side surfaces) efficiently and cost
effectively. - 4 - Summary of the Invention It is thus an object of
the invention to seek to provide a transfer apparatus for a handling
system for efficient pick-and-place'ﬁﬁérations of groups of
singulated 5 el ectronic conponents, while overcom ng at | east 'sone of
t he shortg@%hﬂgfopﬁeqmﬁmﬂgﬁresaid prior art. According to a first -
aspect of € I nvention, ere is provided an apparatus for
transferring a plurality of el ectronic conponents, conprising a row
of pick h H0 td i u ‘ | ‘
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‘According to a second aspect of the invention, there is provided a method of
transferring a plurality of electronic components, comprising the steps of
simultaneously picking up the electronic components with a row of pick heads at
a first location, moving the pick heads relative to one another in directions which
20 are parallel to a length of the row of pick heads to adjust a pitch width of the pick
heads, and then placing the electronic components at a second location.

It will be convenient to hereinafter describe the invention in greater detail by
reference to the accompanying drawings. The particularity of the drawings and

25 the related description is not to be understood as superseding the generality of
the broad identification of the invention as defined by the claims.

30



Brief Description of the Drawi ngs The present invention will be
readily appreciated by reference to the detail ed description of the
preferred enbodi nents of the invention when considered with the
acconpanyi ng drawi ngs, in which: FIG_:1 is a plan view (in the x-y
axes) of an inspection apparatus for Sorting, inspecting and

of fl oadi'ng sing ul ated packages according to the preferred enbodi nent

of the ihB@i@fD@é‘dripiiQn bl e talingg Si de view (in the x-z axes) of the
i nspection apparatus of FIG 1; FIG. 3A to 31 illustrate side views
(in the x-z axes) of a working sequence of the transfer of the

si ngul ate f P | :

Fol [owed B2, Heaatanterigh ol P Ritly Beglccich & iefrafie, ROBIG d8leq |
of f | oader desdriptine of thepplefarsd eppedinents. off theligentipn. wheRlagpsidered: withtF
illustgat | Vi Lo, X-y.axes) of a working sequence of the
transfér g’@%‘%ﬁ&”‘t’ﬂ"‘ﬁ?@&%&'bﬁ%é@"‘%‘%C??mthe buffer boat to a first
preferred 20 enbodi nent of the offloader in the formof an offl oad

tray; Fl 5A to 5F illustrate pl i (in the x- f th
ranster 16N ibd Ben o Becc] BBsk bE AR it aeliah abedraRiot seHInGor
the of fl oafipechiny tdhe bfffoading emgfatddashckati®s adtofing t& ihe Prd?é@éﬁ

view (in the x-y axes) of an automatic pitch adjustment offloading

armin a embodingemiof BieriayediAnhavi ng one i ndexi ng motor according to a
prefepped enbodi ment of the invention; - 6 - FIG 8 is a plan view
(in the x-y axes) of the automatic pitch adjustnent offloading armin
a second EUBf2 ipua side giewndntheg-zaxes)iofithexinsreotion apparatus of FIG. 1;

FiGs. 3A to 3l illustrate side views (in the x-z axes) of a working sequence of the
transfer of the singulated packages from a flipping platform to buffer. boats

15 followed by ins'pection and offloading of the singulated packages to offloaders of
the inspection apparatus of FIG. 1;

FIGs. 4A to 4F illustrate plan views (in the x-y axes) of a working sequence of the
transfer of singulated packages from the buffer boat to a first preferred
20 embodiment of the offloader in the form of an offload tray:

FiGs, 5A to 5F illustrate plan views (in the x-y axes) of the transfer of singulated
packages to a second preferred embodiment of the offloader in the form of an
offload tube;

25 '
FIG. 6 is a plan view (in the x-y axes) of an automatic pitch adjustmeht offloading
arm in a first configuration having one indexing motor according to a preferred
embodiment of the invention; | '

30 FIG. 7 is a side view (in the x-z axes) of the automatic pitch adjustment offioading
arm of FIG. 6; and



Det ai | ed Description of the Preferred Enbodi ments of the Invention 5
The preferred enbodi rents of the present invention wll be described
hereinafter with reference to the acconpanying drawings. FIG 1 is a
plan view (in the x-y axes) of an inspection apparatus 10 for
sorting, 10 inspecting and of fl oadi ng el ectroni c conponents in the
form of singul ated packages 12 according to the preferred enbodi nent
of the ingrt BOR. aFpien Vews(im thé Gey Vixe®) (of thk hautsmatieesh adjusthent

i nspection_apparatus 10 of FIG, 1. The I nhspection apparatus 10

i ncl udes Pfigading ARy aIseson %ﬁPé'Byfatt'H@%GH'PSQHE‘QHGQX'%H@%?OCesses
nodul e and a package offl oad nodul e. The onl oad and front 15
processes nodul e includes an unloading arm 14, a flipping platform 16
and packaBetailed Deseariptiontaishe Brkerrad Bmbpdimentsef thednvention 20, each of
whi ch jo-s configured to hold an array of packages 12. Preferably, the
buf fer "boats 18, 20 can rotate 90, 180 or 270 from'the original

ori ent at i dhe prefewed ambpdiorentsvithe présenp avkatiprswill bef descrbedh béneawmfter
processes, . f]J rst i na,f)ection station.n the formof 20 a nold

surf ace iwgﬁé%ﬂ%‘r‘fea% ACoTPARY N0 SAWIPdSent . The package of f | oad
nodul e conprises dual linear offloading arns 22, 24 for transferring
a plurali H‘I"rOf packages 12, a gang precisor 26, a second inspection
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boat s 148, prdtesses’/ module includes an unloading arm 14, a flipping platform 16 and
package holders in the form of dual buffer boats 18, 20, each of which is
configured to hold an array of packages 12. Preferably, the buffer boats 18, 20
can rotate 90°, 180° or 270° from the original orientation to suitably orientate the
packages 12 for downstream processes. A first inspection station in the form of
20 a mold surface inspection device 21 is also present. The package offload
module comprises dual linear offloading arms 22, 24 for transferring a plurality of
packages 12, a gang précisor 26, a second inspection station such as a ball
inspection device 28 and offloaders 30, 32.

25 . The packages 12 are singulated on a singulation jig 13 before the unloading arm
14 picks up all the singulated packages 12 from the singulation jig 13 and loads
them onto the flipping platform 16 with their mold sides facing downwards. The
flipping platform 16 flips the packages 12 received by 180° so that their mold
sides or surfaces point upwards for inspection by the mold surface inspection

30 device 21. It then moves in the x-direction to transfer the packages block by
block onto one of the dual buffer boats 18, 20. After the buffer boats 18, 20



recei ve the packages. 12, they transport the packages 12 with their
nmol d surfaces pointing upwards in the y-direction to the nold surface
I nspection device 21 at the back of the inspection apparatus 10 for
mol d surface inspection. The nold surface inspection device 21 is

" novable in the x-direction to inspect’ packages 12 5 held on one of
the buffer boats 18, 20. After nold surface inspection, the buffer
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15 boats 18, 20 and place the packages 12 at a second location such as at the

offloaders 30; 32.

During a pick-up sequence, the row of offloading pick heads 34, 36 picks up a
first row of packages 12 with. the first vacuum pads 38, moves fhe second row of
20 vacuum pads 38 relative to a second row of packages 12 to be picked in a
direction which is orthogonal to the length of {he row of pick heads 34, 36, and
then picks up the second row of the packages 12 with the second row of vacuum
pads 38. The packages 12 are then transported to the gang précisor 26 for
package orientation alignment to maintain angular consistency of the packages
25 12. All the packages 12 held by the pick heads 34, 36 on the linear offloading
arms 22, 24 are aligned simultanedusiy by the gang precisor 26 and thereafter,
the pitch between adjacent packages 12 can be adjusted as necessary by
adjusting the pitch width (p, see FIG. 7) between adjacent pick heads 34, 36 in
the direction of the length of the row of pick heads 34, 36. Next, the packages 12

30 are transported by the linear offloading arms 22, 24 to the ball inspection device



the pitch between adjacent packages 12 can be adjusted as necessary
by adjusting the pitch width (p, see FIG 7) between adjacent pick
heads 34, 36 in the direction of the length of the row of pick heads
34, 36. Next, the packages 12 30 are_éransported by the |inear

of fl oading arns 22, 24 to the ball inSpection device -8- 28 for

I nspection before the I nspect ed packages 12 are noved to the
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pi ck- heads 36 is ad%]usted so as to maxi mze the use of a field 25 of

vi ew of t M&iGh1echqliing the parkagss: erqcsed%eleﬁgdhem@ﬁ%een ¢ thengang
packages Iéscisor 26 for package alignment followed by pitch width adjustment before

inspection at the inspection camera of the ball inspection device 28.

20 In FIG. 3B, the flipping platform 16 flips all the packages 12 on the platform such
| that the mold sides or surfaces of the packages 12 point upwards. The second
offloading arm 24 is positioned over the inspection camera of the ball i:nsp,ection
device 28 for inspecting the packages 12 held by the pick heads 36. The pitch
width between the pick heads 36 is adjusted so as to maximize the use of a field

25 of view of the inspection camera before the step of inspecting the packages 12.

The packages 12 on the flipping platform 16 are moved to positions over one of
the dual buffer boats 18, 20 in the x-direction in FIG. 3C. The flipbing platform 16
is lowered onto the first buffer boat 18 which reeeives the singulated packages
30 12 from the flipping platform 16. The first buffer boat 18 proceeds in the y-
direction to the mold surface inspection station 21 at the back of the inspection



The packages 12 on the flipping platform 16 are noved to positions
over one of the dual buffer boats 18, 20 in the x-direction in FIG
3C. The flipping platform16 is |lowered onto the first buffer boat 18
whi ch receives the singul ated packageg 3012 fromthe flipping
platform 16. The first buffer boat 18 proceeds in the y- direction to
the nold surface inspection station 21 at the back of the inspection
.- 9 - appappdratus1D fop ndi@baHSdel ihgsetibNs PRPELIUM- of tRE packdges 10fhdidBy
packages 12 held by the pick heads 36 _of the second of fl oading arm 24
cont i nues thét Pidke hBals 36n9pdbe | Hivondoifeading \arem 2AheopintiRa gls thez bk ng
i nspect ed;si i [ tih b~ EH B @y o} -

ator ol dBanion Rvice RSt BedilEs 23R aRgRARAGY of 1 St Y
boat 18 niheciBspealing camera-axis to the mddle of the inspection
apparatus 10 under the first offloading arm 22 which picks up one or
nore rows of packages 12 with its pick heads 34. The buffer boat 18

i ndexes i in Fi& 3D dfterembidesurtace ilspiectidreofthe lpatRadesatds thd fich bufferdoatip

consecutive rows of ckages befqre the first offloading arm22
b oceeds. APGHYSERPN P NEEtS e ST Mo ngpIToAAPRE Ll BRETSE
32. The befst @fdagimg drfh 22 Whidhusieks Gp oRE®¥ nidie trbRs Yof BhElRIek O WitH its
every row of packages_12 has been gl cked up by the of fl oadi n% arns

22, 24 an@ikdgasdstFon The byffer beat 18 dndayes iﬂzh%éfrdjre&yom 56 that fhenkigkis
34, 36pof j ; i 1561 ‘
conduc? oq "2t P ofh pRRTEAEASEke 1Bl bPBSAGRRN 2 bofte 1 NISRGHDERRg
unl oadi ngasmni2L prqsesds iatong theex-disectiont oardsf thei offjohding Gtatlwok dfk 3212

onto the L PRI tfor In E E,. 1 .S | at. c 12
ore 1o dliepBu Bedt 10 Mhties o Sk Mg NEHREORE A SuPRLIRP R
]9_ne or ]Er?rnacke;ms 1@thsa§éem2 ehgsisketiug bﬁ)metdfﬂoédirigsar_nhmﬁi.e{? ahxuhms;li@ctiohhﬁ
irst o in rm vV, to the gang, precisor for al.i gnment
of | the. paclaearbagks dacheif oyathd MECBRS B 058 o1 A8 el a7 OB ng
arm 24shagfivadrg &nng2t be hasdbé@t thRdudied tihéhd baktingetliendevice®@s.
after the jinspection of the packages 12 held l%%/q;the second of f| oadi ng

arm 24 haSBeERCOHRY diednloaging,afmd4 pesitiphe the naxe sl Ok agraulalod ar e
t ransf err?gc,$ ashe oﬁ.ﬁ&%qm?#ﬁ% graﬁgﬂﬁtm_zo ready for transportation to
ur S

t he nol d ce inspectio tion 21 at the back of the inspection
apparatus 10 for nold surface inspection. The first offloading arm 22

ngceeds M. éﬁ,ethé' Shfisth Packodd T2 L hippld B Cthk Moy pitioftfl 160"

20  After having picked up one or more rows of packages 12 from the first buffer boat
18, the first offloading arm 22 moves to the gang précisor 26 for alignment of the
packages 12 picked up. At the same time, the second offloading arm 24 has
moved along the x-direction to the first offloader 30 after the insﬁpection of the
packages 12 held by the second offioading arm 24 has been completed.

25
In FIG. 3F, the flipped packages 12 are transferred to the second buffer boat 20
ready for transportation to the mold surface inspection station 21 at the back of
the inspection apparatus 10 for mold surface inspection. The first offloading arm
22 proceeds along the x-direction to the ball inspection device 28 for the

30 inspection of the packages 12 held on the pick heads 34. In the meantime, the



30 inspection of the packages 12 held on the pick heads 34. In the
meantime, the - 10 - second offloading arm 24 noves to the first
buffer boat 18 to pick up another one or nore rows of packages 12
fromthe buffer .boat 18. In FIG 3G _jhe flipping platform16-
recei ves the next group of singulated packages 12 fromthe

unl oadi ng arm 14. The dual offloading arns 22, 24 pick up all the

packages L3céHy éfeading im RUfheveshodie St b@lfé?fbeapﬂ 8o pigk upanbiekages
12 fromthe second buffer hoat 20. The second offloadi ng arm 24 picks

up at | ea$f Mone rewspigtackagssateliomthe pulenbpat iBr st buffer boat 18. In -
the nmeantine, the packages 12 on the buffer boat 20 are transported
to the nold surface inspection 10 station 21 for inspection. The
first of fllvddGnBGr the2 Hippinge platiorrn hd dEWM%ﬁjéhle 3@Xh|gd0lp:r of exinfpulated

pl ace a1 nt, ,0f-f 1.0 to
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arm 22 forandnpmeeds)rtoaplacef thm@dch@gesThé U}t@ld;ﬁenentncmlmmgg,@eume.%l
is repeate m 14 receives a new strip of

si ngul at ed B%@wgglégﬁel Sb%g%br}&lﬁ{sﬂfA to 4F illustrate plan views (in
the x-y axes) of a working sequence of the transfer of singulated
packages e buff 0 201 to.a first
Eibod menth BG4k 165 prinadiundr Bostcltmpors b eadRaed £ e TRt
FIG 44, Qhé'uﬁsiiecf W3 ﬁt#t'li@ ﬁ@déﬁérf inspectiRhChy MRadfold4s Pfackhifspddtivh

| i near offloading arm icks up a first _row of singulated é)ackages

12 from orﬁ’@‘"@ﬁ‘ 2t1heT'EﬁJﬁﬂ5éP'%Bé%if'§ ang 22 posiiigned qyer @ bqff% bpat4Qieagyat
~18, 20 ‘ f
18, 120, LOEBER Wpfadofrkof 1SR B0 BaBReL OA\HIERE AcEARAND Fal ©
t he pick lt%tde saaoqtd offloaging rasmh2d arcoinspécted ek Hyeballl DspaatioR| d@vicé@8.t he

first pic vice 2

i ns pec!tO i oﬁ '&f‘é dﬁeﬁé %%ﬁg% ? T’étﬂﬁ g%éogﬁi ﬁcga%ﬁqdcﬁnnhg«gage §w°§ﬁcﬁ@rthe

si ngl yQor dfffoaglenB@svhild atlepst ate nmu«d@fhh@batk@ezaamwu@edspl&édmpob yihece
ot et 11 draAnGadintoR™ B8 11 BFRELET APB T AGEG HoGIA W tiSoRa AL
the sane t3|ne repdied MRAGHRI GilodtRaf armb614irsdeivee & el Strip’ GVsiRdulated
packages 12 on t he dual buffer boats 18, 20. In FIG 4D, the

remai ni ng PRGkagestges 12 held by the first pick heads 34 continue to
be inspected Singly or in groups while the second pick heads 36 pick
up a second row of paekages 12 fromthe buffer boat 18, 20. In FIG

4E, t128 fiRlGs. %&Mﬁémeateuamwews 6ntthe><ﬂfa‘>4ea)a@rawawrme@wemoﬁhet he

transfer of singulated packages 12 from the buffer boat 18, 20 to a first. preferred
embodiment of the offloader in the form of an offload fray 40. In FIG. 4A, a first
row vacuum pads of the pick heads 34 on the first linear offloading arm. 22 picks
up a first row of singulated packages 12 from one of the buffer boats 18, 20. '

30



15 offl oaders 30, 32 to place the first row of packages 12 into the
tray 40. Placenent of the packages 12 in rows is possible since the
pitch width of the pick heads 34 may be adjusted to correspond with a
pitch width of the pockets of the t[aM_AO or other offload nmedia. In
FIG 4F, the offload tray 40 indexes In the y-direction so as to
recei ve the second row of packages 12 fromthe first pick 20 heads
34. At they sROTRMB, itRE buffEYSRRE 1BOPO fHAdx8 trcthe 30diHSioR 88 a PosttiBR under a
remai ni ng packages 12 held on the second pick heads 36 are conducted
“at the balspcenssiput of wacugay pads obtheiek beafi)ﬁe%e Thesecendsow phvaeuur j s

ted f : . ey '
have. been Paps AT ek j@dy 3 3, SRRt R Sfodicaooy ©PEFERISR. e
x-y axes) figdt pidkeheadardd movevel thgiaditinshasiioh dgeise 22 fooinapsetvonaf the
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ave been 1 nspecte t he I ngpect.1 on devi.ce 28° The pi.cC

roade. 5. Pogs 38 S ABHRT I MG dhe P e s st ot it of Yigwp! the

thereon onidettish Lathérar ﬁﬂhbtﬁme“ﬂmeﬁmeeéecbpEep‘kikcﬂfeld%%%ﬂﬁpf' Rup3P fikave

noved away, the buffer shutter 42 noves in - y-direction to

a posi ti ofiow of packagsseta pmieadnalibyffer boats 18y 20k dgddG1 4D} Hioremnining
ffl | i A flust ..
posi t19n FaGts 2 o B TR pRABAAESE Dpfitidlo tEnsHedled B arin

- FIG 5C sgooupst wikileptheksependj pickt beads636 pick v acsetopd Iowi afrpagkages 1he

first row.of package h been pushed into 5 the offl oad tube 44.
The tube éﬁo&ﬁgﬁmﬁ%ﬁ%%ﬁrsngato its first position and the buffer

shutter 42 noves in the y-direction to align the second row of
packages 12 r-th cka e| ect 46 to push _the packages 12 .ipto
Phe of 11 ol FiGnabathe Bt it s Phraye, ©, B ratuaE ) iy dok e

ej ect a5 4GfRIagBRs 3bhe2ses Qiste’ @ FistPrfKadesackdgedt 12 iMe MEf frapdig ube

&d)
44. In FIG 5F, the tube ejector 46 returns to S.JLO its first position
whi | e t he Rirfemant shthetpackagesR dows i pessiiie singe the pitebiwidbrofae)pick

recei ves ‘ - L QR i ¢ s 36
he two r oRatoss sidPed B4s6h 1D3SEGKRA it AUA VRN e RRBIe el
row af t er teayctther othgr offleag avddiaye Ire[F K t47, tHe offibad tmyotemdexss inrtbey-
FIGs. H5A t F are rePeated 15 FI I S l,an_viiew (in t - )
oxes) of ATeSNORAAS IO, (Eite B A dolT o ehBHgY P nk et ik
fir ?t mogﬂiegug g_ﬂi oft ﬂha}/sjanga time, insﬂemlmgauTerpiguh 'iéd]uamf o t'gfﬂ@ te_Dnef(lning

referred enpodi t t i nventjon e offlo n i.ck arns
D! o eadRoKRST 2SS G A RECeTk b FAon JB et ETGIedant 4R Gl |
pi tch ad] ysdpdBiidn dBGERPS. SThé SEquinick iffden F1ts. BIAGK 4Faadepeided RP tiondmve
relative to one 20 another in directions parallel to the length (L)
of the rokuffer bpaiil 8h2@aflerxail the pagkagesdidhavegenifiosdedh wi dth (p) of
the pick heads 34, 36. The driving nechani sm conprises a pulley

system which is nmade up of a pair of pulleys 48, each pulley 48
havi n@5t wdF1G8. $htae St dhistrater plam vieysdin thegeyl agesic dhe tragsfepef singulated

different pt%ig%efzstioi a;vr ¥e\§’co% diBefreli 'MHAIRE oY tR2oMbSdEH TR HePofth % an

connect ed pec
offload tube 44. In FIG. 5A, a buffer shutter 42 moves to a receiving position to

rece.ive the packages 12 from the pick heads 34, 36 after the packages 12 have
been inspected by the ball inspection device 28. The pick heads 34, 36
30 alternately place the rows of packages 12 held thereon onto the bufier shutter 42.
After the pick heads 34, 36 have moved away, the buffer shutter 42 moves in the



25 graduated steps of the pair of pulleys 48 so that each of the
timng belts 52 has a different pulley ratio reldtive to another
timng belt 52. Inthe illustrated first configuration, there are a
total of four graduated steps and fo belts connected to the four
graduated steps. At |east one pick hegd 34, 36 is nmounted onto each
timng belt 52, but two pick heads are preferably mounted onto each

timng be lyIdl%Qtr&?to a poélﬁon fol hinsfefrirepd! fifs® rdW bF gdokagdés HE iﬁtBQne offload

illustrated enbodi nent exhibits a matrix arrangenent of two rows of

vacuum padbestt.uf it 3hehpvs apackagsoeirelen 46 e arfsaispasitioadendy tdeush a
y-directiogy, oFB&%i&égEQH Wit the B oﬂdlﬁ?dé"@ “F@%deﬁmr%aq%%ke?@e {a,gﬁfg °.

X-directionis a sta and thi's pitch 1's programe
adj ust nen#63n @usecngd meitlageﬂaaﬂwl firatgrowTdfepasikagées de dial hiesntpushed into

K dext Ro. 1 ffoAB AR, ek Hiedi® dg Bhuhisd §¥ Bt Bollion Bufpe fober
gr agﬂgz Zg sg?t;m 423 mdved jn Weey-directionpioesignt the aRcond rove\of badtagebelz for
gra

Ther ef th t f af | evel] of
Ohe o adu e aRdase el dbelobnu ine ParkGaes o ko disotiond WS @48t ond
level of Ghewsimduntsts miEB. SE, ﬁ\é‘@é&ab@é}b%for%%héé tnesséeoﬁd rb\notfhe

preferred embodi nent of the invention where there are four: |evels of

gr aduat ed Peckages ¥nistoinel efffoachiube 445 Ipridife BEb e tube Bj@Iq48 returns:to
corr eggon%tﬂﬁsﬁ ﬁbshf&ﬁougrrﬁledih%t RHRE 3’?13@%; ?@@EQ%? *’rec%ﬁvuﬁﬁdéﬂffdr{)aﬁé

38a, air vacuum'p vacuum pads
38c, 38c’ recmresmorthemftwoaowam pad@gasd;z fagal the malatheads 3411%61 ﬁ’he fwo

v D0 i ol 2o hah FS T aeb M B3 EBL bl Gt
i ncrease lpy tRxpadkagowicut@iab. arhegsroeddupés romA1Gs. SA e Blaetwnwaaléa 38a,
38a' after the
15 FIG. 6 is a plan view {in the x-y axes} of an automatic pitch adjustment o_fﬂoading'
arm 22, 24 in a first c_ohfigura_tion having one indexing motor 50 apcordjng-to a
preferred embodiment of the invention. The dual offloading pick arms: 22, 24
each comprises a driving mechanism in the form of an autom,aiiﬁc :pitch
adjustment mechanism for driving the pick heads 34, 36 to move refative to one
20 anotherin directidns parailel to the length (L} of the row of pick heads 34 36 for
adjusting the pitch width {p} of the pick heads 34, 36. The driving mejdhéhism
comprises a pulley system which is made up of a pair of pulleys 48, eec';:ﬁ}bulley
48 having two or more concentrically-arranged graduated steps of - d|fferent
diameters. Two or more timing belts 52 are separately connected to respectlve
25 graduated steps of the pair of pulleys 48 so that each of the timing belts 52 has a
different pulley ratio relative to another timing belt 52. In the lilustrated first
configuration, there are a total of four graduated steps and four belts connected
to the four graduated steps. At least one pick head 34, 36 is mounted ont_o_ each
timing belt 52, but two pick heads are preferably mounted onto each timing belt
30 52



20 vacuum pads 38a, 38a' nove a distance x, the vacuum pads 38b, 38b
woul d have to nove a distance of 3x (summation of the increase in the
I nner pitch 2x and the di stance conpensating for the novenent of the
adj acent vacuum head x). Therefore, t novenent ratio between the
vacuum pad 38a and the vacuum pad 38b'{as well as the vacuum pad 38a’
and the vacuum pad 38b') is 1:3. 25 Likew se, the vacuum pads 38c,

38c’ -havethe HRSdiAgThmi aCefin %esﬂuétﬁé? b SEHE BBt | & hatiween

t he vacuum pad 38a and the vacuum pad 38c (. 1e vacuum pa
and t he vaoangepaet ggwo)rows|df vBeuurn padsi3giwity ihe pitchdn babreem thadewssd,

38d" needgl; el n A ; t t4

bet ween tﬁgg%ﬁfégrﬁ%géﬁ é@'a%gﬁgﬁtf ﬁ®'$§%u®%%%M%&t %El(’aogvéa@ﬂl}ﬂ? pad
30 38a ana-diteetiomisuadiugtabile3wl thiswitdhdisberogrammed far autemhtic adjostavent uum
ads 38 are.movabl e in the x-directian,and the pitch.wdth p.between
Phe” pas. 481G package Rardife.( TeiEhyau Bilng R fRsn | borkuPary Wit
mai nt ai N aairef paleyi4sadiives bgtthehabkiag Peitsesy each pair of vacuum pads

38a, 38a'; '38b, 38b'; 38c, 38c'; and 38d, 38d'. FIG 7 is a side view
(in the x-z axes) of the automatic pitch adjustnment offl oading

Generally, the pulley ratio- of each level of graduated step is 2n-1, where n
repre.sents an nth level of the graduated step. Therefore, the pulley ratio of a first

10. level of the graduated step with the smallest diameter as compared to a second
level of the graduated step of a next larger diameter is 1:3.

In the preferred embodiment of the invention where there are .four levels of
graduated steps, the pulley ratio is preferably <1:3:5:7> cdrresponding to the

16  distance ratio of <the pair of vacuum pads 38a, 38a’: the pair of vacuum pads
38b, 38b’: the pair of vacuum pads 38¢, 38¢’. the pair of vacuum pads 38d, 38d">.

That is, when the vacuum pads 38a, 38a’ move a distance x in the respective
direction, the pitch between the vacuum pads 38a, 38a' (inner pitch) will increase

by 2x. To maintain an equal pitch with the vacuum pads 38a, 38a’ after the

20 vacuum pads 38a, 38a’ move a distance x, the vacuum pads 38b, 38b’ would
have to move a distance of 3x (summation of the increase in the inner pitch 2x

and the distance compensating for the movement of the adjacent vacuum head

X). Therefore, the movement ratio between the vacuum pad 38a and the vacuum

pad 38b (as well as the vacuum pad 38a’ and the vacuum pad 38b’) is 1:3.

25 Likewise, the vacuum pads 38c, 38¢’ have {0 move a distance of &x so that the
- movement ratio between the vacuum pad 38a and the vacuum pad 38¢ (and the
vacuum pad 38a’ and the vacuum pad 38¢’) will be 1:5. Similarly, the vacuum
pads 38d, 38d’ need io move a distance of 7x, so that the movement ratio
between the vacuum pad 38a and the vacuum pad 38d (and the vacuum pad

30 38a’ and the vacuum pad 38d’) would be 1:7. As a result, the vacuum pads 38
are movable in the x-direction and the pitch width p between the pads 38 is



5 arm22, 24 of FIG 6. Each timng belt 52 has two nounting parts M
N on opposite sides of the pair of pulleys 48, such that one pick
head 34, 36 is nmounted onto a mounting part Mon one side of the
pul | eys 48 and anot her pick head 34, ,36 is nmounted onto anot her
nmounting part N on an opposite side “of the pulleys 48, such that
rotation of the pulleys 48 is operative to nove the two pick 10 heads

34, 36 i nagaaasletsy dish trfé:ﬂﬁ't@'fachiéee%ﬂﬂﬁnémm anH@E)QQI pifthtrBRtionship
preferred enbodi nent of the invention, the f t nost vacuum ads

38 nanel ybefggen saph paigof V%wnapéd%é%e?@@eésbo?@mé&q RERganeped,

one side of the pulleys 48 while the four rightnost vacuum pads
nanely 38a', 38b', 38c' & 38d' are connected to the pulley timng
belt 52 oRIG.Hdsamidesview (Fi e xot axdsd optiiel ajemaii: pinh adjysimant offioading 5

opposit o B e 2ane 6860 TR Bpino6et SuRECWECnBA iR Kl 30,8 op

to the | eoptdsite sifled o€ the @airodf piilieyshéshdsuchSthat onkepidk s’:teadcm r 38 ii®s
as nentioned a ov?. to ac ieverg tch w dthq(sﬁﬂ adj ust E]
x-di recti BRY iAPURURORAEM Y 0n¢ sigr NG Rullays ?ﬂdpa'é%‘ efsRicly) |

the vacuumeRpgds, 3’158.5 e@ted ahto mfotwe%cmwntmgqﬁrt&& ohsanlébpbisity 8idle of the
separately by an air cylinder 54 al ong -direction:such that each

pai r of vB@'lﬁYﬁ]“ﬁaﬁﬂCfBﬁ‘aﬁ sotatipmed féeuwﬂeﬁ ﬂ%éﬁ ?Rﬁraﬂ"feeioemp‘ée the two pick

s e ladf o5 WEhDESAficloho 9, MOS0 e B b gyl
rati o cor embp@nmnhgf the mVentlon the four leftmost vacuum pads 38 namely 38a, 38b
| 38e, 38d are connected to the timing belt 52 on one side of the pulleys 48 whale'
the four nghtmost vacuum pads namely 38a’, 380", 38¢’ & 38d’ are. connected to
the pu!ley timing belt 52 on the opposite snde of the pulleys 48. As a result, the
15 left group and the right group of vacuum pads 38 are movable in opposite
directions at the same time in directions which are parallel to the length L of the
_row of pick heads 38 in the distance ratios as mentioned above to achieve pitch
width (p) adjustment in the x-direction while maintaining an equal pitch
relationship across all the vacuum pads 38. Each pair of vacuum pads 38 is
20 driven separately by an air cylinder 54 along the z-direction such that each pair of
vacuum pads 38 is movable individually.

There is a possibility of losing the resolution and accuracy of positioning by the
graduated steps of the pulleys 48 especially when the pulley ratio corrésponding
25 to the distance ratic of <the pair of vacuum pads 38a, 38a’: the pair of vacuum
pads 38d, 38d’> is substantially large such as 1:7. FIG. 8 is a plan view (in the x-
y axés) of the automatic pitch adjustment offloading arm 22, 24 in a second
configuration having dual indexing motors 56, 58. Incorporating the dual
indexing motors 56, 58 into the automatic pitch adjustment offloading arm 22, 24

30 may help to avoid. the foregoing problem and hence provides an increased



25 to the distance ratio of <the pair of vacuum pads 38a, 38a': the
pai r of vacuum pads 38d, 38d5 is substantially |large such as 1:7.
FIG 8 is a plan view (in the x- y axes) of the automatic pitch

adj ustment of fl oading arm 22, 24 in iecond configuration having
dual indexing nmotors 56, 58. Incorporating the dual indexing notors
56, 58 into the automatic pitch adjustnent offloading arm22, 24 30

may hel p tr@sdﬁma;hdahdilea&c,@mgobﬂq:d@it@hlr@nbﬁrtﬁeh@r%aaateaoyaeﬁgs\um larger
increased - 15 -"resolution and accuracy of positioning of the

gr aduat eddﬁf@fﬁgfs\f\nth | arger dianeters. The first indexing notor 56
drives a first pair of pulleys 60 nounted with the four 5 innernost
vacuum pads 38a, 38a', 38b, 38b' while the second indexing notor 58
drives a Jbedinst lp@ﬂmng)momlﬂéiec;ryesz firsUpaiedf pulles BAendunied with dherfoty

vacuu ads 8 d se

ol | eyt edTesmgst yefium e amd) faer POR AaPLRhUE B SRR IndRBioh BhtanR e
thﬁ) of thiﬁv?é & secerbp ﬁfecmﬂdep@:ﬁ.? m%t@*vhlﬁﬂﬁa folr Oﬁ?‘;rrhg@tl\ﬂglilgn pads

- al erent u ey {] , Ivin tepIC t npve
Tl el ve! oo Jedh ! Fnedtrel e escngBelr oy Mo 60 2 errd oS
cycl es to {8 gpRsdRAdE sfeps, Wﬁﬁeb@ﬁbréﬁua‘té@¥@b'dﬂhé rrrardiﬂrsédanerﬂamsctﬁ a
nore accurate p03|t|0n| ng ol n t he second i ndexi ng notor 58

noves f astPabexsnéth G2nkaving atdlffqli%tmtﬁlgy wticofor sving dhe @ickrinads 34 3640t he
di aneygr %o\fe'}Elaft]{/éﬁ%%@é%oéﬁéﬂleys 60 for the vacuum pads 38a, 38a'
C, C

and the vacuum pads are the sane, the pulley ratio of the
second pair of puI | eys 62 for the vacuum pads 38c, 38c' and the

vacuur octhe iond g8 hioPSs iovdTno ek el IBLER 68 0
56 turns meemmh@rdérhe pscmctmal monel @sturgtemisitionfriy. 20 doingrses frensticogd y
s el TR a A G b b e plehgc R S, P bl
appr eqbat gfe HRatetéher ﬂﬁéﬁr@%ﬁﬂp@ll@?@@%ﬁftﬁe QAcUuR® phy 884 98’ ad the -
vacuum pads 38c, 38¢’ are the Same,_ the puliey ratio- of the second pair of
pulleys 62 for the vacuum,'pads 38c, 38¢' and the vacuum pads 38d, 38d’ would
be 1: 7/5, that is, 1:1.4. Therefore to rﬁaintain the pulley ratio of <1:3:5:7>, when
the first indéxing motor 56 turns one cycle, the second indexing motor 58
20 correspondingly turns five cycles to compensate for the distance moved by the
vacuum pads 38c, 38¢' and the vacuum pads 38d, 38d".

It should be appreciated that the preferred embodiments of the invention as .
described above provide an apparatus and méthod for handling singulated

25 packages such as BGA and QFN packages which permit full inspection of all the
surfaces of the packages.

Simultaneous processing of multiple singulated packages 12 is possible,
including package pick-up, ‘mold surface inspection, ball and/or five sides
30 inspection and offloading, which reduces cycle time. Additionally, the dual linear

offloading arms 22, 24 permit simultaneous pick and place of one or more rows
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significa i me-saving factor is provided by t he gang
pr eci sor %dn\yl\%l o éallaﬁé%[ﬁs for sinultaneous angul ar alignnent of a row

of packages 12, thus maintaining consistency in the orientation of

t he packa 12 The fr
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transfer of separate groups_of thé packages 12 are
maintaining consistency. in the; orientation. of the packages 12. ' The package
hand-over frequency, excludmg,the transfer from the slngulat[on iig and gang
20 transfer and offioading to the offloaders 30, 32, is reduc'ed; substantially.

Therefore, the reliability and stability of package handling is greatly improved.

Additionally, the package yield is increased significantly since simultaneous mold
inspection, pick up and‘ transfer of separate groups of the pabkages 12 are

25 possible with the flexibility provided by the linear offloading arms 22, 24 and the
dual buffer boats 18, 20. The cycle time per unit is reduced and thus a higher
system throughput and productivity is achievable.

The package flipping feature provides a further advantage to the invention as
30 flipping the packages 12 at an earlier part of the package handling process
allows easier and more sturdy handling of the packages 12, since the flat bottom
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pl ace t herfRihwithindbe spift anstagansof theabayvedlasghiptipirechani sm operative to
drive each of the pick heads to nove relative to one another in
directions which are parallel to a length of the row of pick heads
whereby to adjust a pitch width of the pick heads; a pulley system
conprising a pair of pulleys, each pulley having two or 10nore
concentricall y-arranged graduated steps of different dianeters;

two or nore belts separately connected to respective ones of the.
graduated steps of the pair of pulleys so that each of the belts has
adifferent pulley ratio relative to another belt; and



wherein at | east one pick head is nounted onto each belt. 15 2. The
apparatus as clainmed in claim1l1l, wherein the pulley ratio of a first

| evel of the graduated step with the smallest dianeter as conpared to
a second |l evel of the graduated step of a next larger dianmeter is
1:3. 203.The apparatus as clainmed in_ggaim2, wherein the pulley
rati o of each |level of graduated step 1s 2n-1, where n represents an
nth |l evel of the graduated step. 4. The apparatus as clained in any
one of thelpkIs&edi ng cl ai ns, wherein each belt has two nounting parts
on opposite sides of the pair of pulleys, and 25 one pick head is
nmounted onto a nounting part on one side of the pulleys and anot her

pi ck head 1.s munta@ﬁammw fanadreferimying | pigradigs tof 0BledMoMiPPEGMpEnaHisle
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row offOpi aioreeadsentdcallyopeangei geaduatas sikpuipf differeabdiameigosr ows of
electronic COMRRSES Snore belts separately connected to respective ones of the

graduated steps of the pair of pulleys so that each of the belts has a different

pulley ratio relative to another belt; and

wherein at least one pick head is mounted onioc each belt.
15
2. The apparatus as claimed in claim 1, wherein the pulley ratio of a first
level of the graduated step with the smallest diameter as compared to a second

level of the graduated step of a next larger diameter is 1:3.

20 3. The apparatus as claimed in claim 2, wherein the pulley ratio of each level

of graduated step is 2n-1, where n represents an nth level of the graduated step.

4. The apparatus as claimed in any one of the preceding claims, wherein
each belt has two mounting parts on opposite sides of the pair of pulleys, and

25 one pick head is mounted onto a mounting part on one side of the pulleys and
another pick head is mounted onto another mounting part on an opposite side of
the pulleys, such that rotation of the pulleys is operative to move the two pick
heads in opposite directions at the same time.

30 5. The apparatus as claimed in any one of the preceding claims, wherein the
pulley system comprises first and second pairs of pulleys, and further comprises
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a first indexing motor for driving the first pair of pulleys and a second indexing
motor for driving the second pair of pulleys by different distances.

6. The apparatus as claimed in claim 5, wherein the first pair of pulleys and
the second pair of pulleys comprise multiple graduated steps, each having a
different pulley ratio for driving the pick heads to move relative to one another.

7. The apparatus as claimed in any one of the preceding claims, wherein
each pick head contains at least two vacuum pads so that the row of pick heads

is operative to pick up at least two rows of electronic components.



